
Vol 21 No 1 

RADIO CONSTRUCTOR 

AUGUST 1967 

2'6 

A DATA PUBLICATION 

RADIO TELEVISION 

ELECTRONICS AUDIO 

The SGT/RS1 

Superhet Model Control Receiver 

r 
■ 

. 
V - 

* ■ 

i 
. 

10 Watt . Windscreen Wiper . Simple Short , Combined AF/RF 
A. Amplifier ^ Programmer Wave Converter Signal Generator 



Scottish 

66-67 

Insurance Corporation Ltd 

CORNHILL • 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.2 



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 MIGROMATIC 
THE SMALLEST SET 
IN THE WORLD 
Unequalled for power, selec- 
tivity and quality. Six stage 
M.W. receiver. 2 R.F. ampli- 
fication, double diode detec- 
tor, 3 stage A.F. amplifier. 
A.G.C., bandspread, etc. 
This Sinclair masterpiece 
is completely self-contained 
in black case, 14ls" x 13/io" x 
i". With brushed aluminium 
front and spun aluminium 
calibrated dial. Plays any- 
where. Easy to build. Avail- 
able as complete kit in 
"check for yourself" pack, or 
ready built. 

Kit with earpiece 
Solder and Instructions 

59/6 
Built, tested "JQ IJL 
& guaranteed ' 'j 

SINCLAIR MICRO FM 
COMBINED FM 
TUNER RECEIVER 
No aligning. Less than 3"x 
1|" x 7 transistor FM 
using pulse counting 
discriminator. Tunes 88- 
108 Mc/s. Telescopic 
aerial suffices for good 
reception in all but 
poorest areas. Signal 
to noise ratio—30dB at 
30 microvolts. One out- 
let to amplifier, the other 
allows set to be used as a 
pocket portable. And 
aluminium front. 
Complete kit inc. aerial, 
earpiece and instructions. 

£5.19.6 
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12 WATTS R.M.S. OUPUT WAVE 

15 WATTS MUSIC POWER (30 WATTS PEAK) 
■At Ultra-linear class B output and 15 ohm loads. Two 3 ohm generous neg. feed back. speakers may be used in parallel. 
★ Response—15 to 50,000 c/s -At Input—2mV into 2K ohms. 

At Signal to noise ratio—better •At Output suitable for 3, 7.5 and than 60dB. 

Built, tested 
and 

guaranteed. 

89'6 

' : 
- * 

mk mm 

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

Designed specially to obtain the very 
finest results used with two Sinclair 
Z.ll'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 

BUILT, TESTED 
AND 

GUARANTEED £9.19.6 

is simple, and the PZ.3 will comfortably 
power the Stereo 25 together with two 
Z.ll's. When fitted, the Sinclair 25 
will grace any type of hi-fi furniture. 
Frequency response 25 c/s to 30 kc/s 
rtldB connected to two Z.ll's. 
Sensitivity Mic. 2mV into SOkQ; 
P.U. —3mV into 50kQ: Radio —20mV 
into 4.7kQ. Equalisation correct to 
within ±1dB on R1AA curve from 
50 to 20,000 c/s. Size 6?" x 2?" x 2i" 
plus knobs. 

A HI-FI STEREO ASSEMBLY FOR £22.18.0 
All you require is one Stereo 25 Unit (£9.19.6) two Z.ll's 

FULL SERVICE FACILITIES AVAILABLE TO SINCLAIR CUSTOMERS 
G UARA NT EE ^ YOU are not corrPletely satisfied when you receive your purchase from ^ us, your money will be refunded at once in full and without question. 

(£8.19.0) and one PZ.3 (£3.19.6). As an optional extra, you could include the Micro FM (£5.19.6). 
Transistorised mains power unit specially designed for Z.12. Will power two Z.ll's and Stereo 25 with ease. 

SINCLAIR 
PZ.3 79/6 

1 

SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE 
Please send 

INCLAIR RADIONICS LIMITED 
22 NEWMARKET ROAD, CAMBRIDGE 

Telephone: OCA3-52731 
for which I enclose cash/cheque/money 
order value £ s d. 

NAME   
ADDRESS.. 
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HI-FI AMPLIFIERS 

3+3W 
STEREO 

AMP. 
S-33H 

TUNERS RECORD PLAYERS 

low 
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 
STEREO CONTROL UNIT. Model USC-1. Ideal for use with the NA-12 
power amplifiers. Push button selection, ganged controls, tumble and variable 
low-pass fitters. Kit £19.19.0 Assembled £27.5.0 
DE LUXE STEREO AMPLIFIER. Model S-33H. 3 + 3 watt output 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 
SOW VALVE PA/GUITAR AMP., PA-1. Kit £54.15,0 Assembled £74.0.0 
lllllllllllllilllllllllllllilllillllll 

20 + 20W 
STEREO 

AMP. 
AA-22U 

GARRARD 
PLAYER 

AT-60 

TRANSISTOR MIXER. Model TM-1. A must for the tape enthusias t 
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 £14.12.10 With Decca Deram pick-up £19.7.4 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.i5.0 

ENJOY YOURSELF AND SAVE MONEY 
Finished models provide years of superlative performances 

INSTRUMENTS 

3" LOW-PRICED SERVICE OSCILLOSCOPE. 
Model OS-2, Compact size 5" X 7|" x 12" deep. 
Wt. only 9 Jib. "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 professional 
specification and styling. "Y" bandwidth 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 1M-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 0.1 D to 1,000M D with internal battery. 
D.c. input resistance HMD. 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.; 150(j.A to 15A d.c.; 0.2 D to 20MD. 
4+'50[xA 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 0.15p. 
sec. sq. wave rise time. 

Kit £25.15.0 Assembled £37.15.0 
TRANSISTOR POWER SUPPLY. 
Model IP-20U. Up to 50V, 1.5A output. 
Ideal for Laboratory use. Compact size. 

Kit £35.8.0 Assembled £47.8.0 

OS-2 

IM-13U 

RF-1U 

MO Prices quoted 
Retail Prices in 

general slightly higher. 

Complete your motoring pleasure with this 
outstanding CAR RADIO, Modelcr-i 

Will give you superb LW and MW enter- 
tainment wherever you drive. Tastefully 
styled to harmonise with any car colour 
scheme. Available for your convenience in 
two separate parts, RF Amp. Kit £1.13.6 
incl. P.T. IF/AF Amp. Kit £11.3.6. 

Total Price Kit (excl. Loudspeaker) £12.17.0 incl. P.T. 
8" X 5" Loudspeaker £1.16.1 incl. 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. 
TRANSISTORPORT ABLE. 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. 

UXR-2 

UXR-1 

STEREO TRANSISTOR FM TUNER 
(Mono version also available) 

14 transistor, 5 diode circuit. Tuning 
range 88-108 Mcc/s. Designed to match 
the AA-22U Amplifier. Available in sep- 
arate units, can be built for a total price. 

Kit (Stereo) £24.18.0 incl. P.T. 
Kit (Mono) £20.19.0 incl. P.T. 

Cabinet extra £2.5.0. 

SEE HEATHKIT MODELS AT THE HEATHKIT CENTRE 
233 Tottenham Court Road, London W.i 

We open MONDAY-FRIDAY 9 a.m.-5.30 p.m. SATURDAY   9 a.m. - 1.0 p.m. 
Telephone No: 01-636.7349 

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

STEREO FM DECODER TUNER SD-1 FM-4U 

CONTROL UNITS 

HI-FI FM TUNER. Model FM-4U. Available in two units. R.F. 
tuning unit (^2.15.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and I.F. 
amplifier unit, with power supply and valves (,£13.13.0). May be used 
free standing or in a cabinet. Total Kit £16.8.0 
(Multiplex adapter available, as extra.) 
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 
(Multiplex adapter available, as extra.) 
STEREO DECODER. Model SD-1. Converts FM Mono receivers to 
stereo at low-cost. Styled to match Heathkit models FM-4U and AFM-1 
Tuners. Kit £8.10.0 Assembled £12.5.0 

AM/FM 
TUNER TRUVOX 

DECK 

MAGNAVOX "363" TAPE DECK. The finest buy in its price range. Operating 
speeds: IJ", 3J" and 7^" p.s. Two tracks, "wow" and "flutter" not greater than 
0.15% at 71' p.s. £13.10.0 
TRUVOX D106 TAPE DECKS. High quality stereo/mono tape decks. D106, 
1 track, £39.15.0 D108, 1 track, £39.15.0 
TAPE RECORDING/PLAYBACK AMPLIFIER 
Mono Model TA-IM kit £19.18.0 Assembled £28.18.0 
Stereo Model TA-IS kit £25.10.0 Assembled £35.18.0 
HI"FI CABINETS. A wide range available for example: Malvern Kit £18.1.0 
incl. P.T. Gloucester Kit £18.10.0 
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 

Build Britain's Best Electronic Kits 
No special Kit-building skills or Electronic Knowledge required 

New! Portable Stereo Record Player, SRP-i 
Automatic playing of 16, 33, 45 and 
78 rpm records. All transistor— 
cool instant operation. Dual LP/78 
stylus. Plays mono or stereo 
records. Suitcase portability. De- 
tachable speaker enclosure for best 
stereo effect. Two Sin z Sin. special 
loudspeakers. For 220-250V a*c, 
mains operation. Overall cabinet 
size 15-,^ x 3| z lO^in. 

Compact, economical stereo and mono record playing for the whole 
Family—plays anything from the Beatles to Bartok. All solid-state 
circuitry gives room filling volume. 
KIT £27.15.0 Assembled price on request. 

SPEAKER SYSTEMS 
HI-FI SPEAKER SYSTEM, Model SSU-l 
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. PT. 

AVON MINI SPEAKER SYSTEM 
61' Bass, 3|' Treble speakers and crossover unit. 
Kit £4.18.0 incl. PT. Beautiful. Walnut veneered 
fully-finished cabinet, £8.18.0, Total price Kit 
£13.16.0 incl. PT. 

Send for this 
Catalogue ... 

... it's FREE! 
36 pages packed with Britain's 
largest selection of electronic Kits. 
Mail coupon or write: 
DAYSTROM LTD., Dept. RC-8 
GLOUCESTER. Tel. 20217. 

Heathkit tst 
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GC-1U 

"AMATEUR" EQUIPMENT 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC-IU. 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 

Low-cost 3 + 3W Transistor Stereo Amplifier, TS-23 
Incorporating all the essential features 
for good quality sound reproduction 
from record, radio and other sources. 
16 Transistor, 4 diode circuit. Good 
frequency response 6 position selector 
switch. Modem slim line styling. 
Kit (less cabinet) £17.15.0 

Kit (with handsome finished cabinet) £18.19.0 

RG-1 

jC) 

m 

To DAYSTROM LTD., GLOUCESTER 
Please send me FREE BRITISH CATALOGUE 
Please send me details of models □ □ 

Please send a 
Catalogue to my 
friend 

NAME    
ADDRESS 

Name ..... 
Address 

RC-8 I RC-jS 
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ESTABLISHED 1865 

THE DCCHESS OF KEMT 

PERMAME1VT 

BUILDING SOCIETY 

Member of the Building Societies Association 

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

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

Shares—all interest accrues monthly 
WITHDRAWALS AT SHORT NOTICE 

INTEREST IS AT 44% PER ANNUM 
(There is NO DEDUCTION FOR INCOME TAX, as 

this is paid by the Society) 

FOR FURTHER INFORMATION APPLY TO 

DUCHESS OF KENT 
PERMANENT BUILDING SOCIETY 

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

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

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

Address 

fPlease use Block Capitals for both name and addressJ 

THE MODERN BOOK CO 

Amateur Radio Construction Projects. By 
Caringella. 20s. Postage 1s. 

Basic Television Part I. TechP. 21s. Postage Is. 

Beginner's Guide to Electronics. By T. L. 
Squires. 15s. Postage 9d. 

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

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

Multi Channel Radio Control. By R. H. Warring. 
12s. 6d. Postage 1s. 

Transistors for Technical Colleges. By L. 
Barnes. 25s. Postage Is. 

Television Servicing Handbook. By G. J. King. 
35s. Postage Is. 6d. 

Circuit for Audio Amplifiers. By Mullard. 8s. 6d. 
Postage Is. 

Service Valve and Semiconductor Equivalents, 
By G. R. Jessop. 5s. Postage 6d. 

Radio Amateur Operator's Handbook. A 
Data Pub. Ss. Postage 6d. 

TV Fault Finding 405-625 lines. A Data Pub. 
8s. 6d. Postage 6d. 

Rapid Servicing of Transistor Equipment, 
By G. J. King. 30s. Postage 1s. 6d. 

Computers for the Amateur Constructor. 
By R. H. Warring. 20s. Postage 1s. 

Radio and Audio Servicing Handbook. By G. J. 
King. 30s. Postage 1s. 6d. 

Radio Handbook. By W. I. Orr. 84s. Postage 3s. 

Transistor Receivers and Amplifiers. By F. G. 
Rayer. 30s. Postage 1s. 6d. 

Radio Valve Data 8th ed. Compiled by "WW". 
9s. 6d. Postage Is. 

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

19-21 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 
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FREE 

TO AMBITIOUS ENGINEERS 
—THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

Have you sent for your copy ? 
ENGINEERING OPPORTUNITIES 
is a highly informative 132-page guide to 
the best paid engineering posts. It tells 
you how you can quickly prepare at home 
for a recognised engineering qualification 
and outlines a wonderful range of modern 
Home Study Courses in all branches of 
Engineering. This unique book also gives 
full details of the Practical Radio & Elec- 
tronic Courses, administered by our Specialist 
Electronics Training Division—explains the 
benefits of our Appointments Dept. and 
shows you how to qualify for five years 
promotion in one year. 

SATISFACTION OR 
REFUND OF FEE 
Whatever your age or experience you cannot 
afford to miss reading this famous book. If 
you are earning less than £30 a week send 
for your copy of "ENGINEERING OP- 
PORTUNITIES" today—FREE. 

WHICH IS YOUR 
PET SUBJECT 

Radio 
Television 
Electronics 
Electrical 
Mechanical 
Civil 
Production 
Automobile 
Aeronautical 
Plastics 
Building 
Draughtmanship 
B.Sc. 
City & Guilds 
General Certificate 

of Education 
Etc., Etc. 

BRITISH INSTITUTE OF ENGINEERING 
TECHNOLOGY 

(Dept. 409B), Aldermaston Court, Aldermaston, 
Berkshire 

PRACTICAL 
EQUIPMENT 
Basic Practice and 
Theoretical Courses 
for beginners in Radio 
T.V. Electronics Etc. 
A.M.I.E.R.E. City & 
Guilds 
Radio Amateur's 
Exam. R.T.E.B. 
Certificate. P.M.G. 
Certificate. Practical 
Radio. Radio & 
Television Servicing 
Practical Electronics 
Electronics 
Engineering 
Automation 

POST COUPON NOW 
Please send me your FREE 132-page 
"ENGINEERING OPPORTUNITIES" 
(Write if you prefer not to cut page) 
NAME..   
ADDRESS    

INCLUDING 
TOOLS! 
The specialist 
Electronics Division of 
B.I.E.T. 
NO W offers you a 
real laboratory training 
at home with practical 
equipment. 
Ask for details. 

SUBJECT OR EXAM 
THAT INTERESTS ME   409B 

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD 

BI-PAK SEMICONDUCTORS (Dept. 8 Radnor House, 
93/97 Regent St., London W.I 

NEW AND TESTED VALUE PACKS One 10/- Pack of your own choice free with orders valued £4 or over. 2 Drift Trans. 2NI225 Germ. PNP 100 Mc/s 10/- 6 Matched Trans. OC44/45/81/8ID   10/- 4 OAI0 Diodes Mullard 30 PIV IA   10/- 15 Red Spot AF Trans. PNP  10/- 15 White Spot RF Trans. PNP   10/- 4 Silicon Rects. 3A 100/400 PIV  10/- 2 I OA Silicon Rects. 50 and 100 PIV ... 10/- 8 Germ. Diodes OA70 Mullard   10/- 2 OC139 Trans. NPN Switching   10/— 1 I2A SCR 100 PIV   10/- 3 Sil. Trans. 2S303 PNP   10/- 10 Assorted Computer Diodes   10/- 3 NPN Med. Speed Switching Trans. ... 10/- 4 Zener Diodes 250mW 3-I2V  10/- 4 2G417 Trans. Eqvt. AF I 17   10/- 2 200 Mc/s Sil. Trans. NPN BSY26/27 ... 10/- 2 Bi-directional Trans. ASY66 PNP ... 10/- 3 Zener Diodes 400mW 33V 5% Tol ... 10/- 4 High Current Trans. OC42 Eqvt  10/- 2 Power Transistors I OC26 I OC35 ... 10/- 5 Silicon Rects. 400 PIV 250mA   10/- 3 OC7I Transistors Mullard Type   10/- 3 OC75 Transistors Mullard Type   10/- 3 NPN Silicon Trans. 70 Mc/s   10/- 1 Power Trans. OC20 100V   10/- 5 OA47 Gold Bonded Diodes   10/- 4 OA202 Sil. Diodes Sub-min   10/— 2 Low Noise Trans. NPN 2N929/30   10/— 1 Sil. Trans. NPN VCB 100 ZT86   10/- 8 OA8I Diodes (CV448)   10/- 3 OC72 Transistors Mullard Type   10/- 3 OC77 Transistors Mullard Type   10/- 5 Metal Alloy Transistors Mat Type ... 10/- 4 Sil. Rects. 400 PIV 500mA   10/- 5 GET884 Trans. Eqvt. OC44   10/- 5 GET883 Trans. Eqvt. OC45   10/- 2 GET20 Germ. PNP Trans, with Heat-sink 10/- 3 VHF Sil. Epoxy Trans. NPN 100 Mc/s ... 10/- 2 2N708 Sil. Trans. 300 Mc/s NPN   10/- 4 GT4I/45 Germ. Trans. PNP Eqvt. OC7I 10/- 2 GT3I LF Low Noise Germ. Trans. PNP 10/- 6 IN9I4 Sil. Diodes 75 PIV 75mA   10/- 8 OA95 Germ. Diodes Sub-min IN69 ... 10/- 3 NPN Germ. Trans. NKT773 Eqvt. AC 130 10/- 2 OC22 Power Trans. Germ  10/- 2 OC25 Power Trans. Germ  10/— 2 OC73 Mullard Trans 10/- 4 AC 128 Trans. PNP High Gain   10/- 2 ACI27/I28 Comp. pair PNP/NPN  10/- 

10 Assorted Gold Bonded Diodes   10/- 5 TK22C Germ. Switching Trans 10/— 3 2N I 307 PNP Switching Trans.   10/— 3 OC76 Mullard Trans.   10/- 20 Germ. Diodes General Purpose   10/— 7 CG62H Germ. Diodes Eqvt. OA7I ... 10/— 3 OCI70 Trans. Mullard Type   10'— 3 AFI 16 Mullard Type Trans  10/- 12 Assorted Germ. Diodes Marked   10/- I 30 Amp Power Rectifier 100 PIV   10/- 4 AC 126 Germ. PNP Trans 10/- 5 I Amp Germ. Rect. 200 PIV   10/- 4 OAS Gold Bonded Diodes   10/- I ORP6I Photo-conductive cell  10/- 4 Silicon Rects. 100 PIV 750 mA   10/- 3 AFI 17 Trans. Mullard Type   10/— 7 OC8I Type Trans    10/— 3 OCI7I Trans. Mullard Type   10/— 1 ORPI2 Photo-conductive cell LDR03 ... 8/6 2 I OA 600 PIV Sil. Rects. IS425R   15/- 3 BCI08 Sil. NPN High Gain Trans  15/- 2 Zener Diodes 25W 18 and 22V   15/- 1 2N9I0 NPN Sil. Trans. VCBI00 80 Mc/s 15/- 2 1000 PIV Sil. Rect. I.5A RS3I0 AF ... 15/- 3 High Volt. AF Trans. PNP ACYI7  15/- 3 BSY95A Sil. Trans. NPN 200 Mc/s  15/- 3 OC200 Sil. Trans. Mullard   15/- 2 Sil. Power Rects. BYZI3   15/- I AFI39 VHF Germ. Trans. 1500 Mc/s ... 15/- I Sil. Power Trans. NPN 100 Mc/s TK20IA 15/- 6 Zener Diodes 3-15V Sub-min   15/- 1 2NII32 PNP Epitaxial Planar Sil. Trans. 15/— 2 2N697 Epitaxial Planar Trans. Sil  15/- 4 Germ. Power Trans. Eqvt. OCI6 Mullard 15/- 1 Unijunction Trans. 2N2646 Eqvt. D5E29 15/- 2 Sil. Trans. 200 Mc/s 60Vcb ZT83/84 ... 15/- I Sil. Planar Trans. NPN 100 Mc/s BSY25 15/- 1 Sil. Trans. IS 104 150 Mc/s HFE 200 NPN 15/- 2 SCRs 50 PIV IA TO-5 can   15/- I Tunnel Diode IN3720 (TD5) G.E  15/- 1 Unijunction Trans. 2N2I60 TO-5 can G.E.I5/- 2 Sil. Rects. 5A 400 PIV Stud Type   15/- 2 Germ. Power Trans. OC28/29   15/- I I OA Sil. Stud Rect. 800 PIV   15/- 1 Tunnel Diode AEYI I 1050 Mc/s STC ... 15'- 2 2N27I2 Sil. Epoxy Planar HFE225 max.... 15/- I 2NI257 PNP Sil. Planar TO-5 can  15/- I Sil. Power Trans. NPN 2S72I 85W ... 15/- 6 2N2926 NPN Sil. Planar Trans 20/- 6 BY 100 Type Sil. Rects 20/- 25 Sil. and Germ. Trans. Mixed all Marked New  30/- 

Minimum Order 10/-. CASH WITH ORDER PLEASE. Add I/- postage and packing per Order. GUARAN- TEED by return postal service. Overseas add extra for Airmail. 
Our vast stocks change daily with hundreds of Semi- conductor bargains becoming available. Just send 2/6 
eqvt. charts, circuits, etc. 

VALUE PACKS FOR '67 NEW UNTESTED 

"120 GERM. SUB-MIN. DIQDES 10/" 

50 — TRANSISTORS 10/- 

16 S RECTIFIERS 10/- 

20 MIXED VOLTS ZENERS 10/" 

25 « TRANSISTORS 10/- 

10 SILICON RECT 10/- 

75 S GOLD-BONDED 10/- 

30 PS TRANSISTORS 10/- 

60 DIODES 10/- 

40 RSs TOP HAT 10/- 

20 RECTIFIERS 10/- 

40 TRANSISTORS 10/- 

10 5°1°°ppiv SCR'S 20/- 
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THE RADIO CONSTRUCTOR 

SPECIAL PRIVILEGE PRICE OF 

TDLTEC^52'6^ 

HAIR DRYER 

• f 

SPECIFICATION 
Moulded in beautiful symmetri- 
cal pastel blue impact resisting 
thermoplastic casing. 
Quiet in operation. 
Hot or cold air. 
No radio or T.V. Interference- 
meets British standard specifi- 
cation. 
Fitted with safety cut-out. 
12 months & money refund guarantee. 
Value 80/9 in the shops 
Send the coupon below with the sum of only 57/- (this includes 4/6d 
to cover postage, packing and insurance, unless you are collecting 
personally). 

230-250 volts A.C. only. 

Please send me one Toltec Hair Dryer at the special 
privilege price as advertised in The Radio Constructor. 

I enclose cheque/postal order value 

Name  

Address  

(Block Capitals please) 

To: Toltec Electronic & Trading Co. Ltd. 
Hatton House, Hurst Green, Etchingham, Sussex 

BOUHD VOLUME NO. 19 

of "The Radio Constructor" 

FOR TOUR URRARY 

Comprising 
780 pages 
plus index 

Volume 19 August 1965 to July 1966 

PRICE 30/- Postage 4/6 

Special discount of lO'-foi legulorreodeis 

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

plus 4/6 postage 

BOUND VOLUME No. 20 
August 1966 to July 1967 
will be available late August 

Available only from:- 

Dfltu Publications Ltd. 

57 Maida Vale London W9 
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Bargains 

for 

August 

7 Valve AH/FM RG Chassis 
A powerful high performance instrument. L/M/FM. Large clear dial. A.V.C., neg. feedback. Magic eye 3 w. output. A.C. Circuit diagrams available. Aligned, tested and ready for use (Carr. and ins. 7/6) £A *3 10 A S.A.E. for details. tIJ. IT.O 

b. Sep. 
1/6 per reel 

1" reel 1800' »# with wallet. ■ • |w with wallet " *"1w 

with wallet ^/0 TAPE REELS-7,,-2/3; 5i/,-2/-;5//-2/-;3,,-i/3. (p/p 6d.) 

Exclusive Tape Offer from TRS 
FREE LIBRARY WALLET WITH EVERY REEL OF TAPE 
With each reel of this tape by an internationally 
famous manufacturer we give you a beautifully 
made wallet strongly made in simulated leather 
with space for a reel of tape each side. This is 
professional quality full frequency tape with 
metallised leader/stop foils. These library wallets 
solve once and for all the problems of storing tapes 
efficiently and tidily. 

5i" reel, 1200' ITT/A 5" reel, 900' .a-y f# 
with wallet. ■'/O with wallet 

LARGE STOCKS OF TRANSISTORS, TRAN- SISTOR COMPONENTS, COI LS, S WITC H ES, VALVES, SPEAKERS, ETC., ALWAYS AT KEENEST PRICES AVAILABLE. TYGAN FRET or Vynair loudspeaker fabric, 12 x I2in. 2/-; 12 x I Bin. 3/-; 12 x 24in. 4/-, etc. BONDACOUST Speaker Cabinet Acoustic Wadding, approx. I in. thick, I Bin. wide, any length cut, 2/3 ft. 6/- yd. EXPANDED A N O DIZ E D M ETA L. Attrac- tive gilt finish i x ^in. diamond mesh 4/6 sq. ft. Multiples of 6in. cut. Max. size 4 x 3ft. 47/6 plus carr. VOLUME CONTROLS— 

5K-2 Meg. ohms. 3in. spindles. Morganite Midget Type liin. diam. Guar. I year. LOG or LIN. ratios less Sw. 3/6. DP. Sw. 5/-. Twin Stereo less Sw. 7/6. I00K to 2M ohms, with DP. Sw. 9/6. STEREO BALANCE CON- TROLS. Log/Anti-Log 5K, i, I or 2 Meg., 9/- ea. VEROBOARD—All stand- ard sizes including 2^in. x 5 in. 3/8; 2^in. x 3Jin. 3/-; 3i x Sin. 5/2; 3J x 3Jin. 3/8; 2i- x I7in. 12/6. All accessories and tools in stock. RESISTORS — Modern rat- ings, full range 10 ohms to 10 megohms, 10% w. 4d. ea., 5% Hi-Stab., w. 6d. ea., (below 100 ohms and over I meg. 9d. ea.,). 1% Hi-stab, ^ w. 1/6 ea. (below 100 ohms 2/- ea.) 

WIREWOUND RESIST- ORS 25 ohms to 10 K. 5 w. 1/3; 10 w. 1/6; 15 w. 2/-. CONDENSERS Silver Mica. All values 2 pf. to 1,000 pf. 6d. ea. Ditto ceramics 9d. Tub. 450 v. T.C.C., etc. .001 mfd. to 0.1 mfd. .1/350 v. lOd. .02 mf. to 0.1 mf. 500 v. I/-. .25 T.C.C. 1/6. 5 T.C.C. 1/9. CLOSE TOL. S/MICAS. 10% 5 pf. 500 pf. 8d. 600-5,000 pf. I/-. 1% 2 pf.-lOO pf. 9d. 100 pf. 9d. 100 pf.. 500 pf. lid. 575 pf. 5,000 pf. I /6. A L U MIN. CHASSIS. IB g. Plain un- drilled folded 4 sides 2in. deep. 6 x 4in. 4/6d, 8 x 6in. 5/9; 10 x 7in., 6/9; 12 x 6in. 7/6; 12 x Bin. 8/-, etc. Please send S.A.E. with all enquiries. 
I I P I ATPQT I IQT is brimful of bargains and hard-to-find components. V-'V-'rV L-AA ■ CO I l_l O I Send 6d. stamp for free copy. 

GARRARD PLAYERS AND PLINTHS 
LM.3000 Record Player with 9 T.A. Stereo Cart- ridge. Brand new 8 CHS. as from factory. 
AT.60 Mk.l I De- luxe Auto-chang- er. Die-cast T/ Table. Less cart- ridge. £11.19.6 
SP.25 De-luxe single record player, less cart- ridge. Die cast T/Table. Packing and carr. on any one ' extra. 

carr, on any 0 1 ! of above, 7/6'2 B"®. 

Plinths. The ideal mounting for Units offered here. Will readily suit any hi-fi set-up. Teak finish with soft plastic dust . cover. Packing and75/_ 

carriage 5/-. Clear-view rigid plastic cover 57/6, (P. & P. 3/6). 
Garrard Cartridges. Hi-fi quality turnover mono and stereo cart- ridges. Mono from < 15/- Stereo from ■«/" All post free. 

T.R.S. MULLARD 3-3 3-valve. Hi-Fi quality. With basic controls, 40 c/s-25 kc/s IdB. 100 mV. for 3W, less than 1% distortion. Bronze escutch- eon panel. Complete Kit only £7.10.0. Carr. 7/6. Wired and tested, £9.10.0. Carr. 7/6. 

T.R.S. MULLARD 5-10 5 valves I0W, 3 and 15 ohms output. Heavy duty ultra-linear O/P. Basic amplifier kit price £9.19.6. Carr. 7/6. Ready built ll± gns. (Carr. 8/6) Two Valve Pre-Amp Unit (Mullard Design) Kits £6.12.6. Built. £8.10.0. Carriage 5/6. 
TRS Mullard Stereo 10-10 

Valve amplifier by T.R.S. to exact Mullard spec. Complete with pre-amp and o/p transformers tapped for 3 and 15 Q Bass, treble, volume, balance controls. Outlet for H.T. and L.T. for tuner. Switching for mono/stereo and speaker phasing. Shrouded pre-amp. Complete with plugs, sockets, escutcheon, knobs, etc. Kit Q Wired and tested. £19.10.0. (C/P 10/-). 

IRS 
RADIO COMPONENT 
SPECIALISTS Established 1946 

70 Brigstock Road, Thornton Heath, Surrey 
01-684 2188. Hours 9 a.m.—6 p.m. I p.m. Wednesdays A few doors from Thornton Heath Stn. (S.R. Victoria section.) 

fTFfAA SEMICONDUCTORS 
PRICE 20/- 20/- 20/- 

No. Al. 6—Silicon rectifiers BY 100 type A2. 10—Relays mixed types and voltages A3. 20—Mixed marked and tested trans. A9. I—2N 174 real power trans. 80V I SOW   20/- AI5. 2—Power Comp. Pair. ADI6I/2 20/- AI7. 3—Sil. stud recs. 6 amp. 400 PIV. BYZI2  20/- AI8. 2—Sil. stud recs. 10 amp. 800 PIV 20/- A20. I—AUYI0 VHF power trans. 60 Mc/s 70V   20/- 
Bl. 50—Unmarked untested, trans., new 10/- B2. 4—Solar cells, inc. Book of Instruc- tions   10/- B3. 4—OAS gold bonded, diodes Mul- lard   10/— B5. 7—Matched set, OC44. 45/81D/81 + diode  10/- B6. 15—Red spot AF. trans, or white spot RF   10/- B8. 2—Power trans. OC26/35 type ... 10/- B9. I—Light sensitive cell, ORPi2 type 9/- BI0. 10—50V trans, germ. PNP latest type 10/- B44. I—Tunnel diode, AEYI I, 1050 Mc/s 10/- B2I. 2—Sil. recs. 10 amp., 50-100 PIV ... 10/- B52. 30—Trans, new tested, but un- marked   10/- B42. 5—Switching trans. TK22C STC ... 10/- B45. I—Power trans. ADY22/TK400A VCB60 IC 8 amps. PNP   10/- B47. 10—Sil. stud recs. 3 amp. unmarked untested   10/- B49. 2—Power trans. GET 9 VCB64 IC 8 amp. germ. PNP   10/- B50. 2—Light sensitive cells ORP60 type 10/- 
C2. I—Unijunction,2N2l60or2N2646 15/- C4. 2—RF power trans., OC22 and BUYII   15/- C3I. 4—Sil. recs. 800 PIV } amp. top hat 15/- C32. 2—Power trans. TK400A/NKT404  VCB64 IC 8 amp  15/- 

DISTRIBUTED DAVIS t WHITWORTH LTD.. DEPT. E. 
EXCLUSIVELY BY "2-214 WEST ROAD, WESTCLIFF-ON-SEA. ESSEX PHONE: SOUTHEND (0702) 

FANTASTIC! BARGAINS 

OF THE YEAR! 
GENUINE TRANSISTORS NOT REMARKS 

OC45 IF transistor ^9 Q^9 Equal to OAS 2/- 
Osc. transistor 1^11 Power transistor 7/A (better than OC35) '/Q 

NEW FACTORY TESTED PRE-PAKS. ALL PERFECT BUT UNMARKED 
50 Germ. Min. DIODES 10/- 30 All types TRANSISTORS 10/- 

10 silT0
n
p™mA RECTIFIERS 10/- 40/- Silicon Sub. Min. QIODES 10/- 

5 IS STUD RECS. 10/- 10 npn Silicon TRANSISTORS 10/- 
TRANSISTORS PRICE BFY50 ... ... 15/- AC 107 ... 6/- BSY25 ... ... 10/- AC 126 ... 2/6 BSY26 ... ... 51- AC 127 ... 2/6 BSY27 ... ... 51- AC 128 ... 3/- BSY28 ... ... 51- ACYI7 ... 5/- BSY29 ... ... 51- AFI 14  41- BSY95A ... ... 51- AFI 15  3/- OC4I ... 2/6 AFI 16  3/- OC7I ... ... 2/6 AFI 17  41- OC72 ... ... 2/6 AFI 18  3/6 OC73 ... ... 51- AFI 19  3/6 OC8I ... 2/6 AFI 78  .. 10/- OC8ID ... ... 2/6 ASY66 ... 21- OC83 ... ... 41- BCZI 1  7/6 OCI39 ... ... 2/6 OCI40 ... ... 51- 

OCI70... OCI7I... OC200... OC20I... 2G30I ... 2G303 ... 2N697 ... 2N706 ... 2N7II ... 2N1302 2NI303 2N I 304 2NI305 2N 1306 2NI307 2NI308 

2/6 2NI309 ... ... 7/6 41- 2S303 ... 2/6 51- POWER TRANSISTORS 8/- OC20 ... ... 10/- 2/6 OC23 ... ... 10/- 2/6 OC25 ... ... 8/- 51- OC26 ... ... 5/- 51- OC28 ... ... 51- 101- OC35 ... ... 51- 41- DIODES 41- AAY42 ... ... 11- 51- OAI0 ... ... 11- 51- OA70 ... 1/9 61- OA79 ... ... 1/9 61- OA8I ... 1/9 01- OAI82 ... ... ll- IN9I4 ... HO 

PF^E
f
E * * racks of your own choice to the value of 10/- with ail orders over £4. 

SEND FOR OUR FREE LISTS AND CAT- 
ALOGUE OF ALL OUR PRODUCTS. CHECK 
YOUR OWN EQUIVALENTS WITH OUR 
FREE SUBSTITUTION CHART. 

NO CONNECTION WITH ANY OTHER FIRM 
MINIMUM ORDER 10/- CASH WITH ORDER 
PLEASE. Add I/- post and packing per order. 
OVERSEAS ADD EXTRA FOR AIRMAIL. 

Great News ^ 
We now give a written guarantee with all our semi- conductors. 
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HOME RADIO LTD., Dept. RC, 187 London Rd., Mitcham, Surrey CR4 2YQ, Phone: mit mz 

o o o o o o o 

1 ii t i 

JSSjiLm 

Two Home Radio directors making a quick exit from 
the Crazy Horse Saloon, following an unsuccessful 
attempt to find some new components. (What we did 
see was certainly not new—neither was it very 
adequately insulated I) 

You can take the above cartoon just as 
seriously or as unseriously as you choose. 
The fact is that two of us from Home Radio 
did go to Paris last April to visit the Electronic 
Components Exhibition. It is one of the finest 
exhibitions of its kind in the world—we 
have been regular visitors for several years. 
Moreover, wherever there is an important 
exhibition of this kind you will find us there, 
for we are keen to keep up with the very 
latest developments in electronics, and to list 
the cream of the components in our catalogue. 
Only in this way can we ensure that our 
catalogue is really comprehensive and up to 
the minute, and that it will maintain its reputa- 
tion as one of the finest component catalogues 
available. 

If you wish to keep up to the minute, 
electronically, you certainly need not spend 
a fortune and weeks of your time touring 

round the world's exhibitions. You simply 
have to spend nine shillings (our catalogue 
costs 7/6 plus 1/6 p. Ef p.) and a minute or 
two of your time sending the cheque or P.O. 
with the attached coupon. Your catalogue 
will be sent by return post. We guarantee you 
will be delighted with its contents—especially 
with the page containing 5 vouchers, each 
worth a shilling when used as directed I 

Please write your Nome and Address in block capitals 

Name  

Address  

Home Radio Ltd., Dept. RC, 187 London Road, Mitcham, CR4 2YQ 
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★ 10 WATT P.A. 

AMPLIFIER 

by L MASON 

One method of obtaining public address without tears is to fall back on the tried 
and trust/ valve designs which have given such dependable service over the years. 
Our contributor describes two amplifiers built up to a sure-fire 10 watt circuit 
whose operating principles are easy to follow and which employs low-cost valves. 
Many of the parts should be found in the average spares box and, since layout is not 
very critical, it is possible to press a discarded radio chassis into service and 

thereby avoid time-consuming metalwork 

IN THESE DAYS OF HI-FI, 0.1% DISTORTION, AND 
all that goes with first class musical reproduction, 
it must not be forgotten that there is still a need 

for high gain amplifiers with less exacting require- 
ments and at a reasonable cost. For public address 
systems, sound reinforcement in large halls and even 
for party music, 5% distortion would hardly be 
noticeable and is probably much better than is 
given by the average TV or radio. 

Moreover, a considerable saving of cost can 
be made if existing components from the spares box 
can be used and a former radio chassis is adapted for 
rebuilding. Many radio sets of twenty years vintage 
and using octal valves are ready for dismantling, 
and will yield a good chassis complete with valve- 
holders. The reliability of octal valves which are 
still easily and cheaply obtainable, makes them 
ideal for p.a. work. 

The amplifier of Fig. 2 with the coyer removed. Note 
the screened top-cap connector for Vi 

The writer uses an extremely trouble-free octal 
amplifier design offering 10 watts output for p.a. 
work.i This amplifier has no negative feedback, and 
an output of 10 watts with only 5 % distortion can be 
obtained from a microphone input of 15mV. 
Musical reproduction is also quite satisfactory. The 
writer has built two of these amplifiers on old radio 
chassis, one of which has had two years' regular 
use for speech reinforcement in a Church building 
measuring approximately 60 by 40ft. It drives two 
column units, each containing three loudspeakers. 

Circuit design 
The first stage, see Fig. 1, consists of a pentode 

voltage amplifier. If particularly low noise and hum 
qualities are required, the Mullard EF37A is ideal 
here. The phase splitter is a Schmitt cathode coupled 
stage using a high-mu double triode type 6SL7GT. 
The first stage is resistance-capacitance coupled to 
one grid of the phase splitter and the Gram input 
is fed into the second grid, each input being governed 
by a volume control. The output stage consists of 
two 6V6G or 6V6GT beam tetrodes in push-pull, 
with a common cathode bias resistor and bypass 
capacitor. The screen grids are fed from a potential 
divider which includes the cathode resistor and 
maintains very stable working of this stage. The high 
wattage ratings of these resistors must be adhered to. 
R18 in particular gets quite hot and must be given 
adequate ventilation and kept clear of adjacent 
components. 

Construction 
Component layout depends entirely upon the 

'This is based on a design published in the Brimar valve manual 
series, and due acknowledgement is given to Thorn—A.E.I. Radio 
Valves and Tubes, Ltd. 

mi 
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EF37A 6SL7GT 2x6V6G orGT 5V4G 
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R3lR45 SF-3 R0 6-3V I-5A 

Fig. 1. The circuit of the push-pull 6V6 amplifier. The voltage readings shown were obtained with a 2,000 ohm per volt 
meter. The current ratings given for Tj heater secondaries are minimum figures, and currently available mains transformers 

with the requisite h.t. secondary will normally have higher heater current ratings 

chassis available and, to give an idea of what is 
required, two practical layouts are shown. Small 
components can be mounted on tagboards, the exact 
size and location of which again depends upon 
availability. It is best to use one board for the h.t. 
resistors and one for the grid and cathode compon- 
ents. Double-ended tags are preferred. The chassis 
wiring can then be soldered to one end of the tags 
and the components to the other, making any 
component replacement easier. Since the electrolytic 
capacitors are of low value, small tubular types of 
adequate voltage rating can be used, these being 
mounted under the chassis. 

The two greatest difficulties in high gain amplifiers 
are the elimination of mains hum and the avoidance 
of feedback causing instability. With the adequate 
h.t. decoupling used on this amplifier, instability is 
easily avoided if anode, grid and cathode wires are 
kept separate to avoid capacitative coupling between 
these circuits. The elimination of hum will be dis- 
cussed as the construction of different parts of the 
circuit is described. 

A chassis of approximately 12 x Sin or equivalent 
area, and 3in deep, will give ample room for all the 
components, and a steel chassis will give greater 
freedom from hum than an aluminium one. Valve 
and transformer positions should first be decided 
upon. The existing valve positions will usually 
suffice. If there are not enough valveholders, one 
can be fitted in a hole originally provided for an 
upright electrolytic capacitor or an intermediate 
frequency transformer. 

Since a new mains transformer of sufficient current 
rating will probably have to be purchased, an up- 
right mounting one will be easier to fit and will give 
greater freedom from hum. It will also take up no 
under-chassis space, as would a drop-through type. 
Its size will probably decide its location, which 
should be nearer the rectifier and output valves.2 

2The advertisements for the mains transformer specified in the 
Components List do not normally mention the existence of a centre- 
tap on the 6.3 volt heater winding, as is shown in Fig. 1. R.S.C. 
Hi-Fi Centres Ltd. advise us, however, that such a tap is in practice 
provided with this transformer.—Editor. 
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Fig. 2. Above-chassis view (a) and below-chassis view (fa) of one of the amplifiers built by the author. This is constructed 
on a discarded radio chassis which already had five convenient holes suitable for octal valveholders 

Any isolated valve position is best used for the first 
valve and the valves may be located as nearly as 
possible in the order in which they appear in the 
circuit. 

Having determined the best location of the valves 
and mains transformer, the choke can now be pos- 
itioned for minimum hum pick up. The choke 
requires an adequate current rating and a former 
TV choke will often prove suitable. To insure that 
no mains hum will be induced into the choke from the 

mains transformer, a pair of headphones is connected 
to the choke and, after making quite certain that its 
secondary leads are safely insulated and not shorting, 
the mains transformer can be connected to the mains 
supply temporarily by means of a small terminal 
block. When the choke is held close to the mains trans- 
former, a slight hum will be heard in the phones. 
The choke should then be moved an inch or so away 
and rotated until a hum-free position is found. 
The output transformer can be positioned similarly, 
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■components 

Resistors Cn 4(xF, electrolytic 
(All fixed values i watt 10% unless otherwise Cl2 4ixF, electrolytic 

stated) Cl3 8ixF, electrolytic 
Ri 1 MO, high stab. Ci4 SfxF, electrolytic 
Rz 220k Tl, high stab. Qs 8|xF, electrolytic 
Rs 220k 11, high stab. 
R4 Ikfl Inductors 
Rs 47k 0 Ti Mains transformer, upright mounting. 
Rs lOOkQ, 5% Secondaries: 350-0-350V, 100mA; 
RT lOOkO, 5% 6.3V, 4A, c.t.; 0-5-6.3V, 3A. 
Rs 47k fl (See caption to Fig. 1) 
R9 2.2ka Tz Push-pull 10-12 watt, to match 2 6V6's 
Rio IMfl to 3, 5, 8 or 150 
Rn IMQ CH, 10H, 100mA 
Rl2 22k fl (All inductors may be obtained from R.S.C. 
Rl3 220k fl, 5% Hi-Fi Centres Ltd., 102 Henconner 
Rl4 ?20kn, 5% Lane, Bramley, Leeds 13) 
RlS 4.7kn 
Rl6 4.7kn Valves 
Rl7 220k fl, 5 watt Vi EF37A 
Rig 15kfi, 10 watt Vz 6SL7GT 
RJ9 l.Sktl, 5 watt V3 6V6G or 6V6GT 
Rzo 100-5000 (see text) V4 6V6G or 6V6GT 
Rzi 100-5000 (see text) Vs 5V4G 
VRi 500kO potentiometer, log 
VRz 500kO potentiometer, log Fuse 
VR3 250k O potentiometer, linear, preset Fi 250mA fuse, with holder 

Capacitors Switch 
(All capacitors 450V wkg. unless otherwise Si s.p.s.t,, toggle 

stated) 
Ci 0.01 [xF, 150V wkg. Sockets 
Cz 0.1 |xF Jl.2 Input jacks 
C3 12(xF, electrolytic, 6V wkg. 5 octal valveholders 
C4 0.02[xF Speaker outlet socket (see text) 
Cs 0.01 pF, 250V wkg. 
Cs 0.01 [xF Miscellaneous 
CT 0.01 txF Screened top cap connector (for Vi) 
Cg 0.01 |xF, 250V wkg. 2 knobs 
C9 0.002(xF, 150V wkg. Screened wire 
Qo 50ixF, electrolytic, 25V wkg. Chassis (see text) 

with the headphones connected to the primary 
winding. If a new output transformer has to be 
purchased, one of adequate wattage rating, to 
match two 6V6 valves in push-pull, should be 
obtained. It will be worth the few extra shillings to 
obtain a transformer with a tapped secondary 
winding to suit any combination of loudspeakers 
likely to be used. The transformers and choke can 
now be bolted to the chassis using any available 
holes, and near enough to the suitable positions. 
This partly accounts for the angles at which the 
components appear in the typical layouts of Figs. 2 
and 3. 

The tagboards are then fixed under the chassis. 
Often some of the bolts can be used both for trans- 
formers above and tagboards beneath. There will 
probably be enough holes in the front or ends of the 

chassis for the volume controls and input sockets. If 
there are no end pieces, it will be advisable to make 
some from sheet metal to protect the components and 
to give complete screening. 

The position of the small components has now 
to be determined and a sketch may be made of the 
tagboards and valveholders, showing point to point 
wiring. The h.t. electrolytic capacitors may be held 
in clips and additional small tagstrips will be re- 
quired for the heater connections to the mains 
transformer and the rectifier anode stopper resistors. 
Coloured wiring helps in identification and the 
drawing can be similarly coloured. Usual colours 
are: 
H.T. and anode wiring —Red 
Screen grid wiring —Orange 
Control grid wiring —Green 
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Fig. 3. As an illustration of the ease with which discarded radio chassis may be employed for the amplifier, this diagram 
gives the top view (a) and below-chassis view of another amplifier constructed to the circuit of Fig. 1. Note that, both here and 
in Fig. 2, valveholders appear in virtually the same order as in the circuit diagram, with Vi farthest away from V5. In 

this layout C5 and C8 connect to the grids of Vj via screened cable 
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Cathode wiring —Yellow 
Earth wiring —Black or bare 
High voltage a.c. wiring —Blue or violet. 

When wiring passes through the chassis, the holes 
should always be fitted with grommets. The provision 
of an h.t. fuse is a wise precaution. 

Wiring 
Chassis wiring commences with the valve heater 

leads. Mains twin flex, p.v.c. covered is ideal. 
Flex with "figure-8" section should be twisted 
before fitting, and twisted flex should be more 
tightly twisted to cancel hum fields. The heater 
leads from the mains transformer can be connected 
to the heater wiring via a three-way tagstrip with the 
centre tap on the earthed fixing tag. This tag should 
also be used for earthing the h.t. secondary winding 
centre tap and the h.t. electrolytic capacitor negative 
leads. Heater wiring should run close to the chassis 
and be isolated from all other wiring as far as is 
practicable. The rectifier valve heater is of course 
wired to the appropriate winding on the mains 
transformer, one end of which is at h.t. potential. 

The remainder of the chassis wiring can next be 
proceeded with. Particular attention should be 
given to the wiring that will earth the appropriate 
components to the chassis, since bad earthing is one 
of the chief causes of hum. There are two basic 
systems of satisfactory earthing. With a steel chassis, 
common earthing of each stage will probably be 
quite satisfactory. All the necessary components 
related to a particular stage are earthed to one tag 
bolted to the chassis at the nearest convenient point. 
With an aluminium chassis, bus-bar earthing is 
often recommended. In this system, a bus-bar of 
thick wire is looped into all the tags connecting the 
earthy ends of the components. This bus-bar is 
connected to the chassis at one point only, this 
being at the microphone input socket. However, 
this system is not infallible, since its success depends 
upon the order of connecting the components to the 
bus-bar, which is an experimental matter in each 
amplifier built. A good arrangement can work well, 
whilst a bad one is worse than separate earthing of 
each stage. Since one of the purposes of this article 
is to encourage the constructor to learn the principles 
of amplifier building by experience, it is hoped that 
he will work in this spirit and be prepared to experi- 
ment. The writer can only say that both of the ampli- 
fiers shown were quite satisfactory, the separate 
stage earthing used with the steel chassis (Fig. 2) 
being actually better than the bus-bar earthing used 
on the aluminium chassis (Fig. 3). Screening of the 
microphone input socket may be required to obviate 
high frequency instability, which makes itself 
evident by a very high pitched whistle. 

The components may next be mounted on the 
tagboards and it will be advisable to have the high 
wattage resistors stand clear on longer leads to 
ensure sufficient ventilation and to prevent them 
overheating adjacent components. The grid stopper 
resistors of the output valves should be wired direct 
from the tagboards to the valveholders, and the 
coupling capacitors can, if desired, be wired from 

" 

f 

The Fig. 2 amplifier installed in a Church building, 
complete with microphone 

the appropriate anode pins to the tagboards. All 
wiring to the volume controls should be screened, 
as should also the lead from the microphone input 
socket to the first valve top cap. A screened top cap 
connector should be used, with the grid resistor 
soldered into the cap. A preset potentiometer will 
suffice for the tone control. This control provides 
just a little treble cut to remove stylus scratch from 
old records or any pronounced sibilants from a 
crystal microphone.3 It will probably only require 
occasional adjustment and can be mounted in any 
position convenient for wiring. 

Testing 
Before switching on, a check should be made with 

an ohmmeter to ensure that there are no short- 
circuits between h.t. positive wiring and the chassis 
or between grid wiring and either h.t. lines or the 
chassis. The cathode bias resistors can be likewise 
checked. It is advisable to test the output stage 
first, then add the other valves successively, checking 
each in turn. The amplifier should be switched off 
before inserting a fresh valve. To avoid the appear- 
ance of excessively high a.f. voltages across the pri- 
mary of T2, the amplifier should not be operated 
without a speaker connected. 

With the rectifier and output valves in place, the 
amplifier may be switched on and the h.t. voltages 
checked. The output anodes may have up to 350 
volts on them, but 300 volts would be a good value 
for long life whilst still giving sufficient output. 
The h.t. voltage may be varied by changing the value 
of the rectifier anode limiter resistors, R20 and R21. 
These should both have the same value, between 100 
and 500a, and must be of adequate wattage rating 
(1 to 2 watts, according to value). With the h.t. 
voltage adjusted, the cathode voltage of the output 

3A crystal microphone should not be used with the amplifier if 
good quality reproduction is required, as the relatively low input 
impedance of the amplifier will cause attenuation of the lower audio 
frequencies. On the other hand, a crystal microphone may be useful 
for testing purposes or where reduced low frequency response is not 
considered important. This problem is absent if a moving-coil micro- 
phone is employed, as discussed later in the article. It may be helpful 
to insert a 1MQ resistor in series with the Gram input to VR2 in 
order to reduce low frequency attenuation with crystal or ceramic 
pick-ups.—Editor. 
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valves should be of the order of 18 to 20 volts and 
the screen grid voltage about 30 volts lower than 
the anode voltage. There should be slight back- 
ground noise in the loudspeaker, but no hum. 

The phase splitter valve may next be inserted and 
its voltages should be of the order shown on the 
diagram. A signal from a record player pick-up or 
radio may be applied to each volume control in 
turn, and the amplifier should be found to give 
satisfactory reproduction. 

The first valve should finally be inserted and the 
complete circuit tested. Since any hum or noise in 
the first stage receives the greatest amplification, 
particular attention must be given to this stage. 
Noise reduction will be improved if high stability 
resistors are used for the anode load, and screen 
grid and control grid resistors. It should also be 
remembered that noise will be much more apparent 
in a small loudspeaker used for testing than in 
larger speakers used in a hall, so it might be as well 
not to be too critical at first. Any hum, more notice- 
able now that the first stage is complete, may be 
reduced if the chassis is connected to a real earth 
via the earth continuity conductor of the mains lead. 
Also a metal base panel may effect an improvement, 
by completely screening the chassis, provided it is 
electrically connected to the chassis. Neither of the 
writer's amplifiers actually required a metal base and 
only the one with the aluminium chassis required a 
real earth. If a metal base is used, it should be 
perforated to allow for ventilation. 

Unless perfection is sought, the criterion for hum 
and noise level will be the proportion that can be tol- 
erated for the amount of gain at which the amplifier 
will normally be used. With a microphone connected, 
the gain will be limited to the point at which acoustic 
howl feedback is developed. This will vary according 
to the positioning of the microphone and loud- 
speaker, and also according to the type of micro- 
phone and the design of the loudspeaker cabinet. 
If felt necessary it may be worth experimenting with 
a damping resistor of, say, lOOkfl to SOOkO across 
the input terminals to achieve greater gain before 
howling occurs. The theory of this may seem rather 
doubtful since the resistor attenuates the input 
somewhat, but it often works quite well in practice, 
perhaps by damping out a resonant frequency at 
which the howling occurs. When the best acoustic 

conditions have been found, the user will then be in a 
position to decide whether the hum and noise level 
is sufficiently low. 

A moving coil microphone is the best all-round 
type for p.a. work so far as the amateur is concerned. 
A high impedance microphone (50k O) may be 
connected directly into the amplifier. If a very long 
lead is necessary, the low impedance setting (SOU) 
of a dual-impedance microphone can be used with 
ordinary flex for the lead, provided that a screened 
microphone transformer is fitted at the amplifier 
end of the lead. Only a special mu-metal screened 
transformer can be fitted inside the amplifier. If an 
ordinary microphone transformer is used in a metal 
screening box it will probably have to be at least 18in 
from the amplifier to avoid hum pick up. The high 
impedance lead from the transformer must, of course, 
be screened cable. 

Final Finish 
Unless a metal base has been found necessary, the 

amplifier should be completed by the provision of a 
light base panel to protect the components under 
the chassis. This may be made from peg-board or 
from the back fret from an old TV or radio set. 
Rubber feet should be added to avoid jarring the 
amplifier when it is set down and to give clearance 
for cool air to be drawn in through the base panel. 
A top cover may be folded from expanded metal and 
handles added if much carrying is anticipated. 
Alternatively, a ready made cover may be obtained 
of approximately the right size, and wood fillets 
added if necessary to make up any differences. 

Conclusion 
It may be gathered from this article that the build- 

ing of simple but very effective p.a. amplifiers using 
the circuit of Fig. 1 is not at all difficult, provided 
the constructor is prepared to experiment a little and 
to use a little commonsense judgement with 'regard 
to choosing a suitable layout. The accompanying 
photographs show two views of the amplifier of 
Fig. 2. The microphone employed is a Calrad 
DM16HL dual-impedance moving-coil unit. Its 
50kft output is applied directly to the amplifier 
without a transformer. 

□ 

10th Annual Mobile Radio Rally 
Rykneld Schools, Derby—Sunday August 13th 1967 

The above event is one of the most popular attractions in the Amateur Radio enthusiasts calendar. It is a social event 
that is eagerly awaited every year by large numbers of mobile Radio Amateurs and their families. 

The Derby Rally has always been known as a family event and this year's attractions will have all the family in mind 
Last year there were over 6,000 visitors, no fewer than 8 Special Displays and 12 Trade Stands. 

Events will include all the old favourites, i.e. Treasure Hunt, Prize Draw, Junk Sale, Film Show, Radio Controlled 
Model Aircraft, etc., etc. 

Admission and parking at the Rally is FREE. There is also ample indoor accommodation should the weather be unkind, 
he usual Ice-Cream, Coca-Cola and Refreshments will be available at very reasonable charges. 

..C fu^her information required can be obtained by contacting Mr. Tom Darn G3FGY, Hon. Rally Organiser Sandham Lodge , 1 Sandham Lane, Ripley, Derbyshire. Ripley 2972. 
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Simple D.C. Heater Supply 

for A.F. Amplifiers 

SUGGESTED CIRCUIT No. 201 

ONE OF THE MAJOR DESIGN 
problems with sensitive mains- 
driven a.f. amplifiers is the 

reduction of hum caused by the ax. 
supply. If the amplifier employs 
valves, hum is particularly likely to 
result from unwanted couplings 
between the signal circuits and the 
heater wiring, and considerable 
care has to be taken with compon- 
ent and wiring layout to ensure that 
such couplings are kept to a mini- 
mum. 

The first stage of the amplifier is, 
of course, that which is most suscept- 
ible to hum, and it is common prac- 
tice to use a low-noise pentode, such 
as the EF86, in this position. The 
EF86 can exhibit a hum level of 
l|i.V only when fed with a centre- 
tapped a.c. heater supply, but it is 
still necessary to pay careful atten- 
tion to the valveholder type, valve- 
holder wiring and component posi- 
tioning if a figure as low as this is to 
be achieved in a practical working 
circuit. 

Hum in the first stage due to 
unwanted couplings with the heater 
wiring can be completely eradicated 
if the heater of the first valve is fed 
with d.c. instead of a.c. Whilst this 
represents an obvious solution to the 
hum problem, there is a tendency to 
assume that the provision of the 
necessary direct current involves the 
use of special mains transformers and 
expensive rectifier circuits, where- 
upon it becomes economically unat- 
tractive. Now that small silicon 
rectifiers and high-value electrolytic 
capacitors are available, however, 
the situation is changed, and the 
cost of a d.c. heater supply need not 
be as excessive as would have 
occurred with earlier components. 

This month's "Suggested Circuit" 
presents a simple method of apply- 
ing a d.c. supply to the first valve of 
an a.f. amplifier, the alternating 
voltage being obtained from a norm- 
al 6.3V centre-tapped mains trans- 

former secondary. The suggestion 
will be of greater interest from the 
point of view of application than of 
circuit operation, since the circuit 
consists quite simply of a standard 
bridge rectifier plus several "trim- 
mings". The circuit has the advan- 
tages that few components are 
required, that a standard mains 
transformer can be employed, and 
that the heaters of the remaining 
valves in the amplifier may be run in 
normal manner from the same 6.3V 
winding. It must be emphasised that 
the circuit does not provide a 
completely pure direct current, since 
the voltage applied to the valve 
heater carries a ripple having a 
peak-to-peak value of the order of 
0.2V. However, this figure is much 
lower than the peak-to-peak value of 
an alternating 6.3V heater supply 
with the result that the circuit can 
offer a very significant reduction in 
hum pick-up in the first stage of an 
amplifier, even though it may not 
give the complete eradication of hum 
that would result from a fully 

by G. A. FRENCH 

smoothed d.c. supply. With the 
components specified, the circuit is 
suitable for feeding the heater of an 
EF86 or any other valve requiring a 
heater voltage of 6.3 at a current of 
200mA. 

The Circuit 
The circuit of the d.c. supply is 

given in the accompanying diagram 
and it consists of a full-wave bridge 
rectifier running direct from a 
6.3V heater winding of the mains 
transformer. For the circuit to 
function it is essential that the 
rectifiers have a low forward resist- 
ance and that the capacitor following 
the bridge has a large value. The recti- 
fiers specified for the bridge are silicon 
types and thereby meet the first 
requirement, whilst the capacitor is 
an electrolytic component having a 
value of 3,200(iF. 

In order to keep switch-on surge 
currents to a low value it is desirable 
to insert limiting resistance between 
the transformer winding and the 
rectifiers. This limiting resistance 

To remaining 
heaters 

Rl , l-2n i/2 w 
-mh- ■l~l D2 

Mains 
transformer 

I 3,200>jF WW 

I 
To EF86 IOV 

l-2n ,/2w heater 
pins 

Hl-I Amplifier 
chassis 

6-3V heater 
winding 

DitoD4-Lucas type DDOOO 

By means of this simple rectifier circuit, the first valve of a- 
sensitive a.f. amplifier may be heated by direct current (plus 
a small ripple) whilst the remaining valve heaters are supplied 
in normal manner. The two capacitors shown in dotted line 
may be required in some instances. 
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must not, however, be too high or 
the required rectified voltage will not 
be obtained. In the present circuit 
the limiting resistance is 2.40, this 
representing a compromise figure; 
With a limiting resistance of 2.40 
the rectified voltage applied to the 
heater of an EF86 is 6.1V, and it was 
considered that this is sufficiently 
close to the nominal value of 6.3V 
to be acceptable. 

The 2.40 limiting resistance is split 
up into two physical resistors of 
1.20, as shown, in order to main- 
tain symmetry. It will be appreciated 
that, on succeeding half-cycles, each 
of the d.c. heater lines becomes effec- 
tively coupled first to one side of the 
6.3V secondary and then to the other, 
whereupon it is desirable to keep the 
circuit symmetrical in order that 
the d.c. lines remain balanced about 
chassis potential. This approach 
ensures that the 0.2V ripple on the 
d.c. lines has minimum effect. In 
this context it is important to note 
that the 6.3V transformer winding 
must be centre-tapped, with the 
centre-tap connected to chassis. If, 
instead, one end of the 6.3V winding 
were connected to chassis, each of the 
d.c. heater lines would be taken 
through some 6.3V on alternate 
half-cycles and the whole object of 
the circuit would be defeated! 

Components 
As is shown in the diagram, the 

four rectifiers, Di to D4, are Lucas 
type DD000, these having a peak 
inverse voltage of 50 and a forward 
current rating of 500mA. The elec- 
trolytic capacitor employed for Q 
in the prototype was a Mullard 
component in the C431BR series, 
with a value of 3,200(xF and a voltage 
rating (which should not be exceeded) 
of 10V. It may be added that the 
rectified voltage across Q will rise to 
nearly 9V should the EF86 be 
removed from its valveholder, and 
this fact has to be borne in mind 
when deciding upon the working 
voltage of the capacitor. In general, 
it would be preferable to switch off 
the power supply if the EF86 is to 
be removed and re-fitted, since a 
slightly excessive current could mom- 
entarily flow in its heater if it were 
plugged in with the supply switched 
on and Q charged to peak rectified 
voltage. 

It will probably be necessary to 
make up Ri and R2 from short 
lengths of resistance wire, as their 
value is outside the range normally 
available for fixed resistors from 
home-constructor retail sources. Care 
should be taken to ensure that the 
resistors have the required value 
within ±5%. 

When the d.c. supply circuit is 
fitted to an a.f. amplifier all the 
rectifier components should be moun- 
ted near the mains transformer. A 
tightly twisted pair may then be 
used to couple the rectified voltage 
across Ci to the heater pins of the 
EF86. A twisted pair is recommended 
since the d.c. supply still carries the 
0.2V ripple voltage. 

As was stated earlier, the proto- 
type circuit provided 6.1V at 200mA 
for an EF86 heater using the 
components specified. The writer 
does not recommend that the circuit 
be employed for valves requiring 
6.3V at 300mA since the greater 
current would necessitate reducing 
the values of Ri and R2, whereupon 
switch-on surges could become exces- 
sively high. 

A final point is that the rectified 
voltage across Q is "floating" during 
the periods in the cycle when the 
diodes are not conducting and it is 
feasible that, under some condi- 
tions, this could result in a modula- 
tion hum being imposed on the a.f. 
signal being handled. Should this 
occur, both terminals of Q should 
be coupled to chassis via 0.5(xF 
capacitors, as shown in dotted line 
in the diagram. 

□ 

CAN ANYONE HELP I 

correspondents. Crcu/ts, manuals, service sheets, etc.. lent by readers must be returned in |ood condffion ^thln 
o reasonable period of time 

Jason Oscilloscope Model OG10.—B. C. Herring, 
710 N.B.S. Building, Port Elizabeth, South Africa, 
—borrow or purchase circuit diagram. Please write 
airmail—payment in sterling. 

Indicator Type 62A (10Q/37).—A. Thompson, 
Thursley Cottage, Church Road, East Molesey, 
Surrey—this unit is fitted with VCR97 tube and 
EF50 (VR91) valves. Any information on modifying 
this to an oscilloscope or a circuit using the valves 
and tube in an oscilloscope, loan or purchase. 

F. M. Tuner.—P. G. Tanner, 48 The Crescent, 
Mortimer, Berks—has constructed this unit (pub- 
lished in Brimar Valve Manual some years ago) 
and requires advice from any reader who has been 
successful with this tuner unit. 

V.H.F. Receiver Type AP67590A.—T. D. Hackney 
3a Clumber Crescent South, The Park, Nottingham 

—would like to purchase or borrow the circuit or 
any other information. 

Wavemonitor Type 1464A,—E. R. Bellas, 41a 
Nevill Street, Southport, Lanes—wishes to com- 
municate with a reader who has any experience 
with this equipment, help is required in obtaining 
a horizontal trace. 

S.T.C. Receiver B46.—A. Whipp, I Bridge Street, 
Lumb, Rossendale, Lanes—manual or any informa- 
tion. 

March 1961 Issue.—J. R. Owen, 40 Kingslea Road, 
Withington, Manchester, 20—urgently requires 
this copy of "The Radio Constructor", expenses 
met. 

'Panda Explorer' 150W Transmitter.—R. P. Neave, 
24 Mayfield Road, Writtle, Chelmsford, Essex, 
—manual, purchase or loan. 
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Windscreen Wiper 

Programmer 

by T. J. Daborn 

Intended for the reader who is conversant 
with the simple car electrics involved, this 
article describes an ingenious programming 
unit which allows the windscreen wipers 
of a car to operate once every 2 to 30 seconds 
as desired under conditions of light rain or 

drizzle 

The windscreen wipers of most modern 
cars are very efficient; they manage to clear 
the screen under all conditions except perhaps 

an exceptionally heavy downpour. Drizzle or light 
rain is usually cleared by one wipe, after which the 
wiper rubbers scrape on the dry screen. This means 
that the wipers must continually be switched on and 
off, which is not desirable in today's driving con- 
ditions when all one's attention needs to be on 
driving itself. A variable speed facility seemed to 
provide an answer for this problem, but was rejected 
due to the high current, high wattage components 
required. It was also felt that slow moving wiper 
blades would be more distracting than if they 
moved quickly. 

Resistors 
(All fixed resistors \ watt 10%) 

Ri l.SkO 
R2 lOOQ (see text) 
R3 lOkD 
R4 200fl (see text) 
VRi 50k O potentiometer, linear 

Capacitor 
Cj 2,000(iF electrolytic, 25V wkg. 

Transistors 
TRj OC71 
TR2 OC72 

Switch 
Si (a), (b) d.p.s.t. switch, 5 amp rating 

Relay 
A/2 See text 

n 

V 
///niumww^ 

Programming Circuit 
The programming circuit shown in Fig. 1 was 

eventually evolved and can be fitted to most cars 
having wipers with self-parking facility. The circuit 
is basically a Schmitt trigger, and it operates in the 
following manner. 

On closing Si, TR2 conducts heavily and TRj 
is cut off. The normally closed contacts, A1 and 
A2, of the relay, then open. Q begins to charge 
via Ri and VRi until the base voltage of TRi 
rises above its emitter voltage. TRi then starts to 
conduct and the base and emitter voltages of TR2 
begin to fall, causing TRj to conduct more heavily 
and resulting in the circuit switching rapidly to the 
state when TR| is fully conductive and TR2 is cut 
off. 

Contact A1 then closes, discharging Q via R2. 
At the same time A2 closes across the windscreen 
wiper switch (see Fig. 2) causing the wipers to 
commence to wipe. As (due to the discharge in Q) 
the base of TRi falls below its emitter voltage, the 
circuit switches rapidly back to its original state, 
and is ready to start the cycle again. Contact A2 
opens, but the wipers carry on until they return to 
the self-park position, where they stop. 

The self-parking facility is normally a switch in 
series with and powered by the motor, as shown in 
Fig. 2, and is open when the wipers are in the self- 
park position. The manual on-off switch is then put 
in parallel with this self-parking switch. Contact 

(f^-dot 

OC7l,OC72 lead-outs 

- -I2V 
slb 

TR, 
VR| OC7I "2 

TRg 
OC72 

fi%. 1. The circuit of the programmer unit. Relay 
contacts M and A2 are both normally closed 
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To voltage 
regulator 

Self-cancelling 
switch 

Wiper 
motor 

Manual wiper 
on-off switch 

Additional wiring 

Fig. 1. How the unit is wired to the wiper motor. The 
"additional wiring" couples to points a and b of Fig. 1 

A2 is wired via one pole of Si across the manual 
wiper switch. 

When TR2 is cut off during the cycle, contact 
A1 immediately begins to discharge Q via R2 
and quickly returns the circuit to its original state. 
The time that A1 and A2 stay closed must be long 
enough for the wiper motor to start wiping and close 
its self-park switch (approximately 0.5 second). 
This time can be varied, if necessary, by adjusting 
R4 and R2 slightly. VRi determines the charging 
rate of C] and hence the time between wipes. 
With the prototype, VRi olfered a range of 2 to 
30 seconds. 

VRi and Si can be mounted side by side on a 
bracket or on the dashboard. Under normal rain 
conditions the wipers are turned on in the usual 

way; in drizzle, however, the wiper on-off switch 
is turned off and Si is closed instead. VRi is then 
adjusted to keep the screen clear without the 
annoying scraping of the wiper rubbers. 

The writer's unit was built on a small piece of 
tagboard and mounted with the relay in a convenient 
place under the dashboard. 

Before making up the unit and connecting it 
into the windscreen wiper system, the reader should 
take care to check from the car-maker's handbook 
that the car circuit is the same as in Fig. 2. The 
author's car, to which the prototype is fitted, is a 
1961 Triumph Herald saloon. 

The relay employed by the author was a Post 
Office type which was to hand, this having a 2,0000 
coil. Both contact sets are normally closed, and 
contacts A2 should be capable of switching at 
least 3 amps. Readers may be able to obtain a 
suitable relay through surplus channels. 

Editor's Note 
It will be noted that no protective diode is connected 

across the relay coil (to prevent the application of a 
high back-e.m.f. to TR2 when the relay de-energises) 
since this was not found to be necessary with the proto- 
type. 

Suitable relays are available from L Wilkinson (Croydon) 
Ltd., Longley House, Longley Road, West Croydon, 
Surrey, at 21s. each. When ordering please specify as: 
Post Office Type 3000 relay, 2,0000 coil, with one set 
of light-duty N/C contacts and one set of 3 amp N/C 
contacts, energising voltage 10 or less. □ 
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^ Simple Short 

Wave Converter 

by R. L. A. Borrow, B.Sc. 

This self-contained single-transistor converter operates 
over the range 15 to 30 Mc/s, and provides an output at 
medium waves. It may be used with any medium wave 
receiver having screened aerial coils instead of a ferrite 
frame, which would pick up interfering medium wave 
signals at night-time—although a ferrite frame receiver 
could possibly be used in a screened environment such as a 

car 

The converter described in 
this article was designed for use 
with a car radio, but it can be 

used with any medium wave receiver 
having aerial coils instead of a 
ferrite rod aerial. 

When using the converter the 
higher frequency end of the medium 
waveband of the receiver is employed 
for the final stages of intermediate 
frequency amplification, consequent- 
ly any signals picked up on medium 
wave frequencies will interfere with 
the short wave signals. This difficulty 
does not usually occur with a car 
radio because of the good screening 
of all of the radio frequency circuitry 
of the receiver. On the other hand the 
portable type of medium wave 
receiver is designed to pick up 
signals without an external aerial. 
When using this type of receiver it is 
necessary to first tune it to some 
frequency where no signals are 
present, although it may be difficult 
to find a suitable point at night-time. 
With a car radio this difficulty does 
not occur and it is possible to use 
the car radio tuning to obtain a 
similar facility to that provided by a 
bandspread tuning control. 

The circuit of the converter is 
shown in Fig. 1. A single transistor 
was used as a mixer-oscillator and 
the output was taken from a broadly 
tuned inductor, L5, in the collector 
circuit of the transistor. The conver- 
ter was coupled to the receiver aerial 
and earth terminals via coaxial 
cable. 

The converter was constructed on 
an aluminium chassis which formed 
part of the containing box. The 
power supply was taken from a 
small 3-volt battery housed inside 
the case. 

Chassis Construction 
The chassis and cover were made 

from 16 s.w.g. aluminium sheet, 
as shown in Fig. 2. Two pieces of 
sheet were used, one being 5 x 5|in 
and the other 10i x 5fin. The first 
piece formed the chassis and the 
second piece formed the cover. The 
cover was attached to the chassis by 
means of self-tapping screws passed 
through the holes shown in Fig. 2 (6). 

The construction of the battery 
holder is shown in Fig. 3. To 
prevent short-circuits, a strip of 
insulating material should be inter- 
posed between the base of the battery 
holder and the chassis surface when 
the holder is secured in place. 

All the major components, with 
the exception of the battery holder 
and oscillator coil (L3, L4), were 
mounted on the vertical 2 x Sin 
section of the chassis. See Fig. 4. 

The battery holder was mounted on 
the horizontal 3 x Sin section and 
the oscillator coil on the end plate 
of the 2-gang capacitor. 

The 2-gang capacitor was a 150 -(- 
ISOpF component, and was fitted 
with its own trimmers, these appear- 
ing as Ci and Cg in Fig. 1. 

The coils were wound on poly- 
styrene Jin diameter formers with 
adjustable iron dust cores. The 
aerial tuning coil, L2, was wound 
with 7 turns of 28 s.w.g. enamelled 
wire spaced by winding in a second 

wire of 28 s.w.g. which was later 
removed. The aerial coupling 
winding, Li, consisted of 5 turns of 
28 s.w.g. enamelled wire close-wound 
and positioned close to the earthy end 
of the tuned coil. 

The oscillator tuned coil, L3, was 
wound with 8 turns of 28 s.w.g. 
enamelled wire spaced as for L2. The 
collector winding, L4, has 5 turns 
of 28 s.w.g. enamelled wire, these 
being wound in the spaces between 
the tuned winding at the earthy end. 

The coil used for the output 

V 
HO 1-5 

C4 
TR| C9 Output OC17I 

II <-3 

C6 
ir -i-8' C2 3V 

r r 
Cr 

Chassis 

Shield 
Fig. 1. The circuit of the short wave converter. L2 is the signal frequency 
tuned coil, and L3 is the oscillator tuned coil. Ls is an air cored medium wave 

coil 

AUGUST 1967 21 



1/2* 

l/2" 

2* 
I J 

2* 

L i  

L 3*   
Chassis after 
bending 

(a) 
1/2*—| p2l/B"- p-2l/8 

1 

\i 

l/2" 

72 
21/8 

72- L J 

72 

Fig. 2 (a). Details of the chassis. 
This is bent as shown 

(b). The cover. All parts are bent 
inwards (i.e. towards the reader) 
along the dashed lines. A 
convenient order of bending wou Id 
follow the order ABCDBF. The 
holes are clearance for self- 

tapping screws 

72 

(b) 
Thin springy brass 

Plastic 

Fig. 3. The battery holder. Dimension the 
springy brass parts to take two U12 cells. 
Any convenient insulating material may be 
used for the base. Connections are taken 

from the two single contacts 
174 o o 

Base Spring contacts 
Ts'thick plastic material bend at 9O0along dashed lines 
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inductor, L5, was an air cored 
medium wave r.f. coupling coil type 
PHF2, with no connections made to 
the coupling winding. 

Alignment 
The converter is connected to a 

car radio, or a similarly suitable 
receiver, which is tuned to slightly 
higher than mid-scale on the medium 
wave range, and an aerial is connec- 
ted to the converter input terminal. 
The oscillator trimmer, Cg, is set to 
about mid-capacitance. A weak 
signal is obtained at the high fre- 
quency end of the converter range 
and the aerial trimmer, Ci, adjusted 
for maximum response. The con- 
verter is then set to the low fre- 
quency end of the scale and the aerial 
coil adjusted by means of its iron 
dust core. Finally, the trimmer 
across the output coil, Cip, is 
adjusted for maximum signal. 
Adjustments to the oscillator coil 
core and trimmer may be made, if 
required, to improve tracking or 
alter the range covered. 

The converter frequency range is 
about 15 to 30 Mc/s but this can of 
course be altered to suit the user's 
requirements by changing the number 
of turns on the aerial and oscillator 
coils. 

The converter as described has 
been found to bring in a very large 
number of stations, particularly 
from across the Atlantic. 

Due to lack of selectivity before 
the mixer it may sometimes be 
found that transmissions from local 
high power v.h.f, transmitters are 
heard. This is due to their combining 
with harmonics of the oscillator. 
To overcome this difficulty, if it 
occurs, it will probably be necessary 
to introduce an extra circuit tuned 
to signal frequency between the 
aerial and the converter, this possibly 
incorporating an r.f. amplifier stage. 
The writer hopes to include these 
refinements in a more sophisticated 
design of converter. 

Editor's Note 
The 150 + 150pF 2-gang capacitor 

with trimmers specified for C2, C7 
may not be readily available through 
home-constructor channels, but a 
suitable alternative would be the 
176 -|- 176pF capacitor type "00" 
with screen made by Jackson Bros. 
Small 20 or 30pf trimmers can be 
added to this capacitor. If desired, a 
simple epicyclic slow-motion drive, 
or similar, may be fitted to the front 
panel for tuning. Any medium wave 
single tuned coil (or medium wave 
r.f. coupling coil with the coupling 

Chassis tag C4 

HO L3.L4 
*3 ^5 (in holder iSj of fig.3) 

c7 TRl 

Aerial socket Output 
socket 

S| (below aerial 
socket) 

Fig. 4. Component layout used in the prototype. The J/n flange of the chassis 
is nearest the reader and partly obscures the components which are secured 
to the 2x5 in front panel. The tags of C2. C7 and L; provide anchor points 
for most of the resistors and capacitors. The emitter of TRi is anchored at the 
junction of R3, C5 and Cg, and the base is anchored at the junction of Ri, Rj 
and C3. If components having fairly stiff lead-outs are employed, these anchor 

points are quite stable 

winding unused) intended for valve 
receivers may be employed in the 
L5 position instead of the PHF2 coil 
specified. Avoid using a medium wave 
aerial coupling coil, as the unused 
aerial coupling winding may give 
undesirable absorption effects. 

Good tracking could be achieved 
with either the oscillator frequency 
above or below the signal frequency, 
but it will probably be found better 
here to have the oscillator frequency 
below. Bad tracking will, of course, 
occur if the oscillator frequency is 
above the signal frequency at one 
end of the band and below it at the 
other. 

If it is found that Cig does not 
provide sufficient capacitance for the 
medium wave frequency required, a 
fixed silver mica capacitor of around 
100pF may be connected across it. 

COMPONENTS 

Resistors 
(All iwatt 10%) 
Ri 39kn 
R2 22kH 
R3 5.6ka 

Q, Cg trimmers (fitted to C2, 
C7) 

C2, C7 2-gang 150+150pF 
(see text) 

C3 4.7pF silver mica 
C4 O.OluF paper or plastic 

foil 
C5 lOOpF silver mica 
Cg 47pF silver mica 
C9 lOOpF silver mica 
Cm 140pF trimmer 

Coils 
Li, 2 See text 
L3, 4 See text 
L5 R.F. coupling coil type 

PHF2 (Wearite) 

Transistor 
TRi OC171 

Switch 
Si Miniature on-off slide 

switch 

Battery 
Bi Two U12 cells (Ever 

Ready) in series 

Miscellaneous 
1 aerial input socket 
1 coaxial socket 

2 coil formers J x Jin dia. 
Cat. No. CR4(Home Radio) 

2 iron dust cores. Cat. No. CR5 
(Home Radio) 
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NEWS • • • AND 

New Mazda CRTs 

for Push-Through 

Presentation 

The use of cathode ray tubes which do not require separate implosion pro- 
tection panels is now well established in the field of domestic television. 
MAZDA have played a prominent part in the development of this new trend 
in styling and have introduced to the trade, successively, Twin Panel, Rimguard 
I, Rimband and Rimguard II implosion protected tubes. 

MAZDA now introduce the Rimguard III system of implosion protection 
which retains the advantage of light weight but offers the additional attraction 
of being able to be used in "push-through" presentations. 

In both the 19in and 23in sizes, illustrated above, the Rimguard III rein- 
forcement consists of a metal shell fitting closely to the bulb in the rim region 
and bonded to the glass with a specially selected resin. Over this shell a band 
of steel strip is applied and tightened to an accurately controlled tension. 
The important feature in which Rimguard III reinforcement differs from 
Rimguard I and II is that the shell does not extend so far forwards towards the 
face, so permitting "push-through" presentation. 

The metal shell is in the form of two halves which meet with an overlap 
in the centres of the vertical sides. 

In the case of the 19in size this shell is close-fitting to the bulb to which it 
is bonded by a special resin. 

On the 23in tube this shell fits tightly at its forward edge but is separated 
from the glass at its rear edge by a gap of a few millimetres. This gap is filled 
with a suitable resin. Strengthening ribs are formed in the shell, parallel and 
close to its rear edges. 

In both 19in and 23in tubes an accurately tensioned steel band is applied 
over the shell which carries brackets for mounting the tube. 

This reinforcement results in an extremely strong tube which will not fail 
in a violent manner when subjected to such thermal or mechanical shocks as 
are likely to be encountered even in extreme circumstances. 

ALCONBURY 
Radiowise, Alconbury is in the 

news on two counts. 
Firstly, it was the venue, on 18th 

June, of the Amateur Radio Mobile 
Society's International Mobile Rally. 
This event is claimed by the organ- 
isers to have been the biggest and 
most successful amateur radio event 
ever held. 

Although estimates as to the 
number of people attending varied 
from just under 4,000 to nearly 
5,000, based on the average number 
of passengers per car, the police say 
they checked in a thousand vehicles, 
and apparently the double line of 
parked cars stretched for a mile, 
which meant a long walk for late- 
comers. So if you intend going to 
next year's rally—to save your legs— 
get there early! 

Also at Alconbury is the USAFE/ 
UK Redistribution and Marketing 
Centre. Flere are held, from time 
to time, auction sales of electrical 
and radio equipment of , all kinds. 

The sales are not conducted like 
an ordinary auction. The bidder 
fills in a bid form stating the price 
he is prepared to pay for the item 
listed in the catalogue, and enclosing 
a deposit of 20% of the bid value. 
These are known as spot bids. 

There are also sealed bids; a 
similar form is completed and 
placed by the bidder not later than 
a fixed time before the sale com- 
mences. 

Both types of bid may be sent 
by post. 

If you would like further informa- 
tion write to Mr. David Peller, 
Chief Contracting Officer, Marketing 
Branch, USAFE/UK Redistribution 
& Marketing Centre, R.A.F. Alcon- 
bury, Huntingdon. 

Cvny 

'Proper little resistor, aren't you" 
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COMMENT 

Society's Progress 
It is very pleasant to record the 

progress of The Institution of 
Electrical and Electronics Technician 
Engineers. 

In the report of the Council for 
the year ended 31st March, 1967 
it is shown that the Institution made 
further substantial progress; lecture 
programmes; regional development 
work expanded; the designatory 
initials denoting corporate member- 
ship more widely used; establish- 
ments of further education included 
the IEETE qualifications in their 
lists of nationally-recognised awards. 
This latter point is an indication of 
the growing standing of the society 
as a professional body. 

Incorporated in February 1965 
the membership at the end of 
March stood at 7,800, an increase 
over the year of 1,300 members. 

The report quotes from the 
speech of Sir Harold Bishop at the 
first Annual Dinner referring to 
those technician engineers, holding 
senior positions, who possess no 
academic qualifications. He said 
that the IEETE had such engineers 
especially in mind and he pointed 
out that the Institution's Associate 
Grade had been designed particularly 
to meet their needs. 

Another interesting item culled 
from the report mentioned a one- 
day conference, organised in col- 
laboration with the National Council 
for Quality and Reliability, on 
"Quality and Reliability and the 
Technician Engineer". The confer- 
ence, held at Queen Mary College, 
University of London, in April, 
was staged not only as the Institu- 
tion's contribution to Quality and 
Reliability Year but to increase 
awareness of the technician engineer 
regarding factors contributing to 
the reliability of electrical and 
electronic equipment. 

Quote 
Pilfering at a large Birmingham 

jewellers has been cut by 70% 
since the installation of a television 
operated security system. But while 
it has been successful in scaring 
away the light-fingered gentry, the 
television is proving to be almost too 
popular with customers. Some leave 
their children in the store to amuse 
themselves spotting each other on 
the screens, and a group of regular 
viewers have put in a request for 
colour. 

From The Times Business News. 

august 1967 

New Method of Checking Small Printed 
Circuits and Transistors 

A new method of checking small printed circuits and transistors is being 
used by major aircraft and electronics companies, following a joint operation 
by C & D Scientific Instruments Limited of Boxmoor, Herts, and Plannair 
Limited, the air thermal specialists. 

The result of this joint exercise is a projection microscope, illustrated below, 
which shows an enlarged image of the components on a hooded screen, to 
enable careful inspection and hair line precision adjustments to be made 
accurately and without strain on the operator. 

The microscope has a ten times magnification with light provided by a high 
intensity quartz iodine lamp. Plannair's aid was sought to reduce the heat 
produced by the 150 watt lamp working in a small enclosed space. It was 
essential that the cooling fan, although running at 2,600 r.p.m., should be 
vibration-free, and Mr. E. Chandler, one of the directors of Scientific Instru- 
ments, said: "the fan was easy to fit and very good indeed because it works 
completely without vibration. We are so satisfied with the performance of 
this unit and with the large range of cooling equipment Plannair has, that we 
are shortly going to start making a smaller version of the projection microscope 
with a smaller fan from the Plannair range. Already hundreds of this smaller 
version have been ordered by large electronic companies". 

The present projection microscope is already being used by one major 
aircraft company for the inspection of guided weapons components; similar 
equipment is being used to inspect circuits and transistors for international 
firms in the electronics industry. 

This is one of the many ways in which Plannair is helping highly specialised 
companies at the heart of the changing industrial scene to overcome difficult 
design problems. The company has over a thousand fans and blowers of all 
shapes and sizes and supplies awide range of industry from avionics to computers. 
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STEREO DECODER UNIT 
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Available from Henry's Radio, Ltd. is a 7-transistor 
stereo decoder in kit form, this being intended for use 
with any valve or transistor f.m. tuner having a minimum 
bandwidth of 300 kc/s. The decoder offers compatible 
operation and, during mono broadcasts, allows the single 
signal then transmitted to pass straight through to the 
subsequent left and right channel amplifiers. The decoder 
may be operated from a 12 or 9 volt supply. When stereo 
transmissions are in progress current consumption is of 
the order of 50mA whilst, during mono transmissions, 
consumption is 10mA or less. 

A special feature of the circuit is the provision of an 
indicator lamp which lights up when stereo transmissions 
are in progress. The assembled kit is simple to set up and 
align, and its circuit appears in the accompanying diagram. 

Circuit Operation 
Readers interested in stereophonic broadcast reproduc- 

tion will recall that B.B.C. stereo transmissions use the 
Zenith-G.E. multiplex system. At the transmitter, the 
left hand channel (A) and the right hand channel (B) are 
summed to give an A + B signal which frequency modu- 

lates the transmitter carrier in the normal manner. Thus, 
a mono receiver reproduces the A + B signal, this being 
sufficiently close to a normal single-source signal to provide 
satisfactory mono reception. At the same time, an A—B 
signal is also formed, this being amplitude modulated on a 
suppressed 38 kc/s subcarrier, resulting in the production 
of a range of sidebands from about 23 to 53 kc/s. These are 
above the frequencies to which a mono receiver can res- 
pond. Also, when the A and B signals are equal (whereupon 
A—B=0) the sidebands drop out. In order that the 
38 kc/s subcarrier may be reclaimed at the receiver a 
19 kc/s pilot tone is transmitted, this being doubled to the 
required 38 kc/s in the decoder. The 19 kc/s pilot tone also 
has no effect with a mono receiver. For decoding to take 
place, the decoder has to mix the two signals so that the 
following results are obtained; 

(A + B)+(A-B) = 2A 
(A + B) —(A—B) = 2B. 

Thus, with suitable mixing, the original left and right hand 
channels may be recovered from the transmitted A + B 
and A—B signals. 

In the Henry's Radio decoder, the input from the 
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discriminator of an f.m. tuner is applied to capacitor 
Ci.This input consists of the A + B modulation, plus the 
19 kc/s pilot tone and the modulation on the suppressed 
38 kc/s subcarrier. Transistor TRi amplifies all signals and 
enables an adjustable multiplex signal to be available from 
RVi. Transformer Tj is resonant at 19 kc/s and causes the 
19 kc/s pilot tone to be applied to TR2- "1^2 amplifies the 
19 kc/s tone and feeds it to TR3, which operates without a 
base bias resistor from the negative supply rail. The 
consequent distortion in TRj allows doubling to take 
place and the 38 kc/s signal at its collector appears across 
the primary of T2 and Qo, these forming a tuned circuit 
resonant at that frequency. 

The centre-tapped secondary of T2 feeds the 38 kc/s 
signal in anti-phase to the emitters of TR4 and TR5, whilst 
the multiplex signal from RVj is fed to the bases in phase. 
The requisite mixing then takes place, enabling the left and 
right hand outputs to be obtained, as shown. The two 
points marked "E" in the circuit diagram are the earthy 
terminals for the left and right hand outputs respectively. 

In the absence of a stereo signal no 19 kc/s pilot tone 
is transmitted, and no 38 kc/s signal appears at TRj 

collector. On the other hand, a relatively high amplitude 
38 kc/s signal is given at TR3 collector when a stereo 
signal is being transmitted. This 38 kc/s signal is passed 
through limiter resistor R21 to the base of TRg. An ampli- 
fied signal is next applied to the base of TR7, which passes 
sufficient current to cause pilot lamp SLj to be illuminated. 
The sensitivity of the pilot lamp circuit is controlled by 
RV2, since too high a sensitivity may cause the lamp to 
occasionally flash when tuning across the v.h.f. band. 

One method of alignment of the assembled decoder 
consists of adjusting the cores of Tj and T2 for maximum 
brightness in the indicator lamp whilst a stereo broadcast 
is in progress. Final adjustments are made with RV2 
adjusted for low lamp sensitivity. RV2 is then set for the 
desired operational sensitivity. The output of the decoder 
is approximately 1 volt per channel which can be reduced, 
as necessary, by RVj. 

The design has been developed by S. Neagle, and the 
complete kit is available from Henry's Radio Ltd., 303 
Edgware Road, London, W.2., at £5-19-6d, plus 2s postage 
and packing. hm 

An "Integrated" Cryftal Of dilator 

by Jamef M. Bryant, B.$c. 

Micro-miniaturisation for the home-constructor! By employing sub-miniature 
components it is possible to fit a complete oscillator circuit inside the case of an 
FT241A crystal, thereby obtaining an "integrated" 2-pin crystal oscillator module. 

An instrument soldering iron and a steady hand are necessary 

Ft241a quartz crystals are plentiful on 
the surplus market and cost only a few shillings 
each. They cover the range 22-36 Mc/s on 

the 54th harmonic, so their fundamental frequencies 
lie between some 400 to 650 kc/s. Their lower 

COMPONENTS 

Resistors 
(Sub-miniature Vs or Vio watt, excluding Rj if 
fitted externally) 

Rj 3.3ka 
R2 470kn 

Capacitors 
(Both sub-miniature ceramic or polystyrene) 

Ci 200 to l,000pF (see text) 
Qi lOOpF 

Transistor 
TRi 2N2926, 2N3904, 

(see text) 

Crystal 
Crystal type FT241A 

2N3708 or BC118 

harmonics fall within several of the amateur bands 
and these crystals also find uses in i.f. filters, crystal 
markers, clocks and simple frequency meters. In 
these days of micro-miniaturisation, a drawback 
of most quartz crystals is their comparatively 
large size. The present article describes an oscillator 
circuit which may be built into the crystal case to 
save space. 

The Circuit 
The circuit of the oscillator, shown in Fig. 1, 

+ supply 

Output 

I Quartz 
R2 -S- crystal TR 

T 

C2 

Fig. 1. The circuit of the crystal oscillator 
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The crystal case. This contains the complete oscillator 
of Fig. 1 less, in this instance, resistor Ri 

contains only six components including the crystal. 
If the collector load resistor, Rj , is left outside the 
crystal case only two connections need be made 
to the remainder of the circuit and the original 
crystal pins may be used. It is perfectly possible to 
fit Ri into the crystal case but an extra connection 
must then somehow be made. 

The transistor is a plastic encapsulated silicon 
planar n.p.n. type. A similar p.n.p. type could be 
used if the power supply were reversed. In the 
original oscillator a Motorola transistor type 
2N3904 was used but the General Electric type 
2N2926 (widely advertised at about five shillings), 
the Texas Instruments type 2N3708 and the S.G.S.- 
Fairchild BC118 all work in the circuit.* Lead-out 
connections to these various transistors are shown 
in Fig. 2. 

♦The 2N2926 is available from L.S.T. Components, 23 New Road, 
Brentwood, Essex. The FT241A crystal used for the prototype 
oscillator was obtained from Henry's Radio Ltd.—Editor. 

- O 

Fairchild 
(type BC1I8) 

Motorola 
C2N3904) 

Texas G.E. 
C2N3708) (2N2926) 

Fig. 2. Illustrating transistor lead-out connections. 
Any of the transistors shown here may be employed 

in the oscillator 
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Base with crystal 
top view 

(b) 
Fig. 3 (a). When the crystal cover is removed, the 
crystal plate may be seen supported on its two mounting 

wires 
(b). The additional tinned copper anchor wire is fitted 

as illustrated here 

The resistors are 1/8 or 1/10 watt hearing aid 
types and the capacitors sub-miniature polystyrene 
or ceramic components. The capacitance of Cj 
affects the shape of the output waveform and 
stops oscillation altogether if it becomes too large. 
A low capacitance gives an irregular waveform, 
rich in harmonics, which may be used as a marker, 
or a drive to a frequency multiplier, A higher one 
gives a waveform of smaller amplitude, but one 
more nearly approaching a sine wave. If desired, 
a temporary circuit with components outside the 
crystal case can be initially set up to find the value 
of Ci which best meets the requirements of the 
constructor. The components may then be fitted 
into the crystal case. 

The power supply may be any value between 3 
and 20 volts at not more than 5mA. 

If other than FT241A crystals are used, the 
capacitances should be increased or decreased as 
the frequency of oscillation decreases or increases 
(e.g. if a crystal giving 100 kc/s were used, Ci 
would be 1,000 to 5,000pF, and C2 500pF; for 1 
Mc/s they would be 100 to 500pF and 50pF res- 
spectively). The whole circuit may be used in a 
crystal oven up to 100oC without damage if the sup- 
ply is less than 12 volts. 

a 

CHANlfi; / 
2 7 0 M C 

The crystal oscillator disassembled. The two screws 
are removed, enabling the base, with its added 

components, to be withdrawn from the case 
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Construction 
If the two screws at the base of the FT241A case 

are removed, the assembly may be dismantled 
into three parts: the case, the base with pins and 
crystal, and a rubber washer between them. The 
base and crystal are illustrated in Fig. 3 (a). Care 
should be taken at all times not to handle or chip 
the crystal, which is fragile. 

A small hole should be drilled in the base as 
shown in Fig. 3 (h) and a piece of tinned copper 
wire fixed into it, this touching the adjacent crystal 
wire. The tinned copper wire is used as an anchor 
for the crystal wire, and the two wires are soldered 
together quickly, using a hot iron. After this, the 
rest of the crystal wire from this junction to pin 2 
is removed. (The pins are arbitrarily numbered 1 
and 2 in Fig. 3 (b) for convenience of explanation.) 
Capacitor Q should then be soldered between pins 
1 and 2, R2 between pin 1 and the piece of tinned 
copper wire just introduced, and C2 between pin 
2 and the tinned copper wire. The leads should be 
kept as short as possible and the components 
as near to the centre of the base as possible. The 
leads should be sleeved if necessary. 

Resistor Ri should be soldered to pin 1 if it is 
desired to fit it in the case and the positive lead 
brought out past the rubber washer or through a 
hole drilled in the case or the base. 

Finally, cut the transistor base and collector leads 
to Ain and solder thin flexible insulated leads to 
them. Cut the emitter lead to fain and solder the 
transistor by it to pin 2 so that the transistor is 
directly over pin 2. Now solder the collector and 
base leads to pin 1 and the tinned copper wire 
respectively. 

A red spot is painted near pin 1 (which corres- 
ponds to the output terminal in Fig. 1) to identify 
it, and the case is reassembled. Take care that 
neither the circuit nor the crystal fouls the case 
during assembly. 

■ 

fc*: 

'-f 

Another view of the prototype oscillator. The crystal is 
the central square plate, with the transistor to its left, 
above pin 2. Cj, R? and C2 are beneath the crystal 
plate and transistor. Component dimensions may be 
adjudged from the fact that the two pins have J/n 

spacing 

Testing and Use 
If power is now applied to the oscillator an output 

may be detected at pin 1 by an oscilloscope, wave- 
meter, or a suitable radio receiver. 

When the oscillator is in use, the output may be 
taken from pin 1 by a capacitor. If the input 
impedance of the stage being driven is low, the 
coupling capacitor should not be too large. 

New Trimmer 

Potentiometer 

A low-cost trimmer potentiometer just developed by Potentiometer Division, Standard Telephones and Cables 
Limited, the Type T10, has a body volume of less than half a cubic inch (0.417 cu. in.) and yet has a power rating of 3W 
—three times that of conventional units of similar size. 

Intended as a more efficient replacement of the now obsolete W2 and W3 trimmers, the T10 is a precision device 
of a completely non-hygroscopic construction designed to provide accurate dependable settings in control circuit applica- 
tions employing wide-tolerance components. 

Both body and shaft are moulded in "Delrin" a highly stable non-hygroscopic plastic which has excellent high-tem- 
perature characteristics. 

Another construction feature of this new trimmer is that, unlike conventional trimmers which are wound on a 
composition fibre card, the T10 is wound on a rectangular insulated copper mandrel which provides good resolution 
and is also non-hygroscopic. 

Suitable for printed circuit mounting, the T10 is available in nine values from 100 ohms to 50k ohms. 
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Home-Constructed 
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Alarm 

by A. G. Biewett 
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Fig. 2. Detail illustrating the disc and sprocket 
assembly 

How to modify a domestic alarm clock so 
that it switches on your transistor radio 

in the morning 

The radio alarm to be described can utilise 
almost any make of alarm clock and transistor 
radio, and it provides a highly effective means 

of being woken up in the morning. A very simple 

Striker 
Clock chassis 

Pressure spring 

Striker Alarm drive 
escapement pinion 

Striker pivot Alarm hand on 
escutcheon 

Set alarm 
knob Alarm pin 

Striker arm bee 
catch fig.2 ! Flanged disc 

I with ramp / 
Spring contact 
strip 

Insulating block 
Chassis spacer 

Lead-outs to radio 

Fig. 1. The basic mechanism of an alarm clock. Also 
shown is the contact strip introduced by the modification 

modification to each item is required, and both the 
alarm clock and the radio can be used normally 
and separately, as before, after the modifications. 

The completed unit has been in continual use 
by the author (who would sleep through an air 
raid) for over a year, and has never let him down 
once. 

Alarm Clock Mechanism 
It is first necessary to understand how the alarm 

clock rings at the appropriate time. Fig. 1 gives 
details of a typical alarm mechanism, and it will 
be seen that the heart of this comprises an axle, 
which has the "Set Alarm" knob at one end, and 
the alarm hand on the clock escutcheon at the 
other end. The axle also carries an alarm pin, on 
which a flanged disc bears under the influence of 
a pressure spring attached to the chassis. The 
flanged disc is free to rotate on the axle, and is 
driven round by a pinion in train with the main 
clock drive. Fixed to the pressure spring is a striker 
arm catch which prevents the bell striker from 
operating until the catch is withdrawn. 

As the main clock drive rotates it carries with it 
the flanged disc, which has a ramp, as shown in 
Fig. 2. When the alarm pin reaches the vertical 
part of the ramp, the whole disc and sprocket 
assembly moves forward under the influence of the 
pressure spring, whereupon the striker arm catch 
is withdrawn and the alarm rings. The time at which 
the clock rings is determined by the relative position 
of the ramp and the alarm pin, the latter being 
preset by the "Set Alarm" knob at the back of 
the clock. 

This basic method of operation should be found 
in practically all spring-wound alarm clocks. 
The reader should first examine the particular 
clock mechanism he intends to modify in order to 
confirm that this is so and, also, to identify the 
clock part which moves forwards when the striker 
mechanism is set off. The modification consists 
of adding a contact strip which will connect to the 
disc and sprocket assembly when the latter moves 
forward, thereby allowing a circuit to be completed 
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via the chassis of the clock. The added contact 
strip is shown in Fig. 1. The circuit completed via 
the contact strip and the clock chassis switches on 
the transistor radio. 

Modifying The Clock 
The main modification required to the clock is 

to fit the contact strip, insulated from the chassis, 
such that it makes reliable contact with part of the 
disc and sprocket assembly when this moves forward. 
In the prototype the strip was made from thin shim 
brass I in wide, and was secured to the insulator 
(which can be made from ebonite or Perspex, etc.) 
with a small self-tapping screw. The insulator was 
then fixed to the clock chassis with Araldite. A hole 
is drilled in the clock case at a convenient place to 
take the lead-out wires, which in the prototype were 
made from miniature twin flex from an old hearing 
aid earpiece, although any small flexible twin wire 
would do. One of the flex leads connects to the added 
contact, and the other to the clock chassis at any 
convenient point. The flex is terminated with a 
miniature jack plug which fits into a socket on the 
radio. 

Modifying The Radio 
Most transistor radios have an earphone socket. 

In the author's prototype, this socket was discon- 
nected and used as the power switching socket. 
See Fig. 3. If, however, it is desired to retain the 
earphone facility, a separate miniature jack socket, 
with switching contact, will have to be fitted where 
space permits in the receiver. Normally, the receiver 
operates with its internal speaker connected via the 
closed contacts of the earphone socket, but when 
the earphone plug is introduced the internal speaker 
circuit is broken and the output is fed to the earphone. 
The dotted resistor, R in the diagram, is used in 
some receivers to protect the output circuit from 
damage with high resistance loads, and where fitted 
should be retained in situ after the modification. 

Alternative earphone circuits will be found in 
some radios and the reader should check that 
receiver performance is not altered when dis- 
connecting the existing wires to the earphone 
socket. If the existing socket does not have a switch- 
ing contact, it will have to be replaced with one which 
has. 

With the modification incorporated, one of the 
leads from the internal battery to the radio chassis 
is routed via the closed contacts of the socket, 
as shown in Fig. 3 (c). When the plug from the 
alarm clock is inserted these contacts open, where- 
upon the battery connection is completed, at the 
preset time, by the contacts in the clock. 

In the evening, the author pretunes his radio to 
the Light Programme at the required volume with 
the plug out, plugs in the clock and—presto!—an 
unfailing early call results. 

Other Applications 
The alarm switch can also be used for switching 

on any other low-current battery-operated equipment 
requiring a time delay, or operation at any preset 

Output transformer 
secondary 

Speaker 

=rv 

Earphone 
socket 

Ca) 

Cb) 

Internal 
battery 

1 
T 

t 

irv 

Power to 
radio 

Cc) 

Fig. 3 (a). The original earphone socket circuit in the 
author's receiver 

(b). The connections to the socket were removed, and 
the speaker wired directly to the output transformer 

secondary 
(c). One lead of the internal battery of the radio 
was then routed via the contacts of the earphone 

circuit, as shown here 

time. The author's clock switches on and stays on 
for approximately 45 minutes. The time during 
which the clock contacts remain closed depends 
on the gradient of the ramp, and this will vary with 
different clocks. 

It is most important to note that the chassis of 
the clock is common to one side of the alarm switch, 
and that the switch should not on any account be 
used to control high voltages or to switch mains- 
operated equipment on and off. The alarm switch 
should only be employed to control low voltage 
battery circuits such as are encountered in battery- 
operated transistor radios and similar equipment. 

The exposed metalwork (including aerials) on 
the cases of some transistor radios may be at a 
different potential to the battery lead switched by 
the clock. The clock should not therefore be allowed 
to touch such metalwork. 

Finally, it should be mentioned that a few tran- 
sistor radios have two internal batteries in series, 
their junction also connecting into the receiver 
circuit. These radios require a double-pole on-off 
switch, and the single-pole switching circuit offered 
by the modified alarm clock could not then be 
used. r* 
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Following last month's description of the 
SCT/RR1 super-regenerative receiver, we deal 
now with the alternative superhet receiver 

which has been specially designed for use in con- 
junction with the SCT/T1 single channel "tone" 
transmitter. This new receiver uses a total of eight 
transistors and embodies a number of unique 
features which give it a really superlative per- 
formance. Sensitivity is better than 2ij.V, giving a 
ground-to-ground control range of over 1,000 yards, 
and a ground-to-air range of well over 1 mile. 
Also, the unit is crystal controlled and features a 
tuned filter relay-less output stage, this combination 
giving near-perfect interference rejection and making 
it possible to operate as many as 50 independent 
models at the same time. 

A further point is that the normal i.f. trans- 
formers have been eliminated from the circuit and 
replaced by transfilters, so that no i.f. lining-up 
procedure is required. The receiver operates from 
a 9 volt supply, and draws a no-signal current of 

Antenna 

Tuned 
R.F stage Mixer' 1st 

I.F amp 
2nd 

I.F amp 

A.G.C. 

Local 
oscillator 

The SCT/t 

Rec 

In last month's issue the SCT/RR1 super-r 
was fully described. We now introduce i 
superhet receiver which may also be empk 
"tone" transmitter. Despite the fact that thi 
it offers a ground-to-air range of well over a i 

use of transfilters obviates the n 

approximately 5mA; the complete unit measures 
2f x If x fin. A kit of parts is available from 
Teleradio Electronics. 

Basic Design Considerations 
Most readers will no doubt be familiar with the 

basic block diagram for a normal superhet radio 
receiver, as shown in Fig. 1 (a). Here, radio signals 
are picked up by the antenna and the required 
band of frequencies is then selected by the r.f. 
stage and passed on to the mixer, where it beats 
with a signal provided by the local oscillator to 
produce an i.f. (intermediate frequency) signal 
at the mixer output. This i.f. signal is equal to the 
difference between the r.f. and the local oscillator 
frequencies. Thus, if the r.f. signal being received 
is 27,000 kc/s, and the local oscillator frequency is 
26,535 kc/s, the difference frequency, or i.f. will 
be 465 kc/s. This i.f. signal, which retains the same 
modulation as the original r.f. signal, is next sub- 
jected to several stages of i.f. amplification. The 

I 

Detector A.F 
amplifier 

AF 
output 

Fig. 1. Block diagram for a conventional superhet 

Basic Radio Ca 

by i 
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amplified i.f. signal is then demodulated in the 
detector stage and the resulting audio signal is 
passed on to the a.f. (audio frequency) amplifier 
and finally on to the output of the circuit. Part of 
the signal- from the detector is also fed back to the 
first i.f. amplifier in the form of an automatic 
gain control (a.g.c.) signal. This compensates for 
different strengths of r.f. signal and prevents over- 
loading of the amplifier stages on receipt of powerful 
signals. 

The basic principles outlined above apply to all 
superhet circuits irrespective of the actual applica- 
tion in which the circuit may be used, but con- 
siderable differences in design details may be en- 
countered in practical circuits, these depending on 
the precise performance that is required. In an 
ordinary broadcast receiver, for example, the tuning 

wtroi (7) 

f, L Thurstou 

1 
!=□ 

T 

(a) 
I 

of the r.f. and local oscillator circuits must be 
variable so that different stations may be selected, 
while in a radio control circuit the tuning must be 
fixed and exceptionally stable. Again, an ordinary 
broadcast receiver does not require a particularly 
high degree of sensitivity, and a figure of 200g.V 
is usually regarded as acceptable in pocket super- 
hets. In radio control work, on the other hand, far 
greater sensitivity is required, and a figure of at 
least lOg-V is regarded as essential. Finally, a broad- 
cast receiver is required to faithfully reproduce, 
without distortion, the complex audio signals that 
are used to modulate the carrier signal at the trans- 
mitter, but in radio control equipment the same 
distortionless performance is not necessarily re- 
quired. 

The considerations just discussed have to be 

Output 
1 Input 
IZH 

I 

Cb) 

Fig. 2 (a). The symbol for a "TF" transfilter 
(b). When a "TF" transfilter replaces the emitter bias capacitor, the amplifier becomes frequency selective 
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The extremely compact layout of the complete 
8-transistor receiver may be judged from this 
illustration, which shows all the components mounted 

on the 2J x 1 fin Veroboard panel 

taken into account before starting the design of 
any new piece of equipment, since such equipment 
will have its own unique performance require- 
ments. The design considerations taken into account 
when developing the SCT/RS1, and the solutions 
accepted, were as follows: 

(a). Fixed tuning, with very high stability, is 
essential. This can be achieved by the use of a pre-set 
r.f. filter and a crystal controlled local oscillator. 

(b). For maximum possible control range a 
very high degree of receiver sensitivity is required, 
which means that the circuit must give a very high 
overall gain. Extra gain can be achieved in a number 
of ways, e.g. by including an extra stage of r.f. 
amplification, an extra stage of i.f. amplification, 
an extra stage of a.f. amplification, or by a com- 
bination of these methods. In the SCT/RS1 the 
extra gain is achieved in the i.f. and a.f. stages. 

(c). Very good rejection of interference from 
electric motors, etc., is required. Interference is 
particularly troublesome in high gain circuits, so 
that the requirements of (b) and (c) do in fact conflict. 
With the SCT/RS1, however, this problem is over- 
come by incorporating a tone filter in the a.f. 
stages so that only the correct tone modulation 
signal can reach the output circuitry, and inter- 
ference has no effect on the output of the receiver. 

(d). So far as distortion is concerned, a single- 
channel tone receiver is required simply to reproduce 
the single modulation tone frequency that is applied 
at the transmitter, and it is therefore of no import- 
ance if this signal happens to be distorted. In the 
SCT/RS1 distortion is deliberately introduced in 
the a.f. stages, and contributes to the high per- 
formance that is obtained from the circuit. In 
multi-channel tone work, of course, complex 
modulation signals may have to be reproduced, 
and in such cases it may be necessary to keep 
distortion to a minimum. 

(e). Since the circuit is intended for assembly by 
the amateur, it is important that it should be possible 
to complete the unit without difficult lining-up 

procedures, and in the SCT/RS1 this is achieved 
by replacing the conventional i.f. transformers with 
ceramic transfilters, which require no adjustment. 

Transfilters 
Transfilters are piezoelectric ceramic devices 

which give a performance that is not unlike that of a 
conventional crystal, and they can therefore be 
used to simulate normal L-C tuned circuits. Two 
basic types of transfilter are available. 

The first of these basic types consists of a ceramic 
disc with a silvered electrode on each of its two faces. 
When an a.c. signal is connected across these elec- 
trodes the disc vibrates mechanically; or, alterna- 
tively, if the disc is mechanically made to vibrate an 
a.c. signal is generated across the electrodes. The 
ceramic disc has, like a normal crystal, a fundamen- 
tal resonant frequency at which it is particularly 
active, and this frequency will depend on the dimen- 
sions of the disc and the mode in which it is used; the 
operating frequency can be established during the 
manufacturing process with considerable accuracy. 
Transfilters are designed to resonate in the radial 
mode, since the overtones of operation are not then 
harmonically related, the first overtone being 2.6 
times the fundamental resonant frequency and the 
second overtone being 3.9 times the fundamental. 

These two-electrode transfilters, which are manu- 
factured by the Brush Clevite Company, are given 
the symbol shown in Fig. 2 (a). They appear in the 
Brush Clevite TF series, and are intended to operate 
on their fundamental frequency. At its fundamental 
frequency, a TF transfilter presents an impedance of 
about 1512, but at other frequencies its impedance is 
relatively high. In consequence, a TF transfilter 
can be used to replace the emitter bypass capacitor 
of a common emitter amplifier, as shown in Fig. 2 (b), 
thereby making the circuit sharply frequency selec- 
tive, since at the resonant frequency the emitter is 
effectively bypassed via the low impedance of the 
TF transfilter and the stage gain is high, while at 
other frequencies the transfilter exhibits a high 
impedance and the stage gain is low. The TF 
transfilter used in the SCT/RS1 circuit has the code 
number TF-OIB, and is designed to resonate at 
465 kc/s. 

The second basic type of transfilter appears in the 
TO series, and is given the symbol shown in Fig. 3 (a). 
Here, one face of the ceramic disc is silvered over its 
complete surface, the silvering being used as a 
common terminal; whilst the other face has two 
electrodes on it, one being a central "dot", to which 
the input is connected, and the other a "ring" 
around the dot, which forms the output connection. 
When an a.c. signal (at the resonant frequency) is 
connected to the input of the transfilter (between the 
dot and the common terminal), the ceramic disc 
resonates mechanically, and this mechanical move- 
ment then generates a sympathetic a.c. signal at the 
output terminals (between the ring and the common 
terminal) although no d.c. path exists between 
input and output. Since the dimensions of the dot 
and the ring are different, a transformation takes 
place between the impedance levels of the input and 
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Fig. 3 (o). The symbol for a "TO" transfilter 

(b). A "TO" transfilter employed in a simple i.f. amplifier 

output circuits, so that the complete device closely 
simulates the action of a normal i.f. transformer. 

The TO type of transfilter may be used in the type 
of circuit shown in Fig. 3 (b). Here, TRj and TR2 
are wired as conventional common emitter ampli- 
fiers, with, the transfilter interposed between TRi 
collector and TR2 base. At its resonant frequency the 
input of the transfilter presents a low impedance, so 
that a substantial amount of power is absorbed 
from TRi and transferred to the base of TR2, 
thereby enabling a high degree of overall gain to be 
achieved. At other frequencies the transfilter presents 
a high impedance, so that very little power is ab- 
sorbed from TRj and passed to TR2, and the overall 
gain is low. 

There is only one major snag in using the TO 
type of transfilter, and that arises in the following 
manner. For entirely practical reasons the physical 
dimensions of the ceramic disc must be kept reason- 
ably small, although not so small that it becomes 
difficult to handle during the manufacturing process 
or in use. It is found that the size requirements are 
such that the disc must in practice operate on a 
fundamental frequency of only one or two hundred 
kc/s, so that for operation in the normal i.f. range 
the transfilter must be operated on its first overtone 
frequency. Thus, a TO transfilter, such as the TO- 
02B, which is used in the SCT/RS1 receiver and is 
intended for operation at 465 kc/s, also responds to 
signals on its fundamental frequency of approxi- 
mately 180 kc/s; hence, in a practical circuit, 
additional measures must be taken to suppress 
signals at the fundamental frequency. This can be 
achieved quite simply by either incorporating a 
simple L-C tuned circuit in some part of a multi- 
stage design, or by using a TF transfilter in conjunc- 
tion with a TO type. It is this second solution that is 
adopted in the SCT/RS1 receiver. 

The SCT/RS1 Circuit 
The full circuit diagram of the SCT/RS1 single 

channel receiver is shown in Fig. 4. Here, the carrier 
signal is picked up by the antenna and fed to the r.f. 
tuned circuit L1-C2 and thence on to the base of the 
mixer transistor, TRj. The local oscillator signal is 
developed in the crystal controlled stage, TR2, and is 
fed, via C4, to TRi emitter, so that mixing of the 
r.f. and local oscillator signals takes place, in this 
transistor producing a beat signal at TRi collector. 
The 180 kc/s and 465 kc/s products of this beat 
signal are accepted by transfilter TFi and passed 
on to the base of the first i.f. amplifier, TR3, but the 
emitter of this transistor is by passed by transfilter 
TF2 so that the amplifier tends to reject the unwanted 
180 kc/s component and accept only the 465 kc/s 
signal, which then appears in amplified form at 
TR3 collector. The 465 kc/s signal from TR3 collec- 
tor is next selected by transfilter TF3 and passed on 
to the base of the second i.f. amplifier, TR4, which 

.rfWh.. 

The other side of the receiver. The pot core assembly, 
L3, is clearly visible on the right 
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further rejects any unwanted 180 kc/s components 
via TF4 and accepts the 465 kc/s signal. The 465 kc/s 
signal then appears in its final amplified form at 
TR4 collector and is passed on to the following 
circuit via C9. 

The i.f. signal from C9 is fed to the base of TR5, 
and this stage provides a total of three functions, 
these being detection, a.f. amplification, and a.g.c. 
amplification. It is this TR5 stage which is largely 
responsible for the high performance that is obtained 
from the complete receiver, and it is therefore 
worth-while considering its operation in some 
detail. 

Basically, TR5 is wired as a common emitter 
amplifier, with collector load R21, base-bias resistors 
Ris, Rip and R20, and emitter bias resistor R22 
bypassed by C13. The values of these bias components 
are so chosen that TR5 operates with a collector 
current of only a few tens of microamps, so that the 
emitter-base junction of the transistor is operated 
on a non-linear part of its characteristics, near 
cut-olf. Thus, when the i.f. signal from C9 is fed to 
TR5 base, the transistor is driven on by positive- 
going parts of the signal and off" by negative-going 
parts, and detection takes place. This type of 
detector has two distinct advantages over the 
conventional diode detector, the first being that it is 
far more sensitive to signals of very small amplitude, 
and the second being that the transistor type has an 
input impedance some 50 times greater than the 
diode version, so that negligible loading of the i.f. 
stages takes place and an effective increase in the i.f. 
gain is therefore made available. 

The detected signal that appears in the TR5 
base-emitter junction is subjected to normal amplific- 
ation in the transistor, but the collector load 6.21 is 
decoupled to high frequency components by C12, so 
that the basic 465 kc/s components of the signal are 

rejected. At the same time, the modulation signal 
is subjected to considerable amplification and 
appears as an a.f. signal at TR5 collector, to be fed 
to the following stage, TRg, via C^- 

Part of the a.f. signal at TR5 collector is also 
fed, via Cn, to rectifiers Di and D2, which convert 
the a.f. to a d.c. signal of positive polarity. This is 
then smoothed by Qo and applied to the base of 
TR5 via R19, so that the actual base bias of TR5 
varies with the strength of the i.f. signal from C9. 
TR5 functions as an emitter follower to the d.c. 
voltage applied to its base, with impedance trans- 
formation taking place in the transistor, so that the 
emitter potential, which varies between about 
350mV under no-signal conditions and 1.5V on 
receipt of powerful signals, is at a low impedance 
level and is suitable for use as an a.g.c. voltage. 
This a.g.c. voltage is fed, via R23 and D3, to the 
emitter of TR3. On receipt of a powerful signal the 
a.g.c. line raises the potential of TR3 emitter, thereby 
reducing the base bias and the gain of that transistor, 
with the result that the magnitude of the a.f. signal 
at TR5 collector remains fairly constant over a 
wide range of r.f. input signal strengths. Diode 
D3 ensures that no a.g.c. potential is applied to 
TR3 until the magnitude of the r.f. signal exceeds 
lOOgV, so that the maximum possible gain is 
available to signals below this level. 

The a.f. "tone" signal from TR5 collector is fed, 
via C14, to the base of TRg, which is wired as a 
common emitter amplifier with its collector de- 
coupled to high frequency signals by C15. TRg 
further amplifies the a.f. signal, and passes it on, 
via C17, to zener diode ZDi, which clips the signal 
and converts it to a rectangular form with an 
amplitude of 4.7 volts. The magnitude of this final 
a.f. signal is constant within 3dB over r.f. input 
signal levels in the range SgV to 200mV. 
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The a.f. signal from ZDT is fed, via Qg and Rag, 
to the tone-operated "switch" given by TR7 and 
TRg. This circuit was fully described in the last part 
of this series and it will be remembered that, in the 
absence of the correct tone signal, TRg is cut off, 
so that an actuator connected in its collector circuit 
will be inoperative under this condition. On receipt 
of a correct tone signal of suitable amplitude, 
TRg is driven hard on, thereby operating the external 
actuator. The operating frequency of the tone switch 
can be adjusted by C19, and the sensitivity of the 
switch can be adjusted by R2g. With correct selection 

of the value of Rag the overall sensitivity of the 
receiver can be made such that actuator operation is 
achieved with r.f. input signals of less than 2(xV, 
although the tone switch is immune to operation by 
harmonics of tone signals other than the designed 
ones. 

The manner in which adjustments are made, if 
necessary, to C19 and Rag are described in the next 
part of this series, which will appear next month. 
The next article will also give full details of construc- 
tion and final testing of the receiver. 

{To be concluded) □ 

A LOGICAL APPROACH 

TO LOGIC 

by S. J, Houghton, B.Sc. 

Boolean algebra, logic circuits and truth tables tend to be 
a little awesome to the uninitiated. But they provide a 
useful means of solving some knotty switching problems, 

as the example in this article illustrates 

Editor's Note 
In this article conventional logic 

symbols are used. A + sign indi- 
cates OR, and can appear in an 
expression such as A + B. A multi- 
plication sign (a full-stop is used 
here) indicates AND, as in A.B. A 
line drawn over a term means NOT; 
thus A means NOT-A and is the 
exact inverse of A. Remember that 
all processes are carried out under 
binary conditions, where each quant- 
ity can only exist in one of two states: 
viz, 0 or 1; or, again, A or A. 

Astute readers will note that an 
unnecessary complication appears 
in the truth table for the worked 
example, and that this complication 
is eliminated very quickly by the 
application of Boolean algebra prin- 
ciples, resulting in the simplest 
possible solution. 

Circuit Operation 
In order to understand the opera- 

tion of a radio receiver, almost all 
that is required is an understanding 
of the operation of each circuit. The 
knowledge of the order in which the 
circuits are connected may be 
deduced from the action of each 
particular circuit. 

As systems increase in complexity 
the understanding is based, in 
general, more and more on the 
method of interconnection of the 
circuits, less emphasis being put on 
the finer details of circuit operation. 

V volts 

JL 

Output 

(a) 

Digital (logic) systems represent a 
class of systems where the organisa- 
tion of circuitry is far more import- 
ant than an understanding of each 
detailed circuit; that is to say, a 
complete study of the operation of 
each "black box" gives virtually no 
clue to the operation of the system. 
In this short article, the "black 
boxes" we shall use are merely 
switches. 

Switch Logic 
Consider the switch arrangement 

of Fig. 1 (a). If switches A or B or 
both are closed then the output will 
be the input voltage V; that is, at 
least one switch must be closed to 
obtain the output F. The correspond- 
ing logic element is the OR gate, 
which may be synthesised in many 
other ways. 

Since a switch has only two 
possible conditions, closed or open, 
we may represent these conditions 
by 1 and 0 respectively. The use of 

F= AorB 
= A + B 

A B F 
open open O volts 

closed open V volts 
open closed V volts 

closed closed V volts 

CM 

A B F 
O O O 

1 O 1 
0 

1 
1 
1 

1 
1 

CO 
Fig. 1 (0). Two switches connected as shown are representative of an OR gate 

(b). A truth table covering all the possible combinations of A and B 
(c). The corresponding truth table in which 1 represents the presence, and 0 

the absence, of a conducting path 
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F = A and B 
= A.B 

V volts Output 

1 

A B F 
O O O 

1 O O 
O 

1 
0 

1 

w Cb) 

Fig. 2 (a). Two switches in series represent an AND gate 
(fa). The truth table for an AND gate 

the 1 and the 0 is different from their 
use in normal arithmetic, and it 
must be borne in mind that they do 
not directly represent numbers. In 
this example, they merely represent 
the pressure or absence of a conduc- 
ting path. Similarly, we represent 
F by 1 or 0 depending on the 
presence or absence of a conducting 
path through the element and finally 
we represent OR by "+" which, 
again, must not be confused with the 
arithmetical plus sign. 

These ideas may be clearly seen by 
an examination of the "truth table" 
of Fig. 1 (fa), which is made up by 
trying all possible combinations of 
the variables. The corresponding 
truth table using 1 and 0 is shown in 
Fig. 1 (c). The 1 and 0 may be taken 
to represent the "true" and "false" 
of symbolic logic, i.e. Boolean 
Algebra. Hence, F=A + B would be 
interpreted as "F is true if either 
condition A or condition B or both 
is true". 

A similar consideration of the 
switching arrangement in Fig. 2 (a), 
which represents a logic AND 
element, gives the truth table of 
Fig. 2 (fa). In this case there is a 
conducting path (F=l) only when 
both A and B are closed. The symbol 

is used to indicate AND and 
must not, once again, be confused 
with the' sign corresponding to 
algebraic multiplication. Hence F= 
A.B is interpreted as "F is true if and 
only if condition A is true and 
condition B is true". 

F= NOT A 1 A 

W (b) 

Fig. 3 (o). Symbolic representation 
for an inverter or NOT element 
(fa). The truth table for the 

inverter 

A further element to be considered 
is the inverter or NOT element of 
Fig. 3 (a), which could in practice be 
given by a device such as a common 
emitter transistor where an input 0 
gives an output 1 and vice versa. 
This element is represented by 
F=A (where, since A may only have 
the values 1 and 0, A corresponds to 
0 and 1 respectively). This is inter- 
preted as "F is true if and only if A 
is not true". 

Consider a simple example of the 
use of logic in a factory, in the form 
of a control for a hot-air heating 
system where it is desirable to control 
a fan for circulating the air and a 
motor ignition for turning on a 
furnace (oil heating) automatically. 

We are presented with three 
conditions. 

(a). The furnace must be turned 
on whenever the building tempera- 
ture is below a given value. Hence a 
thermostat remote from the furnace 
supplies a variable "T" which is 0 
when the temperature is too low 
and 1 when it is higher than the 
required temperature. 

(fa). The fan should not operate 
until the furnace is warm enough to 
heat the air. Thus a thermostat in the 
furnace supplies a variable "L" 
which is 1 when the temperature is 
sufficiently high and 0 otherwise. 

(c). To prevent overheating the 
furnace must be switched off above 
a certain temperature defined by a 
third thermostat. This supplies a 
variable "H" which is 0 if the 
temperature is not excessive but 1 
otherwise. 

Simple relations Laws Simplification rules 

0+0 = 0 (1) A + A = A (9) Commutation A +A.B = A (22) 
O . O = O (2) A . A = A (IO) A + B-B + A (17) A + A.B-A + B (23) 
1+1 = 1 (3) A . A =0 01) A . B = B . A (18) A.(A + B)=A (24) 
1.1 = 1 (4) A+ A » 1 (12) Association De Moraan's Theorem 

O . 1 -O (5) O + A-A (13) (A + B)+C = A+(B+C)(I9) A .B-A+B (NAND) 
0+ 1 = 1 C6) O . A =0 (14) (A . B) . C = A . (B . 0(20) A+B = A B (NOR) 

5=1 (7) 1 + A= 1 (15) Distribution 
1 =0 (8) 1 - A* A (16) A.(B+C)= A.B + A.C (21) 

Fig. 4. Useful relationships in symbolic logic 

Some useful relationships are 
shown in Fig. 4. Here we encounter 
such equations as 1+1 = 1, which is 
not, of course, at all like the sort of 
thing we encounter in ordinary 
arithmetic. This particular relation- 
ship is, however, an OR relationship 
such as that of Fig. 1 (a) where 1 may 
stand for a conducting path. Reading 
it as "a conducting path or a conduct- 
ing path is a conducting path", the 
statement is meaningful and logical. 

The last two simplification rules 
(known in symbolic logic as De- 
Morgan's Theorem) refer to NAND 
and NOR circuits. NAND is equiva- 
lent to NOT(A AND B) and NOR to 
NOT(A OR B). These should be 
noted as they are very useful in more 
advanced logic work. 

Example 
Let us now see how logic principles 

may be used to solve a switching 
problem. 

We approach this problem by 
drawing up a truth table (Fig. 5) 
which takes into account all the 
possible variations of T, L and H, 
with the corresponding values of the 
functions F (fan) and M (motor 
ignition). Note that the first three 
columns present all the combina- 
tions that can be offered by T, L and 
H. Impossible conditions are ignored, 
such as are given in the second and 
sixth lines of the table, where the 
furnace has an excessively high 
temperature (H=l) but is not hot 
enough to actuate the fan (L=0). 

To examine this truth table in more 
detail, we may start with the condi- 
tions which affect M. Over the first 
four lines of the table, T at 0 indi- 
cates that the room temperature is 
too low and this is one of the 
requirements for switching on the 
furnace motor. The other require- 
ment is that the motor must switch 
off when H is at 1 (i.e. the third 

august 1967 39 



T L H 1 F M 

O o O o 1 
O o 1 Not possible 
o 1 O 1 1 
o 1 1 1 O 

1 o o O O 
1 o 1 Not possible 
1 1 0 1 O 
1 1 1 1 O 

L (furnace A) 

Fig. 5. Truth table covering all 
the possibilities in the example 

described in the text 

thermostat indicates excessive temp- 
erature). In the first and third lines 
both T and H are at 0 and these 
allow M to become 1 (i.e. the motor 
switches on). 

The truth table similarly indicates 
the conditions which allow the fan 
to operate, i.e. F to become 1. 

This truth table now shows all the 
possible circumstances controlling 
M and F. Dealing first with M, we 
know that M is 1 when T, L and H 
are 0 (first line) or when T is 0, L is 1 
and H is 0 (third line). So we may 
say: _ _ _ 

M=lLTL+TLH 

=T.H.(L+L) (from relation 21) 
=T.H.l (from relation 12) 
=T.H (from relation 16) 

(temp, rises) 

(room) T H (furnace B) 

y (temp, rises) (temp, rises) 
Fan \ 
motor 

Motor 
ignition 

Power 

Fig. 6. The final switch logic worked out in the example 

Let us repeat the process for F. F 
is 1 for the conditions of T, L and H 
shown in the third line or the fourth 
line or the seventh line or the eighth 
line. Following the same procedure 
as with M we may say: _ 

F=T.L.H +T.L.H+T.L.H + 
T L H 

=T.L.(H+H)+T.L.(H+H) 
(from relation 21) 

=T.L 1 +T.L.1 
(from relation 12) 

=T.L+T.L (from relation 16) 
=L.(f+T) 
=L 

The resultant switching arrange- 
ment is shown in Fig. 6. Since we 
have found that F=L, it is merely 
necessary for the first furnace 

thermostat to control F. When L is 
1 the thermostat switch closes and 
switches on the fan.   

We have also found that M =T.H. 
This is the AND condition given by 
the two switches of Fig. 2 (a) and 
so we may similarly have two 
switches in series to control the furn- 
ace motor. However, since we are 
dealing with f and H, the thermo- 
stat switches are open for the 1 
condition (temperature too high) 
and closed for the 0 condition 
(temperature too low), which is the 
inverse of the switch logic conditions 
of Fig. 2 (a). 

The circuit of Fig. 6 meets all the 
control requirements originally 
stated and does so in the simplest 
possible form. q 

Silicon Glass Rectifiers with 

BOA Surge Current Capability 

lhe (Conducting'M*averag^tl'rward current ItloO'C ambient",!!'wlthsunllng^non-repetttivils'ilfgle 
SffSSSZLlfSf sol .r"i rmgm Constructed with double diffused^]unctmns ^ ^ J „ sujted for militaryi industrial and consumer 
maximum forward voltage drops as low as IV a • , f f ver|oad surge current transients is required, 
applicationswherespaceis ^J"Pre^^^^.™^g^y^apac|tancesmoo°hing, relay sfugging and d.c motor surge sup- 
Typical applications are tor bridge rectmers w y p submin|at.ure g|ass diodes which are unable to handle high 

currents andS. c'asV^o'r'Liaf.^ recXs with'a.! their attendanf mounting and heat sinking problems. 

New Society 
Flint 

A Flint and District Radio Society was inaugurated at a well-attended meeting held at the Central Library, 
on Friday, 30th June. radio including construction of equipment, operation of a 

'''"^ejt^Hs'aTe to'be^el^^'the^^nt^^brary^bch^rc'h1 ^txef6 Fhnt amintahe0Soc^ty^ho0has^^ommodSatitontavailable 

and the Flint a^d District Art Society, which were also formed in association with Flint Public Libraries. 
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I AST MONTH WE DISCUSSED THE USE OF A.F. 
_j output valves in parallel or push-pull under 

Class Ai conditions (in which no grid current 
flows) and Class A2 conditions (in which grid current 
flows during part of the input cycle). We noted that 
push-pull operation is preferable because, when the 
valves work in Class A, the even harmonics intro- 
duced by distortion in the valves are cancelled out, 
no d.c. magnetising force is exerted on the output 
transformer core, and negligible current at signal 
frequencies is drawn from the h.t. supply. 

We shall now turn our attention to other classes 
of amplification. 

Class B Operation 
In Class Aj and A2 operation, as we saw last 

month, the input signal is applied to the most 
linear part of the IaVg curve of the valve. This 
ensures that only a low amount of distortion is 
introduced by the valve itself. 

cannot be operated as an audio frequency amplifier 
in Class Bi or B2 because the signal voltage at the 
anode would be an excessively distorted version of 
the input signal voltage. 

Two valves in push-pull can, on the other hand, 
be operated in Class B, or B2 to provide an a.f. 
output stage, as is shown in Fig. 2. In Fig. 3 (a) 
we see the anode currents for each valve over 
several cycles of the input signal. As is to be expected 
from Fig. 1, each anode draws current during 
alternate half-cycles. These anode currents flow 
in opposing directions through each half of the 
output transformer primary, whereupon they re- 
combine to produce the original signal, as illustrated 
in Fig. 3 (b). It is worth examining this process in 
a little more detail, as it is quite different from that 
occurring with the Class A push-pull amplifier 
we discussed last month. If, during one half-cycle 
of the input signal, the grid of the upper valve of 
Fig. 2 is negative, then this valve is cut off and 

UNDERSTANDING 

^ 2wVLC 

Claffef of Amplification 

1 

by IV. M or ley 

An alternative method of operating a valve is 
shown in Fig. 1. Here we have the same IaVg curve 
as we had when we previously considered Class Aj 
and A2 operation, but the bias point is now at, 
or very near, the grid cut-off voltage. We apply 
our input signal as before and we produce, graphical- 
ly, the corresponding anode current. As may be 
seen, no anode current flows during the negative 
input half-cycle (or nearly all of the negative input 
half-cycle) and all we obtain at the anode is a series 
of half-cycles resulting from the positive half-cycles 
at the grid. 

This method of working is known as Class Bi 
operation when no grid current flows during the 
input cycle, or Class B2 operation when grid current 
flows during part of the positive input half-cycle. 

It is possible to operate a single valve in Class 
Bj or B2 as an r.f. amplifier if a parallel tuned circuit 
resonant at the frequency being handled forms the 
anode load. Although only half-cycles of the signal 
frequency appear at the anode, the tuned circuit 
between the anode and the h.t. positive rail oscillates 
at its resonant frequency and provides the missing 
half-cycles itself. At the same time, a single valve 

draws no current. The grid of the lower valve has 
a positive half-cycle applied to it and its anode 
current varies to provide an amplified half-cycle. 
When the next half-cycle commences, the grid of 
the lower valve goes negative and the grid of the 
upper valve goes positive. This time it is the lower 
valve which is cut off and the upper Valve which 
provides the amplified half-cycle. Thus, on one 
half-cycle the upper valve is cut off and no current 
flows in the upper half of the output transformer 
primary, and on the next half-cycle the lower valve 
is cut off and no current flows in the lower half 
of the output transformer primary. 

Push-pull Class Bi and B2 operation does not, 
in consequence, offer the automatic distortion- 
cancelling advantage which is given by Class A 
push-pull operation. Also, the current drawn from 
the h.t. supply is not constant, but varies consider- 
ably with input signal amplitude. If no input signal 
is applied both valves are cut off, or very nearly 
cut off, and the h.t. current drawn is at a minimum. 
When an input signal is applied, the valves draw 
h.t. current on alternate half-cycles, the current 
increasing with signal amplitude. In consequence, 
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Bias point 

Cut-off 

Input signal 

T\ 

Output signal 

Fig. 1. When a valve is operated in Class B, the bias 
point is at, or very near, its cut-off voltage, so that 
only amplified half-cycles appear in the anode circuit 

it is necessary for the h.t. supply fed to a Class Bi 
or B2 push-pull stage to be well regulated. 

Since the point along the IaVg curve at which the 
valves are biased will normally be non-linear, a 
form of distortion can be introduced by the output 
stage which is shown, in exaggerated form, in Fig. 
4. In this diagram sine wave half-cycles at each 
anode are distorted over the range where the anode 

current is low, with a consequent distortion in the 
combined waveform as illustrated below. It is 
interesting to note that the percentage distortion 
due to this effect increases as signal amplitude 
decreases. If the valves handle a large signal, the 
distorted section is only a small fraction of the 
overall waveform whereas, if the valves handle a 
small signal, the distorted section becomes a very 
large fraction of the overall waveform. 

The main advantage of a Class Bi or B2 push-pull 
a.f. output stage is that it has a very high efficiency 
in terms of the ratio of h.t. power consumption to 
a.f. power output. Also, it is possible to obtain a 
much higher power output from two valves in a 
Class B push-pull output stage (especially when 
Class B2 working is used) than would be given by 
the same two valves in a Class A push-pull output 
stage. Class B2 working is, therefore, attractive for 
public address amplifiers and similar applications 
where a high output power is required, and particu- 
larly where batteries are used for the power supply. 

Because the main reason for using a Class B 
push-pull a.f. output stage is to obtain a high power, 
such stages are almost always operated in Class 
B2, in which grid current flows during part of the 
positive input half-cycles applied to the grids. 
The output stage has, in consequence, to be driven 
by a preceding power stage. Since operation in 
Class B2 is much more common than operation 
in Class Bi, it can normally be assumed that refer- 
ence to a Class B push-pull amplifier infers the 
Class B2 condition. 

It will be noted that, in Fig. 2, grid bias is provided 
by an external source, shown in the diagram as a 
battery. Cathode bias cannot be used for Class B 
stages because of the wide variations in anode and, 
hence, cathode current for different input signal 
amplitudes. 

HT+ 

Input 
HMI signal 

v2 
Output 
transformer 

Fig. 2. A Class 6 push-pull output stage. Due to varying 
anode currents, cathode bias cannot be used and an 
external source of grid bias (shown here as a battery) 

has to be provided 

Class C Operation 
A third method of working is described as Class 

C operation, and this is illustrated in Fig. 5. As 
may be seen, the grid bias point in this diagram is 
negative of cut-off so that the valve only passes 
anode current during part of the input positive 
half-cycles. 

Because of the high degree of distortion intro- 
duced by Class C operation, this mode of working 
cannot be employed for a.f. amplification. On the 
other hand, it is very useful for r.f. amplification 
when a parallel tuned circuit forms the anode 
load, since it offers a high efficiency in terms of 
output power. Oscillatory effect in the anode tuned 
circuit ensures that the missing sections of the 
cycles appear across it, even though the valve does 
not itself pass anode current during these periods. 

Due to the high efficiency of r.f. power amplifiers 
in Class C, this mode of operation is very frequently 
used for the output valve or valves of transmitters. 
Class C output valves are employed singly or in 
push-pull; in the latter case the two anodes may 
be coupled to the two ends of a tuned winding 
having a centre-tap which connects to the h.t. 
positive supply. 
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Fig. 3 (o). With a sine wave input signal applied in Fig. 
2, anode current in the two valves flows on alternate 

half-cycles 
(b). Since the anodes are connected to the opposite ends 
of a centre-tapped transformer primary, the two 
anode currents combine to reproduce the original 

signal 

Greatest efficiency is obtained when the input 
drive to the grid of a Class C amplifier is sufficiently 
high to allow grid current to flow during the more 
positive parts of the positive half-cycles. This is 
the method of working most commonly used and 
can be referred to as Class C2. If grid current does 
not flow, the mode of operation may be described 
as Class Q. References to r.f. power amplifiers 
normally state "Class C", whereupon Class C2 
operation can usually be assumed. 

As is to be expected from a consideration of the 
manner in which it works, the h.t. current drawn 
by a Class C amplifier varies with input signal 
amplitude. At very low signal amplitudes (too low 
for correct operation) the valve is cut off all the 

Anode 
current /\ A A. 

Time 

Fig. 4. Showing in exaggerated form a type of distortion 
which can be introduced by a Class 6 output stage. 
The half-cycles at each anode may have the shape 
shown in the upper section, whereupon the combined 

waveform has the distortion shown below 

Cut-off 

Grid bias point 

Input waveform 

Fig. 5. In Class C the bias point is negative of cut-off, 
with the result that the valve passes current only during 
part of the positive input half-cycles. It is usual for the 
positive input peaks to pass into the grid current 

region, as is shown here 

time and it draws no anode current. When the 
signal input amplitude is sufficient for positive 
half-cycle peaks to pass beyond cut-off the valve 
commences to draw anode current, this current 
increasing as input amplitude increases. 

Class AB Operation 
We have seen that, in Class A, the input signal 

is applied over the most linear part of the laVg 
characteristic. In Class B the valve is biased at (or 
very slightly positive of) the cut-off point so that it 
only amplifies the positive input half-cycles. And, 
in Class C, the valve is biased negative of cut-off 
so that it only amplifies part of the positive input 
half-cycles. Of these three classes. Class A and 
Class B can be used for a.f. output circuits. 

A fourth mode of working is known as Class 
AB. As the name infers, Class AB relates to the 
case where the grid bias point lies between those 
which apply for Class A and Class B operation. 
Class AB working can be used with two valves 
in an a.f. push-pull output circuit, and it enables a 
higher power output to be achieved than would be 
given by the same valves in Class A. 

A Class AB amplifier functions in the same manner 
as a Class A amplifier for small signal inputs, 
because the input waveform is still applied to a 
linear part of the IaVg characteristic. As input 
signal amplitude increases, the negative parts of 
the grid waveform become applied to the more 
non-linear section of the IaVg characteristic, and the 
distortion offered by each valve increases. However, 
the ability to cancel out even harmonics which is 
given by a Class A amplifier tends to apply here 
also, and this distortion is reduced. At yet higher 
input signal amplitudes each valve may be cut off 
during negative input peaks, whereupon one valve 
only passes anode current during these periods. 
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Since two valves in Class AB offer a greater 
power than the same valves in Class A, Class AB 
operation is attractive for applications where an 
increased distortion at high output powers is 
acceptable. With reasonably careful design, Class 
AB operation can also be used for the output stages 
of domestic high quality amplifiers. 

Class AB stages may be divided into Class ABi 
(where no grid current flows) and Class AB2 (where 
grid current flows during part of the positive input 
half-cycle). It is normal practice for the Class AB2 
grid bias point to be closer to cut-off than occurs 
in Class ABi, and Class AB2 gives a greater power 
output. One sometimes encounters the statement 
that "Class AB2 is intermediate between Class 
AB| and Class B". For domestic amplifiers. Class 
AB) is preferred because the output stage can be 

preceded by a simple voltage amplifier circuit, 
instead of by a power amplifier as would be required 
with Class AB2. Also, the distortion introduced by 
the output stage will be lower with Class ABi. 

Unlike a Class A push-pull output stage, a Class 
AB push-pull stage draws an increased h.t. current 
as input signal amplitude increases. The increase 
in h.t current is not as marked as with Class B 
operation, and does not preclude the use of cathode 
bias for Class ABi working. An external source of 
grid is, however, required for Class AB2. 

Next Month 
In next month's issue we shall consider the various 

types of valve which are employed in a.f. output 
stages. _ 

★ 

Combined AFIHF Signal 

Iteneralor I 

by II . Kemp 

' O5 

A neat item of test equipment which can be ustd as a probe for both r.f. and a.f. 
signals without switching. Although intended primarily for testing transistorised 
equipment, it may also be employed with valve equipment by adding an input 

isolating capacitor 

This simple little unit, which uses only two 
transistors, makes a useful combined a.f. and 
r.f. signal tracer, and is unique in that no external 

r.f. probe is required. The circuit works from a 
9 volt battery and draws a total current of only 2mA, 
giving a working battery life of hundreds of hours 
with most small batteries. 

The output of the unit, which measures 2-) x 1x 
lin and includes a built-in volume control, is taken 
to a crystal earpiece. The complete and independent 
piece of test equipment can be built for less than 
25s. 

The Circuit 
The full circuit diagram of the unit is shown in 

Fig. 1, and consists basically of a simple 2-stage 
direct coupled audio amplifier designed around 
v.h.f. transistors. 

As far as a.f. signals are concerned, the circuit 
operates in the following manner. 

The a.f. input signal is connected to the input 
terminals and fed, via Q, to the variable resistor 
RV). A proportion of this signal is then tapped off 
at RV] slider and fed via C2 to the base of TRj, 
which is connected as a common emitter amplifier 
with collector load Ri. An amplified version of the 
input signal is thus made available at TRi collector, 
and this signal is fed directly to the base of TR2, 
which is also wired in the common emitter mode 
with collector load R2, so that further signal ampli- 
fication takes place and a final large amplitude a.f. 
signal appears at TR2 collector. This is fed directly 
to the crystal earpiece. C3 bypasses high frequency 
signals and restricts the bandwidth of the amplifier 
to the a.f. range. 

A standing bias voltage is set up at TR2 emitter via 
R3, which is decoupled to a.c. by C4. The magnitude 
of this bias voltage is approximately equal to the 
d.c. potential at TR2 base, which, in turn, is at the 
same potential as TRi collector. The bias potential 
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Fig. 1. The circuit of the combined a.f.—r.f. signal tracer 

at TR2 emitter is then used to provide the base-bias 
to TRi via R4. . . 

A d.c. negative feedback loop is thus set up in the 
transistor biasing network, and a large degree of 
self-compensation against shifts in the biasing levels, 
due to variations in transistor characteristics and 
supply line potentials, is obtained. Suppose, for 
example, that for some reason the standing current 
of TRi tends to increase above the design level, 
causing the potential at TRi collector to fall. If this 
occurs, the potential at TR2 base, and thus at 
TR2 emitter, will also fall. Since TRi base-bias is 
derived from TR2 emitter, the base current (and 

COMPONENTS 

Resistors 
(All fixed values i watt) 

Rj 5.6ka 10% 
R2 5.6k£I10% 
R3 l.Ska 10% 
R4 27kn 10% 
RVi 10kn skeleton potentiometer 

Capacitors 
(All miniature types) 

Q 8(i.F, 15V wkg. electrolytic 
C2 16(iF, 15V wkg. electrolytic 
C3 0.05(xF, ceramic 
C4 50(xF, 6V wkg. electrolytic 

Semiconductors 
TRi ST140 (Sinclair) 
TR2 ST141 (Sinclair) 

Miscellaneous 
Veroboard with 0.1 Sin hole spacing, by 
1 |in (7 strips by 16 holes) 
Crystal earpiece 
Wire, insulated sleeving, screened wire, 9 
volt battery and battery terminals, etc. 

hence the collector current) of TR] will automatically 
be reduced, thereby countering the original change 
in TRi collector current. A high degree of d.c. 
stabilisation is therefore obtained. 

This completes the description of the d.c. and a.t. 
working of the circuit, and we can now consider the 
r.f. operation of the unit. 

In "conventional" practice, an external r.f. probe 
is used in conjunction with an a.f. amplifier when 
tracing modulated r.f. signals, the probe circuit 
being similar to that shown in Fig. 2 (a). The simple 
explanation usually given for the action of such a 
probe is that the r.f. signal is applied across diode 
D via blocking capacitor C, and that the diode then 

rectifies or demodulates the r.f. signal, making the 
demodulated a.f. signal available at the output 
terminals of the probe. In fact, the action is a little 
more complex than is implied by this explanation, 
and to understand this we must first look at the typi- 
cal forward characteristic curve of a normal diode, 
as shown in Fig. 2 ih). 

iil 

•fv 

The completed signal tracer, shown alongside a PP3 
battery to demonstrate its small size. This photograph 
was taken immediately after tests of the prototype, 
and screened wire is recommended for the input instead 

of the unscreened leads shown here 
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Fig. 2 (a). A typical signal tracer r.f. probe 
(b). Simplified diagram showing the forward 

characteristic of a germanium diode 
(c). The characteristic results in more efficient 
detection of low-level signals if the diode is given a 

slight forward bias 

This diagram shows, in simplified form, the for- 
ward characteristic of a typical junction diode. If 
indicating the forward current obtained for a given 
forward voltage, Vf. The most important points to 
notice about this diagram are that little forward 
current flows until the forward potential reaches 
the start of what is shown in the diagram as the 
"working area", and that If then increases sharply 
and in a non-linear fashion as Vf increases. Typically, 
the "working area" of a germanium diode starts at 
200mV. Since the curve represents voltage against 
current, an impedance is also implied, so that we can 
say that the forward impedance of the diode varies 
with forward voltage, the impedance being relatively 
high below the "working area" voltage and low and 
very non-linear after the "working area" is reached. 

Now, if an a.c. signal is applied across the diode, 
as in the case of the r.f. probe, the input signal will 
swing about the zero volts line, as shown by the 

dotted waveform in Fig. 2 (c), and if the peak 
value of this waveform does not reach the "working 
area" of the diode very little forward current 
will flow on any part of the waveform. Thus, a 
germanium junction diode may offer little demodula- 
tion action to input signals with peak-to-peak 
amplitudes of less than 400mV. If the peak amplitude 
of the input signal enters the "working area" of 
the diode, efficient demodulation commences to 
take place. 

Suppose, now, that we manage to find some way 
of applying a bias potential to the diode, so that 
with no input signal applied the diode is biased 
to the start of its "working area" voltage. If we now 
apply an alternating input signal across the diode, 
the signal will swing about the voltage to which 
the semiconductor is biased, as shown by the 
full line waveform of Fig. 2 (c), and signal amplitudes 
of only tens of millivolts will be sufficient to cause 
efficient detection to occur. 

The simplified characteristics shown in Figs. 
2 (b) and (c) refer to forward currents of the order 
of 50 to 1 OOjj.A and above. A forward current 
can still flow in a germanium diode before the 
start of the "working area" shown in the diagrams, 
but this will be relatively low. The function of Fig. 
2 (c) is to show that detection of low-level signals 
is much more efficient when the diode is suitably 
biased in the forward direction. 

The normal demodulator probe, of course, has 
no bias potential applied, and thus suffers from the 
disadvantage of being inefficient when fed by small 
amplitude signals. If, however, we look at a transistor, 
we find that a junction diode is naturally formed 
between the base and emitter, this "diode" passing 
a current Ig when biased by a voltage Vbg. It follows 
that, if we use the transistor correctly, we can 
obtain efficient detection by suitably biasing the 
base-emitter junction, while at the same time 
obtaining gain by normal transistor action, and 
this is the techniaue used in Fig. 1. 

Returning now to the circuit diagram of Fig. 
1, the r.f. action of the unit may now be described. 
The r.f. input signal is applied to TRi base via 
Cj, RVj, and Cz, and appears across the base- 
emitter junction of the transistor. If the amplitude 

a'-fV 

' "0 '■ 
* * * "mf * * • • • • • 

: V:: 
• * • • ■i: • -l* 

m mm - 

A top view of the prototype signal tracer 

46 THE RADIO CONSTRUCTOR 



2l/2" 

o o (A o 
o ( o ) o 

go) • • - 
i o o Tor 

^noD —A.  

178' 

A-drill 6BA clear 
7 8 IO II 12 13 14 15 16 

r 9V 

X 0 

A- 
TR o c 

• -) o Crystal 
earpiece C2 TR, Screenea* 

input lead ' 
9 

Rv 
4 o O 

-9V 

Fig. 3. The copper and component sides of the Veroboard after assembly 

of this signal is greater than, say, 20mV, substantial 
distortion of the signal will be obtained, since the 
transistor is biased into its operating region, and 
detection will be obtained. This detected signal is 
then amplified by the transistor and appears at 
TRi collector, where C3 bypasses any remaining 
r.f. components to the negative supply line, leaving 
the demodulated a.f. part of the signal to be fed 
on to TRz. Here it is further amplified and finally 
fed to the crystal earpiece. 

Note that, for efficient detection to take place in 
the TRj stage, the internal base-emitter capacitance 
of the transistor must be very low, and this condition 
is only met on v.h.f. transistor types. The capacit- 
ance on the Sinclair ST140 transistor specified is 
a mere 2.5pF, and is thus ideally suited to this 
application. 

When the circuit is used purely as an a.f. amplifier, 
the signal applied to TRi base has an amplitude 
of less than 20mV, so that appreciable distortion 
of the signal does not then take place. 

Construction 
The unit is wired up on a small piece of Veroboard 

panel with 0.1 Sin hole spacing, and construction 
should be started by cutting this panel to size and 
drilling the two small mounting holes to clear 
6BA screws, as shown in Fig. 3. Next, break the 
copper strips, with the aid of a small drill or the 
special cutting tool that is available, where indicated. 

The components and leads can now be soldered 
in place on the panel, as illustrated in the diagram. 
Note that all components are mounted vertically, 
and that insulated sleeving should be used where 
there is any danger of components short-circuiting 
against one another. The mounting tags of RVi 
should be reduced in diameter with the aid of a 
file, so that they fit in the holes in the panel, before 
attempting to solder this component in place. 

The screened input lead should be kept fairly 
short, a length of 18in or less being adequate for 
signal tracing in transistorised equipment. The 
centre lead ends in a test prod, or probe, whilst 
the outer conductor may be terminated by a short 
flexible lead fitted with a crocodile clip. 

When construction is complete, the unit can be 
given a functional check by connecting a 9 volt 
battery in place and checking that a signal is heard 
in the earpiece when a test signal is connected to 
the input of the unit. 

Using The Unit 
When using the unit for signal tracing, the earthy 

input terminal should be made common to the 
negative supply line of the equipment under test, 
and the remaining probe terminal should be con- 
nected to appropriate test points. When testing 
defective equipment, initial tests should, generally, 
be made at the "front end" of the equipment, and 
successive tests should work backwards towards 
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the rear of the circuitry until the faulty part of the 
circuit is located. If, for example, tests are being 
made on a faulty superhet receiver, the first test 
should be made by setting RV| for maximum sensi- 
tivity and connecting the probe to the r.f. stage of 
the receiver, checking that some kind of signal 
is heard in the earpiece. If that test is satisfactory, 
move the probe to the first i.f. stage, slowly working 
through the circuit towards the loudspeaker until 
a point is reached at which no signal is heard in 
the earpiece, the faulty part of the circuit then being 
that which is under test. It will be helpful to gain 
experience by using the tracer with a serviceable 
receiver before employing it for fault-finding. 

All electrolytic capacitors, including Q and C2, 
exhibit a small amount of inductance, so that their 
impedances actually increase above certain frequen- 
cies. Because of this, it is recommended that, if 
the unit is to be used for signal tracing at frequencies 
above about 7 Mc/s, small l,000pF bypass capacitors 
be wired in parallel with Cj and C2. 

Note that the signal tracer is primarily intended 
for testing transistorised equipment. If it is to be 
used on valve equipment, a O.SjxF capacitor, with 
a working voltage of 500, should be inserted in 
series with the probe lead. 
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25th GERMAN RADIO EXHIBITION 

1967 —BERLIN 

There are only three more weeks till the Great German Radio Exhibition in Berlin. For the twenty-fifth time the 
public will be made acquainted with a great achievements show of technical progress in the field of Radio and Television. 
The grand attraction of this Anniversary-exhibition is that of coloured television, the official commencement of which 
will be the telecasting of the opening celebration on 25th August, 1967. The programme will be simultaneously telecast 
on both stations (ARD and ZDF). 

During the Exhibition a joint coloured programme will be produced by both television stations, which will be recept- 
able on channel 39 in Berlin from 10.00 a.m. till 7.00 p.m. daily. The Exhibition's black and white television programmes 
of the ARD and ZDF stations will also be telecast over channels 7 (ARD) and 33 (ZDF) from 10.00 a.m. till 7.00 p.m. 

The industry will display its newest products, special shows being presented by the German Federal Post, the Electric 
Handicraft Trade, the German Amateur Radio Club, Lufthansa Airlines and the German Red Cross. A special exhibition 
concerning the themes "Parallel Ways" (black and white and coloured television), "Stereophony—Hifi" and "Portables" 
will also be offered. The ARD station and the ZDF station are setting up their studios in the R (Sachsen) and A (Berlin) 
halls. 

In addition, the visitors to the Radio and Television Exhibition will be offered an extensive programme. In the summer 
garden of the fairgrounds, athletic events, variety shows and concerts will be held daily; in the "Palais am Funkturm" 
fashion shows may be viewed. Theatregoers will be interested to know that the Berlin theatres, in spite of the summer 
holidays, will be presenting a complete programme; and for those interested in sports, there are also a few events in store. 
The social highlight of the Exhibition is the ball, which is completely in line with the TV colour theme—A Dance under 
the Rainbow. 
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CD 

"AH'' . /A satisfaction as he mopped 
his brow, "here's the place." 

Tearing his attention from a 
garish display of seaside postcards 
featuring ladies of immense and 
improbable proportions, Dick looked 
doubtfully at the two doors, flanked 
by flyblown windows, to which 
Smithy was now pointing. 

The brilliant August afternoon 
sun shone down and harshly il- 
luminated the pair as they stood 
on the pavement amongst the 
cheerful gaily-clad crowds, some 
intent on going to the beach and 
others just returning. Resolutely, 
Smithy pushed open one of the 
two doors and entered, to be fol- 
lowed by his dubious assistant. 
Dick blinked for some moments 
until his eyes, previously attuned 
to the sunlight glare of the street, 
became accustomed to the gloom 
inside. Glancing round he saw 
about a dozen square tables, each 
covered with a stained greyish-white 
cloth and each adorned with a 
large bottle of chop sauce together 
with a second sauce dispenser in 
the shape of a plastic orange. An 
all-pervasive odour of stale onions 
hung in the air. 

Smithy's Treat 
"Cor love us," breathed Dick 

eventually. "What's this dump?" 
"Dump?" repeated Smithy, 

shocked. "I would have you know 
that this is the place I was telling 
you about—where a mate of mine 
and I came two years ago. We had 
a good old technical chin-wag 
together, and an excellent meal in 
the bargain." 

"Trust you," commented Dick 
bitterly, "to pick a crummy joint 
like this. When you suggested we 
should take a day off down at the 
sea, I was all for it. And when you 
also said that you'd stand me a 
meal I was beginning to look forward 
to something really groovy. I 
certainly didn't expect I'd have to 
eat in a clapped-out nosher like 
this." 

"Nonsense," replied Smithy 
briskly. 

He walked over to a table, pulled 
out a chair, sat down and looked 
about him. 

"I see we're nice and early," 
he remarked. "Which means we've 
got the whole place to ourselves." 

"I'm not surprised," grumbled 
Dick, sitting down and repressing 
a shudder as he glanced at the 
flaking plaster on the walls. "I 
should imagine that all the people 
who've eaten here in the past are 
now down with cholera or bubonic 
plague." 

The scent of stale onions suddenly 
increased in strength as a door 
opened. A large lady of forbidding 
mien, and with a physique reminis- 

cent of the sumo wrestlers of Japan, 
glared at them. 

"Yerse?" 
"Two teas, please," called out 

Smithy firmly. 
The lady withdrew. 
"Hell's teeth," snorted Dick. 

"Is that to be the meal, then? Two 
teas ?" 

"Don't be silly," replied Smithy 
shortly. "I'm just getting the essentials 
sorted out first." 

"If all you're going to do here," 
complained Dick, "is swill tea all 
the time, we might as well have 
stayed back in the Workshop." 

A suddent thought crossed his 
mind and he brightened. 

"Talking about the Workshop," 
he continued, "reminds me about 
something you were saying a couple 
of days ago. About these new 
integrated circuit things." 

"Oh, those," replied Smithy 
absently. "If I remember correctly, 
I said that integrated circuits are 
quite likely to replace many of the 
standard circuits and components 
we've got used to in present-day 
radios and TV's. They're already 
doing so in computers." 

"Yes, that's what you did say," 
remarked Dick impatiently, "but 
what you didn't do was explain 
just exactly what integrated circuits 
are." 

"Integrated circuits," said Smithy 
in reply, "are devices which com- 
prise an actual circuit, with its 
circuit elements incorporated in the 
device itself. These elements can 
be resistors or capacitors and, in 
some cases, transistors and diodes 
as well, and everything is inter- 
connected together within the device 
to form a working circuit. Integrated 
circuits have terminations to which 
you can connect any further external 
circuits. Most integrated circuits are 
fantastically tiny, and the manu- 
facture and use of these is usually 
referred to as 'microelectronics'. But 
the main point of an integrated 
circuit is that it is a unit which 
consists of a circuit on its own. 
You can't break it down into separate 
circuit elements like you can with 
a circuit which consists of com- 
ponents assembled on a printed 
board." 

"What are the advantages of 
integrated circuits?" 

"The big advantages," replied 
Smithy, "are reliability and a 
potential very low cost. Plus, with 
certain types, exceptionally small 
size. One of the reasons for reliability 
is that, since all the component 
parts of an integrated circuit are 
connected together within the in- 
tegrated circuit itself, the number of 
electrical joints between them is 
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considerably reduced. To explain 
this, let's take an example. We'll 
suppose that, using conventional 
components mounted on a printed 
circuit board, we connect, say, the 
collector of a silicon transistor to 
one end of a resistor. Let's now 
see how many joints there are 
between the transistor collector 
and the resistor. Starting at the 
collector itself, we go from the 
silicon of the collector to its metal- 
lising, and from the metallising to 
the wire inside the transistor can. 
The next joint is the one between 
the wire from the collector to the 
lead-out wire. That's three joints 
before we've even left the can. After 
this you get the following joints: 
lead-out wire to solder, solder to 
printed board copper foil, copper 
foil to solder, solder to resistor 
lead-out wire, and resistor lead-out 
wire to resistor composition. That 
last joint at the resistor will, in 
practice, probably consist of more 
than one actual junction but, even 
assuming that it's a single joint, there 
are still no less than eight joints in 
that little lot. A connection between 
a transistor collector and a resistance 
element in an integrated circuit of the 
semiconductor type would involve 
only two joints." 

"Well, that should certainly im- 
prove reliability," conceded Dick. 
"You don't have to be long in the 
servicing game to realise how many 
snags are caused by trouble at joints, 
where the circuit path changes from 
one conductor to the next. What 
about the cost and the very small 
size?" 

"The cost," said Smithy, "is 
reducing all the time as manufac- 
turers carry out further research and 
improve production methods. Don't 
forget that initial tooling and devel- 
opment costs for integrated circuits 
are high, and that this fact is liable to 
be reflected in the earlier designs. 
To get a low price for any mass- 
produced article you have, of course, 
to make it in large quantities, which 
means that you've got to find a 
market for it. Most of the present 
integrated circuits are going into 
computers, although a few are 
already finding their way into the 
entertainment market, in radios and 
in TV sets. Once integrated circuits 
really break the price barrier and 
become obviously cheaper than 
present-day circuits with their sepa- 
rate components and assembly costs, 
you and I, Dick, will be seeing stacks 
of them!" 

Dick frowned. 
"I used to think that that's what 

would happen with transistors re- 
placing valves," he remarked. "But 
it's taking a dickens of a time for 

transistors to completely oust valves 
in TV sets, for instance." 

"True enough," agreed Smithy. 
"Although TV does represent rather 
a special case, with its well-estab- 
lished valve circuits and techniques. 
However, the step from transistors 
to integrated circuits is not so big as 
that from valves to transistors. 
Current TV transistorised design 
lends itself well to the use of inte- 
grated circuits in the i.f., a.f. and 
timebase oscillator sections. But 
I'm getting ahead of myself now, 
because you don't really know what 
integrated circuits are, anyway." 

Thin-Film Circuits 
"I don't," agreed Dick. "As you 

may have gathered from what I've 
been saying, I haven't the vaguest 
idea about how they're made or 
what they do." 

"Fair enough," said Smithy. "It 
looks as though I'll have to give 
you a bit of background on them, 
then. I'm not going to go into any 
great detail, but what I'll tell you 
should enable you to understand 
some of the terms that are used, and 
help you to follow the more detailed 
references you'll encounter in tech- 
nical articles and things like that." 

At that moment the door opened 
and the large lady appeared, bearing 
two cups of tea. She deposited them 
upon the table, then turned to 
another to pick up a card, which she 
also placed in front of Dick and 
Smithy. 

During this brief period, Smithy, 
used to enormous quantities of tea 
in the Workshop, had already 

emptied his cup, and he handed it 
back to the lady. 

"Let's have another cup," he said 
cheerfully. "We'll be ordering in a 
minute." 

The woman frowned and cast a 
sudden quizzical glance at Smithy. 
However, she said nothing, picked 
up his cup and retired to her onion- 
saturated limbo behind the door. 

"That's better," said Smithy, 
wiping his mouth. "Now, let's 
return to these integrated circuits. 
There are three main types of 
integrated circuit, these being the 
thin-film integrated circuit, the thick- 
film integrated circuit and the semi- 
conductor integrated circuit. The 
last one is also known as the silicon 
integrated circuit. We'll do the 
thin-film and thick-film circuits 
first because these are the easiest. 
I won't be able to deal with the 
semiconductor integrated circuit this 
time, so I'll leave that for a later 
date." 

Smithy paused for a moment to 
collect his thoughts. 

"Now, the thin-film circuit," he 
went on, "consists of a substrate, 
which is usually ceramic, on to 
which the circuit elements are 
deposited." 

"Hold on a minute!" interrupted 
Dick. "What's a 'substrate'?" 

"It's the bottom layer of material 
on which the other bits of the 
circuit are built," explained Smithy, 
"and it provides the mechanical 
strength for the circuit. As a rough 
analogy you could say that, when 
you put butter on toast, the toast is 
the substrate. High conductivity 
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Fig. 1 (a). A square of resistive film measuring 1/n by 1m. Connections 
are made to the entire length of opposite sides 

(b). The same resistance is given if the size of the square is increased to 
2in by 2in 

(c). The larger square can be split into two 2in by 1/n rectangles. Being 
twice as long as the 1/n by 1/n square each rectangle has twice its resistance. 
Since the rectangles are effectively in parallel in the larger square, its total 

resistance then becomes the same as for the 1 in by 1 in square 
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metals such as gold or aluminium, or 
resistance alloys such as nickel- 
chrome, are deposited on to the 
surface of the substrate to provide 
the interconnections between circuit 
points, or to provide resistors. This 
process has to be done in a vacuum 
and one way of depositing the metal 
consists of having the metal evaporate 
close to the substrate, the latter 
having a mask in front of it which 
acts like a stencil. Since the metal is 
evaporated in a vacuum, the mole- 
cules of metal which boil off travel 
in straight lines. Those that pass 
through the mask fall on to the sub- 
strate and cool there, whereupon you 
have a metal deposit, or film, on the 
substrate which follows the pattern 
of the mask. Obviously, the high 
conductivity metal and resistance 
alloy deposits have to be made at 
different times and with different 
masks." 

"I see," said Dick. "This means, 
then, that you can produce thin-film 
integrated circuits by suitable mask- 
ing and depositing processes, these 
circuits having patterns of conductive 
and resistive material on them which 
represent resistors and the inter- 
connections between them." 

"That's right," replied Smithy. 
"The account I've given of the 
process is simplified, but what I've 
told you is the basic idea." 

"How," asked Dick, "do you get 
different values in the resistance 
bits? Do you use different types of 
alloy ?" 

"Not generally," replied Smithy. 

"The main approach with thin-film 
circuits is to use a standard alloy and 
thickness of deposited film, and to 
change the outline of the resistance 
section deposited on the substrate. 
This enables all resistor elements to 
be deposited in one operation. A 
nickel-chrome film can, for instance, 
be deposited at a thickness which 
gives, say, 2500 per square." 

"2500 per square what?" 
"Per square nothing," replied 

Smithy. "Just 2500 per square." 
"Dash it all. Smithy," protested 

Dick. "You can't just say '2500 per 
square'. It's got to be 2500 per 
square inch or square centimetre, 
or something like that!" 

"No, it hasn't," said Smithy. 
"Just hang on a jiffy and I'll show 
you." 

The Serviceman pulled out a 
ball-point pen and proceeded to 
apply it to the tablecloth in front of 
him. 

"If," he continued, "you have a 
film of resistive material with a 
square outline and having the same 
thickness at all points, and you 
connect to the entire length at 
opposite edges, you will get the same 
resistance regardless of the size of 
the square. Say, for instance, you've 
got a square which is 1 inch by 1 inch. 
(Fig. 1 (a)). If you increase the size 
to 2 inches by 2 inches (Fig. 1 (b)) 
you'll still get the same resistance. 
The new square is equivalent to two 
rectangles measuring 1 inch by 2 inch 
connected in parallel. (Fig. 1 (c)). 
Each of the two rectangles has the 

same width and is twice as long as 
the original 1 inch by 1 inch square, 
and so it will have twice the resis- 
tance. But the two rectangles are in 
parallel in the larger square and so 
the total resistance is the same as for 
the original square. This analysis 
can be applied to any size of square, 
and it will always prove that you get 
the same resistance between two 
opposite edges. Fascinating, isn't 
it?" 

"I'll say," agreed Dick. "So, to 
get different values of resistance, 
you start off with a fixed number of 
ohms per square and then use 
different shapes of rectangle." 

"That's the idea," confirmed 
Smithy. "If you want a 500Q 
resistor and the film you deposit 
gives 2500 per square, you arrange 
the mask pattern so that the deposit 
is a rectangle which is twice as long 
as it's wide. (Fig. 2 (a)). This means 
that the resistor consists of two 
squares in series. Regardless of the 
actual dimensions, you'll always get 
5000 if the length is twice the width. 
For 1,0000 the length must be four 
times the width, (Fig. 2 (b)), 
whereupon you've got four squares 
in series. For higher resistances 
you need a longer rectangle, where- 
upon you fold it around a bit, so 
that it doesn't take up too much 
space." (Fig. 2 (c)). 

"Well, blow me," said Dick. 
"That's neat, isn't it? What about 
capacitors ?" 

"To get capacitors with the thin- 
film process," said Smithy, "the 
usual approach is to use a sand- 
wich construction. One plate con- 
sists of metal deposited direct on to 
the substrate, after which a layer of 
insulating material is deposited on 
top of it. (Fig. 3). Silicon dioxide is a 
suitable material and this forms the 
dielectric of the capacitor. A further 
metal deposit on top of the silicon 
dioxide then gives the second plate, 
whereupon your capacitor is com- 
plete. This basic procedure can 
produce capacitors having values 
ranging from a few pF up to 0.03ij.F 
or so." 

No Inductors Or Transistors 
At this moment, Smithy's eye 

fell on the card which the lady of 
the establishment had placed on the 
table. 

"Blimey, Dick," he said, "we'd 
better start ordering. What'll you 
have?" 

Dick, brought forcibly back from 
the world of integrated circuits 
to his present surroundings, gazed 
with a marked lack of enthusiasm 
at the dog-eared card in front of 
them. This, under the brave heading 
of "The Commodore Restaurant", 

Resistive 
film 

R=500a 

(a) 

R = I.OOOn 

(b) (O 

Fig. 1 (a). A rectangle whose length is twice its width. With a resistive film of 
250Q per square, the resistance of the rectangle is 500O 

(fa). Two rectangles, both having a length which is four times the width. Despite 
the difference in actual dimensions, both rectangles exhibit a resistance of 

1,0000 
(c). When a long rectangle of resistive material is required on a thin-flm or 
thick-film circuit, the rectangle may be folded, in the manner shown here, 

to conserve space 
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Fig. 3 Simplified diagram illustrating, by top and side views, the manner in 
which a capacitor may be formed on a thin-film or thick-film circuit. For 
purposes of illustration film and dielectric thicknesses are shown much greater 
than would occur in practice, and the dielectric outline may vary in actual 
circuits. In (a) the first metal deposit provides the bottom plate of the capacitor, 
whilst the dielectric is added in (b). The second plate is deposited in (c), giving 
the complete capacitor. The extensions on each metal deposit allow 

interconnection to other circuit elements 

outlined the delights of the establish- 
ment in an uneven typescript which, 
in places, was obscured by cigarette 
burns, blobs of solidified gravy and, 
in the lower right hand corner, an 
irregular contour of what appeared 
to be fossilised cabbage. 

"Let's see now," said Smithy 
brightly, as he scanned the items 
listed on this noisome tablet. "Would 
you like sausage and chips, egg and 
chips, or bacon and chips ? Or, 
again, you can have sausage, egg and 
chips, or bacon, egg and chips, or 
sausage, bacon and chips." 

"That's a charming choice, I 
must say!" 

"Oh, 1 don't know," replied 
Smithy. "I always feel there's 
nothing like a bit of variety in a 
menu. Lower down, now they've 
got the same things but with beans." 

"Haven't they got any foodT' 
"Really," commented Smithy, pro- 

foundly offended, "that's hardly the 
attitude of a guest. You'd better 
look for yourself." 

Dick took the menu from Smithy, 
and a look of increasing horror 
spread over his face as he examined 
the remainder of the items listed. 

" 'Liver and chips' ", he read out. 
"Cor blimey, we've got 'liver, bacon 
and chips' next and then they go 
through the permutations all over 
again with 'liver, sausage and chips' 
and 'liver, egg and chips'. Below 
'liver, egg and chips' they've got 
'mixed grill and chips'. I suppose 
that's the bits listed above all laid 
out on one plate." 

"That's right," said Smithy 
appreciatively. "Mixed grill and 
chips was what 1 had last time I was 
here. I got liver, bacon, egg, sausage, 
beans and chips all together. 
Smashing it was." 

"Ye gods," broke in Dick. "What's 
this? Chipatty and chips?" 

"I don't know what that's like," 
confessed Smithy. "I usually avoid 
the foreign dishes." 

"I'm not surprised," said Dick, 
still studying the list. "Right at the 
bottom of the menu they've got 
what they call 'Speciality of the 
House'. It's 'Chipatty, shish-kebab, 
mixed grill and chips'. Blimey, that 
would be something!" 

"Shall I order it for you?" 
"No thanks," said Dick hurriedly. 

"Ask them if they'll do me a fried- 
egg sandwich." 

"A fried-egg sandwich?" snorted 
Smithy. "What are you trying to do, 
show me up or something?" 

The door opened and Smithy 
quickly moved the menu-card so 
that it covered the sketches he had 
scribbled on the tablecloth. Orders 
were placed. Smithy asked for his 
mixed grill and chips, whilst Dick 

eventually, and with very great 
reluctance, chose sausage and chips. 
The lady returned to her regions, 
once more carrying Smithy's empty 
cup for replenishment. 

"Let's get back to those thin-film 
circuits," said Dick. "From what 
you've told me it's possible to make 
up circuits on them using resistors 
and capacitors." 

Smithy nodded in agreement. 
"What," asked Dick, "about 

inductors?" 
"Inductors," replied Smithy, "can 

be made up by depositing spirals 
of metal on the substrate, these 
working in the same way as the 
spirals which make up the inductors 
in printed circuit biscuits for TV 
tuners. But the inductances obtained 
are too low to be of much use in 
practice and, inductors are normally 
avoided in the initial design of the 
circuit." 

"What about transistors and 
things like that?" 

"So far as I know," said Smithy, 
"it isn't possible as yet to produce 
truly integrated transistors in a thin- 
film assembly. Manufacturers haven't 
been able to build up practical trans- 
istors with deposits of material 
using basic thin-film processes, 
although it seems that research is 
still pressing on in this direction. 
But you can add a transistor to a 
thin-film circuit in the form of a 
flip-chip." 

"A whar?" 
"A flip-chip." 
"Corluvaduck," commented Dick, 

"Talk about chips with everything! 
We couldn't get away from chips in 
that menu and stap me if they don't 
now come up in integrated circuits!" 

"Don't let it worry you," chuckled 
Smithy. "To start off with, a 'chip' 
is a flat tiny square of silicon in which 
a transistor, or other component, 
has been formed. You can even have 
a second integrated circuit in the 
chip, but how that is done I'll have 
to leave till our next gen-session 
together. All I'll say now is that a 
thin-film circuit can be laid out so 
that the terminations of a chip, 
laid face downwards on the substrate, 
can be soldered or otherwise connec- 
ted into the thin-film circuit. A chip 
used in this manner is then called a 
'flip-chip'. I should add that flip- 
chips can also consist of diodes, 
capacitors or any other device which 
can be built up on a chip. Sometimes, 
it is preferred to add capacitors as 
flip-chips instead of having them in 
the thin-film circuit itself." 

Smithy took a large draught from 
his cup. 

"And that," he said, "should give 
you a general basic idea of thin- 
film integrated circuits. They consist 
of a composite structure which 
is complete with resistors, and 
capacitors if desired, and to which 
you can add further components 
such as transistors by the flip-chip 
technique. When a thin-film circuit 
has been made up, it is covered in 
some sort of plastic resin to keep it 
protected. The sizes of thin-film 
integrated circuits vary quite a bit. 
Some may be quite large affairs 
having a side of about an inch or so, 
whilst others are a lot smaller. They 
are, of course, made in quantity. 
A large number of thin-film circuits, 
each with its own mask, will pass 
through each of the depositing pro- 
cesses together." 
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Thick-Film Circuits 
"What," asked Dick, "about 

thick-film integrated circuits?" 
"Apart from the way they're 

produced," replied Smithy, "thick- 
film circuits are basically similar to 
thin-film circuits. The film deposited 
on the substrate is thicker than with 
the thin-film circuit, hence the names 
given to the two different types. 
Thick-film integrated circuits have 
the great advantage that they don't 
need a vacuum for the conducting or 
resistive layers to be deposited on to 
the substrate. This makes the manu- 
facturing process simpler and less 
expensive. It is also said that thick- 
film circuits are physically stronger 
than thin-film circuits." 

"How are the film deposits made ?" 
"By a sort of screen printing 

process," replied Smithy. "Over the 
substrate you have a mask or screen 
which acts like a stencil and allows, 
to continue the printing analogy, 
specially prepared 'inks' to be 
printed on the surface of the sub- 
strate. The substrate is, once again, 
usually ceramic. The result of the 
printing process is that you get an 
'ink' pattern on the substrate which 
corresponds to the pattern imposed 
by the mask. The substrate is then 
heated, whereupon the 'ink' changes 
to a conducting or resistive path, as 
required. To provide a conducting 
path the 'ink' could consist of gold 
or silver powder dispersed in a 
fluid which gives the mixture the 
liquid properties needed for applica- 
tion. When fired, the liquid evap- 
orates and you have a deposit of 
metal left on the substrate. For 
resistance, the 'ink' can contain a 
resistive mixture instead of a highly 
conductive metal. Another advantage 
with the thick-film circuit is that, by 
varying the resistive mix, you can 
get a wider range of resistance values 
than with the thin-film process. 
With thick-films you can obtain 
resistances well in excess of IMH." 

"Any other differences?" 
"Speaking," replied Smithy, "in 

the simple basic terms we've been 
using today, there aren't many more. 
As with the thin-film circuits, thick- 
film circuits are limited to conduc- 
tors, resistors and capacitors in the 

integrated circuit proper. Alterna- 
tively, capacitors can be added as 
flip-chips. Transistors and other 
devices which can be made up on a 
chip can also be added as flip-chips." 

Smithy Was Here 
"I must say that all this seems very 

far removed from the sort of stuff we 
normally handle," commented Dick. 
"Still, I suppose that if you can get 
all the resistors you need for, say, a 
transistor stage into a thin-film or 
thick-film integrated circuit, after 
which you only have to add a few 
other components as flip-chips, you 
must have something which is, if 
nothing else, a lot smaller than the 
same thing using individual resis- 
tors, capacitors and semiconduc- 
tors." 

"True enough." 
"How," asked Dick, "do you 

connect the integrated circuit into 
the main circuit into which it is 
incorporated ?" 

"In the same manner as any other 
small component," replied Smithy. 
"You have lead-outs which protrude 
through the protective covering of 
the circuit." 

Smithy paused. 
"Now don't forget," he went on, 

"that I've only given you half the 
story concerning integrated circuits. 
The most exciting types are the ones 
which use a semiconductor sub- 
strate, and you can actually build 
transistors into these! The two- 
joint connection between a transistor 
collector and a resistor which I 
mentioned at the beginning is typical 
of what you get with a semiconduc- 
tor integrated circuit. But I'll have to 
leave semiconductor integrated cir- 
cuits until the next time we have a 
gen-session together. Hallo, it looks 
as though our order's coming." 

Again, the door opened. The large 
lady appeared with a tray bearing 
two plates and Smithy's teacup. 
Helpfully, Smithy moved the menu- 
card out of the way, whereupon she 
placed the tray on the table with a 
resounding crash. Surprised, Smithy 
looked up to find himself gazing at 
a censorious finger. 

"I knew as 'ow it was you," said 
the woman accusingly. "As soon as 

you started to get me traipsing back 
and forth with cups of tea, I knew 
as 'ow it was you." 

For once, Smithy was completely 
dumbfounded. His mouth opened 
and closed silently, like a goldfish 
after the ant-eggs have been dropped 
in. 

"Two years ago," continued the 
woman aggressively, "you was in 
'ere. Wasn't you?" 

Dumbly, Smithy nodded. 
"/ knew" said the woman trium- 

phantly. "Drinking tea like an 'orse 
you was then, just as you are now. 
And wot did I find after you'd 
gone?" 

"I don't know," stammered 
Smithy. "What did you find?" 

"The same as I've found now," 
snorted the woman pointing a 
scornful finger at the table and 
Smithy's diagrams. "Our best table- 
cloth all covered over with ink 
scribbles, like this one 'ere is. We 
'ad to buy a new cloth last time to 
replace it and it looks like we'll 'ave 
to buy a new one again now. So, 
mate, when you pays yer bill, you 
can also fork out for two ruined 
tablecloths as well." 

Outraged indignation caused her 
to rise to even higher standards of 
contumely as she glared at the hapless 
Serviceman. 

"Dead common you day-trippers 
is," she pronounced with finality. 
"There's walls for the likes of you to 
scribble on!" 

After which statement the lady 
stationed herself forbiddingly at 
the entrance, thereby barring any 
possible escape. Thus entrenched, 
she glowered at the now completely 
demoralised Smithy, as he floundered 
through his mixed grill without 
even the benefit of a fourth cup of 
tea. 

When, later, the pair came blinking 
into the harsh sunlight of the street, 
with Smithy the poorer by the price 
of two meals and two tablecloths, 
Dick felt that his best approach under 
the circumstances would be to thank 
Smithy quickly and quietly for the 
food he had provided. 

He decided, wisely, not to thank 
Smithy for the entertainment that 
had gone with it. _ 

□ 

EMI TV FOR NEW ZEALAND 

EMI Electronics have been awarded a contract for the supply of complete video equipment for the New Zealand 
Broadcasting Corporation's latest News Studio in Hamilton, North Island. 

The installation includes two of the popular Vidicon Cameras type 201 fitted with Angenieux zoom lenses, a complete 
production vision mixer using the latest EMI solid-stage technique with vertical interval switching, telecine, pulse and 
video distribution systems, and EMI's newly developed solid-state monitors. Installation will be carried out by N.Z.B.C's 
own engineers and the Studio will be operational by late 1967. 
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By Recorder 

It's always the cobbler's child 
who is the worst-shod. 
This adage is, of course, 

intended to emphasise the point 
that the only work that a tradesman 
can't find time for is that which 
exists in his own home. For instance, 
a self-employed painter and decora- 
tor friend of mine who alternates 
between indoor and outdoor work 
(you can always tell when he's on 
an outdoor session because that's 
when the rain starts) has been nagged 
by his wife for as long as I can 
remember to re-decorate their front 
room. It's just human nature to 
put off any outstanding spare-time 
jobs which show no profit and which 
involve no change from normal work. 

Cobbler's Confessions 
Rather to my surprise, I find that 

I fall into the cobbler category with 
the precise fit of the proverbial 
square peg in its square hole. In 
my own den-cum-workshop, which 
is pretty well full to the brim these 
days with radio parts, chassis, 
books and publications, I rely for 
occasional sound radio broadcasts of 
background music or news bulletins 
on an f.m. tuner I knocked up way 
back in 1955. It's a completely 
home-built design using an r.f. 
pentode, double-triode oscillator and 
mixer, two i.f. pentodes and a ratio 
discriminator incorporating a couple 
of GEX34 diodes. That tuner was 
the apple of my eye after I'd made 
it but, as happens so often with these 
things, it became more and more 
neglected and forgotten as later 
projects captured my attention. 
For many years now, if no other 
radio has happened to be available 

I'd switch it on and see the heaters 
of its valves glowing through the 
dust. The a.f. amplifier which follows 
the tuner tells a tale of even more 
shameful abuse. This is a unit I 
made a long time before the tuner, 
and it now struggles away to give a 
travesty of its previous performance. 

Nevertheless, these two Old Faith- 
fuls have been pressing on, whenever 
called upon, to provide me with the 
odd radio programme. But the 
performance of the tuner has 
gradually been deteriorating and I 
suddenly realised a month ago that 
it couldn't raise sufficient output to 
provide even background music. 
Following the example of the 
cobbler I put off doing anything 
about it for several weeks, then I 
finally decided that I should at least 
give the tuner a quick look-over 
before I finally discarded it for 
something more modern with a few 
transistors in it. 

As I shall now recount, the look- 
over and complete repair took 
exactly fifteen minutes! A very 
quick check with the testmeter 
showed that all the anodes and 
screen-grids were getting a reason- 
able h.t. voltage and so I coupled 
the signal genny up to the grid of 
the mixer. A little of its (supposed) 
a.m. modulation became audible 
from the speaker as I swung the 
generator around 10.7 Mc/s. It is 
pointless to attempt the alignment 
of an f.m. i.f. strip on results from 
the speaker and so I next coupled the 
testmeter across the discriminator 
stabilising electrolytic capacitor. By 
dint of screwing up the signal genny 
to full output and switching the 
testmeter to its lowest voltage range 
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325/7 FORE STREET, 

EDMONTON (3719) 
LONDON, N,9. 
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Four Local Supplier 

LONDON AREA 

G. W. SMITH 

& Co (Radio) Ltd. 
3-34 LISLE STREET, 

LONDON, W.C.l. 
Tel. GERrard 8204/9155 

Open 6 days a week 

CATALOGUE 
Over 150 pages of electronic 
components, test, communi- 
cation and Hi Fi Equipment. 
Fully illustrated. 5/-. p &p1/- 

ELECTRONICS 
GALORE! 
in the NEW 

dca CATALOGUE 
Send 1/6 now for your copy 

to: DEPT. R/C 
dca ELECTRONICS 

LIMITED 
28 OXBRIDGE ROAD. 

EALING, W.S 

WHY BI-PAK? 
FOR SEMICONDUCTORS 

★ Fastest by return mail service 
★ Lowest possible prices 
★ Largest range available 
★ Satisfaction guaranteed 
★ For further proof seepage S 

BI-PAK SEMICONDUCTORS 
8 Radnor House, 

93/97 Regent St., London W.l 

  ESSEX 

MARKET CENTRE 
For Semiconductors 

Prompt, efficient mail order service 
for Mullard, Newmarket, Texas, 
Sinclair, S.T.C., Fairchild Semi- 
conductors. We also offer a com- 
prehensive selection of miniature 
components for transistor circuitry. 
Catalogue Is. 

L.S.T COMPONENTS 
23 New Rd., Brentwood, Essex 

I got a slight movement in the 
needle. All over the range from 
about 10.2 to 11.5 Mc/s! 

Out came the insulated core 
adjuster and, with the generator set 
to the correct i.f. of 10.7 Mc/s, I 
tackled the i.f. transformers. One 
core needed about two turns, 
another needed about three turns 
and, almost before I realised what 
was happening, I had to start 
attenuating the signal generator to 
keep the testmeter needle from 
bashing away at its end-stop. A final 
quick run-through up to the primary 
of the discriminator transformer 
took hardly any time at all. The 
set has a balanced discriminator, so 
I next coupled the testmeter between 
chassis and the audio take-off 
point. The holes and electrons in 
those old GEX34's must have 
wondered what had hit them as the 
diodes started passing the first 
sizeable currents they'd experienced 
for years. But they proceeded to 
give of their very best, and a touch 
on the discriminator secondary core 
was all I needed to achieve the 
delightful situation where the volt- 
meter needle went nicely and linearly 
in one direction as I swung the 
signal generator frequency up, and 
just as nicely and linearly in the 
other direction as I swung the 
signal generator frequency down. 

All that now remained was to 
disconnect the signal generator and 
hitch on the aerial. And hurriedly 
turn down the gain of the a.f. 
amplifier as the local signals came 
belting in. 

Marvellous, isn't it? I had nearly 
been on the point of ditching that 
old tuner, when all it needed was 
an adjustment to six cores! I must 
confess that I'm at a loss to under- 
stand why the i.f. trimming had 
drifted off all that much. The i.f. 
coils were home-wound and, per- 
haps, the dope I had used fairly 
liberally to hold them in position 
had decided to change its electrical 
characteristics over the last decade 
or so. 

Being now the proud owner of an 
f.m. tuner having an excellent 
performance I'm turning a question- 
ing eye on the a.f. amplifier which 
follows it. This venerable piece of 
equipment once sported two 6V6's 
in push-pull in the output stage but 
it now runs on one only, the other 
valveholder remaining vacant. Once, 
the amplifier developed a crackle 
which cleared when one of the 
6V6's was removed, and I left it 
"temporarily" with only half the 
output stage operative until I 
could find the time to look at it 
properly. That would be about 
five years ago now, so I suppose 

I'll get round to it one of these days. 
One comforting thought arises 

from this shocking maltreatment of 
my own gear. If ever there's a dearth 
in electronics I've got all the qualifica- 
tions to start up my own shoe 
repairing business. 

Microelectronics Gag 
As the silicon integrated circuit 

engineer remarked resignedly when, 
after a busy day's work on n-type 
diffusions, his wife asked him to 
change the baby; "Ah well, it is at 
least a different polarity." 

Multiple Transistors 
I note, from an article appearing 

in the July issue of our American 
contemporary Electronics Illus- 
trated*, that some of the importers 
of transistor radios into the U.S.A. 
aren't playing exactly fair. The 
radios in question are pocket types 
sold usually at low cost as "loss 
leaders", and are advertised as 
being 14-transistor, 15-transistor or 
16-transistor models. The claimed 
multiplicity of transistors may cause 
an unwitting member of the public 
to make a purchase in the hope of 
obtaining superior performance but, 
in fact, the sets work no better than 
normal models using about 7 or 8 
transistors. 

Electronics Illustrated checked a 
number of the receivers in question. 
In some the additional transistors 
did appear in the receiver circuit, 
although any advantage given by 
their presence was problematic. 
Whenever a diode was required 
a transistor was fitted instead, one 
of its junctions functioning as the 
diode. Also, the a.f. and output 
stages of these radios had many 
more transistors than would appear 
in a normal set. In one receiver, for 
instance, a group of four diode- 
connected transistors in series-paral- 
lel operated presumably as a tempera- 
ture dependent resistor for the 
control of output transistor bias. 

Other receivers were worse. In 
these, about half the transistors 
fitted to the board were not in 
circuit at all. On the underside of 
the board their leads were merely 
soldered to each other and to 
nothing else. 

In this country we don't seem to 
be suffering from this type of con- 
sumer exploitation. It is not un- 
known, incidentally, for a British 
manufacturer to use a transistor 
junction as a diode, but this 
approach is more probably intended 
to obtain a specific performance 
with relation to temperature or to 

*H. M. Gregory, "The Transistor Radio 
Scandal", Electronics Illustrated, July 1967 
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use up surplus transistor production 
than as an excuse for obtaining an 
increase of one in the transistor 
count. 

Nevertheless, it is worth-while 
keeping a watchful eye open to 
ensure that radios which claim 
excessive quantities of transistors 
do not make their appearance here. 
Judging from the American experi- 
ence, it will be imported radios 
which are advertised in this manner. 

Negative Ions 
Negative ions are good for you. 
This is the view of a group of 

medical researchers who contend 
that people subjected to a field of 
negative ions in the air become very 
much invigorated as a result. 
Investigations into this effect have 
been carried on for many years, 
notably in Russia, and recent news- 
paper reports have referred to 
ionising devices for installation in 
offices or homes. So far as one can 
judge from the reports, these devices 
work by applying a high voltage, 
negative of earth, to a needle which 
then proceeds to ionise the air 
around it. In consequence, the 
inhabitants of the office or room 
become stimulated by the ions which 
are generated by the device. 

Positive ions, on the other hand, 
are stated to have a depressing 
effect. Which, at long last, solves a 

problem which has baffled me for 
ages; why are regular television 
viewers so apathetic and lethargic? 
The answer is now, of course, quite 
obvious. The high voltage e.h.t 
supply to the TV receiver picture 
tube is positive with respect to earth, 
with the consequence that all the 
viewers around the set are being 
continually sprayed with excessive 
quantities of dejection-causing posi- 
tive ions. 

In oscilloscopes whose cathode 
ray tubes require a fairly high e.h.t. 
voltage, a conventional approach 
consists of having the final anode 
only slightly positive of chassis, the 
requisite e.h.t. being then applied, 
negative of earth, to the tube cathode. 
I now propose that this approach 
be employed for all future TV sets 
as soon as the necessary design work 
can be carried out. Following 
oscilloscope usage, these sets should 
have a negative e.h.t applied to the 
cathode group of components for 
the tube instead of a positive e.h.t 
to the final anode, whereupon viewers 
will not only obtain pleasure and 
entertainment from the programmes 
displayed but will also be bathed 
in an atmosphere rich in negative 
ions, with the result that a session 
of television viewing will leave them 
rejuvenated, revitalised and re- 
invigorated ! Mil 

FURTHER TV TRANSMITTING 

STATIONS FOR BBC-2 

The BBC welcomes the announcement by the Postmaster General that he 
has approved in principle the following further group of high power UHF 
transmitting stations for BBC-2. 

Carmarthen, Blaen-Plwyf (Cardiganshire), Dorset, Rosemarkie (Inverness), 
Caldbeck (Cumberland), West Cornwall, Selkirk, Herefordshire, Ayrshire, 
North Kent, Stockland Hill (East Devon), Presely (Pembrokeshire), South 
Devon, Arfon (Caernarvonshire), West Sussex, and Dumbarton. 

These 16 additional stations will serve some 1\ million people and together 
with the 28 high power stations already approved will make BBC-2 available 
to 90% of the population of the United Kingdom. 

A number of low-power BBC-2 relay stations are being built to fill in the 
gaps in the coverage of the main stations caused by the screening effect of high 
ground. Four of these relay stations are already in operation in the London area, 
and a further three in the Midlands. Some twenty relay stations in the Midlands, 
the North of England and in South Wales have so far been approved, and the 
majority of these are under construction. Relay stations in the West of England 
and in Northern Ireland are also planned. It is hoped to bring most of them 
into service during 1967 and the first half of 1968. 

All these BBC-2 stations will be capable of transmitting the colour 
programmes. 

'BASIC OSCILLOSCOPE'—JULY Issue 
With reference to the above article the VCR139A cathode ray tube specified 
is also available from Henry's Radio Ltd., 303 Edgware Road, London, W.2. 

Four Local Supplier 

 LANCASHIRE  

BERWICK 

ELECTRONICS LTD. 

Stockists of radio components for 
the constructor. Cabinet coverings— 

Tygan, Vynair, Metal Fret etc, 

100 Tib Street, Manchester 4 
Telephone Blackfriars 4416 

NEW CROSS 

RADIO 

Electronic components and 
Equipment, 

Transistor Panels, 
all at competitive prices 

6 Oldam Road, Newcross 
Manchester 4 

Telephone CEN 1541 

SURREY ~ 
SMITHS PRECISION ■   6 MINUTE DELAY 

ACTION SWITCH 
Clockwork actuated 

i i®10/6^ 
(3 or more post free) 

Separate switching up to 6 mins. Each action for loading up to 15 amps. 250 volts. For photographic timer, sequence switching opera- tions, etc., etc. Brand new units at a fraction of their value. Connection sheet supplied. 

Radio Componeiit Specialists 
337, WHITEHORSE ROAD, 

WEST CROYDON, SURREY 
THO 1665 — LIST 1/- 

SUSSEX 

E. JEFFERIES 

For your new television set, 
tape recorder, transistor radio, 

and hi-fi equipment. 
PHILIPS, ULTRA, INVICTA, DANSETTE, 

MASTERADIO, PERDIO, MARCONI, 
PHILCO, FIDELITY. 

6A Albert Parade, 
Victoria Drive, 

EASTBOURNE SUSSEX 
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Happy Families 

These are the times when Simon and Clare know that it has all been 
worthwhile. But they know too that such moments of happiness are 
only complete when there is also a feeling of security for the future. 
And Simon's "Family TJnit" Policy with the "Yorkshire" guaran- 
tees them all a future - if the worst should happen. 

Happiness in your family too—but for how long ? If you or your wife should 
die, how would the rest of the family fare? A Yorkshire "Family 
Unit" policy provides for both these eventualities in a comprehensive 
way at a sensible premium. Just ask for a leaflet at your local"Yorkshire" 
branch and then see the manager. He'll be glad to tell you why .. • 

iisYORKSHIREftr 

INSURANCE , 
THE YORKSHIRE INSURANCE COMPANY LIMITED I 

Tp/eose send me details of the Family Unit 
j Policy, without obligation. 

| Name   
I 

Address  

Chief Offices: Rougier Street, YORK j _ J.B. I 
and Becket House, 36-37 Old Jewry, LONDON, E.G.2. " — 

Branches and Agencies throughout the world 
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 SMALL ADVERTISEMENTS  
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 
Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 9d. 

= 12/- 

ALL WORDING 
IN 

BLOCK LETTERS 
PLEASE 

I enclose remittance of 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 

BE TRANSISTOR-WISE! 

* 

m 

Our course of 20 experience-packed transistor experiments 
imparts perfect understanding! No theory! Easy-to-follow in- 
structions! Common emitter, common base, emitter follower 
operations; current, voltage and power amplifications; switching 
transistors; temperature effects; leakage currents, etc., etc. Ger- 
manium and silicon pnp and npn transistors. 
AB TRANSISTOR CHARACTERISTICS .p R i O O 
KIT including Circuit Board, but less 9 
volt battery .... 
METER KIT: SOfxA—50mA. 50mV—50V. 20,000 o.p.v. 69/6 
Also BASIC TRANSISTOR CIRCUITS KIT 8S/- 
Write for FREE DETAILS to: 
Electronic Experiments 
Brinklow, RUGBY.   

QUALITY-QUANTITY TRANSISTORS 
DISCOUNT PRICES (in brackets) for FIVE OR MORE OF SAME TYPE. 
First grade, no surplus. Data and circuits supplied. 
B-5000 BCI07 BCI09 2N2926 hfe = 55-1 10 90-180 150-300 235-470 2N3702 2N3704 

10/- (9/-) 5/6 (5/-) 5/- (4/6) 
3/- 3/3 3/6 . 3/9 (3/6) 4/3 (4/-) 4/6 (4/3) 

2N3705 2N3707 2N4058 2SB187 GET693 

4/3 l4/-) 5/6 (5/-) 7/- (6/-) 2/- (1/9) 1/6 (1/3) HK04I (PNP) hfe = 20-60 2/6 (2/3) 50-100 2/9 (2/6) 90-180 3/- (2/9) 160-600 3/6 (3/-) 

HKI0I (MEI0I) hfe = 30-60 2/- (1/9) 50-100 2/3 (2/-) 90-180 2/6 (2/3) 150-450 3/- (2/6) HK30I (ME30I) hfe = 20-60 2/- (1/9) 50-100 2/3 (2/-) 90-180 2/6 (2/3) 150-450 3/- (2/6) 

RECTIFIERS. IS557 Silicon wire-ended 800piv, 0.5A 3/6 (3/-) 
Min. 30V selenium bridges. 150mA 4/-, 700mA, 7/-. 
TRANSISTOR OF THE MONTH —HKI0I 
"Amazing value", writes one of our customers. ,t\s. ®}jrprisijn

/
gj^w other h.f. silicon planar with such performance sells at 2/- — J/-1 low feedback capacitance (2pF). 200Mc/s cut-off frequency. useful lc range 0.5—20mA, VCEOmax. 20V. Use it for your r.f., f.c., and i.f. stages up to SOMc/s. Amatronix graded gain groups simplify circuit design. 

KITS AND PACKAGES 
9V, 80mA Battery Eliminator Kit. Builds into PP6 space. 17/6. 
Miniature Amplifier Kit. Convert your headphone set .^v efficient transformerless complementary Class B circuit. Operates 3 12V, either polarity. State voltage when ordering. Only IJ/-. 
Simple TRF Package. Transistors only. (4 matched planars) for easy s®"sl

|
t,

|X
e 

MW/LW TRF. 3V operation, outstanding component economy. Only ii/- 
Fairchild AF10 Package. 5 Planars. 2 diodes, with makers' &

|b^t
|
s °d

n 

building I0W amplifier. SEPP transformerless Class B. 40V wkg., 1512 load, 
2% max. dist., 30-30,000 c/s. 30/-. 

C.W.O. Mail order only. UK post paid over 5/-. List 3d. 

AMATRONIX LTD. 
396 SELSDON ROAD, CROYDON, SURREY, CR2 ODE 
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'"RJIDIO AMAIEUR 

iniiiirs uiiiiii 
Data Book No. 6 

* AMATEUR PREFIXES 
+ AMATEUR CODES 

it LOCAL TIME CONVERSIONS 

it OPERATING TECHNIQUE 

* FREQUENCY/WAVELENGTH 
CONVERSION TABLES 

it POST OFFICE REGULATIONS 

Many other essential items 

64 PAGES 

RADIO 

O. V»w< 

S' 

Only 5'- 

POSTAGE 5d. 

SHORT WAVE 

RECEIVERS 

for the 

BEGINNER 

Data Book No. 14 

This book has been specially prepared for the beginner 
interested in short wave receiver construction and 
operation. FEATURES the "NIGHTRIDER" 5/7 
valve communications receiver. Altogether 8 versions 
of 4 basic receiver designs, 2 of these including step-by- 
step building instructions. Contents also include: 
Introduction to the Short Waves; Soldering Notes, 
etc. Introductory chapter gives much information on 
the Short Wave Spectrum, Clubs, QSL'ing, Aerials, 
Amateur & Broadcast Band Listening, Frequencies, etc. 

72 PAGES 
Only 6'- 

POSTAGE 6d. 

SHORT 
WAVE 

RECEIVERS THE 
Bi« { NkER 

TO DATA PUBLICATIONS LTD 57 Maida Vale London W9 

Please supply copy(ies) of "Radio Amateur Operator's Handbook", Data Book No. 6. 

 copy(ies) of "Short Wave Receivers for the Beginner", Data Book No. 14. 
I enclose cheque/crossed postal order for  
NAME   ;.   i ;  
ADDRESS    

BLOCK LETTERS PLEASE 
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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 buna fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No.—, The 
Radio Constructor, 57 Maida Vale, London, W.9.) 

SERVICE SHEETS, 1925-1967. From Is. Catalogue 
6,000 models, 2s. 6d. S.A.E. enquiries.—Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

100 PAGE ILLUSTRATED CATALOGUE NO. 17 
of Government and manufacturers' electronic and 
mechanical surplus, also a complete new section of 
the latest semi-conductors and miniature components, 
includes a credit voucher for 2s. 6d. Send for your copy 
now. Price 3s. post free. Arthur Sallis (Radio Control) 
Ltd., 93 North Road, Brighton, 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. 

TELEPRINTERS 7B complete from £10. Also Auto- 
transmitters, Reperforators, Signalling Rectifiers, etc., 
from William Batey & Co. (Exports) Ltd., Gaiety 
Works, Akeman Street, Tring, Herts. Please ring 
Tring 3476. 

TORIOD COILS for sale. Suitable RTTY, etc. Mostly 
88mH but some values above and below. S.A.E. for 
details. 7s. 6d. each. Box No. F289. 

TRANSFORMERS REWOUND. Specials made to 
order. Reasonable charges. S.A.E. enquiries. Ratcliffe, 
27 Station Road, Holmfirth, Yorks. 

FOR SALE. Rectifier Units, Type 43A. 50s. plus carriage. 
Box No. F292. 

14/0076 SINGLE P.V.C. COVERED WIRE on 100 yd. 
reels, red or green 8/4d. post 4/6d. 3 reels post 6/- 
Polyproplene twine 6/- 100 yds. coil. S.A.E. for 
samples. Better quality mixed parcels radio parts etc., 
5i lbs. approx., 12/6d. G. Hart, The Bungalow, 
Lings Lane, Chelmondiston, Ipswich, Suffolk. 

BRIGHTEN UP YOUR ADVERTISING! Break the ice 
with a cartoon, "tailor made" for your product. 
Reasonable charges. Box No. F294. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic 
and Radio Circuits a speciality. Moderate charges. 
—B. P. Meaney, 43 Forest Road, Worthing, Sussex. 

HIGH GRADE SWISS AND ENGLISH LEVER 
WATCHES OVERHAULED, REPAIRED. Chrono- 
graphs and electric watches. 12 months guarantee. 
Estimates free. Write for details and prices or send 
registered to: B. Thornton, C.M.B.H.I., Kimtam, 
Clay Hill, Beenham, Reading. Berks. 

continued on page 62 

BENILEY ACOUSTIC CORPORATION 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 4/9 I0C2 12/- AZ3I 7/9 ECL82 6/3 EZ4I 6/6 PY88 7/3 IS5 3/3 I0FI 9/9 DAF96 61- ECL83 91- EZ80 3/9 PY800 61- IT4 2/6 1 OF 1 8 91- DF96 61- ECL85 M/- EZ8I 4/3 PY80I 61- 3Q4 5/3 I0LDI 1 101- DK40 10/6 ECL86 7/9 GZ34 10/- PZ30 9/6 3S4 4/9 I0PI3 12/- DK92 7/6 EF36 3/- HABC80 9/3 U25 M/- 3V4 5/6 I0P14 13/- DK96 6/6 EF37A 71- KT66 16/6 U26 8/6 5Y3GT 5/- I2AT6 4/6 DL96 61- EF39 51- PABC80 7/6 U191 10/- 5Z4 7/6 I2AU6 4/9 DM70 61- EF4I 91- PC86 8/6 U30I 12/6 6AQ5 4/9 I2AV6 5/9 DY87 5/9 EF80 4/6 PC88 8/6 U329 91- 6AT6 3/9 I2BA6 5/- E88CC 12/- EF85 4/6 PC95 6/9 U404 61- 6AU6 5/6 I2BE6 5/3 EABC80 5/9 EF86 6/3 PC97 5/9 U80I 18/- 6AV6 5/- I2BH7 61- EAF42 7/6 EF89 4'9 PC900 01- UABC80 5'3 6BA6 4/6 19AQ5 7/3 EB9I 2/3 EF9I 3/3 PCC84 5/6 UAF42 7/9 6BE6 4/3 20DI 10/- EBC4I 7/3 EF92 2/6 PCC85 6/9 UBC4I 6/6 6BH6 6/6 20F2 11/6 EBC8I 6/3 EF97 01- PCC88 10/6 UBC8I 6/6 6BJ6 71- 20LI 13/- EBF80 5/9 EF98 91- PCC89 9/9 UBF80 5/6 6BQ7A 71- 20P3 15/- EBF83 71- EFI83 6/3 PCCI89 8/3 UBF89 5/9 6BR7 91- 20P4 16/- EBF89 5/9 EFI84 5/9 PCF80 6/3 UBL2I 91- 6BW6 71- 20P5 16/- EBL2I 10/3 EH90 7/6 PCF82 61- UC92 5/6 6BZ6 61- 30CI5 10/6 EC86 11/6 EL33 12/- PCF84 01- UCC84 01- 6CD6G 19/6 30CI7 11/6 EC88 10/6 EL4I 01- PCF86 01- UCC85 6/6 6CH6 61- 30CI8 9/6 EC92 6/6 EL42 7/6 PCF80I 8/6 UCF80 8/3 6FI 9/6 30F5 9/9 ECC40 9/6 EL84 4/6 PCF802 9/6 UCH21 91- 6F23 8/- 30FLI 13/- ECC8I 3/6 EL85 7/6 PCL82 6/3 UCH42 8/6 6F24 10/- 30FLI2 13/- ECC82 4/6 EL86 01- PCL83 8/6 UCH8I 61- 6J7G 4/9 30FLI4 M/- ECC83 4/6 EL95 51- PCL84 71- UCL82 71- 6K7G 1/3 30LI5 12/- ECC84 5/6 ELL80 13/- PCL85 8/3 UCL83 8/9 6K8G 3/- 30LI7 12/- ECC85 51- EM7I 14/- PCL86 01- UF4I 7/9 6L6 7/6 30P4 11/6 ECC88 71- EM80 5/9 PFL200 13/6 UF42 4/9 6LI8 7/6 30P4MR 13/- ECCI89 91- EM8I 6/9 PL36 91- UF80 6/9 6LD20 6/6 30PI2 91- ECF80 71- EM84 61- PL8I 6/9 UF85 7/3 6Q7G 51- 30PI9 10/- ECF82 6/9 EM85 M/- PL82 5/9 UF86 91- 6SN7 4/6 30PLI 12/9 ECF86 8/6 EM87 6/6 PL83 61- UF89 5/6 6V6G 3/6 30PLI3 13/3 ECH2I 9/6 EY5I 5/6 PL84 6/3 UL4I 8/9 6X4 3/6 30PLI4 13/3 ECH35 61- EY8I 71- PL500 13/6 UL84 5/6 6X5 5/3 30PLI5 13/6 ECH42 8/9 EY83 91- PY33 8/6 UM80 51- 6/30L2 9/6 35W4 4/6 ECH8I 51- EY84 9/6 PY80 51- UY4I 516 7Y4 6/6 85A2 8/6 ECH83 71- EY86 5/9 PY8I 51- UY85 4/9 9D7 7/6 807 11/9 ECH84 6/6 EY88 7/6 PY82 51- VP4B M/- I0CI 91- 5763 10/- ECL80 61- EZ40 61- PY83 5/6 X4I 10/- 
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. 

BUILD THIS 

Radio Control 
SINGLE CHANNEL TRANSMITTER 

STT/1 FULLY DESCRIBED IN 
JUNE 1967 RADIO CONSTRUCTOR 

PARTS £4.4.6 
Plus Case 25/-; Crystal 20/Aerial 45/- 

Matching Receiver also available 

ST140 TRANSISTORS 4/-each f 

MATERIALS AVAILABLE FOR ALL DESIGNS 
EXPLAINED IN THIS MAGAZINE. 
QUOTATIONS ON REQUEST 

BOOKS 
Single channel R/C 6/9 post free 
Multi channel control 13/6 post free 
Model boat control 8/6 post free 
Radio control components 1/- 
Full lists on transmitters and receivers 1/-. 

Get into this interesting hobby now 

TELERADIO ELECTRONICS, 
325/7 FORE STREET, EDMONTON, 

LONDON, N.9. 
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NEW STYLE 

SELF-BINDER 

for "The Radio Gonstructor 
»» 

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. 

::: 

: 

; 

i 

PRICE 15f- Post Free 

Available only from:— 

Data Publications Ltd. 

57 Maido Vale London W9 

SMALL ADVERTISEMENTS 
continued from page 61 

BOOKS FOR SALE. Hi-Fi Projects for the Hobbyist, 
Fieldman, 10s. Radio Operating Questions & Answers, 
Nilson, 5s. 6d. Electronic Valves in A.F. Amplifiers, 
Rodenhuis, 3s. 6d. Tubes for Computers, Philips, 
5s. 6d. Industrial Rectifying Tubes, Philips, 5s. 6d. 
U.H.F. Tubes for Communication and Measuring Equip- 
ment 5s. 6d. Instructions to Radio Constructors, 
Warring, 7s. 6d. All post free. Box No. F297. 

FOR SALE. B.P.L. Signal generator (mains) £3, (cost 
£21). 53 assorted valves £2. Hemingway, 9 Hitherwood, 
Cranleigh, Surrey. 

WANTED. Alco/Sirius steam portable generator, made 
by Lyons Co., as used in WW2 for battery charging 
by troops in Burma.—Box No. F299. 

FOR SALE. Japanese dynamic microphone and stand. 
Small, neat unit. Hand held mic. Piezo make, £3. 
—Box No. F300. 

WANTED. 8 and 10 way socket connectors for SCR522 
transceiver. Will pay reasonable price. D. Scott, 8 
Clayfarm Road, London S.E.9. 

YOUR KITS EXPERTLY ASSEMBLED. Radios, amp- 
lifiers, test gear of every description. For estimate 
simply send price and type of kit to: W. Thomas, No. 
6 North Avenue, Ruabon, Nr. Wrexham. 

FOR SALE. Crystal controlled Holme Moss F.M. tuner 
less valves £4. 5. Od. o.n.o. or crystals 35s. Modified 
Mullard tape pre-amp. £4. 5. Od. o.n.o. with EF86's 
£5 o.n.o. Elstone OT8 trans. 20s. Matched EL41,s 
10s. Details s.a.e. Box No. F306. 

"MEDIUM WAVE NEWS" Monthly during DX 
season—Details from: B. J. C. Brown, 60 White 
Street, Derby. 

RADIO SKY. Journal of the Society for Amateur 
Radio Astronomers. Vol. 1. No. 2, price 7s., contained 
articles on a 3 cms. radio telescope and a basic intro- 
duction to the subject with an extensive guide to 
further reading. Additional details on application. 
Box No. F307. 

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. 

continued on page 63 
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SMALL ADVERTISEMENTS 
continued from page 62 

JOIN BRITAIN'S LEADING DX CLUB by joining 
The World Communication Club, Great Britain. 
Details from: S. Green, 26 Tolhouse Street, Great 
Yarmouth, Norfolk. 

FOR SALE. Lafayette MW/SW broadcast receiver, 
model HA-63A. Practically new £18. Box No. F308. 

FOR SALE. Complete 2 metre station. Rx is that 
described in the March 1966 issue of the Radio 
Constructor. Companion Tx, QVO 4/7 p.a.; pp 
6BQ5's modulator; with power supply and aerial 
changeover relay all on one chassis. Complete with 
xtal mic. and speaker. £20. G2UK, "East Keal", 
Romany Road, Oulton Broad, Lowestoft, Sulfolk. 

FOR SALE. Collection early radio valves. Would suit 
technical museum or school. Box No. F309. 

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. 

WANTED. Ships Chronometer and Sextant; pay cash, 
or preferably exchange radio gear. Box No. F310. 

FOR SALE. 8-day clock by Waltham Watch Co. 3J" 
diam. panel mounting, with second hand and date 
dial, £5. Deck watch by Jolay, 2J-" diam., rotatable 
navigational ring graduated to 360° in fitted wooden 
case. £10, p.p. paid. Box No. F311. 

MESSERSCHMITT Four wheel TG 500 sports car. 
Enthusiast seeks damaged or part vehicles, spares etc. 
Details to C. E. Jaques, 33 Middleton Road, Shenfield, 
Essex. 

ULTRA SENSITIVE BUTTON SIZE MICROPHONE. 
9mm square, 4mm thick, 12s 6d., Lipstick size (in- 
cluding battery) wireless microphone £7 10s. Od. 
Box No. F312. 

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, Biggm Hill, Kent. 

ESSEX GARDENERS. Buy your bedding and rock 
plants, shrubs, etc., also cacti, from May's Nurseries, 
608 Rayleigh Road, Hutton, Brentwood, Essex. Callers 
only, Monday to Saturday. 

PROPERTIES for sale and to let in London and suburbs. 
Apply to Maggs & Stephens, Estate Agents, 229 Maida 
Vale, London, W.9. MAIda Vale 8123. 

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 
(max. format 74" x 94") 
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The "COR.DEX" Patent Self-Binding Case 
will keep your copies in mint condition. 
Issues can be inserted or removed with 
the greatest of ease. Rich maroon finish. 
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 im- 
mediately 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 1416 Post Free 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale loadoa W9 
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CHASSIS 
and 

CASES by 

H. L. SMITH&C0. LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 5891 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH 

Type W 
Type Size Price 

U 4x4x4"» 10/- 
U 5^x4^x41" 15/6 
U 8x6x6" 21/- 
U 9ix7ix3i" 22/- 
U 15x9x9" 44/6 Y 
W 8x6x6" 21/- Z 
W 12x7x7" 34/- Z 

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

Type Size 
W 15x9x8" 
Y 8x6x6" 
Y 12x7x7" 
Y 13x7x9" 
Y 15x9x7" 
Z 17x10x9" 

19 x 10 x 85" 71/-I 

TypeY 
TypeZ 

Price 
44, Type U 
26/6 
41/- 
46/ 
48/6 { 
66/-| 

BLANK CHASSIS—Same Day Service 
Of over 20 different forms made up 10 YOUR SIZE. 

(Maximum length 35", depth 4".) 
SEND FOR ILLUSTRATED LEAFLETS or order 
straight away, working out total area of material re- 
quired (including waste) and referring to table below 
which is for four-sided chassis in 16 s.w.g. aluminium. 

48 sq. in. 4/6 176 sq. in. 9/10 304 sq. in. 15/2 _ 208 sq. in. 11/2 "" 
240 sq. in. 12/6 
272 sq. in. 13/10 

P. & P. 3/6 

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

P. & P. 4/6 

80 sq. in. 5/10 
112sq. in. 7/2 
144sq. in. 8/6 

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

sizes kept in stock for callers. 
FLANGES (i" or |"), 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 

HAMMERITE 
HAMMER PATTERN BRUSH PAINT 
FOR PANELS, METALWORK, ETC. 

TRIAL TIN (covers 5 sq. ft.) only 3/6 + 9d post. 
State colour: Blue, Silver, Black or Bronze (Air Drying). 2ioz. tins 3/6, i pint 7/6, I pint 15/-. CARR., up to 5/-, 9d.up to 10/-. I/9, over 10/-, 3/-. VERY SPECIAL PRICES FOR LARGER SIZES. AMAZING RESULTS, JUST TRY IT. F/REPROOF THINNERS, PANEL TRANSFERS, TINTERS, ETC. LIST FREE. FINNIC AN SPECIALITY PAINTS (RC) Mickley Square. Stocks- field. Northumberland, Telephone: Stocksfield 2280 

C£ C 
M1492 

WANTED 
This and similar scrap relays 

BEST PRICES PAID 
S.a.e. to "Lanco", 76 Sedgemoor Rd., 
Willenhall, Coventry, Warwickshire 

2N 2926 Red 2N 2926 Orange 2N 2926 Yellow 2N 2926 Green 

2N 2926 SERIES 
This versatile silicon NPN transistor series is 

DOWN IN PRICE AGAINIII 
( 55—I I0)hfe Now 3/- each. ( 90—I80)hfe Now 3/3 each. (150—300)hfe Now 3/6 each. (235—470)hfe Now 3/9 each. 

AND A 10% DISCOUNT (If bought in lots of 5 or more, per type). 
Also available are hundreds of other semiconductors, including: 
ACY 18. 5/-; ACY 20. 4/9; ACY 21, 5/3; ACY 22, 4/-; AF 139 12/6; BC 107 5/6; NKT2ll,4/5; NKT2I2. 4/3; NKT2I7, 8/-; NKT 218, 3/11; NKT27I, 3/4; NKT 274. 3/4; NKT 675, 4/3; NKT 676, 4/-; NKT 773,4/8; OC 170, 8/6; MAT 121. 8/6; 2G 302, 5/4; 2N 270, 9/9; 2N 384, 18/-; 2N 697, 9/-; 2N 706. 4/3; 2N 2147, 18/-; 2N 2646, 14/-; 2N 3638, 8/-. Transistor price list (800/2) covering over 1500 items, will be sent on receipt of 2/- P.O. (inclusive of addition to mailing list). 
MAIL ORDER ONLY PLEASE. TERMS : C.W.O. or C.O.D. 
M. R. CLIFFORD & COMPANY (C5 M) 

209A, Monument Road, Edgbaston, Birmingham, 16. 
Please add 2/- Postage & Packing on all orders of £1 or less. 

COMPUTER CONSTRUCTION KIT 
Digi-Comp is a complete mechanical equivalent of a giant electronic brain, designed so that you can see just what it is that makes a computer function. Digi-Comp calculates, solves problems and plays games, and is accompanied by an instruction and programming manual that explains binary methods and elementary logic in terms comprehendable to anyone who can count— primary school to Ph.D! Send 59/1 i or write for details to: 
l-COR SYSTEMS (File RC1) 
18 STAMFORD HILL, LONDON N.16 

RADIDnmi 
MODELLER 

"the magazine 
for the 
practical 
enthusiast" 

MICRO-MICROPHONES 
Super sensitive -g-" X X Ye" ^ow impedance 

only 17/6 each 
G. A. BOBKER 
ELECTRONICS. DESIGN 
AND EXPERIMENTAL 

64 CHOIR STREET 
SALFORD 7 

LANCS. 

* LATEST TRENDS & TECHNIQUES 

in RADIO CONTROL 

• CIRCUITS • TESTS • DESIGNS 

2/6d monthly — send 6d stamp for free specimen copy! 

64 WELLINGTON ROAD, HAMPTON HILL, MIDDX. 

THE RADIO CONSTRUCTOR 

ANNUAL SUBSCRIPTIONS to this magazine 

may be obtained direct from the publishers 

ONLY 36/- per year, post free 
Please send remittance with name and address and commencing issue required to: 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
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DATA BOOKS SERIES 

NEW REVISED AND ENLARGED EDITION 
DB5 TV Fault Finding 

124 pages. Price 8/6, postage 8d. 
Profusely illustrated with photographs taken from a television 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. 

tllat s110!11'* 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 ^d many illustrations. Introductory chapter gives much information on the Short 
Wave Spectrum, Clubs, QSL ing, Aerials, Amateur and Broadcast Band Listening, Frequencies, etc 

his 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. 

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 
hmiter, 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. Secuons on servo-mechanisms by Raymond F. Stock cnannel 

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 line reception as fully as 405 fine 
reception, fully explains; the nature of the television signal; the cathode ray tube; receiver tuner units- 

assembL1' • ^ and vide0 an*rs; vertical and horizontal timebases; deflcctor coii 
AkTinoi h 7s' jmtomatic gam and contrast control; power supplies and receiver aerials Also mcludes a comprehensive mtroduction 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 



NEW SOLID STATE HIGH FIDELITY EQUIPMENT ★★★★ 
IMPROVED PERFORMANCE—NEW STYLING—NEW MODELS—MONO & STEREO 

M PA 12/3 and MPAI2/I5 

MP3. Mono preamplifier. All silicon low noise zener stabilised circuit. Full range of controls—fully equalised inputs for xtal pu, dyn/xtal mic, radio tuners, tape head and preamp. replay. Supplied built and tested on metal chassis complete with grey/silver front panel, alu. knobs and handbook. Output 250mV. Supply 12 to 60 volts 3mA. Overall size 9i x If x I iin. MP3 Price £6.19.6, P.P. 3/- 
SP6-2. Mono/stereo preamplifier. Uses 8 silicon/germanium devices. Zener stabilised. Completely new low noise design. Full range of controls and filters. Inputs for magnetic/xtal/ceramic cartridges, radio tuners, tape preamp, microphones, tape head, etc. Record output socket. Supplied built and tested on metal chassis with grey/silver front panel and matching knobs. Complete with input sockets and handbook. Output 250mV per channel. Supply 9 to 60 volts 4mA. Overall size 12 x 3f x 3i-in. SP6-2 Price £14.19.6, P.P. SI- 
SPA. Mono/stereo preamplifier as previously advertised. Complete with MPAI2 +12 front panel and knobs. Size 9 x 3i x liin. SP4 Price £10.19.6, P.P. 3/6 

MPA25_ 
M PA 12/3 and M PA 12/15. 12 watt power amplifiers for use with above preamplifiers. Improved response and performance with even lower distortion levels. MPAI2/3 for 3 to 5 ohm speakers, 24/28 volt supply MPAI2/I5 for 10 to 16 ohm speakers. 40/45 volt supply, uses 8 silicon and germanium devices. Inputs lOOmV for 12 watts, response ± IdB, 30 c/s to 20 kc/s. THD 0.2% at 12 watts. High gain stable push-pull output designs. Built on to metal chassis as illustrated. Overall size 5 x 2 x 3in. Complete with handbook. MPA 12/3 Price £4.10.0, P.P. 2/6 MPAI2/I5 Price £5.5.0, P.P. 2/6 ^MP3 

50UD STflTt STEREO «= 
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MPAI2 +12. Twin amplifier for mono/stereo use with above preamplifiers. Consists of two matched MPAI2/I5 amplifiers (see above) on single chassis. Output for 10 to 16 ohm speakers. 40/45 volts supply. Overall size 10 x 2 x _3iin. MPAI2 + I2 Price £9.19.6, P.P. 4/- 
MPA25. 25/30 watt power amplifier for use with above preamplifiers. New design and layout with improved response and overall performance. Output for 7-i- to 16 ohm speaker systems. Input ISOmV for full output. Push-pull circuit. Uses 10 silicon and germanium devices. Supply 50/60 volts. Overall size 8 x 2 x 3iin. MPA25 Price £7.10.0, P.P. 3/6 

THE FINEST VALUE IN HIGH FIDELITY-FULLY GUARANTEED 
CHOOSE A SYSTEM TO SUIT YOUR NEEDS & SAVE POUNDS 

CHOICE OF 
PREAMPLIFIERS 
POWER AMPLIFIERS 
MAINS UNITS 

MAINS UNITS 110/240 volt 50/60 c/s input. AC/ DC fused. Fully smoothed and isolated. MU series has additional choke/capacitor filtering and panel voltage selectors. All types on metal chassis. PS24/40. Output 24 and 45 volts I amp. For use with I or 2 MPAI2/3. MPAI2/I5, or IMPAI2 + I2. Price70/-,P.P. 3/- M U24/40- Choke smoothed. Output 24 and 45 volts I amp. For use with I or 2 MPAI2/3 and MPA12/15 or I MPAI2+I2. Price 87/6, P.P. 3/6. MU60. Choke smoothed. Output 50 volts I amp. For use with I or 2 MPA25. Price 95/-, P.P. 4/- RECOMMENDED SYSTEMS MP3+MPAI2/I5 + PS40 £14.12.6, P.P. 6/6 MP3 + MPA 12/3 -f PS24 £13.17.6, P.P. 6/6 MP3 +MPA25 + MU60 £18.5.0, P.P. 8/- SP6-2 + MPAI2 + 12 or 2 MPA 12/15 + MU40 £28.5.0, P.P. 10/- SP6-2-I-2 MPA 12/3 +MU24 £26.15.0, P.P. 10/- SP6-2+2 MPA25 -(-MU60 £33.5.0, P.P. 10/6 SP4 + 2 MPAI2/l5-(-PS40 £24.0.0, P.P. 91- SP4+2 MPA 12/3 +PS24 £22.15.0, P.P. 9/- MP3+2 MPAI2/I5 + MU40 £20.17.6, P.P. 8/- MP34-2 MPA 12/3 +MU24   £19.7.6, P.P. 8/-  
COMPLETE BROCHURE 
FREE ON REQUEST 

I 

r 

STEREO DECODER KIT For use with all F.M. tuners £5.19.6. P.P. 2/6 

WE CAN SUPPLY FROM STOCK 
MOST OF THE PARTS SPECIFIED 
ON CIRCUITS IN THIS MAGAZINE. 
SEND LIST FOR QUOTATION. 
OR BETTER STILL—BUY THE NEW 
1967 CATALOGUE. EVERYTHING 
YOU NEED IS LISTED AND 
AVAILABLE FROM STOCK. 

REGENT-6 MW/LW POCKET RADIO TO BUILD 6-Transistor superhet. Geared tuning. Push-pull speaker output. Moulded Cabinet 5 x 3 x l^in. Phone socket. TOTAL COST TO BUILD fcJ.T.O P.P. 2/- Full tuning on both bands.  
GLOBEMASTER MW/LW/SW PORTABLE RADIO TO BUILD 3 Waveband portable superhet. As previously advertised. TOTAL COST Q TO BUILD t/.l 7.0 p.p. 3/6 Circuit and Details on request. 
TOURMASTER TRANSISTOR CAR RADIO British Made 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 7 10/ I5GNS. P.P.416 
VHP FM TUNER TO BUILD 87/105 Mc/s Transistor Superhet. Geared tuning. Terrific quality and sensitivity. For valve or transistor amplifiers. 4 x 3-^ x 2iin. Complete with dial plate. 5 Mullard Transistors, Plus 4 Diodes. ^Cabinet Assembly 20/- extra). Leaflet on request. TOTAL COST-, 4Q , TO BUILD 10.17.6 P.P. 2/6 
BUILD A QUALITY 2 OR 4 TRACK TAPE RECORDER 3-speed version using *363' decks ★TWO-TRACK. Deck £10.10.0. Martin Amplifier. £14.19.6. Cabinet and speaker 7gns. Complete kits with FREE 7in. 1,200ft. tape, spare spool. Today's -j-j ,  Value £45. gOS. P.P. 15/- ★ FOUR-TRACK. Deck £13.10.0. Martin Amplifier £15.19.6. Cabinet and speaker 7 gns. Complete kits with FREE 7in. 1,200ft. tape, spare spool. 
value^SO. 30 gDS. p.p. 15/- 
27 Mc/s B'ND RADIO CONTROL Sub-miniature crystals 17/6 each Matched pairs for superhet 35/- pair (State 455 kc/s or 470 kc/s I.F.) 

Mnyfnir Portable 

Electronic Organ 
NOW AVAILABLE AS 
# COMPLETE KIT OF 
PARTS 9 BUILT AND 
TESTED O PRE-BUILT 
ASSEMBLIES. 
REVERBERATION UNITS 
AND RECOMMENDED 
SPEAKERS AND AMPLI- 
FIERS IN STOCK. 
Designed by L. W. ROCHE 
STRAIGHT FORWARD TO BUILD AND TUNE—EASY TO PLAY—FULLY 
GUARANTEED. ALL PARTS AVAILABLE SEPARATELY—ASTOUNDING VALUE 
AND PERFORMANCE. 
# Plug-in printed circuits O 170 transistors and devices 0 10 
selected tone colours O Fully sprung keyboard @ Vibrato 0 6 
Octaves of generators # Simple locked-in tuning 0 110/250 volt 
mains unit 0 Cabinet size BO^in x 15in x 9|in 0 Weight 35 lb. Cabinet 
with detachable legs, music stand and foot swell pedal 0 Fully 
detailed building manual with photos, drawings and full circuits. Complete range of organ parts in stock. H.P. facilities available. Trade/Export supplied. Fully detailed leaflet and Price List on request. Call for demonstration and play the Mayfair,  
RELAYS, MOTORS, SWITCHES, MINIATURE COMPONENTS, TRANSISTORS AND DEVICES Complete range in stock all types for every purpose. Also panel and multimeters, precision components, radio control crystals and parts, transistors, tunnel diodes, thyristors, LDR's, zeners, rectifiers and diodes. Everything you need for amateur and professional applications—see 1967 catalogue. The largest range in the country. Suppliers of quality components and equipment for over 20 years. 

LISTS AVAILABLE 
(incorporated in full catalogue) ★Transistors/Rectifiers/SCR's/Valves/ Crystals/Zeners, etc. 24 pages, I/-. ★4-page hi-fi stock list with discounts. All popular makes. Free on request. ★Car radio and tape recorders. Free. ★Organs and components lists. Free. 
HENRY'S RADIO LTD. 
303 Edgware Road, London, 

W.2 PADdington 1008/9 (STD 01- 723 1008) Open Mon. to Sat. 9-6. Thurs. I p.m. Open all day Saturday. 

1967 CATALOGUE Have you a copy? Fully detailed and illus- trated. Over 200 pages of components, equip- ment, etc. Over 5,000 stock items. FULLY DETAILED AND ILLUSTRATED. Price 8/6, post paid. 5 Free discount vouchers, value 10/- with every catalogue. 
200 PAGES—PLUS 
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