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RUGGED, LIGHT AND COMPACT 

FOR PROFESSIONAL AND AMATEUR USE 

A most efficient transistorised receiver giving an excellent and consistent 
performance over the whole range from 550 kc/s to 30 Mc/s. Thirteen 
transistors and diodes, including stabilising Zener diode. Ample audio 
output to internal speaker, and panel jack also fitted for telephone 
headset. Precision slow-motion drive with 110 to 1 reduction ratio 
ensures delightfully easy tuning. 

Self-contained battery unit holds long-life cells. Alternative aerial inputs 
for dipole, long wire and short wire aerials. Selective audio filter improves 
c.w. reception. Robust construction, modern styling, attractive two-tone 
grey finish. Dimensions are \2\ inches wide, 6f inches high, 8 inches 
deep. Weight with batteries 14 lb. 

List Price (in U.K.) £48. 0s. Od. 

EDDYSTONE mm LIMITED • Birmingham 31 * England 



Here's vital time-saving data 

NEARLY 1.200 
CIRCUITS 

HUNDREDS OF 
DIAGRAMS 

i-^Si Zir - 4' 

I'0" ''£i"n* iT' w 

to earn money for you! 

PROVE IT BY EXAMINING NEWNES RADIO & TV SERVICING — FREE 
See for yourself the wealth of time-saving and money-making information 
contained in Newnes RADIO & TV SERVICING. Produced by a team of 
expert technicians this 12th Edition provides all the CIRCUITS—DIAGRAMS 
—AN? REPAIR DATA you need for servicing nearly 2,300 models— television, radio, car radios, tape recorders and radiograms. Complete 
in six sturdily-bound volumes it is essential equipment that will repay you 
over and over again. Nearly 60,000 sets of "previous editions have been sold 
. . . solid proof of its importance to you—the engineer in Radio and TV. Use 
this new edition for a week free—post coupon today! 

3,500 PAGES OF REPAIR INFORMATION FOR NEARLY 

2,300 Popular Models! 

DATA FOR OVER 90 MAKES 
Ace, Aerodyne, Ajax, Alba, Argosy, Baird, Beethoven, Berec, B.R.G., B.S.R., Bush, Capitol. 
Champion, Channel, Collaro, Cossor, Cyldon, Dansette, Decca, Defiant, Doric, Dynatron, 
E.A.R., Eddystone, Ekco, Elizabethan, Elpico, E.M.I., Emerson, Emisonic, Eumig, Ever 
Ready, Ferguson, Ferranti, Fidelity, Ford Motor Co., Garrard, G.B.C., G.E.C., Gramdeck, 
Grundig, H.M.V., Invicta, K-B., Magnavox, Marconiphone, Masteradio, McMichael, 

PACKED WITH " 
REPAIR HINTS ^ 

r 

Motorola, Murphy, National, Newmatic, Pageant, Pam, 
Perdio, Peto Scott, Philco, Philips, Pilot, Playmate, 
Portadyne, Portogram, Pye, Pye Telecommunications, 

Radiomobile, Raymond, Recording Devices, RedifFu- 
sion, Regentone, Retra, Revelation, RGD., Roberts' 
Radio, Sobell, Sonolor, Sony, Sound, Spencer-West, 

Standard, Stella, Stereosound, Stuzzi, Thorn, 
Trans Arena, U.K.W., Ultra, Vidor, Volmar, 

Walter, Waltham-Standard, Zenith. 
POST COUPON NOW FOR 

TELEVISION 
RADIO 
RADIOGRAMS 
TAPE RECORDERS 
RECORD REPRODUCERS 
CAR RADIOS 

7days FREE TRIAL 

EASY NO-INTEREST TERMS IF KEPT AFTER FREE TRIAL 
If under 21 your father must fill up coupon. 

"I 

Given with every set 
NEWNES TV ENGINEERS 

POCKET BOOK 
(Value 12/6) 

An invaluable companion 
to your set for on-the-spot 
repairs. 272 pages of ref- 
erence data on installing, 
fault-tracing and repairing, 
servicing equipment, etc. 

To: George Newnes Ltd., 
15-17 Long Acre, 
London, W.C.2 

Please send Newnes 
Radio & Television 
Servicing and TV En- 
gineers Pocket Book 
without obligation to 
buy. If you accept this 
application I will post 
16/- deposit 8 days 
after receipt of books, 
then 20/- monthly for 
16 months, paying £16 
16s. in all or return 
the books. Cash in 8 
days £16 16s. 

Full Name  
(block letters) 

Address 

(Mr., Mrs., Miss) 

Tide V whtse apflicabU 
The addreis in left U— 

Occupation.. 

Signature... 
(RV)4t/1380 

My Properly 
Rented unfuroUhad 
Parenta' Home 
Furnished Accom. 
Temporary Address 

august 1965 



Choose Heathkit models for value and performance 
Easy-to-follow instruction manuals tell you how to build any model 

HI-FI AMPLIFIERS TUNERS RECORD PLAYERS 

STEREO 
AMP. 

AA-22U 
PLAYER 

AT-6 

HI-FI 6W STEREO AMPLIFIER. Model S-33. 3 watts per channel 
0.3% distortion at 2.5W/chnl., 20dB N.F.B. Inputs for Radio (or Tape) 
and Gram. Kit £13.7.6 Assembled £18.18.0 
20+ 20W TRANSISTOR STEREO AMPLIFIER. Model AA-22U. 
Outstanding performance. Handsome, walnut-veneered cabinet. 

Kit £43.18.0 Assembled £68.16.0 
GARRARD AUTO/RECORD PLAYER. Model AT-6. With 
R 105 cartridge £13.12.1 Decca Deram pick-up £14.6.1 incl. P.T. 
HI-FI MONO AMPLIFIER. Model MA-5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Presentation similar to S-33 

Kit £10.19.6 Assembled £15.10.0 
PA AMPLIFIER, Model PA-1. SOW amplifier. The ideal, compact 
unit. Two heavy duty speakers. Variable tremolo. 
Legs optional extra 17/6 Kit £54.15.0 Assembled £74.0.0 

NEW MODEL ! 

TRANSISTOR MIXER. Model TM-1 
A must for the tape enthusiast. 7 transistor circuit, battery operation 
allows unit to be used in or out of doors. Beautiful walnut-veneered 
cabinet. 
Presentation similar to the AA-22U Amplifier. 

Kit £11.16.6 Assembled £16.17.6 

TRANSISTOR RECEIVERS 

UXR-2 

UXR-1 

UJR-1 

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

TRANSISTOR PORTABLE. Model UXR- 
1. Pre-aligned I.F. transformers, printed 
circuit. Covers L.W. and M.W. Has 7// 

x 4" loudspeaker. 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. 

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

MANY OTHER BRITISH MODELS 
Covering a wide range of models for the home, 
workshop or service bench or laboratory. 
Why not send for Free Catalogue ? 

POWER STEREO AMP AMP. MA-12 S-99 

HI-FI MONO AMPLIFIER. Model MA-12. 10W output, wide freq. range, 
low distortion. Kit £11.18.0 Assembled £15.18.0 
DE LUXE STEREO AMPLIFIER. Model S-33H. De luxe version of the 
S-33 with two-tone grey perspex panel, and higher sensitivity necessary to 
accept the Decca Deram pick-up. Kit £15.17.6 Assembled £21.7.6 
HI-FI STEREO AMPLIFIER. Model S-99. 9 -j- 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 
POWER SUPPLY UNIT. Model MGP-1. Input I00/120V, 200/250V. 
40-60 c/s. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max. D.C. 

Kit £5.2.6 Assembled £6.12.6 
HI-FI CABINETS. A wide range available, prices from £8.8.0 to 
£46.4.0 incl. P.T. Assembled or in kit form. 

INSTRUMENTS 
DE LUXE LARGE-SCALE VALVE VOLT- 
METER: Model IM-I3U. Circuit and speci- 
fication based on the well-known model V-7A but 
with many worth-while refinements. 6" Ernest 
Turner meter. Unique gimbal bracket allows 
operation of instrument in many positions. Modern 
styling. Kit £18.18.0 Assembled £26.18.0 
AUDIO SIGNAL GENERATOR. Model AG-9U. 
10 c/s to 100 kc/s, switch selected. Distortion less than 
0.1%, 10V sine wave output metered in volts and dB's. 

Kit £22.10.0 Assembled £30.10.0 
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 0.1G to 1,000MD 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{iA to 15A d.c.; 0.2Q to 20MGl. 
4V 50{jA 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 £13.8.0 Assembled £19.18.0 
T.V. ALIGNMENT GENERATOR. Model 
HFW-1. Offers max performance at lowest cost. 
Covers 3.6 to 220 Mc/s fundamentals. Elec- 
tronic sweep oscillators. Built in marker 

generators (5 Mc/s crystal). 
£37.18.0 Kit 
£47.10.0 Assembled 

:J? NSjg*; 

V-7A 

RF-1U 

IO-12U 
ELECTRONIC SWITCH. 
Model S-3U. Converts a single 
beam 'scope to double beam 
operation at low cost. 

Kit £12.18.0 
Assembled £18.10.0 

HFW-1 
5" GENERAL-PURPOSE LABORATORY OSCIL- 
LOSCOPE. Model IO-12U. This outstanding oscil- 
loscope, with its professional specification and styling, 
fulfils most laboratory and service requirements. Vertical 
frequency response 3 c/s to over 4.5 Mc/s, sensitivity 
lOmV r.m.s. per cm. at 1 kc/s. T/B covers 10 c/s- 
500 kc/s. Kit £35,17.6 Assembled £45.15.0 
2 J "PORTABLE SERVICE 'SCOPE. Model OS-1. This is a light, compact oscilloscope, ideal for servicing, etc. 
Dimensions 5" x 8" x 14^" long. Wt. lOjlb. Fitted mu- 
metal CRT shield. Kit £22.18.0 Assembled £30.8.0 

TRANSISTOR POWER SUPPLY 
Model IP-20U. Up to 50V, 1.5A output. 

Kit £35.8.0 
Assembled £47.8.0 

2 THE RADIO CONSTRUCTOR 



Enjoy Yourself and Save Money with these Kits 
No previous experience required to build any Heathkit model 

TAPE AMPLIFIERS —— TAPE DECKS CONTROL UNITS 

FM 
TUNER 
FM-4U 

MAGNAVOX 
NEW 

DECK 

HI-FI FM TUNER. Model FM-4U. Also 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). 

Total Kit £16.8.0 
MAGNAVOX NEW TAPE DECK. The finest buy in its price 
range. Operating speeds: 1|", 3^" and 7£" p.s. Two tracks, "wow" 
and "flutter" not greater than 0.15% at 7^" p.s. £14.19.6 
HI-FI AM/FM TUNER: Model AFM-1. Available in two units 
which, for your convenience, are sold separately. Tuning heart 
(AFM-T1—£4.13.6 incl. P.T.) and I.F. amplifier (AFM-A1—£22.11.6). 
Printed circuit board, 8 valves. Covers L.W., M.W., S.W., and F.M. 
Built-in power supply. Total Kit £27.5.0 

SSU-1 

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

COTSWOLD "MFS" SYSTEM. Designed 
to give best possible results where floor space 
is at a premium. This minimum floor space 
model is based on standard Cotswold. Size: 
36" high x 16^" wide x 14?" deep. 

Kit £25.12.0 Assembled £33.17.0 

THE "COTSWOLD". This is an acoustic- 
ally designed enclosure 26" x 23" x 15*" 
housing a 12" bass speaker with 2" speech 
coil, elliptical middle speaker together with 
a pressure unit to cover the full frequency 
range of 30-20,000 c/s. Capable of doing 
justice to the finest programme source, its 
polar distribution makes it ideal for really 
Hi-Fi Stereo, 

Kit £25.12.0 Assembled £33.17.0 

IM-30U 

NEW MODELS 
TRANSISTOR TESTER 1M-30U 
Provides complete d.c. analysis of PNP and 
NPN transistors and diodes. Kit £24.18.0 
Assembled £35.10.0 

HARMONIC DIST. METER IM-12U 
Freq. coverage 20-20,000 c/s. Dist. ranges 1, 3, 10, 
30, 100% f.s.d. VM ranges 0, 1, 3, 10, 30 volts 
f.s.d. Input Resistance 300kQ. Kit £24.15.0 
Assembled £34.0.0 IM-12U 

SEND FOR FREE BRITISH 
HEATHKIT CATALOGUE 

American catalogue also available 1/- post paid 

Deferred terms available in U.K. over £10. 
Extended terms over £75. Send for details. 

DAYSTR0M LTD 
DEPT. RC.8 
GLOUCESTER 

TRUVOX 
DECK 

AM/FM 
TUNER 

TRUVOX D-93 TAPE DECKS. High quality stereo/mono tape decks. D93/2, 
^ track, £36.15.0 D93/4, ^ track, £36.15.0 
TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording indicators, press-button speed compensation and input selection. 
Mono Model TA-1M. Kit £19.18.0 Assembled £28.18.0 
Stereo Model TA-1S. Kit £25.10.0 Assembled £35.18.0 
MONO CONTROL UNIT. Model UMC-1. Designed to work with the 
MA-12 or similar amplifier requiring 0.25V or less for full output. 5 inputs. 
Baxandall type controls. Kit £8.12.6 Assembled £13.12.6 
STEREO CONTROL UNIT. Model USC-1. Push-button selection, 
accurately matched ganged controls to ilclB. Rumble and variable low-pass 
filters. Printed circuit boards. Kit £19.10.0 Assembled £26.10.0 

RA-1 

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

Kit £37.17.6 Assembled £45.17.6 
160-10M TRANSMITTER. Model DX- 
100U. Careful design has achieved high 
performance and stability. Completely 
self-contained. RG-1 

Kit £79.10.0 Assembled £104.15.0 
COMMUNICATIONS TYPE RECEIVER. Model 
RG-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s- 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

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

Kit £8.5.0 Assembled £10.10.0 

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

80-10M RECEIVER. Model SB-300E. 
Of advanced design employing up-to-date con- 
struction techniques, its specification ensures 
unparalleled performance. 
Kit £133.14.0 (less speaker) + import levy SB-300E 

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

(Tick here) 

DEPT. RC.8 

AUGUST 1965 3 
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WATTS R.M.S. 

SIZE: Si" x 31" x 1 

Weighs 
only 
4y ozs. 

THE X-20 MANUAL 
Details in full tone and volume control systems to suit the 
equipment you use with your X-20. Includes stereo, stereo 
balance and input switching. FREE with all X-20 amplifiers. 
Available separately 2/- post free. 

In kit form or ready built 

APPROACH TO BETTER SOUND 

With the SINCLAIR X-20, power is no longer a prob- 
lem of heat and size, for it requires neither heatsink 
nor special ventilation. The X-20 will deliver up to 20 
watts R.M.S. into a 7J-8 ohms loudspeaker—40 watts 
output by U.S.A. standards! With the 3-stage integ- 
rated pre-amplifier an overall frequency response 
from 20 to 20,000 c/s well within ±1dB from input to 
output is achieved. There is also greatly improved 
transient response. At no point are components over- 
run. The instrument is both stable and assured of 
indefinite working life—and it is easier to build and 
install than any amplifier you have ever owned. Best 
of all the X-20 costs far less. 

The only amplifier in the world to feature 
•jr Easily built in an evening 
£ No. of transistors—12 
£ Output stage—silicon epitaxial 

planars 
Constant square wave amplitude 
95%energy conversion at output 

£ Superb quality and reliability ■jlf Frequency response—from 20 to 
20,000 c/s ±1dB 

-fc Total harmonic distortion— 
0.1% at 10 watts R.M.S. 
Input sensitivity—ImVintoSkO 

* Signal to noise ratio—better than 70dB 

Output into 7.5 ohms— 
20 watts R.M.S. music power 
15 watts R.M.S. continuous 

-fc Output into 15 ohms— 
15 watts R.M.S. music value 
10 watts R.M.S. continuous 

Makes an ideal guitar or P.A. 
amplifier 
Wide tolerance to load at output 
Requires 36V d.c. at 700mA 
Add tone and volume control 
systems for mono or stereo to 
choice 

SINCLAIR X-20 
Complete kit of parts inc. 
transistors and X-20 manual in 
sealed carton £7.19.6 
Built and tested 
with X-20 manual 
in sealed carton £9.19.6 

X-20 Power Pack 
sufficient to drive 
two X-20's £4.19.6 

■ s 
SINCLAIR RADIONICS LTD., 
COMBERTON, CAMBRIDGE Telephone: COMBERTON 682 
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finery constructor should build it 

THE SMALLEST RADIO SET 

IN THE WORLD 

SINCLAIR MICRO 

Fantastic range and power 
No set in the history of radio has ever captured constructors' 
enthusiasm as has the world-famous Sinclair Micro-6. Never 
was a set so small, never so efficient and powerful. Smaller 
than a matchbox, the Micro-6 brings in stations from all over 
Europe and afar for your pleasure and entertainment. It per- 
forms with fantastic efficiency in cars, buses, trains as well as 
steel-framed buildings, yet everything to do with this set 
except the lightweight earpiece is contained in the minute 
white, gold and black case, size 14/5" x 13/10" x The many 
attractive features include a highly stable 6-stage circuit, 
powerful A.G.C., bandspread for easy Luxembourg reception, 
vernier-type tuning over the medium wave-band, and three 
special M.A.T. Transistors. 

SINCLAIR MICRO-AMP 
Smaller than a 3d. piece! 

This fantastic amplifier has a frequency 
response from 30 to 50,000 c/s ± 
1dB and power gain of 60dB 
(1,000,000 times) can be used as a 
broadband R.F. amplifier, A.F. quality 
amplifier or in a F.M. transmitter. 
Many other applications are given 
in the instructions included mq 
with set of parts. Ao O 

SINCLAIR X-tO P.W.M. AMPLIFIER 
WITH INTEGRATED PRE-AMPLIFIER 

This superb Sinclair integrated P.W.M. amplifier 
and pre-amp gives you all the advantages of 
quality and efficiency which makes these Sinclair 
designs so outstanding in every way, except 
that it has less power than the X-20, and is suited 
to less spacious listening conditions. Prices are 
particularly attractive. For 12-15V operation. 
Tone control system is added to choice as described 
in the X-10 manual. 

Ml pans with /T IQ £ onddy trued £6.19.6 
manual come to 17,0 * a 

Power Pack £2.14.0 

iinczli 

P.W.M. AMPLIFIERS 

MICRO-RECEIVERS 

MICRO-DESIGNS 

•2 

59/6 

Build it in a single evening! 
All parts including lightweight earpiece case 
and dial, and exceptionally well prepared 8-page 
instruction manual come to —^ — a Mallory Mercury Cell Type ZM3I2 (2 required) each l/l I: Pack of 6, 10/6 Sinclair "Transrista" well-styled, strong black nylon wrist strap, 7/6- 
A POWER AMPLIFIER FOR YOUR MICRO 6 
SINCLAIR 
TR750 

; -v 

JK 

SIZE 
1" x 2 

Complete with built-in switch 
and volume control 

Designed principally for use with the Micro-6, with 
which it will make a powerful and efficient car, portable 
or indoor domestic loudspeaker set, this amplifier will 
also make a mono or stereo record player, an intercom 
system, baby alarm, etc. 
With built-in switch and volume control. Output 
750mW for feeding into standard 25 to 35 ohm speaker. 
Input 10mV into 2kQ. Operates from 9V d.c. 
All parts and in- i* 
stractions come to St / O Ready built and tested 45/- 

Please send me 
NAME 

ADDRESS 

for which I enclose Cash/Cheque/Money Order 
value £ s d. 

Should you not be completely satis- fied with your purchase when you receive it from us, your money will be refunded in full and at once without question. Please quote R.C.8 should you prefer to write your order instead of cutting out this coupon. 

AUGUST 1965 



Scottish Insurance Corporation Ltd 

38 EASTCHEAP 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: 

fa) 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 fa), 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 J/B, to:— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD., 

38 EASTCHEAP, LONDON E.C.3 
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L.P. RECORDING TAPE 
BARGAIN OFFER I 

By leading British manufacturers— 
PROFESSIONAL GRADE — DOUBLE-SIDED 

(each side coated) 5f" reels only 
Special Price Offer 1,450feet <2 reels) 20/- 
Ideal for the experimenter who wants to record both sides, and a good 
L.P. Tape for the enthusiast who wishes to record single side only. 

post 
free 

BSR TWIN TRACK RECORD/PLAYBACK TAPE AMPLIFIER Wired and tested with valves, EF86, ECL82, EZ80 and magic eye recording indicator EM84. Complete with front panel and knobs, chassis size 12 x 3i . £5.19.6. Carriage 3/6.   
LATEST BSR TWIN TRACK TAPE DECK TYPE TD2 Brand new and guaranteed. £7.10.0. Carriage 5/—. 

7 VALVE AM/FM RADIOGRAM CHASSIS New 1965 Model Now Available. _ , , _ Valves ECC85, ECH8I Three Waveband & Switched Gram EF89, EABC80, EL84 positions. Med. 200-550m. Long 1,000- — EM8I EZ80 2,000m. VHF/FM 88-95 Mc/s. Phillips • Continental Tuning insert with perme- ability tuning on FM & combined AM/FM IF transformers. 460 kc/s and 10.7 Mc/s. Dust core tuning all coils. Latest circuitry including AVC & Neg. Feedback. 3 watt output. Sensitivity and reproduction of a very high standard. Chassis size I3y"x 6^". Height Ji". Edge illuminated glass dial I Ii"x3i". Vert, pointer Horiz. station names. Gold on brown background. A.C. 2001250V operation. Magic-eye tuning. Circuit diag. now available. 
Comp. with Tape, O/P socket, ext. spk'r and P/U sockets and indoor F.M. aerial, and 4 knobs—walnut or ivory to choice. 3 0 P.M. Speaker only required. Recommended Quality Spakers 10" Rola, 27/6. 13^- x 8 E.M.I. Fidelity, 37/6. 12" R.A. with conc. Tweeter, 42/6. Carr. 2/6.   

Aligned and tested Carr. & ready for ^ 3 19 6 'nS' 

Jack Plugs. Standard 2i" Igranic Type, 2/6. Screened Ditto, 3/3. Miniature scr. 1^", 2/3. Sub-min. 1/3. 
Jack Sockets. Open Igranic Moulded Type, 3/6. Closed Ditto, 4/-. Minia- ture Closed Type, 1/6. Sub-min. (deaf aid) ditto, 1/6. Stereo Jack Sockets, 3/6. Stereo Jack Plugs, 3/6. 
Phono Plugs, 9d. Phono Sockets (open), 9d. Ditto (closed), I/-. Twin Phono Sockets (open), 1/3. 
Grundig Continental. 3 p. or 5 p. plug, 3/6. Sockets, 1/6. 

Soldering Irons. Mains 200/220V 
or 230/250V. Solon 25 watt Inst., 
22/6. Spare Elements, 5/6. Bits, 1/3 
65 watt, 27/6 etc. 
Alumin. Chassis. 18g. Plain 
Undrilled. folded 4 sides, 2" deep, 
6" x 4", 4/6, 8" x 6", 5/9, iCx 7". 
6/9, 12" x 6". 7/6, 12" x 8", 8/- etc, 
Alumin. Sheet. 18g. 6"x6", 1/-, 
6" x 9", 1/6, 6" x 12", I/-, 12" x 12". 
4/6 etc. 

RECORDING TAPE Famous American Columbia (CBS) Premier 
quality tape at NEW REDUCED PRICES. A genuine recommended Quality Tape—TRY IT Brand new, boxed and fully guaranteed. Fitted with leader and stop foils. SPECIAL OFFER. 3" Mes- Standard Double Play Long Play .cq, 3" L.P 5" 600' 13/- 1,200' 31/6 900' 17/6 o-B' 4/9. 3" DP 300' 6/6. 5}" 900' 16/- 1,800' 37/6 1,200' 19/6 p4'9' / r,

lf|Krd
J0U ' 7" 1,200' 21/- 2,400' 47/6 1,800' 28/6 Pet reel bd. Post & Package per reel, 1/- plus 6d. each for additional reels. TAPE REELS. Mnfrs. surplus 7", 2/3; 5}". 2/-; 5", 2/-; 3", 1/3; Plastic spool containers, 5", 1/9; 5|-", 2/-; 7", 2/3. 

Reduced Bargain Prices New VALVES Boxed 
7/6 PCF80 8 IT4 3/6 EF80 PCL83 10/6 EF86 8/6 IR5 61- PCL84 10 - EL33 12/6 PCL85 11/6 EL34 12/6 3S4 7- EL84 PL36 10/6 3V4 PL81 9 6 ECC81 EY5 9 - EY86 91- PL83 ECC82 PY33 10/6 ECC83 EZ80 71- 71- EZ8I PY82 ECL80 9- U25 10/6 ECL82 GZ32 9/6 PCC84 UL84 ECL86 10 6 

TUBULAR 25125V 50/12V 50150V 100125V 81450V 41350V 16 + 16/450V 5/6 32 + 32/450V 6/6 1000/25V 3/9 

1/9 1/9 II- 21- 2/3 2/3 

DE LUXE R/PLAYER KIT 
Incorporating 4 Speed Garrard Auto-Slim unit and Mullard latest 3 watt printed circuit amplifier (ECL 86 and EZ 80), volume, bass and treble controls, with 8" x 5" 10,000 line speaker. Superb quality repro- duction. Contemporary styled two-tone cabinet, charcoal grey and off-white with matching blue relief. Size; I7i"x 16" : 

COMPLETE KIT £13.19.6 Carr. & in 
Illuminated Perspex escutcheon, 7/6 extra. Ready wired 30/- extra. 4 Contemporary legs (6" or I 3") 12/6 per set Catalogue & construction details 2/6 (free with krv 

STANDARD RECORD PLAYER KIT 
Using BSR UAI4 Unit, complete kit £11.10.0, carr. 7/6. Ready wired Amplifier, 7" x 4" quality Speaker and O/P trans., £3.19.6, carr. 2/6. BSR UAI4 Unit, £6.10.0, carr. & ins. 5/-. Rexine covered cabinet in two-tone maroon and cream, size I5J" X I4J" X 8^" with all accessories plus uncut record player mounting board 14" X 13", 59/6, carr. & ins. 5/-. 

6 VALVE AM-FM TUNER UNIT 
Med. and VHF I90m-550m, 86 Mc/s-103 Mc/s, 6 valves and metal rectifier. Self-contained power unit, A.C. 2001250V operation. Magic-eye indicator, 3 push-button controls, on/off, Med., VHF. Diodes and high output Sockets with gain control. Illuminated 2-colour perspex dial I Ii"x4", chassis size If x 4" x 5f". A recommended Fidelity Unit for use with Mullard "3-3 or 5-10 Amplifiers. Available only at present as built-up units, aligned and tested ready for use. • Bargain Price £12.10.0. Carr. 5/-. This popular unit will be available in kit form within the next few weeks. Circuit and constr's details, 2/6. 

Volume Controls—5K-2 Meg- ohms, 3" Spindles Morganite Midget Type. If" diam. Guar. I year. LOG or LIN ratios lass Sw. 3/-. DP. Sw. 4/6. Twin Stereo less Sw. 6/6. D.P. Sw. 9/6 (100 k. to 2 Meg. only), f Meg. VOL Controls D.P. Sw. f" flatted spindle. Famous Mfrs. 4 for 10/- post free. 

COAX 80 OHM CABLE 
High grade low loss Cellular air spaced Polythene — f" diameter. Stranded cond. Famous mfrs. Now only 6d. per yard. 
Bargain Prices—Special lengths: 20 yds. 9/-. P. & P. 116. 40 yds. 17/6. P. & P. 2/-. 60 yds. 25/-. P. & P. 3/-. Coax Plugs I/-. Sockets I/-. Couplers 1/3. Outlet Boxes 4/6. 

Condensers—S/Mica all values 2pF to l,000pF 6d. Ditto Ceramic 9d. each, .005, .01 and .1, etc., I/-. Paper Tubular 450V .001 mfd to .01 mfd and .I/350V 9d. .02-.I mfd I/-, .25 mfd 1/6, .5 mfd 1/9. 
Close Tol. S/Micas—10% 5pF-500pF 8d. 600-5,OOOpF I/-. 1% 2pF-IOOpF 9d. l00pF-500pF lid. 575pF-5,OOOpF 1/6. Resistors—Full Range lOohms- 10 megohms 20% f and fW 3d., ditto 10% 4d., fW 5d. (Midget type modern rating) IW6d., 2W 9d. Hi-Stab 5% f-fW 100 ohms I megohm 6d. Other values9d. l%fVVI/6. W/W Resistors 25 ohms to I OK 5 W I /3f 10W 116, 15W 2/-. Pre-set T/V Pots. W/W 25 ohms-50K 3/-. 50K-2 Meg. (Carbon) 3/-. 
Speaker Fret—Expanded gilt ano- dised metal f" x f" diamond mesh, 4/6 sq. ft., multiples of 6" cut. Max. size, 4ft. x 3ft. 47/6. Carr. extra. Ditto, finer mesh, 4/6 sq. ft. Multiples 12" only, max size 3ft x 2ft. 27/6. Plus Carr. TYGAN FRET (contemp. pat.) 12" x 12" 2/-, 12" x 18" 3/-, 12" x 24" 4/-, 18" x 18" 4/6, etc. BONDACOUST Speaker Cabinet Acoustic Wadding, superior grade, I" thick, 18" wide, any length cut 2/3 per ft, 6/- per yd. 

ENAMELLED COPPER WIRE— fib reels, 14g-20g, 3/-; 22g-28g, 3/6; 36g-38g, 4/9; 39-40g, 5/-, etc. 
TINNED COPPER WIRE—l4-22g. 
3/- f lb. 
PVC CONNECTING WIRE—10 colours (for chassis wiring, etc.)—Single or stranded conductor, per yd., 2d. Sleeving, I mm. and 2mm., 2d. yd., etc. 
KNOBS—Modern Continental types: Brown or Ivory with Gold Ring, I" dia., 9d. each; I i", I/- each; Brown or Ivory with Gold Centre, I "dia., lOd. each; 11", 1/3 each. LARGE SELECTION AVAILABLE. 

TRANSISTOR COMPONENTS 
Midget I.F.'s—465 kc/s tV' diam. 5/6 Osc. Coil—tV' diam. M/W. 5/3 Osc. coil M. & L.W. 5/9 Midget Driver Trans. 3.5:1 6/9 Ditto O/Put Push-pull 3 ohms 6/9 
Elect. Condensers—Midget Type 15V lmfd-50mfdt ea. 1/9. lOOmfd. 2/-. 
Ferrite Aerial—M. & L. W. with car aerial coupling coil, 9/3. 
Condensers—150V, wkg. .01 mfd. to .04 mfd., 9d. .05 mfd., .1 mfd., I/-. .25 mfd., 1/3. .5 mfd., 1/6, etc. 
Tuning Condensers. J.B. "00" 208 + l76pF, 8/6. Ditto with trimmers, 9/6. 365pF single, 7/6. Sub-min. J" D1LEM1N lOOpF, 300pF, SOOpF, 7/-. 
Midget Vol. Control with edge control knob, 5kfi with switch, 4/9, ditto less switch, 3/9. 
Speakers P.M.—2" Plessey 75 ohms, 15/6. 2f" Continental 8 ohms, 13/6. 1" x 4" Plessey 35 ohm, 23/6. 
Ear Plug Phones—Min. Continental type, 3ft. lead, jack plug and socket. High Imp. 8/-. Low Imp., 7/6, High sensitivity M/coil 8-10 ohms, 12/6. 

JASON FM TUNER UNITS Designer-approved kit of parts: 
FMTI, 5 gns. 4 valves, 20/-. FMT2, £7.10.0. 5 valves, 35/-. JTV MERCURY 10 gns. 3 valves, 22/6. JTV2 £13.19.6. 4 valves. 28/6. NEW JASON FM HAND- BOOK, 2/6. 48 hr. Alignment Service 7/6. P. & P. 2/6. 

Electroiytics All Types New Stock 
CAN TYPES 8+8/450V 4/6 16 + I6/450V 5/6 32+32/275V 4/6 50 +50/350V 6/6 60+250/275V 12/6 IOO + 300/275V 12/6 2000+4000/6V 3/6 

Ersin Multicore Solder 60/40, 4d. per yard. Cartons 2/6, etc. 

MULLARD "3—3" & "5—10" HI-FI AMPLIFIERS 
  3 OHM AND 15 

OHM OUTPUT 
"3-3" Amp. 3-valve, 3 watt, Hi-Fi quality at reasonable cost. Bass Boost and Treble controls, quality sectional output trans- former, 40 c/s-25 kc/s ± IdB. lOOmV for 3W, less than 1% distortion. Bronze escutcheon panel. 
Complete Kit only £6.19.6. Carr. 5/-. Wired and tested 8 gns. MULLARD "5-10" AMPLI- FIER—5 valves I0W, 3 and 15. ohms output. 

Mullard's famous circuit with heavy duty ultra-linear quality output tfr 
Basic amplifier kit price £9.19.6. Carr. 7/6. Ready built Mf gns. 
CONTROL PANEL KIT . . f Bass, Treble and Volume controls with 4-position selector switch for radio, tape and pick-up and I 1" x 4" escutcheon panel. 
Amplifier Kit and Control Panel Kit £11.19.6. Ditto ready wired £14.19.6. 
2-VALVE PRE-AMP. UNIT . L , Based on Mullard's famous 2-valve (2 x EF86) circuit with full^equalisation with volume, bass, treble, and 5-position selector switch. Size 9 x 6 x 2f . 
Complete Kit £5.19.6. Carr. 3/6. Beady built £7.19.6.  

Est 

Send for detailed bargain lists, 3d. stamp. We manu- facture all types Radio Mains Transf. Chokes, Quality O/P Trans., etc. Enquiries invited for Specials, Proto- types for small production runs. Quotation by return. 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Road, Thornton Heath, Surrey THO 2188. Hours; 9 a.m.-6.m., I p.m. Wed. Terms C W.O. or C.O.D. Post and Packing up to f lb. 9d., I lb. 1/3, 3 1b. 2/3, Sib. 2/9, 8 1b. 316. 
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HOME RADIO LTD. Dept. RC, 187 LONDON ROAD, MITCHAM, SURREY. Telephone: MITcham 3282 

o o 

' 

TO CELEBRATE 

the arrival of our 

NEW CATALOGUE 

we are offering another of our giant Bargain Resistor Packs at a 

special low price. Each pack contains 30 different Erie type T2 resistors 

—2 watt rating, all preferred values between 22 ohms and 3.3 megohms. 

We estimate the value of this pack to be over 20/-. While stocks last 

we are offering them at 7/6 each, post free! Don't delay . . . stocks 

are limited!! Every customer purchasing 

a Resistor Pack will receive free of 

charge a Colour Code Calculator as 

illustrated. 

#me RADIO "of MITCH Am zmtomm mcmmrs i mi 
fs? iOfiDON ROAD wmnm susmsv 

And now to our NEW CATALOGUE 

The vital statistics are (no, not 36-24-36) but 210 pages, plus a separate 
supplement of prices, valves and transistors, over 5,800 items accurately indexed 
and priced—over 900 of them illustrated. With each catalogue we give a free 
brochure, value 6d., of items available from the new Semi Conductor Centres, 
of which Home Radio is one. In the brochure you will find some exciting new 
components from America, such as Solar Drive Motors and Silicon Light Cells 
which operate the motors direct off the sun's rays! 

The Home Radio Components Catalogue costs 7/6, plus 1/- postage and packing, 
and every copy contains 5 coupons, each worth 1/- when used as directed. Note 
too that because of the separate 
price supplement we can keep .-«_immm_________^. 
your catalogue up to date, I Please write your Name and Address in block capitals 
from the point of view of 
prices, for as long as you wish | Name 
to continue using it. Send off 
the attached coupon with your ■ Address     
cheque or P.O. for 8/6. Why 
delay? Post today! I    

I  |  
    

| Home Radio Ltd., Dept. RC, 187 London Road, Mitcham, Surrey 
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Pulse Width Modulated 

High Fidelity Amplifiers 

By J. BAGULEY, G.I.Mech. E.. G.I.E.R.E. 

Audio frequency amplifiers employing the pulse width modulation system are raising continually 
increasing interest. This article surveys the basic circuits and principles involved In amplifiers 

of this type 

PULSE WIDTH MODULATED (p.W.M.) AMPLIFIERS 
offer great improvements over normal ampli- 
fiers, particularly from the aspects of efficiency 

and heat-dissipation in the output transistors. 
The maximum theoretically possible efficiency 
of a non-inductively coupled class A amplifier 
for a sine wave signal is 25%; for an inductively 
coupled class A amplifier this rises to 50%; and for 
a class B amplifier to 78.5%. None of these can 
be achieved in practice due to inevitable component 
power dissipation and biasing requirements. 

Early Class A, AB and B transistor amplifiers 
were choke or transformer coupled, resulting in 
disadvantages such as bulk, weight, cost and poor 
low frequency response accompanied by distortion 
(unless large inductance was used). 

In recent years an improved form of amplifier 
has become popular, this being the complementary 
driver class AB push-pull type. Here, problems 
of crossover distortion are largely eliminated by 
negative feedback and by biasing into class AB 
operation; also the pulsed current demanded of 
the power supply can be obviated by constant 
current mode operation. 

Even this latter type of amplifier rarely has an 
efficiency as high as 70%, the remaining 30% or 
so of the supply input power being dissipated in 
bias resistors and, more important, in the output 

Audio 
input 

Audio 
pre 

amplifier 
Speaker 

Comparator 
and 

trigger 
RW.M 
Driver 

Sawtooth 
generator 

Fig. 1. Block diagram for a pulse width modulated 
amplifier 

transistors. The implications of this are wasted 
power necessitating powerful (and sometimes 
expensive) output transistors, plus the designing of 
good thermal stability into the amplifier. It has, 
however, eliminated inductive coupling. 

Basic Principle Of The Pulse Width Modulated 
Amplifier 

If an amplifier could be designed using no 
inductors and small, less powerful, output transistors, 
it could be built on to a single printed circuit card 
and be tucked into an odd corner of a hi-fi system. 
Such an amplifier is the pulse width modulated 
amplifier. It has the great advantage that it can 
drive primarily inductive loads like speaker systems 
and motors with high efficiency and low output 
transistor dissipation. However, it is not normally 
useful as an instrument amplifier without prior 
filtering of the output waveform. 

The block diagram of this type of amplifier is 
shown in Fig. 1 and the main waveforms are shown 
in Fig. 2. 

The audio input at a suitably amplified level is 
compared with the sawtooth waveform. Whenever 
there is coincidence between the two a trigger 
circuit generates either a positive or a negative-going 
edge. Hence, a train of pulses results as shown. 
The driver applies this pulse modulated waveform 
to the speaker. 

The train of pulses contains amplitude informa- 
tion by pulse width variations and frequency 
information by the rate of change of this width. 
When this waveform is applied to a speaker, what 
can we expect to hear? For the answer to this, 
consider the frequencies contained in the modulated 
waveform by referring to Fig. 3. 

A square wave of 1:1 mark-space ratio and say 
50 kc/s frequency (reasons for the use of 50 kc/s 
or more will become apparent from the following) 
is the result of the comparison of d.c. and a 50 kc/s 
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sawtooth. It has the frequency distribution of 
Fig. 3 (a). These frequencies are the odd harmonics 
only and as with [h), (c) and (d) are not shown 
in their correct amplitude relationship for simplicity. 
Most mark-space ratios will contain the even 
harmonics of the 50 kc/s basic waveform as well, 
as shown in Fig. 3 (h). Note, however, that only 
harmonics of 50 kc/s can appear whatever the 
mark-space ratio. This result is given by comparison 
with d.c. which is not coincident with the mean 
level of the 50 kc/s sawtooth. 

Suppose we now compare the sawtooth with a 
sine wave contained within the audio spectrum 
(say, 10 kc/s). The frequency distribution of Fig. 3 
(c) will result. Here, 10 kc/s is present along with 
50 kc/s and its harmonics, but there are also beat 
frequencies between 10 kc/s and 50 kc/s plus its 
harmonics. 

Extension of this to the full audio spectrum 
of 15 kc/s (which is as high as most people can hear) 
results in the frequency distribution of Fig. 3 {d). 
In fact the distribution is a little more complex 
than shown by Fig. 3 (d) as a full analysis reveals. 
However, Fig. 3 (d) is sufficient for our purpose. 

This shows that we are applying a waveform 
to the speaker which contains the desired audio, 
and other frequencies of 35 kc/s or more (unless 
harmonic distortion of audio beating with 50 kc/s 
throws spurious frequencies into the 15 kc/s audio 
band). 

The audio produces the required result, but, 
what of the other frequencies? Firstly, they are 
not audible. Secondly, a 15fi speaker may well 
have a reactive impedance of several hundred 
ohms at 35 kc/s so that the power dissipated by 
this frequency and by higher frequencies in the 
speaker will be negligible. Hence, although the 
voltage waveform we are applying to the speaker 
is the modulated 50 kc/s square wave shown in 
Fig. 2 the current waveform is very nearly the 
original audio waveform.' This, of course, ignores 
the changing impedance of the speaker through 
the audio band which applies to any amplifier 
whose load is a speaker. 

The Individual Circuits 
Audio Pre-Amplifier 

This can be a normal pre-amplifier. It has only 
to amplify the audio input to the required level 
with a minimum of distortion. It may include 
equalisation and tone control circuits, and filtering 
to remove higher frequencies than audio to prevent 
the appearance of distorting intermodulation fre- 
quencies produced by beating with 50 kc/s. 

Sawtooth Generator 
This must provide a waveform with linear rise 

and fall otherwise distortion will result. As drawn 
in Fig. 2 the "flyback" should not be fast as with 
c.r.t. deflection circuits, and it is in fact better if 
it is equal in time to the rise. Care should be taken 
if circuits with fast flyback are used (as described 
later) that the basic multivibrator frequency is 
high, otherwise frequencies resulting from the 

Superimposed 
audio sine wave 
and sawtooth Time 
waveform 

Pulse width 
modulated 
square wave 

Time 

Fig. 2. Main waveforms occurring in the amplifier 

modulation are more likely to fall in the audio 
band. 

Most sawtooth waveforms are generated by the 
linearised charging and discharging of a capacitor 
due to an applied square wave. The generation 
of the square wave is considered first. The RC 
coupled multivibrator is shown in Fig. 4, and 
explanation of it is not felt necessary. In this 
application its frequency need not be very precise 
but it must provide a good waveform so that the 
integrator which may follow it is able to create a 
linear sawtooth. 

Now consider the generation of a sawtooth 
from this square wave. Pure mathematical integra- 

50 ISO 
Kc/s 
(a) 

250 
Frequency 

SO IOO ISO 
Kc/s 

(b) 

200 250 
Frequency 

O 
IO 

40 GO 
SO 

90 no 
IOO 

140 I GO I90| 2IO 240 260 
ISO 200 250 Frequency 

Kc/s 
(c) 

/ , 
// ZV/ '/A// ■/X// //XX / 

VX// //y/r 
VY/A 

/A/ / /A// 
/X// 

O 15 35 65 85 115 135 165 185 215 235 265 
so IOO ISO 200 250 Frequency 

Kc/s 
(d) 

Fig. 3. Frequencies contained in various modulated and 
unmodulated 50 kc/s waveforms, (a) 1:1 mark-space 
ratio square wave, (b) Square waves with other mark- 
space ratios, (c) Waveform pulse width modulated 
by 10 kc/s sine wave, (d) Waveform pulse width 

modulated by 15 kc/s audio spectrum 
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—Output J I 1 L 

TR 

Negative 
supply 

Fig. 4. RC coupled multivibrator 

tion is ideal since the integral of a constant "level" 
is a ramp function: 

rt t 
i.e. kdt=(kt) where k is a constant voltage step 

Jo o 
or pulse of length t. A square waveform when 
integrated results in the waveform of Fig. 5. Note 
that the amplitude of the resulting waveform at 
any time is proportional to the area under the 
input waveform up to that point in time. 

We must have either an approximation to this 
mathematical integration, such as is given by a 
Miller integrator, or linearised charge and discharge 

Square 
waveform 

Integrated * 
waveform i 

hf 

Slope =k 

Mean 

Fig. 5. An integrated square waveform 

of a capacitor to generate the linear voltage 
sawtooth from the input square wave. Fig. 6 
shows the block schematic of a Miller integrator. 
If the amplifier gain A is large the output voltage 
is related to the input voltage by: 

V out a crJv ir dt 

A simple form of Miller Integrator is shown in 
Fig. 7. In this RBi, RBz and Rl must be large 
compared with R, and Re is unbypassed by a 
capacitor to give a high input impedance. Better 
linearity could be achieved by using a direct coupled 
amplifier having several stages to make gain A 
larger. 

A circuit using the alternative approach of 
linear capacitor discharge is shown in Fig. 8. The 

Input V|n -»—VVW- Output 
^out 

reset pulse initially charges Ci to a negative voltage 
through Di. The base bias on TRi, set by R2 
and R3 and bypassed by C2 to eliminate transients, 
causes a constant emitter current and hence a 
constant collector current to flow. Thus Q is 
discharged linearly while Di is back-biased. If 
the reset pulse is recurrent and the charging time 
of Ci through the forward resistance of Dj is 
short compared with the discharging time of Q, 
a sawtooth waveform of fast fall and slow linear 
rise is generated. 

A more linear sweep can be generated using the 
bootstrap sawtooth generator which is shown in 
Fig. 9. In this circuit, the voltage to which the 
capacitor is charging rises as the capacitor voltage 
rises so that their difference, and hence the charging 
current, is constant giving a very linear sawtooth 
waveform. Initially TRi is turned on by the reset 
pulse so that Q is discharged. TR2 is also turned 
on by this reset pulse so that C2 is charged through 
TR2 and Di to the full negative supply voltage. 
During sweep, TRj is turned off so that Q can 
charge through Ri. Q charges towards the voltage 
to which C2 is charged plus the voltage at the 
emitter of TR3. As the charge on Q rises, the 
base of TR3 is taken more negative and the emitter 

Negative 
supply 

Output 

II 
R 

ww— Input 

B 2 

Fig. 6. Block schematic of Miller integrator 

O Volts 

Fig. 7. Simple Miller integrator circuit 

of TR3 and C2 follow, taking the positive end of 
C2 more negative. Thus, assuming that C2 is 
sufficiently large for the voltage across it to be 
considered constant, a fixed charging current is 
maintained into Q. To compensate for the slight 
discharge of C2 during each sweep it is recharged 
by each reset pulse. This was achieved as mentioned 
at the beginning of this description by turning 
TR2 on. C2 cannot discharge back into the negative 
supply during sweep since it is taken negatively 
and reverse-biases Dj. 

Note that both of these circuits (Figs. 8 and 9) 
have fast flyback and the precaution already 
discussed should be observed if using them, i.e. 
modulation frequencies falling into the audio band. 

Comparator and Trigger 
This compares the audio and sawtooth wave- 

forms, and triggers the driver with very little delay 
when they are coincident, otherwise distortion will 
result. The Summing Operational Amplifier can be 
a very precise comparator and is shown in Fig. 10 
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as a block schematic. If the amplifier gain A is 
large and Rii=Ri2=Rf, Vout is the sum of Viin 
and V2in- Scaling can be accomplished by using 
Rii and Ri2 of different value from Rf. A simple 
form of this circuit is shown in Fig. 11. As with 
the simple Miller integrator of Fig. 7, a better 
circuit would result from using several stages of 
amplification. Rb and Rl must be large compared 
with Rf, Rii and Rb, and Re is unbypassed by a 
capacitor to give a high input impedance. 

A triggering circuit, the Schmitt trigger, is shown 
in Fig. 12. If the input is initially in the positive 
direction TRj is cut off and Ru has only the 
current of the Rli, R2, R3 divider chain flowing 
through it. The resulting negative voltage at the 
junction of R2, R3 and the base of TR2 turns TR2 
on. 

If the input is taken negatively, a point is reached 
where the base of TRi approaches the negative 
emitter voltage shared by both transistors (negative 
because of the emitter current of TR2 through Re). 
TRi will then begin to turn on, causing an increase 
of current through Re to very slightly lower the 
shared emitter voltage. It also causes additional 
current to flow through Rli which raises the base 
voltage of TR2 tending to turn it off. This in turn 

o: bweep 
inr 

Negative 
supply 

Output 

Input 

TR 

3< ^ 

T O Volts 

Fig, 8. A circuit utilising constant current capacitor 
discharge 

until the negative-going flyback once more turns 
on TRj. 

An audio input at the base of TR2, superimposed 
on its d.c. bias potential, will alter the point at 
which it switches and hence change the mark-space 
ratio of the output waveform, resulting in pulse 
width modulation. 

Driver 
This is required to drive the speaker with the 

Negative 
supply 

a Sweep 
itIJ 

Input 

i 

I 

Output 

TR, 

O Volts 

Fig. 9. Bootstrap sawtooth generator 

increases the allocation of current allowed to 
TRj in Re and the effect becomes regenerative, 
giving rapid switching from a slowly changing 
input. 

Similar reasoning can be applied to the reverse, 
which occurs at a slightly more positive voltage 
(backlash). The circuit inevitably becomes a 
compromise between switching speed and backlash, 
which should be kept to a minimum in this applica- 
tion to avoid distortion. 

An alternative circuit which is a combined 
comparator and trigger and was first proposed 
by D. R. Birt in Wireless World is shown in Fig. 13.1 

At the most negative point of the sawtooth TRi 
is on and the current it causes to flow in Re cuts 
TR2 off by taking the emitter of TR2 more negative 
than its base. As the sawtooth rises positively 
on its sweep, a point is reached where TRi is 
turned off and TR2 comes on. TR2 remains on 

1 D. R. Birt, "Modulated Pulse A.F. Amplifiers", Wireless World, 
February 1963. 

50 kc/s p.w.m. waveform, maintaining fast rise 
and fall times otherwise distortion and excessive 
dissipation in the output transistors for more than 
an instant will result and may destroy them. The 
orthodox complementary emitter follower of Fig. 14 
(a) provides a low impedance output but, without 
a blocking capacitor, allows nett d.c. to flow in 
the speaker, resulting in distortion. A large capacitor 
would be needed and a neater solution which is 
able to give twice the output voltage is shown in 
Fig. 14 (6). The improved version causes a voltage 
to be applied to the speaker in both directions 

V, in WW— 

Inputs 

AVW  

Output 

Vg in » WW— 

Fig. 10. Block schematic of summing amplifier 
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Fig. 11. Simple summing amplifier circuit 

with no nett direct current. It is necessary to 
provide both phases of driving pulse train for this 
circuit, but these are readily available from both 
Schmitt trigger and long tailed pair comparator 
circuits. Since no voltage transient occurs, as 
does when an established direct current is stopped 
flowing through a relay coil, no transistor protecting 
diodes are necessary. The transistors 
must be fast-switching types to main- 
tain the rapid voltage transitions which 
are necessary to keep their dissipation 
low and to minimise distortion. 

The Sinclair X10 Amplifier 
As first in the field with an un- 

orthodox and successful departure 
from typical products of a highly 
competitive market, Messrs. Sinclair 
Radionics deserve especial mention. 

Their amplifier is shown in Fig. 15 
connected for a typical crystal pick-up 
arrangement but many more facilities 
are described in the leaflet which is 
supplied with the amplifier, e.g. comprehensive tone 
control arrangement and stereo connection. 

Ci and Rfi decouple the pre-amplifier from the 
power amplifier. TRi is a pre-amplifier of approxi- 

R2 mate voltage gain -5-; Rj providing the necessary 
IM 

input impedance for the crystal pick-up instead of 
the low input impedance to TRt itself. RVj is a 

gain control. RV2 is a bass control where C3 is a 
fairly small capacitor whose increasing reactance 
with decreasing frequency causes frequency-selective 
loss of gain. RV3 is a treble control which shunts 
the input to TR2, the reactance of C5 decreasing 
with increasing frequency and causing frequency- 
selective loss of gain. TR2 is a further audio pre- 
amplifier whose output is applied via C10 to the 
Schmitt trigger. 

The multivibrator consists of TR3, TR4 and 
associated components, and its output of several 
tens of kilocycles per second is passed to the Miller 
integrator. The resulting sawtooth is applied via 
R13 and C9 as a current input to the Schmitt trigger, 
to be compared with the audio input and, hence, 
provide a pulse width modulated waveform at the 
output of the Schmitt trigger. 

The two anti-phase outputs of the Schmitt 
trigger are applied via Qj and C12 to the Twin 
Complementary Emitter-Follower Driver. 

Note that excellent results have been achieved 
using very simple circuits, this demonstrating that 

Negative 
supply 

Output 

Rbi RL2 

TR TR 
Sawtooth Audio II input input 

i/W 

Input 
—w-® 

RL RL 

R2 Outputs 
T_rLr 

TRp 

*3 

Negative 
supply 

Fig. 12. A Schmitt trigger 

O Volts 

Fig. 13. Long tailed pair comparator and trigger 

some" of the refinements considered earlier in this 
article are not strictly necessary. For example, 
simple Miller integrator and summing are used, 
and the backlash versus triggering speed compromise 
of the Schmitt trigger has been optimised. 

Further Developments 
Further developments are being pursued by 

Messrs. Sinclair Radionics Ltd., who 
are now marketing a series of amplifiers 
capable of up to 100 watt output for 
applications such as public address 
systems, pop groups, etc. A 15 watt 
amplifier should be generally available 
shortly. They are further improving 
the comparator circuit which remains 
a low input impedance type like the 
Schmitt trigger, but is fed by resistors 
(current feed) from both sawtooth 
and audio inputs. It has become 
an over-driven 2-stage amplifier with 
diode clamps to settle the mean 
input level and prevent saturation of 
the first transistor, thereby avoiding 
hole storage effects and consequent 

Ovolts 
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Fig. 15. The Sinclair X10 amplifier 

switching delay. They also tend to favour the 
two-transistor driver of Fig. 14 (a), particularly 
with high output powers which necessitate more 
expensive transistors, and they emphasise the 
care needed in designing this part of the circuit if 
distortion at high voltage levels is to be avoided. 
Feedback from output to input has been considered 
but is not felt necessary as the circuits from the 
output of the pre-amplifier onwards are inherently 
linear if designed correctly. 

Another extremely cleverly designed amplifier 
of this type by Turnbull and Townsend of Man- 
chester University has also been published in Wireless 
World, although it is of lower power than those 
marketed by Sinclair Radionics.^ This amplifier 

vi2p'i T7lrn
J

b.ull.and,TM- Townsend, "A Feedback Pulse Width Modulated Audio Amplifier", Wireless World, April 1965. 

has audio summing and square wave integration 
performed in one Miller integrator which acts as 
an integrator to the higher frequency square wave 
and an amplifier to the audio input. A closed 
loop development also eliminates the multivibrator 
by negative feedback from the speaker drive circuit 
to the input at the combined summer and integrator. 
It does this by using the property of phase shift 
through the several transistors adding up to 180° 
at some frequency, turning the negative feedback 
into positive feedback and, hence, changing the 
whole system into an oscillator at the frequency 
at which the multivibrator would otherwise have 
operated. A further advantageous by-product 
of this idea is that negative feedback is provided 
at the audio frequency, resulting in further reduction 
of distortion. It also uses the over-driven amplifier 
switch which Sinclair are likely to favour. 
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Low-Cost Moios Voltoge Adjuster 

for TV Servicino 

SUGGESTED CIRCUIT No. 177 By G. A. FRENCH 

AS IS WELL-KNOWN, ONE OF THE 
more irritating features of a 
service engineer's work is the 

clearing of intermittent faults. It is 
necessary to wait for an intermittent 
fault to appear before it can be 
recognised and located, and this 
process frequently entails running 
the equipment for long periods of 
time whilst other work is proceeded 
with. It can be helpful, under these 
conditions, to run the faulty equip- 
ment with a slightly increased power 
supply voltage, provided that this 
does not significantly exceed that for 
which the equipment was designed. 
The increased power supply voltage 
can often cause the intermittent fault 
to appear earlier than would be the 
case under normal conditions. 

Television receivers are especially 
susceptible to changes in mains 
supply voltage, the most critical 
circuits appearing in the line output 
stage. Because of this point, it is 
often desirable to check a television 
receiver, after repair, at a slightly 
1 educed mains supply voltage, since 
this will allow any potential troubles 
from this cause to show up whilst the 
receiver is on the test bench. Low 
domestic mains supply voltages often 

occur in some districts, of course, 
and it is preferable that the television 
receiver should be capable of giving 
an acceptable performance with such 
voltages. 

It follows from what has been said 
that a useful adjunct to the servicing 
bench would be a supply circuit 
which causes a small increase or 
decrease in mains voltage to be 
achieved by means of a simple 
switch operation, and which is 
capable of use with television 
receivers. Unfortunately, television 
receivers require a relatively high 
power, typical figures ranging from 
some 130 to 180 watts. So far as 
reduction in voltage for TV receivers 
is concerned, another factor is that 
it is generally undesirable to attempt 
to obtain this by such devices as 
inserting resistance in series with the 
supply, as the h.t. circuits in most 
TV sets are designed for operation 
from a low impedance supply. With 
some TV sets it is possible to obtain 
small effective increases or decreases 
in supply voltage by suitably adjust- 
ing the mains voltage selector fitted 
to the receiver itself, but this is often 
quite a fiddling operation. Other 
receivers have somewhat coarse 

Plus 
17 V l-3'5V 

Charger 
transformer 

Minus 

ACMains Output 

Fig. 1. Switching circuit which allows mains voltage to be increased or 
decreased by 17 volts. The secondary of the transformer has a current 
rating of 1 amp, and the circuit is suitable for supplying television receivers 

and similar equipment up to some 200 watts 

mains voltage selector circuits which 
do not, in any case, permit small 
effective increases or decreases. 

If, therefore, a convenient means 
of providing small increases or 
decreases in mains voltage is to be 
employed, it should be external to 
the equipment being tested and it has 
to incorporate a transformer. Also, 
the transformer must be capable of 
supplying the relatively high mains 
currents required by television re- 
ceivers. From the power figures just 
mentioned it might seem that what 
is required is an autotransformer 
with suitable tappings rated at some 
200 watts, but such a component is 
likely to be large, bulky and ex- 
pensive. A much easier and cheaper 
solution is described in this month's 
article, which shows how advantage 
may be taken of a low-cost trans- 
former introduced fairly recently to 
the general home-constructor market 
and which offers the same final 
results as would be given by the 
autotransformer. The circuit itself 
is extremely simple. (The writer has 
found, however, that very simple 
"Suggested Circuits" appear to be 
just as popular amongst readers as 
are the more complicated ones!) 

The Circuit 
The circuit of the mains voltage 

adjuster is given in Fig. 1. In this, 
the a.c. mains supply is applied to 
on-off switch S], and, thence, to the 
primary of the transformer. The 
transformer secondary, which is 
rated at 1 amp, offers 17 volts, and 
this may be reversed in phase by the 
"Plus"-"Minus" switch S2. Switch 
S3 selects either "0" or "17V". In 
the "0" position, S3 connects the 
a.c. mains direct to the output 
terminals whilst, in the "17V" 
position, it causes the transformer 
secondary to be inserted in series. 
When S2 is in the "Plus" position, 
17 volts is then added to the input 
voltage and, when it is in the 
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Fig. 2. An alternative circuit, which offers an increase of 9 volts instead of 
15 volts 

"Minus" position, 17 volts is sub- 
tracted. Thus, the circuit is capable 
of offering an increase or decrease 
in mains voltage for the testing of 
television receivers and other equip- 
ment having similar, or lower, 
power requirements. 

The important component in the 
circuit is the transformer. This is a 
"charger transformer" with a 1 amp 
secondary intended for accumulator 
charging use and is available from 
several home-constructor suppliers.* 
Secondary taps are given at 3.5 and 
9 volts, but these are unused in 
Fig. 1. Since the secondary current 
rating is 1 amp, it can cope quite 
comfortably with the current drawn 
by equipment rated at 200 watts. 

In the circuit, the secondary is 
connected by S2 so that it is either 
series-aiding or series-opposing the 
applied mains voltage. S2 merely 
reverses its phase. In some cases, 
where the available mains voltage 
is close to the maximum figure 
specified for the majority of tele- 
vision receivers likely to be serviced, 
it may be thought that an increase of 
17 volts for testing purposes would 
be excessive. In this instance the 
switching circuit shown in Fig. 2 
can be used, in which the increase 
is 9 volts and the decrease is 17 volts. 

Components and Construction 
We have already dealt with the 

transformer employed in the circuit, 
and the only components remaining 

♦ The transformer appears, for instance, 
in the Henry's Radio catalogue as type CT1, 
and is listed, at the time of writing, at 10s. 6d 
plus Is. 6d. postage and packing. 

are the three switches. These should 
all be toggle switches suitable for 
mains switching. Si being d.p.s.t., 
S2 d.p.d.t., and S3 s.p.d.t. Operation 
could be made a little easier by 
employing a single rotary switch to 
carry out the functions performed 
by S2 and S3, but rotary switches 
suitable for mains circuits are not 
readily available whereas toggle 
switches are. 

The circuit may be fitted as a 
permanent installation to the work 
bench, the output terminals connect- 
ing to sockets suitable for the 
equipment under test. Alternatively, 
the components may be fitted in a 
small portable box fitted with a 
flexible mains lead and plug, thus 
providing a unit which may be 
connected to the mains only when 
required. In the latter instance it 
would be possible to dispense with 
Si, at a small saving in cost. 

A very useful addition would be 
an a.c. voltmeter connected across 
the output terminals, since this 
would show the mains voltage fed 
to the equipment under test at any 
time. Alternatively, the service 
engineer may prefer to check the 
output voltage with the bench multi- 
testmeter. 

A final word is required in 
connection with phase. After the 
circuit has been assembled it will be 
necessary to connect a voltmeter 
across the output terminals to check 
whether an increase in output 
voltage is given when S2 is set to the 
"Plus" position, and a decrease in 
voltage when S2 is set to the "Minus" 
position. If the reverse occurs then, 
with Fig. 1, the connections to 
either the primary or the secondary 
of the transformer should be re- 
versed. With Fig. 2, the connections 
to the primary only should be 
reversed. 

NEXT MONTH .... 

# Quality Multimeter, Part 1 
Comprehensive testmeter having 30 ranges. Basic movement requires an f.s.d. of 50p.A, the internal 
resistance of which is unimportant. 

# Dekatrons, Part 1 
What do you know about these? Would you like to experiment with them? Full details in this 
short series. 

# Simple Transistor Tester 
Useful test instrument for those constructing transistorised equipment—beginners will be interested in 
this design. 

SEPTEMBER ISSUE OUT ON 1st SEPTEMBER—ORDER YOUR COPY NOW! 
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NEWS AND COMMENT . . . 

U.S.A. Radio Amateur Regulations 
The Amateur Radio transmitting 

fraternity in the U.S.A. is undergoing 
one of its most severe furores for 
many a long year, due to new 
licensing proposals put forward 
by their licensing authority. 

Basically, it is suggested that a 
series of graded technical examina- 
tions should be introduced starting 
with a minimum standard, just 
sufficient to know how to operate 
a station efficiently, and ending 
with a top class at almost a profes- 
sional level. This in itself may not 
seem a very revolutionary sug- 
gestion but, coupled with it, is the 
proposal that all existing licences 
should be withdrawn and new ones 
issued indicating the standard at 
which the holder passed. The 
mind boggles at the magnitude 
of the administration effort such a 
procedure will involve, but no 
doubt in this day of punched tape 
and computers this is not the 
problem it would have been in 
the past. 

An interesting feature of the 
proposals is that it originated from 
within the ranks of Amateur Radio, 
the American Radio Relay League 
—the official body representing 
radio amateurs in the States— 
itself proposing such a scheme 
to the licensing authority. Ap- 
parently, the great increase in 
commercially made amateur equip- 
ment has seen a real drop in technical 
"know-how" amongst American 
radio enthusiasts, many of whom 
mostly use the hobby as a sort of 
private radio telephone. 

In this country, the existing 
examination requirements for an 
amateur radio "ticket" do ensure 
that all new recruits to the hobby 
are competent before they are 
allowed on the air. Amateur 
Radio is essentially a technical 
hobby and we should never lose 
sight of this fact and standards 
should be kept as high as is reason- 
able for a hobby. 

Slice of Life 
We reprint, without comment, 

the following amusing anecdote 
recently reported in the London 
Evening News. 

Television has cured four New 
York Zoo gorillas of bad temper. 

They were bored, edgy and 
nervous, and were continually 
wrangling. 

Then a television set was placed 
just outside their cage. Now, 
when the set is turned on, the 
gorillas stare at it, transfixed. 
Boredom and fighting are bad 
memories. 

Only 15-year-old Mambo occa- 
sionally reverts to his old bullying 
habits—during commercials. 

The Unseen Viewer 
Many readers will have seen on 

TV the demonstrations of the use 
of CCTV by the Liverpool Police. 
So successful were the experiments 
using closed circuit television in 
crime detection and prevention that 
an order has been placed for a 
further four television channels 
with EMI Electronics Ltd. 

The cameras will be used by the 
Police Commando Force to observe 
places where crime is likely to 
occur, such as unattended car 
parks and storage areas. 

As they are fitted with zoom 
lenses, the cameras can be located 
some distance from the areas being 
observed. Once set up they require 
little attention and their outline 
can be disguised to blend with the 
local architecture. 

When a suspect is picked up 
on the screen a detective sends 
information by radio to Police 
Headquarters, or to the nearest 
member of the Commando Force 
in the area. 

A year or two ago some friends 
of the writer watching the Lawn 
Tennis championships at Wimble- 
don on TV, suddenly saw me 
talking animatedly to a beautiful 
young lady, not my wife, and much 
amusement was caused thereby. 
It is not difficult to visualise some 
much less innocent incident being 
picked up by television cameras 
and, although not disagreeing with 
their use by the police, there are 
obviously "Big Brother" implica- 
tions. 

Package Deals for the Constructor 
The International Rectifier Com- 

pany, of Oxted, Surrey, are selling 
pre-packaged products to radio 
constructors through various retail 
centres which are being opened in 
the United Kingdom. Its new 
commercial product distribution pro- 
gramme is to market a comprehensive 
range of semiconductor components 
through I.R. authorised semi- 
conductor centres. 

The I.R. semiconductor centre 
is a free-standing, display rack 
which carries 83 different types of 
components, which include solar 
cells, transistors, rectifier diodes, 
zener diodes, silicon controlled recti- 
fiers, selenium photocells and experi- 
menter kits. All the products are 
pre-packaged and most include 
instruction manuals aimed at assis- 
ting the novice or experienced 
engineer alike. 

The many applications for which 
these products can be used range 
from audio amplifiers and photo- 
electric alarms to solid state motor 
speed control. 

Each product is type marked 
and performance details are guaran- 
teed. For example. International 
Rectifier's range of ten transistors, 
ranging from r.f. to 25 watt power 
types, has a listing showing over 
1,000 American and European 
equivalents. 

Detailed text books on several 
groups of products are available, 
listing circuits and many applica- 
tions. A catalogue giving complete 
details, including prices, is available 
at each centre. Mail order selling 
will be developed by several of the 
authorised centres. 

International Rectifier Company 
is primarily aiming its programme 
at the younger enthusiasts, and 
hopes to stimulate and satisfy the 
expanding public interest in semi- 
conductor devices. 
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Part 1 

By 

P. Vernon 

Beginner's 

A.F./R.F. Signal Tracer 

The unit described in this article, which has been specially written for the beginner, is probably 
the most versatile equipment in the workshop and one that usually heads the list of requirements 
when planning test gear construction. In addition to its use as an o.f./r.f. signal tracer, it may 
also be put into service as a simple a.f. amplifier and as a spare power supply for other ancillary 

units 

The unit described here makes an ideal 
constructional project for the beginner who 
requires to commence building ancillary and 

test equipment in order to equip the workshop or 
shack. The construction is fully described and 
illustrated so that the beginner may successfully 
bring the venture to completion without hidden 
snags and consequent failure. 

All the components specified are currently 
available, and should be obtained without sub- 
stituting other types having differing ratings or, 
just as important, differing colour codes-—as would 
occur with the mains transformer, for example. 
The three valves may be obtained cheaply on the 
"surplus" market but the remainder of the compo- 
nents should be purchased new. 

The unit described here can operate as a standby 
audio amplifier, bench power supply, or as an 
audio frequency and radio frequency signal tracer 
for testing purposes—these tests being described 
in the concluding instalment next month. 

In order to operate as an a.f. signal tracer, an 
a.f. test probe must be used with the basic amplifier 
of Fig. 1. Additionally, for service as an r.f. signal 
tracer, an r.f. probe unit comprising a simple un- 
tuned detector circuit, with probe, has to be con- 
structed. Both of these are described next month. 

The amplifier and power supply circuit is shown 
in Fig. 1. The audio output from the amplifier 
is approximately four watts, more than enough 
for the average workshop. The available power 
supply, given when the unit is used as a power 
pack only with switch Si(a)(b) in the open position, 
is 280 volts d.c. at 75mA and 6.3V a.c. at 3A— 
sufficient to run a 4 or 5 valve receiver or other 
ancillary equipment. It should be pointed out 
here however, that it would be unwise to operate 

the unit as a power supply for external equipment 
together with the amplifier section by omitting the 
switch Si(a)(b) from the circuit. It should also be 
brought to notice that it would be equally unwise 
to run the power supply section for periods of time 
without being connected either to the amplifier 
or to other external equipment. 

Low-cost octal based valves have been chosen 
for this design. To the beginner, the smaller type 
valves (B7G or B9A) have the valve pins close 
together and present some difficulty when wielding 
the still unfamiliar soldering iron, and this is 
avoided with the larger octal valves. 

Circuit 
The circuit is shown in Fig. 1. The input to the 

first stage (Vi) is via a coaxial socket and cable, 
the braiding of which must be earthed to the 
chassis, and the potentiometer Rj. The slider of 
Ri is connected to the grid (pin 5) of the 6J5G 
triode. The switch S2(a)(b) shown in the a.c. mains 
input is ganged with potentiometer Rj. 

Resistor R2 and bypass capacitor Q decouple 
the anode load resistor, R3, from the h.t. positive 
line. Cathode bias for Vj is provided by the com- 
ponents C3, R4. 

The amplified audio signal given by Vi is passed, 
via coupling capacitor C2, to the grid (pin 5) of the 
power output valve, V2 (6V6G). Resistor R5 
is the grid leak whilst cathode bias is provided by 
the components C4, Rg. The anode (pin 3) is con- 
nected to the h.t. line via the primary winding of 
the output transformer Ti, the audio signals ap- 
pearing across this winding being induced into the 
secondary winding and the speaker. 

It will be noted from the foregoing description, 
and from the circuit diagram, that the amplifier 
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Fig. 1. Circuit diagram of the amplifier/power supply 

Components List 
(Fig, 1) 

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

Ri IMQ potentiometer, log. with d.p.s.t. 
switch) 

Rz 47k fl 
R3 lOOkQ 
R4 2.2kn 
Rs 470kH 
Rg 270n 1 watt 

Output Transformer 
T) Type 117E (H. L. Smith & Co. Ltd.) 

Mains Transformer 
Pri: 0-200-220-240V. 
Sees: 250-0-250V, 75mA; 
6.3V CT, 3A; 0-5-6.3V, 2A. Type 3104A. 

(H. L. Smith & Co. Ltd.) 

Chassis and Panel 
8 x 10 x 2iin; 8 x lOin. (H. L. Smith & Co. Ltd.) 

L.F. Choke 
10H, 120mA, 2000. Type M101. (H. L. Smith 

& Co. Ltd.) 

Tagstrips 
4-way, end tags earthed, fin, 2 required 
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Capacitors 
Q 2|iF, electrolytic, 350V wkg. 
C2 0.1 ;aF, tubular (Mullard) 
C3 25(iF, electrolytic, 12V wkg. 
C4 25(j.F, electrolytic, 25V wkg. 

*C5 32aF, electrolytic, 350V wkg. 
*0; I61J.F, electrolytic, 350V wkg. (reservoir) 
'"Contained in single can with earthing clip 

Valves 
Vi 6J5G 
Vz 6V6G 
V3 5Z4G 

Switches 
Si(a)(b) d.p.s.t. Type S300/PD (A. F. Bulgin Ltd.) 
S2(a)(b) d.p.s.t. integral with Ri 

Speaker 
Sin round, 15ti 

Valveholders 
International Octal (4) 

Miscellaneous 
Mains lead (see text); coaxial cable (750); 

coaxial socket; nuts & bolts, wire, solder, 
rubber grommets, etc. 
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section has been kept as simple 
as possible and uses the mini- 
mum of components consistent 
with satisfactory results and 
reasonable quality. Frills such 
as tone controls, negative feed- 
back, etc., have been omitted 
initially in order (a) to simplify 
construction for the beginner 
and (h) to keep the cost of 
the project within bounds. 

The power supply section, 
like that of the amplifier, 
is perfectly straightforward, 
the stipulation here being that 
a double-wound mains trans- 
former with its consequent 
isolation from the a.c. mains, 
together with a good quality 
l.f. choke must be included, 
as shown. The rectifier (V3) 
is a 5Z4G full-wave type 
capable of delivering the re- 
quired h.t. potential. All the 
components specified for this 
section are used well within 
their ratings in order that they 
will not over-heat or burn 
out when supplying the full 
rated output previously men- 
tioned. It is far better for the 
beginner to purchase, in the 
first instance, components that 
will last for many years than 
to specify and obtain under- 
rated components which will 
sooner or later emit smoke! 

The rectifier has a 5 volt 
a.c. heater supply, whilst the 
heater supply for Vi and V2 
is 6.3 volts. , These voltages 
are provided from separate 
secondary windings on the 
mains transformer. 

With the switch Si(a), (b) in 
the open position, as shown 
in the circuit diagram, power 
is supplied to the power 
outlet socket—an international 
octal valveholder mounted on 
the rear apron of the chassis 
—and thence to any external 
unit which may be connected. 
With the switch closed, power 
is provided for the amplifier 
section of the unit. No exter- 
nal equipment should, in this 
instance, be connected. 

The circuit diagram has been reproduced here 
in such a form that the white circuit symbols 
may be "blacked-out" with a ball-point pen as 
construction proceeds and in this manner the 
beginner may relate the circuit symbols to con- 
structional practice. 

Mams input 

Power outkt 
* V3 LFC. 

C5C6 
Tag 4 

Tagstrip 2 

: Tagstrip I 

Tag 

Coax 
input 

Tr ^Iclb 
1/4*-- |l/2* 41/4* 

(a) 

IO- 

Speaker (see text) 

OOOO 

I'/Bdia aperture 

OOOO 

Series of '/4*<Jia holes 

Coax 
xRi 

sla.|b 

1/4- ^2- -53/4*- -21/2- 
(b) 

Fig. 2 (a). Chassis measurement details showing positions 
of the main components and (b) panel details 

Construction 
Figs. 2 (o) and (b) show the layout and measure- 

ments of the chassis and front panel respectively. 
For those who wish to cut the cost of the unit 
a httle, the front panel could be omitted from the 
design, the speaker then being mounted to the 
chassis deck by means of two L-section brackets. 
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T5 - white 

C6re<i' 

12"mauve (5V) 

:5v) 

Tag 4 S|b 6 I 
V3 5Z4G Q 

T2-yellow 
(6-3V) 

T2-red 
(250V) 

T2-red 
(250V) 

Fig. 3. The connections to V3 valveholder. Note that 
pin 3 is used as an anchoring point 

A panel is specified here for the reason that it 
makes the unit a more professional-looking job 
and also so that it may be used to accommodate 
various additional controls at a later date. These 
additional controls will be described in the con- 
cluding instalment next month. The front panel 
and chassis should now be drilled in accordance 
with the measurement details shown in Figs. 2 
(a) and (b). The valveholder for V] should be so 
positioned that pin 5 is nearest the coaxial input 
socket mounted on the front panel and the orienta- 
tion of V2 valveholder should be such that pin 
5 is nearest Vj valveholder. 

The output transformer Ti is mounted under 
the chassis and is bolted to the chassis side-member 
as shown. A fin rubber grommet should be fitted 
to the chassis rear apron and through this is fed 
the mains input lead. 

The speaker aperture on the front panel may 
be made by first cutting a hole with an octal sized 
valveholder cutter (Ifin), and following this by 
drilling a series of concentric fin holes in the 
pattern suggested in Fig. 2 (b) or in any other 
pattern favoured by the individual constructor. 
Alternatively, of course, a full circle may be cut 
out to suit the speaker, this being backed by speaker 
fabric. 

The two smoothing capacitors C5 and Cg are 
contained in a single can and this should be secured 
to the chassis by means of the mounting clip, 
so that it is vertical with the tags below the chassis, 
and with the red tag nearest V3 valveholder. 

The power outlet socket should be mounted to 
the rear apron of the chassis, a solder tag being 
fitted under one of the securing nuts. 

Two four-way tagstrips, with end tags used for 
mounting, are employed in the design, one of 
each being positioned alongside, and about lin 
away from, the respective valveholders for V] 
and V2. They appear below the chassis, as indicated 
in Fig. 2 (a). 

It should be noted that two fin rubber grommets 
will be required to take the leads of the mains 
transformer T2 through the chassis. One fin 
grommet will also be required for the l.f. choke 
leads and a further fin grommet for the speaker 
leads. These grommets are all inserted into the 
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chassis deck alongside the respective components 
and the requisite holes will need to be drilled. 
Also, an earthed solder tag will be required on the 
chassis deck adjacent to the speaker for later 
connection to one of the speaker tags. 

The actual securing into position of the main 
components and drilling details will not be described 
in detail here, as reference to Figs. 2 (a) and (b) 
makes this task clear. The wiring-up details which 
follow are, however, described in detail so that the 
beginner may bring the electrical half of the project 
to a successful conclusion. 

Wiring-up the Design 
When wiring-up this design, the best plan is 

to deal first with the power supply section and to 
follow this by dealing with the circuits for Vj 
and V2 in that order. In this manner, the heater 
leads may be routed clear of the grid and anode 
leads of the two amplifier valves, this considerably 
assisting with the reduction of a.c. hum. A further 
reason for wiring-up the power supply section 
first is the fact that, to the beginner, the "high" 
voltages present may cause some trepidation 
in the construction of this stage. When no other 
components are fitted, less confusion is liable to 
arise with power supply wiring. 

Fig. 3 shows the wiring diagram for the rectifier 
(5Z4G) valveholder and this should now be wired- 
up. 

To pin 2 of the valveholder connect one end 
of the white wire from the mains transformer 
T2. This wire should be suitably shortened, the 
end bared and the enamelled covering of the wire 
removed by scraping with a penknife. Tin this 
wire with solder prior to connection to pin 2. 

To pin 3 of the valveholder similarly deal with, 
and connect, the end of the yellow wire from T2. 
The other yellow wire from T2 should also be 
dealt with in the same manner and soldered to 
tag 4 of tagstrip 2 (that associated with V2 valve- 
holder and shown in Fig. 10). To the same tag 
of this tagstrip should now be secured the brown 
wire from T2. 

To pin 3 of the V3 valveholder solder one end 
of a short length of p.v.c. covered wire and connect 
the other end to tag 4 of the switch Siq,) shown 
in Fig. 4. Pin 3 of this valveholder is only used 
here as an anchoring point—there is no internal 
connection to the valve itself. 

To pin 4 of V3 connect one end of the red wire 

Pin 4 - power outlet Yellow C5 

Tag 3 — TS2 
Pin 

12 3 4 

'in7-V| and V2 

8-power outlet 

Pin 3 -Vo 
sla'slb 

Fig. 4. Switch Sj(a), (i,) and the required connections 
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(250V) from T2, suitably shortening this wire 
prior to soldering. Similarly deal with the remaining 
red wire from T2, soldering the end to pin 6 of 
V3. To pin 8 of the valveholder connect one end 
of a short length of p.v.c. covered wire, the other 
end of which now connects to the red tag of the 
smoothing capacitor C5, To pin 8 also connect 
the mauve wire from T2 (5V heater supply), preparing 
this in the same way as the white lead at tag 2. 

To tag 4 of tagstrip 2 connect the end of the 
black (OV) wire from T2 (see Fig. 10). 

A single wire, coloured yellow/black, also comes 
from T2. This must be taped such that its end 
does not make contact with the chassis. This 
wire is for the 6.3V heater centre-tap which is not 
required in the present design, and it is not, there- 
fore, shown in the circuit diagram of Fig. 1. 

Refer now to Fig. 4 (switch Si(a), (b)). To tag 
1 of Sj(a) solder one end of a length of p.v.c. covered 
wire, the other end of which connects to tag 3 
of tagstrip 2 (see Fig. 10). To tag 2 of the switch 
connect a length of p.v.c. covered wire and solder 
the other end to pin 4 of the power outlet socket 
mounted on the rear apron of the chassis. Also 
to tag 2 connect a further length of p.v.c. covered 
wire and solder the other end to C5 yellow tag— 
see Fig. 5. To tag 3 of the switch connect a length 
of p.v.c. covered wire and solder the other end to 
pin 7 of V2. To this latter point also solder a 
further length of p.v.c. covered wire and connect 
the other end to pin 7 of Vi. These last two connec- 
tions are for the 6.3V heater supply and the wires 
should be routed close to the chassis deck and as 
far away from the other valveholder tags as possible. 

To tag 4 of the switch (one connection has already 
been made here) solder one end of a length of p.v.c. 
covered wire and connect the other end of this wire 
to pin 8 of the power outlet socket. 

Pin 1 of the power outlet socket should now be 
connected, by means of a short length of bare wire, 
to the solder tag mounted under one of the holding 
nuts of this valveholder. 

Refer next to Fig. 5. To the red tag (Q l6irF), 
to which one connection has already been made, 
solder one wire from the l.f. choke. Connect the 
other wire from the l.f. choke to the yellow tag 
(C5 32aF). It does not matter which way round 
the l.f. choke is connected. 

To complete the power supply section, we must 
now deal with the a.c. mains input via the switch 

C5.C6 

Coaxial cable 
Pin 5 -V| 

Tag 2 -S|a 

C6 C5 
3ED YELLOW 

Pin 8-V3 

L.F Choke 

Tag l-TS, 

Black -T2 
(OV AC.) 

AC. input lead 
(black) 

Jnput socket 

^Red-T2 
(240V A.C) 

AC. input lead 
(red) 

Fig. 5. Connections to the capacitors C5 and C6, the 
earth return being via the metal mounting clip 

Fig. 6. The volume control R, with its integral switch 
s2(a). (b) (see text) 

s2(a). (b) which is an integral part of the volume 
control R|. Ensure firstly that the switching circuit 
is as shown in the inset in Fig. 6 (i.e. tag A connects 
to B and tag C to D) with the potentiometer you 
have obtained. This may be checked either with a 
continuity reading on the meter or, if a meter is 
not available, by connecting up a small battery and 
bulb to give an indication of continuity across the 
tags. Some potentiometers tend to differ in the 
positions in which the switch tags appear. 

To tag A, connect the black wire from T2 primary 
winding (OV a.c.) and to tag B solder the black 
wire of the mains input lead. It is assumed here 
that a plastic covered cable containing two leads, 
one red and one black, has been obtained for the 
a.c. input to the switch. This cable should first be 
fed through the rubber grommet on the rear apron 
of the chassis and an anchoring knot tied in it, 
having first allowed sufficient length to reach the 
switch tags. 

To tag C of the switch solder the red lead from 
T2 primary winding (240V a.c.) and to tag D 
connect the red a.c. mains input lead. 

It is assumed that a 240 volt mains supply is 
available, whereupon the green and yellow wires of 
the T2 primary winding will not be required. These 
two wires should be taped separately and tucked 
away to one side of the chassis. If mains voltages 
other than 240 are available locally, then either the 
220 volt (green) or the 200 volt (yellow) should be 
connected to tag C of the switch as applicable, the 
remaining two wires being taped. This completes 
the power wiring stage. 

To complete the wiring to R,, connect tag 1 to 
tag 1 of tagstrip 1 (see Fig. 8) with a short length of 
bare wire. To tag 2 of R| solder one end of a coaxial 
cable inner conductor, the other end of which 
connects to pin 5 of V,. The outer metal braiding 
of this length of coaxial cable should now be 
connected to tag 1 of the potentiometer as shown 
in Fig. 6. To tag 3 of R| should next be connected 
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Tag 4 -TSj C3.R4 

Pin 7 - Vo 
8 I R3 
0 J V. 6J5G 

C2 

TAGSTRIP I (TS!) 

Pin 3-V. 

Pin 5 

Tag 2 - R] 
fig. 7. Wiring details of Vi valveholder. Where a 
component is shown designated within a rectangle, 
it should be fitted in position at that stage of construction 

the inner conductor of a further length of coaxial 
cable, the other end of which is soldered to the 
centre tag of the coaxial input socket? The outer 
metal braiding of this length of coaxial cable should 
now be connected either to the braiding of the 
first cable or to tag 1 of the potentiometer by using 
a short length of p.v.c. covered wire. This com- 
pletes the wiring to the volume control Ri. 

Wiring-up Vi Stage 
Solder a length of p.v.c. covered wire to pin 2 

of Vi valveholder (see Fig. 7) and connect the other 
end to tag 4 of tagstrip 1 (see Fig. 8). 

To pin 3 of Vi connect one end of C2 (0.1 (iF) the 
other end of which connects to pin 5 of V2. (See 
Fig. 9.) The connections to pins 5 and 7 of Vi have 
already been made. 

Refer now to Fig. 8. To tag 1 of the tagstrip 
connect the negative end of C3 (ISjxF, 12V wkg.) 
taking care to observe the correct polarity, and one 
end of R4 (2.2kfl red, red, red). The other ends 
of C3 and R4 connect to pin 8 of Vi. The other 
connection to tag 1 of tagstrip 1 has already been 
made. 

To tag 2 of tagstrip 1 connect one end of R3 
(lOOkfl brown, black, yellow) the other end of 
which connects to pin 3 of Vi. Also to tag 2 connect 
the positive end of Q (2|xF 350V wkg.), and one 
end of R2 (47kQ yellow, violet, orange). The other 
end of R2 connects to tag 3 of the tagstrip and that 
of Ci to tag 4, the other connection to this latter 
tag having already been made. To tag 3 of the 
tagstrip solder a length of p.v.c. covered wire, the 
other end of which connects to tag 2 of tagstrip 2. 
(See Fig. 10.) This latter connection point is the 
h.t. positive supply to the Vi stage. It should be 
noted that both tags 1 and 4 must be securely bolted 
to the chassis. This completes the wiring-up of 
the Vi stage. 

Wiring-up V2 Stage 
Refer to both Figs. 9 and 10. Fig. 9 shows the 

connections to the V2 valveholder. To pin 2 solder 
a length of p.v.c. covered wire and connect the 
other end to tag 4 of tagstrip 2 (see Fig. 10). Also 
to this same pin of the valveholder solder one end 
of R5 (470k fl yellow, violet, yellow) the other end 
of this resistor being connected to pin 5 of the 

Tag I - R 

Bolt to chassis 

Pin 2 - V, 

Pin 8-V| 
Tag2-TS2 (HT+) 

Fig. 8. Wiring details of tagstrip 1. Note the polarity 
of both Ci and C3. Tags 1 and 4 must be bolted to the 

chassis 

valveholder. To pin 3 connect the orange wire from 
the output transformer Tj. The yellow and green 
wires from this transformer should now be joined 
together, soldered, and the join taped so that it 
does not make contact with the chassis. These two 
wires should now be tucked away to one side of the 
chassis. 

To pin 4 of V2 solder a length of p.v.c. covered 
wire and connect the other end to tag 3 of tagstrip 2. 
Apart from pin 8, the other connections to the 
valveholder have already been made. 

Completing the wiring to tagstrip 2, to tag 1 
connect the negative end of C4 (25}xF, 25V wkg.) 
and one end of Re (2700 red, violet, brown). The 
other ends of these two components now connect 
to pin 8 of V2. To tag 2 of the tagstrip solder the 
white wire from Ti and join tags 2 and 3 of the 
tagstrip together by means of a short length of bare 
wire. The other connections to tags 2, 3 and 4 have 
already been made. This completes the wiring of 
the V2 stage, except for the speaker output con- 
nections. The black wire from the secondary 
winding of the output transformer Ti should now 
be fed through the rubber grommet associated with 
the speaker and connected to one of the speaker 
tags (that nearest the earth tag mounted on the 
chassis deck) and via p.v.c. covered wire, the earth 
tag itself. It does not matter which way round the 
speaker is connected. The red wire from Ti should 
now also be fed through the rubber grommet and 
soldered to the remaining speaker tag. 

The wiring-up of the unit is now complete and 
a check should be made of all the connections 
described, both with the circuit diagram of Fig. 1 
and the various point-to-point diagrams, to ascertain 
that all are correct, and that all connections are 
reliably soldered. 

Testing the Amplifier 
For the beginner who has access to a meter, the 

first essential prior to inserting the valves into 
their respective holders, is to make a continuity 
test between the h.t. positive line and the chassis 
without the mains connected; this being done by 
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S|b - tag 3 

Pin 7-V| 
Q 

Tag r5 

,Tag4-TS2 

.T| -orange 

3-TSo 

V2 6V6G 
Fig. 9. Wiring details of V2 valveholder 

inserting a meter switched to read resistance between 
tag 1 of the switch Si (a) and chassis with the switch 
in the closed position. Should a reading be obtained 
(apart from an initial "kick" due to the electrolytic 
capacitors) then a short-circuit exists and must be 
cleared before proceeding further. 

Plug the valves into their respective holders, 
insert the a.c. mains plug and switch on, whereupon 
the valve heaters will be seen to light up. Turn 
the volume control Ri to a position near maximum 
and place a finger on the centre conductor of the 
coaxial input socket. A loud hum should then be 
heard, and this denotes that the amplifier is working 
correctly. 

For those beginners who do not have access 
to a meter, the following procedure should be 
adopted. Insert the valves and the a.c. mains 

TAGSTRIP 2 (TS2) 

Tag 3-TS| Pin 4~V2 S|a-Tag I 

P4 

Pin 8 - V 

Pin2-V2 

,YeIlow-T2 
(6-3V 3A) 

Brown T2 

Black T2 
(ov) 

White T. 

Fig. 10. Tagstrip 1 and the required connections. 
Note the polarity of C4. Tags 2 and 3 must be 
joined together and tags 1 and 4 must be bolted to the 

chassis 

plug and switch on. Ensure that the valve heaters 
light-up and then switch off. Stand the chassis 
on one edge so that the mains transformer is 
against the bench surface, whereupon the components 
beneath the chassis become clearly visible. Switch 
on and carefully watch for signs of over-heating 
for a period of some 10 minutes or so. Should a 
resistor (such as R2 or Rj) show signs of over- 
heating, this will be in the form of "bubbling"—in 
which case the outer coating of the component 
will literally bubble and emit smoke. Should 
such a symptom exist, then a short circuit is prevalent 
in the anode circuit of Vi and must be traced and 
corrected immediately. 

(To be concluded) 

CAN ANYONE HELP? 

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

a reasonable period of time 

Receiver R-4/ARR-2 and Receiver 78.—D. Bowers, 
95 Grenfell Avenue, Saltash, Cornwall—any in- 
formation and details of modifications. 

* * * 
Cossor 339 Oscilloscope.—R. F. Morgan, 24 Lynton 
Avenue, West Baling, London, W.13—loan or 
purchase of circuit diagram. 

* * * 
U.H.F. Tuner.—A. Bonnage, 10 Colvers Close, 
Matching Green, Harlow, Essex, circuit required, 
valve or transistor, 12V wet battery supply. 

Trixette Everest Tape Recorder Amplifier.—F. 
Kenyon, 28 Mason Avenue, Bidston, Birkenhead, 
Cheshire—circuit diagram, loan or purchase. 

Wire Recorder, Disc Cutter, Antenna Tuner.— 
Mohamed J. Daya, P.O. Box 1187, Dar-Es-Salaam, 
Tanzania—any information, circuits, etc., on the 
following: wire recorder Agafon type 399155-3; 
direct disc cutting instrument Emidicta model 
2400E and antenna tuner type BC939A. 
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Mill!) limped (tils 

E. LAWRENCE 

A simple and very neat method of introducing tapping points in single 
layer home-wound coils 

The appearance of a typical coil 
with tappings formed in the 
manner described in this article 

CONTINUED DISSATISFACTION WITH 
the results obtained when 
winding tapped coils on plain 

cylindrical formers stimulated the 
author to search for a more satis- 
factory method. If, for instance, one 
attempts to solder a connecting 
wire to the edge of a single turn 
in a close-wound coil, the resulting 
joint may be of doubtful quality, 
this being especially true where it 
is necessary to prepare the wire 
by scraping off the insulating 
enamel. The possibility of bridging 
several turns is another hazard. 

It is common practice to form a 
"pig-tail" at the required lapping 
point by twisting the wire, but this 
usually displaces the adjacent turns. 
The result is an untidy appearance, 
whilst the resulting wire deformation 
renders it difficult to remove the 
enamel to the required degree for 
soldering. 

An Alternative Approach 
The simple idea proposed by 

the author can be clearly seen in 
the first picture. The only thing 
needed in addition to the coil 
former and wire is a short length 
of Jin wooden dowel which is 
slipped under the selected turn 

during the winding operation. An 
extension to the turn is thus formed. 
As the coil winding progresses the 
dowel is advanced with a screwing 
motion until the last loop is formed, 
after which the coil can be finished 
off with a coat of polystyrene 
cement or shellac and then allowed 
to dry. Providing the cement is 
kept away from the immediate 
vicinity of the dowel this may be 
withdrawn easily, and the loops 
should then be squeezed slightly 
so that they conform more closely 
to the curve of the former. A further 
application of cement in the area 
previously occupied by the dowel 
will ensure complete security of the 
turns. 

Paint stripper applied to the 
tips of each loop with a small water 
colour brush will facilitate removal 
of the insulating enamel, which 
then responds readily to the scouring 
effect of steel wool to produce an 
excellent tinning surface. 

The coil, as seen in the second 
photograph, is now ready for use 
and connections can be made 
either by soldering or with crocodile 
clips. It is possible to apply the 
technique to the usual wire gauges 
employed for single-layer coils and 
tapping points may be introduced 
as close as alternate turns. 

The coils produced in this manner 
perform excellently from the elect- 
rical point of view while possessing 
a neat appearance, and it is hoped 
that this idea will be of interest to 
all constructors who like to combine 
a good appearance with efficiency. 

Editor's Note 
The enamel stripping operation 

described above is not needed if the 
wire enamel happens to be of the 
"self-soldering" variety. "Self-solder- 
ing" enamel melts at soldering 
temperatures and enables a good 
joint to be made to the wire under- 
neath without any preliminary strip- 
ping. The presence of "self-soldering" 
enamel may be readily verified by 
applying an iron and cored solder to 
a sample length of the wire. 

How the dowel is introduced, 
during coil winding, to form an 
extension at the required tapping 

point 
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In last month's issue we introduced the In Fig. 299 we connect a triode such that its 
laVa (anode current-anode voltage) characteristic cathode connects to the negative terminal of a high 
curve for the diode, and we saw that anode tension battery whilst its anode connects, via a 

current was always limited either by the space charge current reading meter, to the positive terminal. At 
or by saturation. We then touched briefly on the same time, we apply to the grid a voltage 
"contact potential", after which we examined anode obtained from a potentiometer connected across 
a.c. resistance. This completed our discussion on two batteries in series. These batteries are so 
the diode and we shall now turn our attention to connected that, when the slider of the potentiometer 
the triode. is at the top end of its track the potential applied 

to the grid is positive of the cathode, and when the 
The Triode slider is at the bottom end of the track the potential 

In the triode a third electroue, the grid, is inserted applied to the grid is negative of the cathode. A 
between the cathode and the anode. In passing, it voltmeter connected between grid and cathode 
is worth remarking that the step of adding the grid indicates the grid potential. As was pointed out 
to the diode valve was made by Lee De Forest in last month, valve electrode potentials are always, 
1907, and that it represents what is probably the unless otherwise stated, assumed as being with 
most significant advance in the whole history of respect to cathode. Since the voltmeter has to 
what is now known as electronics. This is because 
the introduction of the grid resulted in a device 
capable of amplification, whereas previously no such 
device was in existence. 

understanding 

THE TRIODE 

AS 

VOLTAGE AMPLIFIER 

By W. G. Morley 

m 

» 

o 

The grid may, in practice, consist of a spiral of 
fine wire, as shown in Fig. 297. In this diagram the 
turns of wire which make up the grid are welded 
to two stout support wires on either side, the 
external connection to the grid being made by way 
of either of these support wires. Other types of grid 
construction are also used, these employing wire 
mesh or similar materials, and they all have the 
basic feature that apertures, or gaps, are provided 
to allow the passage of electrons from the cathode 
to the anode. 

The three-electrode assembly of cathode, grid and 
anode in an evacuated envelope constitutes a triode, 
or triode valve, and it is represented in circuit 
diagrams by one of the symbols shown in Fig. 298. 
Fig. 298 (a) gives the symbol for a directly-heated 
triode (i.e. one in which the filament acts also as 
the cathode), whilst Fig. 298 ib) shows the symbol 
for an indirectly-heated triode (in which the cathode 
is heated by a separate filament or heater). The 
dashed line between the cathode and the anode 
represents the grid. 

radio 13 

measure both positive and negative voltage it may 
conveniently be an instrument having a centre-zero 
scale. A second voltmeter indicates the voltage 
from the h.t. battery. It is assumed that the cathode 
is heated by having the heater connected to a suitable 
source of supply. 

Let us now see what happens when we vary the 
potential on the grid of the triode. If we adjust 
the potentiometer so that the slider is at the top 
end of the track, the grid becomes positive of the 
cathode and attracts electrons from the space 
charge. In doing so it partly neutralises the space 
charge, whereupon a large number of electrons are 
able to travel from the cathode to the anode, these 
passing through the apertures in the grid. If the 
potentiometer slider is now moved down towards 
the position corresponding to zero potential, the 
positive potential on the grid reduces, as also does 
the neutralising effect exerted on the space charge. 
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Fig. 297. In the tnode, a grid is interposed between 
cathode and anode. In this diagram, which illustrates 
an indirectly-heated triode, the grid consists of a 

spiral of fine wire 

The latter then imposes increased limitation on 
electron flow and the flow of electrons from cathode 
to anode decreases. When the potentiometer slider 
is moved further downwards it brings the grid 
negative of the cathode, with the result that the 
limiting effect due to the space charge is augmented 
by the negative grid. Electron flow is, therefore, 
decreased further. As the grid potential is made 
continually more negative, the flow of electrons 
continues to decrease until a negative grid potential 
is reached at which electron flow ceases altogether. 
This negative potential is known as the cut-off 
potential for the valve. It varies for different values 
of anode voltage because, as we saw last month, 
the latter also has a neutralising effect on the space 
charge and therefore affects the electron flow 
limitation given by negative grid-plus-space charge. 

We may therefore see that, with a positive 
potential on the grid, a large number of electrons 
may pass through the grid apertures to the anode. 

(a) (b) 

Fig. 298 (a). The circuit symbol for a directly-heated 
triode 

(b). The symbol for an indirectly-heated triode 

\ ) Voltmeter 

H.X 
battery 

o 
Voltmeter 

Fig. 299. A circuit which may be employed to obtain 
'a curves for a triode valve 

Thus, a positive grid potential corresponds to a 
large anode current. As the positive potential on 
the grid reduces to zero the electron flow and, hence, 
anode current, reduces. The process continues after 
the grid passes through zero potential and goes 
negative, the anode current continually reducing as 
the grid becomes more negative until we reach the 
cut-off potential at which anode current ceases 
completely. 

A set of typical la Vg (anode current-grid voltage) 
characteristic curves, as may be obtained from the 
circuit of Fig. 299, are shown in Fig. 300, and these 
demonstrate the fact that anode current decreases 
as grid voltage goes negative. Three curves are 
given, these corresponding to anode voltages of 
100, 150 and 200. 

An important point which we have not yet 
discussed is that, when the grid is positive of the 
cathode, some of the electrons from the cathode 
flow to it. This occurs because the positive grid 
acts as though it were the anode of a diode. On the 
other hand when the grid is negative of the cathode 
no electrons flow towards it, since it then offers 
repulsion to such electrons. Thus, there is a flow 
of grid current when the grid is positive, and none 
when it is negative. The consequence is that, if we 
keep the grid of the valve always negative of the 
cathode, we can control anode current by grid 
voltage only, since no current need flow in the grid 
circuit at all. Apart from any other factors, this is 
an extremely useful condition because it means that 
high impedance circuits1 may be connected to the 
grid without risk of loss of voltage due to grid 
current. In practice, it is customary to operate a 
triode such that its grid is always negative of the 
cathode, and it is only in certain specialised circuits 
that the grid is allowed to go positive and, thereby, 
allow the flow of grid current.2 Even in these 
circuits, however, the flow of grid current has to 

1 That is, circuits which can be represented by a generator having 
a high internal impedance. 
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be kept at a low level, because excessive grid current 
may cause overheating of the grid and consequent 
damage to it. Valve manufacturers' published IaVg 
curves normally cover grid voltages from the 
negative cut-off potential to zero voltage only, these 
being similar to the curves to the left of the zero 
grid voltage point in Fig. 300. 

The Triode as Voltage Amplifier 
We have seen that we may vary the anode current 

of a triode by varying its grid voltage. Let us take 
this a stage further by applying an alternating 
voltage to the triode grid. The resultant effect on 
anode current is illustrated graphically in Fig. 301 
(which reproduces the "150 volt" IaVg curve from 
Fig. 300). In Fig. 301 the alternating voltage is 
applied at the —3 volt point on the Vg axis, so that 
it causes the grid to swing by equal amounts positive 
and negative of —3 volts. The resultant anode 
current (produced on the right by drawing vertical 
lines from the alternating voltage up to the curve 
then, horizontally, to the right) also has an alternat- 
ing waveform. Thus, by applying an alternating 
voltage to the grid we have caused an alternating 
current to flow at the anode. We can, in con- 
sequence, look upon the valve as a "generator" of 
alternating current, in which case it needs a load. 
Such a load can be provided by a resistor or by an 
impedance, and we shall now examine the case where 
the load is a resistor. 

A resistive load is shown in Fig. 302 and it consists 
buite simply of a resistor connected between the 
anode of the triode and the positive terminal of the 
h.t. supply. It is referred to as the anode load. 

2 It is possible for a small current, due to effects inside the valve 
which have not yet been mentioned, to flow in the grid circuit even 
when the grid is negative of cathode. However, such currents are, 
proportionately, very low. For many applications, and in the present 
discussion, they can be considered as being negligible. 

200 

30 =150 

IOO 

20 

/ 15 

Anode current 
•IO -Iq (mA) 

-IO 

Grid voltage - Vg 
Fig. 300. Representative la Vg curves for a triode at 
anode voltages of 100, 150 and 200. For the purpose 
of explanation these curves show anode current for 
positive grid voltage, but it should be pointed out that 
it is normally desirable to operate triodes with 
negative grid voltage only, and that it is possible for 
a valve to suffer damage if excessive positive voltage 

is applied to its grid 

ISO mA) 

3 -2 
Resultant anode 
current 

Alternating voltage at grid 

Fig. 301. Applying an alternating grid voltage to the 
Va=150 curve of Fig. 300 

Applied to the grid of the triode is an alternating 
voltage generator whose output is the same as the 
alternating voltage shown in Fig. 301. In Fig. 301 
we positioned the alternating voltage at the —3 volt 
point along the Vg axis. In Fig. 302 we do the same 
in practice by inserting a 3 volt battery between the 
negative h.t. supply line and the lower terminal of 
the alternating voltage generator, this battery making 
the lower generator terminal 3 volts negative of the 
cathode. 

The alternating voltage generator of Fig. 302 
causes, as is to be expected, corresponding changes 
in anode current. But the anode current now flows 
through the anode load resistor, with the result that 
the voltage dropped across this resistor varies 
according to the current which flows through it. In 
consequence an alternating voltage appears at the 
anode. Assuming that a satisfactory value of 
resistor has been chosen for the anode load, the 
alternating voltage at the anode may be many times 
greater than the alternating voltage applied to the 
grid; which means that the valve has caused the 
alternating voltage applied to the grid to be 
amplified. A circuit of the type shown in Fig. 302, 
whose function is to produce an amplified version 
of an alternating voltage, is described as a voltage 
amplifier circuit. 

Although the grid circuit of Fig. 302 corresponds 
to the grid voltage conditions of Fig. 301, there are 

Anode 
load Alternating 

voltage output 

H.T battery 

3-volt 
battery 

Alternating 
voltage 
generator 

Fig. 302. Connecting an alternating voltage generator 
to a triode voltage amplifier. The 3 volt battery 
ensures that the alternating voltage is applied to the 
Vg axis at the same position as occurred in Fig. 301 
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Fig. 303 (a). Obtaining electrical signals from a 

carbon microphone 
(b). Applying the microphone output to the voltage 

amplifier of Fig. 302 
no further points of similarity between the two 
diagrams. This is due to the fact that the curve in 
Fig. 301 defines anode current when anode voltage 
is constant, ^ode voltage is quite patently not 
constant in Fig. 302 because we have purposely 
inserted a resistor in series with the anode to obtain 
an alternating voltage output. It would seem from 
this that there is little point in drawing characteristic 
curves for a triode with a fixed anode voltage 
because, when we want to use the triode as a voltage 
amplifier, the first thing we require is a varying 
anode voltage! As we shall see later, however, it is 
possible to find the alternating voltage appearing at 
the triode anode of Fig. 302 from curves which give 

much the same information as is given by Fig. 300. 
In Fig. 302 we positioned the alternating voltage 

at the —3 volt point along the Vg axis by the simple 
expedient of inserting a 3 volt battery in series with 
the alternating voltage generator. This battery 
provides a grid bias of —3 volts and may be referred 
to as a grid bias battery. Alternative circuit devices 
can be employed to position the alternating voltage 
at a desired point along the Vg axis, and these are 
also described as applying bias.l 

A further point in the circuit of Fig. 302 is that 
the current which causes the amplified alternating 
voltage to appear at the anode is provided by the 
h.t. battery. The grid may be considered as a 
controlling device which "turns on" more anode 
current as it goes positive, or vice versa, and which 
consumes no power4 in the process provided that 
it does not go positive of the cathode. It should 
be remembered that, in the circuit under considera- 
tion, anode current is always present, and the 
alternating voltage only appears because this anode 
current is made to vary by the alternating voltage 
at the grid. 

We have, up to now, looked upon the alternating 
voltage applied to the grid of the triode as being 
provided by a generator. In radio work we handle 
a number of alternating voltages, these including the 
electrical signals which correspond to sound. We 
have seen, for instance^, that if we connect up a 
carbon microphone in the manner shown in Fig. 
303 (a) we obtain, from the secondary of the trans- 
former, electrical signals corresponding to the sound 
which reaches the microphone diaphragm. The 
secondary of the microphone transformer can 
replace the alternating voltage generator of Fig. 302, 
giving us the circuit shown in Fig. 303 {b). In this 
circuit, amplified electrical signals corresponding to 
the original sound appear at the anode of the triode. 
It should be noted, in passing, that the microphone 
transformer of Fig. 303 {b) could, in the present 
instance, have quite a high step-up ratio, this being 
of the order of 1:100. A practical carbon micro- 
phone is a low impedance instrument, whereas the 
grid input circuit of the valve presents a high 
impedance. The step-up transformer helps to match 
these two impedances to each other.6 

Output 
Coupling 
capacitor 

6 

H.T battery i 
Grid 
resistor 

3-volt 3-volt 
battery battery 

Alternating 
voltage 
generator 

Fig. 304. Two triode voltage amplifiers in cascade. Resistance- 
capacitance coupling is employed between the two valves 

3 In American terminology, grid 
bias voltage is referred to as the 
"C voltage". The 3 volt battery of 
Fig. 302 then becomes a "C battery". 
The letter "C" differentiates the grid 
bias supply from the "A supply" 
(the supply for the filament or heater) 
and the "B supply" (that for the 
anode, and which is described in this 
country as the high tension or anode 
supply). 

4 To be exact, negligible power in 
the present context. 

5 In "Understanding Radio" in the 
February 1964 issue. 

6 See "Understanding Radio" in the 
July 1963 issue. 
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Alternating 
voltage f j 
generator 

Voltage Amplifiers in Cascade 
It frequently happens that 

a particular item of equip- 
ment requires more voltage 
amplification than a single 
triode can provide. This 
requirement may be met 
by adding a second triode 
to amplify the alternating 
voltage at the anode of the 
first. How may these two 
triodes be coupled together ? 

The simplest method of 
providing the coupling is 
shown in Fig. 304. In this 
diagram the alternating 
voltage is applied to the 
first triode, now designated 
Vi, in the same manner as 
occurred previously. It is 
only the alternating voltage 
at the anode of Vi which 
needs to be fed to the 
second triode, V2, and this 
alternating voltage is trans- 
ferred by way of a capacitor 
whose value is such that it 
presents a low impedance 
at the frequencies being 
handled. If (as is usually 
the case in radio circuits 
employing triodes) these are 
audio frequencies, the value 
of the coupling capacitor 
would be of the order of 
0.01 (xF to 0.1 (xF. The 
second triode has a grid 
bias battery (which, we may 
assume for the purpose of 
explanation, is also 3 volts), 
and this is coupled to the 
grid via a high value resistor 
referred to as the grid 
resistor. The grid resistor 
normally has a value of 
some 250k£1 to ! Mil. The 
output alternating voltage 
is then taken from the 
anode of the second triode. 

To fully appreciate the 
manner in which the capaci- 
tive coupling functions it is 
helpful to commence with 
the condition where the a.c. 
generator offers zero output 

(as would occur if the alter- 
nating voltage were ob- 
tained from a microphone 
on which no sound im- 
pinged). The voltage on the 
grid of V] will then be a steady —3 volts, and V, 
anode will take up a steady voltage which cor- 
responds to this grid voltage. The capacitor has its 
upper plate connected to V1 anode and its lower 
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Common 3-volt 
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(a) 

H.T battery 

Alternating 
voltage f j 
generator 
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Internal resistance of 
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Common 3-volt' 
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(b) 

Alternating 
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Common 3-volt 
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T T mv 

(c) 
Fig. 305 (o). Employing a common source of grid bias voltage instead of the 

two batteries in Fig. 304 
(b). If the internal resistance of the battery is high, part of the alternating 

voltage applied to the grid of V2 becomes fed back to the grid of Vj 
(c). The situation in (b) may be obviated by inserting a decoupling circuit, 

given by Ro and Q, in the bias supply to Vj 

plate connected, via the grid resistor of V2, to the 
negative terminal of the second grid bias battery. 
The capacitor thus holds a charge in which its plates 
are maintained at these two potentials and no current 
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Fig. 306. If a resistor of the requisite value is inserted 
in series with the cathode of the triode, the cathode 
becomes positive of the lower terminal of the generator 

by the required bias voltage 

flows in the grid resistor (although, of course, the 
charging current needed to bring the capacitor to its 
present condition would have flowed when the h.t. 
supply was initially switched on). Since no current 
flows through the grid resistor there is no voltage 
drop across it, and the —3 volts bias from the second 
grid bias battery is applied to the grid of V2. 

If, now, the generator produces an alternating 
voltage, the voltage on the grid of V! will swing 
positive and negative of the —3 volts provided by 
its grid bias battery. The anode of Vi will, also, 
swing positive and negative of its previous steady 
voltage by an amount depending upon the amplifica- 
tion provided. The amplified positive and negative 
excursions at the anode of Vi are passed via the 
capacitor, which tends to retain its charge, to the 
grid of V2 which similarly swings positive and 
negative of the —3 volts provided by the second 
grid bias battery. A twice-amplified alternating 
voltage then appears at the anode of V2. 

As may be seen, the situation at the grid of V2 
is, so far as bias is concerned, just the same as if an 
alternating voltage generator had been inserted 
between the negative terminal of the bias battery 
and the grid. 

When a valve amplifies the output from a pre- 
ceding valve, the two valves are described as being 
in cascade. If a third valve amplified the output 
of the second, the three valves would also be referred 
to as being in cascade, and so on. The term 
"cascade" similarly applies when amplifying valves 
other than triodes are used or when other methods 
of intervalve coupling are employed. (Alternative 
inter-valve coupling circuits will be discussed in 
later issues.) The method of coupling shown in 
Fig. 304 is described as resistance-capacitance 
coupling, or RC coupling, because it is achieved with 
the aid of an anode resistor and a coupling capacitor. 

Other Bias Circuits 
In Fig. 304 grid bias for the two triodes was 

provided by two grid bias batteries. In practice it 
would be a little expensive and inconvenient to have 
a grid bias battery for each valve in an amplifier, 
and one method of simplification could consist of 

employing a single battery instead, as shown in 
Fig. 305 (a). This arrangement is quite practicable 
but, for correct operation, it is important that the 
internal resistance of the common grid bias battery 
be low. If its internal resistance were high, the 
situation shown in Fig. 305 (b) could arise. In this 
diagram, part of the alternating voltage applied to 
the grid of V2 appears across the internal resistance 
of the common battery and is, therefore, applied 
to the grid of Vi. This is not a desirable state of 
affairs, and will not offer results corresponding to 
those given by the circuit of Fig. 304. In more 
complicated types of radio equipment the use of a 
source of grid bias offering a high common resistance 
(or impedance) to several grid circuits may give 
rise to quite serious faults, such as instability.7 The 
difficulty may be overcome by inserting a resistor and 
capacitor in one of the grid bias supply circuits, as 
is shown in Fig. 305 (c). In this diagram Rd has a 
high resistance and Cd a low reactance at the 
frequencies being handled so that, even if part of 
the alternating voltage applied to the grid of V2 
appears across the grid bias battery, only an ex- 
tremely small proportion of this unwanted voltage 

7 "Instability" defines the tendency of an amplifier to break into 
oscillation, and may be caused by an unwanted coupling between 
an output point and an input point (i.e. two circuit points between 
which amplification occurs). Oscillation has not yet been dealt with 
in these articles, but will be discussed shortly. 

Grid 
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Time- 
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Fig. 307. The disadvantage with the cathode resistor 
of Fig. 306 is that the cathode tends to "follow" the 
alternating voltage on the grid. The grid voltage for a 
single cycle is shown in (a) and the corresponding 
cathode voltage in (b). Both voltages are with respect 

to the h.t. negative line 
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is actually applied back to the grid of Vi. Rj and 
Cd are known as decoupling components because 
they de-couple (i.e. break the coupling) between two 
circuit points. 

Some radio circuits have a common bias supply 
which is not derived from a battery but from an 
alternative source. Decoupling circuits similar to 
those of Fig. 305 (c) are, then, frequently employed 
to prevent unwanted couplings between stages. A 
decoupling circuit may, indeed, be inserted in each 
grid circuit. 

An alternative method of providing bias for a 
valve dispenses with the grid bias battery concept, 
but it may only be employed with indirectly-heated 
valves in which the cathode is insulated from the 
heater. As we have already seen, the alternating 
voltage at the anode of a voltage amplifier is caused 
by changes in its anode current, this current being 
provided by the h.t. battery. If we look upon the 
current in terms of a flow of electrons, we can say 
that electrons leave the negative terminal of the h.t. 
battery, pass to the cathode, are emitted to the anode, 
then flow back to the positive terminal of the 
baftery. Clearly, therefore, the anode current flows, 
also, through the cathode circuit. 

In Fig. 306 we insert a resistor in series with the 
cathode of a voltage amplifier triode. We also apply 
our alternating voltage generator, but in this case 
its lower terminal is connected to the negative h.t. 
line. No bias voltage is, in consequence, applied 
to the grid at all. The anode current flows through 
the resistor in the cathode circuit, causing a voltage 
to be dropped across it, with the result that the 
cathode goes positive of the h.t. negative line and 
the lower terminal of the alternating voltage 
generator, by that voltage. The cathode going 
positive of the lower generator terminal is exactly 
the same as the lower generator terminal going 
negative of the cathode, as occurred previously when 
we employed the grid bias battery. If, therefore, we 
give the cathode resistor a value which causes the 
required grid bias voltage to be dropped across it, 
then we will achieve the same result, so far as direct 
voltage is concerned, as was given previously by the 
grid bias battery. 

Unfortunately, the cathode resistor, on its own, 
does not completely meet the requirement for a bias 
circuit. This point may be readily understood if we 
examine circuit operation over a cycle of the alter- 
nating voltage offered by the generator. 

Fig. 307 {a) illustrates a single cycle as provided 
by the generator, whilst Fig. 307 (b) shows the 
voltage appearing at the cathode of the valve when 
connected as in Fig. 306. Both voltages are 
shown with respect to the h.t. negative line. At 
point A, the generator voltage is zero, whereupon 
the grid of the valve is at the same potential as the 
h.t. negative line and the lower terminal of the 
generator. As is shown in Fig. 307 {b), the required 
bias voltage is then dropped across the cathode 
resistor. At point B, the generator output is at its 
peak positive potential. This results in an increase 
in anode current and, in consequence, in cathode 
current. A greater current flows through the 
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fig. 308. Adding a capacitor having a very low 
reactance (at the frequencies handled) in parallel with 
the cathode resistor maintains the cathode at a steady 
potential and prevents the effect shown in Fig. 307 

from taking place 

cathode resistor and a greater voltage is dropped 
across it. The cathode, therefore, goes more 
positive. At point C of Fig. 307 (a) the alternating 
voltage at the grid is zero and the voltage dropped 
across the cathode resistor is the same as for point 
A. At D, the generator voltage reaches its maximum 
negative excursion. This causes a reduction in anode 
current and in cathode current, with less voltage 
dropped across the cathode resistor. The cathode 
goes, therefore, negative of the potential it held at 
points A and C. 

We have examined cathode voltage at the peaks 
B and D but, as is shown in Fig. 307 (b), this voltage 
will similarly change, by corresponding amounts, 
for grid voltages between zero and the peak values. 
A low-amplitude version of the grid alternating 
voltage appears, in consequence, at the cathode of 
the valve, this going positive when the grid goes 
positive and negative when the grid goes negative. 
Now, the voltage which controls the flow of electrons 
in the valve is that between grid and cathode, and it 
may be seen from inspection of Fig. 307 that the 
grid-cathode alternating voltage is less than that 
provided by the generator. The cathode voltage 
changes in sympathy with the grid voltage and the 
actual grid-cathode alternating voltage is that 
provided by the generator less the alternating 
voltage appearing on the cathode. 

By inserting the cathode resistor we have obtained 
a useful bias voltage but we have caused the overall 
amplification provided by the circuit to be reduced. 
The solution consists, of connecting across the 
cathode resistor a high-value capacitor having a very 
low reactance at the frequencies being handled. 
(See Fig. 308.) The added capacitor prevents the 
cathode voltage from "following" the alternating 
voltage on the grid, whereupon the circuit provides 
the requisite bias for the valve and behaves, when 
alternating voltage is applied to the grid, in the same 
way as did the previous circuits using grid bias 
batteries. 

The circuit of Fig. 308 is, in practice, a very 
convenient one, because it enables the bias require- 
ments for the valve to be met by means of two 

august 1965 33 



simple components—a resistor and a capacitor. 
The bias applied in Fig. 308 is described as 

cathode bias, and it may be employed with amplifying 
valves other than triodes. For audio frequency 
amplification, it is usual to give the cathode bias 
capacitor a value of the order of 25|j,F. An electro- 
lytic capacitor can be employed here and, since the 
voltage dropped across the bias resistor is normally 
low, it can be a small component having a low 
working voltage rating. 

As a point of terminology, the loss of overall 
amplification which results when the cathode 
resistor is employed on its own, as in Fig. 306, is 
referred to as cathode degeneration. 

Next Month 
In next month's issue we shall continue to discuss 

the triode. 

Radio Control for Models 

A Survey of Current Practice 

By F. C. JUDD, A. Inst. E., G2BCX 

0rUn c°ntrLbutor' well-known for his activities in the field of model control by radio and author of Radio Control For Models (No. 16 in the Data Book series) outlines the recent developments 
which have taken place in this fasci tating branch of home-construction 

During the course of the past ten to fifteen 
years, radio control for models has not 
only developed rapidly and with tremendous 

technical improvements, it has also become an 
industry of considerable size. Gone are the days 
of elastic-driven escapements and gas filled valves, 
and of unreliable receivers and indifferent sensitive 
relays. Today the transistor has taken pride of 
place, and it appears in crystal controlled trans- 
mitters and receivers and in servo circuitry, doing 
away almost completely with large batteries and the 
many other problems which previously beset the 
radio control enthusiast. Nowadays, precision 
servo systems ensure completely reliable steering 
and engine control, and even the aerials used for 
transmitters and receivers are no longer "bits of 
wire" but items to be carefully designed and con- 
structed. Despite all this development, the amateur 
who likes to construct his own equipment has 
been somewhat left out of the picture, and it has 
become common practice to buy equipment ready 

Motor 

VR 

made. In addition very little has been published 
in the popular technical press to encourage the 
keen constructor. 

Commercial concerns have been quick to take 
advantage of the situation and one can pay up 
to £300 for comprehensive radio control outfits 
comprising transmitter, receiver, servos, batteries, 
in fact everything except the controlled model 
itself. I hasten to add however, that it is not my 
intention to survey the vast range of radio control 
equipment available today but rather to discuss 
some of the techniques and circuitry; to bring 
readers up to date, as it were, with current practice. 
On the other hand, we cannot ignore the many 
precision made servos now available, most of which 
would be quite beyond the constructional ability 
of all but the few with well-equipped workshops. 
The same comments apply to models and as one 
who makes no claim to being proficient at model 
making and who builds mainly from kits, these 
too must of necessity be mentioned. It will not 
be out of order therefore to include a few words 

/ 

Fig. 1. A basic servo motor circuit The Chris Craft "Constellation", a 25/n model 
launch for radio control 
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The "Constructor I", a 4ft launch built by the author 
to function as a floating radio control "test bed". Top 

speed is 15 knots 

about model boats and aeroplanes suitable for 
radio control because without the model there is 
no point in making or buying radio control equip- 
ment. 

Models for Radio Control 
Those who are already experienced model 

makers may be excused for ignoring the next few 
paragraphs altogether. Like myself, the "electronics 
fraternity" will regard the actual model as a means 
to an end, a floating or flying test bed for one's 
prowess with a soldering iron and a handful of 
transistors! Here I suggest a model boat, particularly 
for those without knowledge of aeronautics. There 
is nothing more soul-destroying than to have a 
model aircraft smash itself and its radio gear to 
bits because of a dry soldered joint or a loose 
wire, or just plain lack of flying experience. 

Among the many kits available for boat models 
the 25 inch model Chris Craft Constellation by 
Graupner is an attractive proposition for those 
who just want to dabble with the more simple 
radio control techniques—simple engine and steering 
or what is popularly known as the bang-bang 
system! That is, engine off or engine on and 
rudder (bang) over to left or (bang) neutral or 
(bang) right, etc. All of this can be done with a 
composite servo like the Kinematic and a single 
radio channel, i.e., transmitter and receiver with a 
carrier-on/carrier-off sequence. My own version 
of the Chris Craft launch complete with a control 
system as outlined above is shown in the illustrations. 
This is an outfit you can go and buy outright 
because even the transmitter and receiver are 
built from printed circuit kits. In other words 
you get a "packaged deal" that requires only a 
soldering iron and a few small tools. For those 
with a more serious interest who would like to 
tackle the radio part "the hard way" there are 
numerous boat and aircraft kits which can be 
purchased in almost any shop specialising in models. 
Perhaps it would be better if I simply list a few of 
these and go on to the equipment. 

Radio Control Models 
Chris Craft Constellation launch, 25in model— 

Graupner (Ripmax Ltd.) as Fig. 1. 
Theodor Heuss Rescue Launch, 39in model— 

Graupner (Ripmax Ltd.) 
Aerokit R.A.F. Tender, 34in model—Keil Kraft Ltd. 
Fairey Huntsman, 42in model—Veron Ltd. 
Consul Monoplane, 40in wing span—Graupner 

(Ripmax Ltd.) 
School Boy, 29in wing span—Topflite Models Ltd. 
Super 60 Trainer, 60in wing span—Keil Kraft Ltd. 
Tauri Multi Trainer, 57in wing span—Topflite 

Models Ltd. 
(the larger models are more suitable for multi- 
channel operation and experimental work). 

Control Systems 
It is beyond the scope of this article to deal with 

the hundreds of different circuits in current use. 
Control systems generally can be broken down into 
three or four categories and of these the single channel 
carrier-on/carrier-off system (i.e., the bang-bang 
system referred to earlier) is still the most popular 
for simple radio control. The self-excited oscillator 
transmitter is also still fairly widely used but many 
enthusiasts are turning to crystal control to ensure 
frequency stability and to provide for some sort of 
"channel occupation". This would be difficult with 
self-excited oscillators, which are inclined to wander 
in frequency. 

A variation of the carrier-on/carrier-off system 
is the use of single audio tone modulation whereby 
the tone is keyed on or off and superimposed on 
the carrier. This gives greater protection from 
interference. In more advanced "multi-channel" 
systems several modulating tones are used and up 
to twelve channels are practicable. 

The carrier is demodulated at the receiver and 
the tones then used to operate "tuned reeds" 
or filters. The "reed" is electro-mechanically 
vibrated at the tone frequency and provides a 
"contact" for supplying a servo via a transistor 
or relay. Filters work in a similar manner but 
are essentially electrical as opposed to electro- 
mechanical and thus there are no moving parts 
to go wrong or be adjusted. The common practice 
with reed or filter systems is to use the channels 
in pairs, i.e. two for steering, two for engine control, 
and so on. 

matic 

A Graupner steering servo. This can be driven by a 
single 0C81 transistor 
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Layout of control equipment in the Chris Craft 
launch. The receiver is to the left, immediately 
after the bows. A Kinematic engine and steering 
servo is fitted just to the right of amidships, whilst 
the drive motor with integrated rudder and propeller 

is visible at the stern 

Some enthusiasts favour the so called pulsing 
system which provides a form of proportional 
control whereby the rudder, for instance, can be 
moved "gradually" in either direction and held 
as required. This usually requires two channels 
(i.e. one for left and one for right rudder) and the 
general arrangement is to divide the pulse, fre- 
quency- or amplitude-wise, between the two chan- 
nels. When the pulse mark-space ratio is 50-50 
the signal is equal in both channels and the rudder 
is neutral. A ratio of 100 to 0 will therefore provide 
a rudder position to the limit in one direction whilst 
a ratio of 0 to 100 will provide a position to the 
limit in the opposite direction. Other ratios will 
provide intermediate positions. 

The really true proportional system is also 
available but requires extremely complex circuitry 
and as such is at present very expensive. A true 
proportional system requires considerable power 
since the rudder must be held in any position or 
moved in either direction, and follow exactly the 
movement of the "steering" control at the trans- 
mitter. As in driving a car power must be provided 
to hold the steering whilst taking a comer or going 
round in a circle. With a model some form of 
"fail safe" operation is required (e.g. steering 
automatically restored to neutral if the radio or 
control system fails) and this is incorporated in 
most proportional systems. 

Modern Servos 
Servos are in many instances the stumbling 

block of all radio control enthusiasts for in most 
cases precision mechanics are called for if one is 
to enjoy reliable operation. Except in special 
cases it is not worth the time and effort called for 
to successfully turn out a steering servo like the one 
in the photograph shown here, particularly for 
model aircraft where compactness and light weight 
is of prime importance. Most servos now available 
can be directly controlled by transistors. In the 

main they consist of a miniature permanent magnet 
reversible electric motor (reversible by reversing 
the polarity of the supply) coupled to a built-in 
gear train with a ratio of some 300 or 400 to 1, 
thus allowing for slow and gradual movement of 
rudders, etc. 

A considerable amount of power is developed 
through the gear train. The general method of 
control is by a low power transistor such as an 
OC81 whereby the motor is connected directly 
in the collector circuit. With one transistor the 
direction of rotation would of course be one way 
and a relay would have to be employed to reverse 
the connections to the motor in order to reverse 
direction. This can be overcome by using two 
transistors, each with its own h.t. supply, or by 
using a p.n.p.-n.p.n. arrangement whereby the 
direction of current depends on which transistor 
is being driven by the control signals. It is hoped 
to give more detailed circuitry for servo control 
in a later article but, to show the basic function, 
Fig. 1 is included here. In this diagram the motor 
is connected in series with the transistor which, 
normally, will be non-conducting. When the base 
is taken negative via the potentiometer (or a negative- 
going signal is applied) the transistor conducts 
and the motor turns. This type of circuitry can be 
applied in dozens of different ways and to many 
different forms of control. If all goes well, this 
and other techniques including receivers and 
transmitters, etc., will be the subject of more articles, 
all of which will be based on work now in progress 
and for which the "test bed" is a 4-foot long high 
speed motor cruiser. (See illustration.) 

Receiving 
Finally, a few words about receivers. Among 

these the simple single channel types still employ 
a squegging valve oscillator-cum-detector, but 
they do at least make use of transistor d.c. amplifiers 
which in many instances do away with relays. 
For instance a transistor like the OC81 will happily 
drive a midget permanent magnet motor (current 
about 40-60mA for 4.5V h.t.). The Macgregor 
receiver used in the Chris Craft launch 
has an output transistor which will pass 
up to 500mA at 4.5V, more than sufficient to 
operate the Kinematic combined engine and steering 
servo. 

The more advanced receivers, used mainly for 
multi-channel work, are superhets with crystal 
controlled local oscillators, to match the trans- 
mitter. These receivers are very expensive and 
an outfit including a 10 channel crystal controlled 
transmitter and superhet receiver can cost up to 
£125—whilst proportional can be double this 
figure, and in both cases servos are extra! Such 
equipments, however, are not beyond the scope of 
an experienced constructor. 

Editor's Note 
All the components and kits referred to in this 

article are available via retailers, and may be 
obtained at your local Model Shop. 
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In 

Your 

Workshop 

When there's very little work to do and the August sun shines invitingly outside, what can be 
more understandable than the desire to take an afternoon off and go for a picnic in the country? 
This is exactly what Smithy the Serviceman, accompanied as always by his able assistant, Dick, 
sets out to do, although he finds it necessary to square his conscience by devoting at least part 

of the time to readers' hints! 

" \ H, HERE IT IS," SAID SMITHY. 
/\ "Excellent!" 

Emerging from the dark- 
ness of the trees, Smithy the Service- 
man stopped and blinked in the 
bright August sunshine. In front of 
him lay a flat stretch of vivid green 
grassland, lightly shimmering as the 
air above it danced in the afternoon 
heat. There was the faint drone of 
bees and a lone butterfly, its wings 
a fluttering kaleidoscope of yellow, 
blue and scarlet, hovered over a 
cluster of Heart's Ease, or Love in 
Idleness. 

"Yet mark'd I where the bolt of 
Cupid fell: 

It fell upon a little western flower. 
Before milk white, now purple 

with love's wound. 
And maidens call it Love-in- 

idleness." 
Thus, in "A Midsummer Night's 

Dream" spoke Oberon, as he planned 
to do the dirty by Titania. But 
Smithy's thoughts were not so 
vengeful, and he gazed ecstatically 
at his unsullied corner of the pastoral 
world. 

A sound of heavy stumbling came 
from the wood, and Smithy suddenly 
remembered his companion. 

"Hurry up, Dick," he called out. 
"This is an absolutely marvellous 
place. It's a bit of pure Nature, 
mate!" 

The sound of crashing, of breaking 
twigs and of undergrowth being 
swept aside became louder. 

"Where," came a despairing voice 
from the fastnesses of the wood, 
"the blooming heck are you?" 

"Over here," shouted Smithy. 
"In a spot of the real countryside. 
Just like I told you." 

There was silence for a moment 
as the denizen of the forest took an 
aural bearing on Smithy's voice, and 
then the sound of rending, splintering 
wood recommenced. It grew louder 
as Dick advanced and, after a while, 
an undercurrent of muttered com- 
ment, punctuated by abrupt inspira- 
tions of breath became clearly 
perceptible. "Cor blimey, talk about 
darkest Africa"—puff, puff—"you 
need a blooming tank to get through 
this lot"—puff, puff—"it's all right 
for him"—puff, puff, splash—"a 
flaming great ditch now; it'll be a 
ruddy tiger-trap next"—puff, puff— 
"let's take the afternoon off and have 
a picnic in the country, he says" 
—puff, puff—"Yd like to show him 
a bit of the country"—puff, puff. . . 

It occurred to Smithy that all 
might not be entirely well with his 
assistant. 

"Do you," he called out, "want 
any help?" 

But Smithy's offer was too late, 
and a perspiring, bedraggled and 
mud-besmirched Dick came tottering 
out of the wood, staggering under the 
weight of two large suitcases. Dick 
dropped his twin burdens, collapsed 
heavily on the grass and turned a 
baleful eye upon the Serviceman. 

A Few Tips 
Smithy waited until his assistant 

had regained his breath. 
"Now, just look around you," he 

said, an ostentatious sweep of his 
arm taking in the entire surroundings 
up to the horizon. "Wasn't it worth 
a bit of trouble getting to a really 
beautiful place like this?" 

But Dick had no eyes for beauty. 
"Two minutes' walk, you said," 

he snarled furiously. "It would just 
be two minutes' walk through the 
wood. That's what you said." 

"Well," said Smithy soothingly. 
"It might have been a bit longer than 
that. Still, I got through in about a 
quarter of an hour." 

"Of course you did," fumed Dick, 
"after you'd conned me into carrying 
these two great heavy suitcases for 
you." 

"I brought the cases down to the 
wood." 

"Ye gods," snorted Dick. "I 
should jolly well hope so, seeing that 
all you had to do was to put them in 
the boot of the car. What's in them, 
anyway?" 

"It's the stuff for the picnic," 
replied Smithy. "Food and that." 

"Food?" queried Dick. "Are you 
sure you haven't got half the mains 
transformer stock from the Work- 
shop in them as well?" 

"Funnily enough," said Smithy, 
"there are a few things from the 
Workshop in them." 

Under the glowering eye of his 
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Valveholder Tags Wires 

(a) 

Cut off top 
portion 

Valveholder tag 

(b) 
Fig. 1 (a). Valveholder tags 
frequently have rectangular 

apertures, as shown here 
(b). When stripping down 
equipment having such 
valveholders, it is helpful to cut 
off the top of the tag. Slight 
upward pressure from the 
soldering iron then causes the 
wires to slide out quickly and 

easily 

assistant, Smithy sat down on the 
grass, pulled one of the suitcases 
towards him, opened it and produced 
a cardboard portfolio. 

"And what," asked Dick belli- 
gerently, "have you got there?" 

"Something," replied Smithy, 
"that you've been pestering me 
about for ages. Readers' hints! At 
the last moment, it suddenly occurred 
to me that it would be an excellent 
idea to take them along with us. We 
could have a look at them, then, 
before getting down to our tea. 
Besides, we've only taken the after- 
noon off because things are quiet at 
the Workshop. We're on Workshop 
time so we should still be doing 
something technical!" 

A flash of interest momentarily 
replaced the hostility in Dick's 
expression. 

"Well," he conceded, "I suppose 
you've got something there." 

He lay down on his back. The 
lone butterfly, which had retreated 
at his noisy entrance, returned to the 
scene, hovered over him, then 
returned to its Heart's Ease. 

"Well, I'm dashed," exclaimed 
Dick, turning over and resting his 
weight on one elbow as he gazed at 
the colourful creature, "that's a 
Swallow-tail!" 

"A what?" 
"A Swallow-tail," repeated Dick. 

"You don't see many of those 
around this part of the world." 

The incident of the butterfly 
seemed to have broken the chain of 
discontent in Dick's mind, and he re- 
directed his attention to the Service- 
man. 

"Let's get started," he suggested, 
"on those hints. You know I'm 
always interested in them." 

"As you like," replied Smithy, 
obviously relieved at Dick's return 
to an amenable frame of mind. 
"Now, let's see what we've got 
here." 

Smithy opened the flap of the 
portfolio and extracted a letter. 

"Ah," he remarked, "now here's 
a good one to start off the pro- 
ceedings. It's an idea for making a 
super-efficient soldering iron bit for 
work on small transistor layouts and 
things like that. What you do is get 
an ordinary copper bit and braze a 
small bit of silver on to it. The 
silver then forms the new working 
surface. The writer of the letter 
states that the idea works like a 
charm, especially with small work. 
I should imagine it would, too, as 
the silver would be far less liable to 
oxidise than does copper. The 
writer says he uses a bit modified in 
this manner for special jobs, and 
employs a normal copper bit for 
ordinary work. This is with a 25 
watt iron, incidentally, which has 
interchangeable bits." 

"That's a new one on me," con- 
fessed Dick, "but it's one I'd 
certainly like to try out." 

"Apparently," replied Smithy, 
looking at the letter once more, 
"it's quite an oldie. Still, it's certainly 
new to me, and I think it's well 
worth passing on." 

Smithy extracted another letter. 
"Now this one," he remarked, 

"is quite a simple idea, but it's one 
of those which can save you a lot of 
time and trouble. It's particularly 
useful if you're stripping down 
surplus equipment and stuff like 
that. You very often have B9G, 
B7G or B8A valveholders in which 
the holes in the tags are rectangular 
in shape. If several wires have been 
passed through one of these holes 
they can often be very difficult to 
remove. (Fig. 1 (a).) This is particu- 
larly the case when one or more of 
the wires is twisted around the tag. 
So you commence by nipping off the 
top end of the tag (Fig. 1 (6)), after 
which slight pressure from the 
soldering iron towards the top 
causes all the wires to slide off quite 
easily. The result is that com- 
ponents connected to the valve- 
holder are readily salvaged, no harm 
is done due to excessive heat, and a 

considerable amount of time is 
saved." 

"What," asked Dick, "about the 
valveholder?" 

"Well, that will be O.K. too," 
replied Smithy. "You can still use 
it again, if you want to, although its 
tags will be a wee bit shorter and 
Jagged-looking, of course." 

Smithy looked through the port- 
folio and extracted a third letter. 

"Now here," he announced, 
settling himself more comfortably on 
the grass, "is quite a knobby scheme. 
The idea is for a simple home-made 
press-button switch which can be 
knocked up in a few minutes at 
negligible cost. Although it uses 
commonplace components the writer 
of the letter says that it's no worse, 
so far as reliability of contact is 
concerned, than such simple com- 
mercial switches as are found on a 
torch. The small size makes it 
particularly suitable for transistor 
circuits, and the writer has played 
about with the idea of adapting it 
for the keys of a toy electronic organ. 
The idea came into being when a 
small press-button switch was 
needed, as an afterthought, with a 
miniature circuit. An entire range 
of toggle, press and slide switches 
was checked but all were found to be 
too large. The writer solved the 
problem by using a small safety pin 
1 inch long. The pointed end is bent 
to a hook with a pair of round-nosed 
pliers, and this hook and the centre 
loop are anchored to the insulated 
board on which the other com- 
ponents are fitted by means of 8BA 
nuts and bolts. There's a diagram 
in the letter illustrating all this." 

Smithy leaned over and showed 
the diagram to Dick who, shading 
his eyes from the sun, examined it 
with interest. (Fig. 2.) 

"The head of the pin," Smithy 
continued, "is bent over so that it 
protrudes through a hole in the front 
panel, and it is then covered with a 
blob of opaque coloured polystyrene 
cement. This disguises the origin of 
the switch and can even provide 
insulation if the front panel is made 
of metal. All that is needed to 
operate the switch is to press the 
head inwards, whereupon contact is 
made to a third bolt." 

"The diagram in that letter," 
remarked Dick, "also showed the 
pin mounted to the front panel 
itself." 

"That's right," agreed Smithy. 
"This is an alternative approach 
which allows the pin to be mounted 
direct to the back of an insulated 
front panel. In this case the head 
protrudes through a slot and you 
operate it by moving it sideways." 

"That is neat, you know," said 
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Dick appreciatively. "The contact 
is quite good enough for most low- 
current low-voltage transistor cir- 
cuits, and things like that. Also, 
there'll be a self-cleaning action 
because there's almost certain to be 
some rubbing between the surface of 
the pin and the bolt it makes 
contact to." 

"Exactly," agreed Smithy. "And 
don't forget that a packet of small 
safety pins is a darned sight cheaper 
than the equivalent number of 
miniature switches!" 

Smithy once more examined his 
stock of letters. 

"Eve got a letter here," he 
announced, "which has two hints in 
it. And the first of these has to do 
with iron dust cores jamming or 
breaking in threaded plastic coil 
formers." 

"I still keep getting those," com- 
mented Dick frowning. "Murder, 
they are." 

"They can be difficult," agreed 
Smithy, "but don't forget that iron 
dust cores get broken most often 
because people use incorrect trim- 
ming tools. Anyway, let's get down 
to the hint, which assumes that the 
core is already cracked or otherwise 
jammed, and that it's impossible to 
move it. The hint suggests that the 
first thing to do is to get the jammed 
core out by disintegrating it with a 
jeweller's screwdriver or similar 
instrument, and then shaking out the 
loose pieces. A process of this sort 
usually results in the thread of the 
former becoming burred, whereupon 
any attempt at screwing in a new 
core only results in that one jamming 
too, and you're back to Square One 
again. The solution is to clamp the 
new core in a pair of pliers or 
tweezers and to file off the thread 
until the core slides easily into the 
former. The modified core is then 
screwed into the former together 
with a thin piece of elastic. Sufficient 
grip is obtained to enable alignment 
to be carried out and the core is 
finally held in place with a suitable 
sealing compound." 

Printed Circuit Board 
Dick stretched himself luxuriantly 

in the heat of the sun. 
"That's a good scheme," he 

remarked. "These jamming cores 
can be a dickens of a nuisance at 
times." 

"They can, indeed," agreed 
Smithy. "But let's have a look at 
the second hint in this letter. This 
deals with clearing the solder out 
of the holes in a printed circuit board 
after a component has been re- 
moved. What you do is to heat the 
solder around the hole then force a 

wooden cocktail stick into the hole 
while the solder is still hot. This 
method requires the minimum appli- 
cation of heat and there is, in 
consequence, little risk of the conduc- 
tor lifting from the board." 

"Cocktail sticks," chuckled Dick. 
"It's surprising how many out-of- 
the-way gubbinses find uses in radio 
and TV servicing." 

"I've got another one here," 
replied Smithy, "and the out-of-the- 
way gubbins that's used is a wooden 
lollipop stick!" 

"A lollipop stick?" 
"A lollipop stick," confirmed 

Smithy. "And a jolly good idea it 
is, too. You cut the end of the stick 
to the appropriate shape and dimen- 
sions (Fig. 3), after which it becomes 
just the job for adjusting iron dust 
cores with screwdriver slots. So from 
now on, Dick, you're going to have 
to increase your intake of lollipops, 
so that I can get a decent supply of 
trimming tools available in the 
Workshop!" 

"Lollipops," repeated Dick 
thoughtfully. "That reminds me, 
Smithy, how about us having a start 
on this scoff you've brought along?" 

He rolled over on the grass, 
turning towards the Serviceman. 

"I must confess," he continued, 
"that I do appreciate your organising 
a break from the Workshop. And 
especially during the firm's time. 
It's a pity, though, that it had to 
include," his brow darkened at the 
thought, "what you so lightly 
referred to as a two-minute walk 
through the woods." 

"Well," said Smithy defensively, 
"it's a long time since I last came 
here, and I may have made a slight 
mistake about the distance." 

He leaned over and pulled the 
second suitcase towards him. 

"Anyway," he continued brightly, 
as he opened the case, "let's get 
weaving on the most important 
thing. Tea!" 

Smithy let the lid of the case fall 
back on to the grass -and reverently 
placed its contents in a neat line on 
the grass. An expression of in- 
credulity gradually spread over 
Dick's face. 

"What on earth," he stuttered 
disbelievingly, "are all those things 
for?" 

"These," said Smithy proudly, 
"are the makings. This, for instance, 
is the primus stove. It was made in 
Sweden, my boy, where all the best 
primus stoves come from." 

"All the primus stoves I've ever 
seen," interrupted Dick, "are made 
of brass." 

"So is this one," replied Smithy. 
"It may be a wee bit black in places, 
but that's only because it's given a 

lifetime of meritorious service." 
"And what's that tin?" 
"That's the tin I keep the pricker 

in," explained Smithy. "For pricking 
the jet when it gets bunged up." 

"And that?" 
"A bottle of paraffin, my lad," 

said Smithy, "for running the 
primus stove." 

"And the other bottle?" 
"That's petrol, my boy," answered 

Smithy, "for priming it up with." 
"Ye gods," commented Dick, 

aghast. "All I can say is that it's a 
jolly good thing the law didn't catch 
me just now when I was carrying 
this little lot. I'd have been run in 
as an agent of the I.R.A. quicker 
than that. In any case, it's a miracle 
I didn't explode going through the 
darned wood with all that stuff!" 

Smithy turned to the second suit- 
case and removed two further 
objects. 

"Don't tell me," said Dick 
indignantly, "that I lugged those 
hulking great things through the 
wood as well!" 

"These," said Smithy with dignity, 
as he placed the objects carefully on 
the grass, "are Winchester quart 
bottles. They were used in the 
Workshop before you were even 
born!" 

Front panel 

8 BA bolts 

8BA bolts. 

(a) 

Slot in front 
panel 

Front panel 

Safety pin head 
(b) 

fig. 2 (a). A simple switch made 
up from a l/n safety pin. The 
8BA bolts are mounted on an 
insulated panel which is at right 

angles to the front panel 
(b). An alternative version, in 
which the switch is mounted 
directly on to the back of the 

front panel 
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End of stick 
shaped to suit 
core slot 

Fig. 3. A familiar object in an 
unusual application. With its 
end suitably shaped, a flat 
wooden lollipop stick makes an 
excellent trimming tool for iron 

dust cores! 

"Blimey," said Dick, a note of 
reluctant respect creeping into his 
voice at the antiquity of the bottles, 
"and what were they used for?" 

"For holding sulphuric acid," 
replied Smithy. "That was in the 
days when people used to bring their 
2-volt accumulators round to have 
them charged." 

"What's in them now?" 
"Water," said Smithy. "Water 

for the tea." 
"Well," snorted Dick, as the 

memory of his struggle through the 
woods arose once more. "You 
certainly made sure you weren't 
going to go short of it." 

"It is," mildly remarked Smithy 
in reply, "rather a hot day, you 
know. And I do like a cup of tea." 

"That," said Dick, looking bitterly 
at the heavy glass bottles, "must be 
the understatement of the year." 

But Smithy was already busy 
coaxing the primus stove into action. 
Very soon, it commenced to hiss 
away merrily. 

Smithy opened the other suit- 
case. 

"Oh no," moaned Dick. "Not the 
Workshop kettle!" 

But Smithy was not done yet, and 
Dick's groans were repeated as an 
all-too-familiar cracked china cup 
and battered enamel mug took their 
place alongside the kettle. 

"I can't," wailed Dick, "take you 
anywhere. Last August you showed 
me up on the beach with all the 
Workshop crocks, and blow me if 
you don't go and do it again this 
year!" 

"Nonsense," replied Smithy brisk- 
ly. "All these utensils represent 
capital expenditure. They must be 
exploited to the full." 

Dick gave up the unequal struggle, 
and watched helplessly as Smithy 
loosened the glass stopper on one of 
the Winchester quart bottles, filled 
the kettle and placed it on the primus 
stove. 

"Shall we," said Smithy brightly, 
"have a go at some more of these 
readers' hints whilst we're waiting 
for the water to boil ?" 

"We might as well," grunted 
Dick ungraciously. "I did think we 
were going out into the country 
today, but the way things are going 
we might as well have brought a 
strip of turf into the Workshop and 
sat down on that instead!" 

"The next hint," said Smithy 
breezily, ignoring his assistant's 
complaints, "concerns a method of 
checking stabilised h.t. power packs, 
or any other sort of h.t. power 
pack come to think of it, without 
using high wattage resistors." 

"Oh yes," said Dick, his interest 
rising, "how do you do that, then?" 

"By using," replied Smithy, "a 
high power valve instead. The 
writer of the letter had completed 
a stabilised h.t. power pack, but 
had no high voltage resistors avail- 
able to check it with. So he used 
a high power valve instead, the 
actual type employed being an 
807. Since the power supply gave 
a —100 volt output which could be 
used for bias, it was possible to 
rig up the valve very quickly in 
quite a simple circuit." 

Smithy showed Dick the circuit 
diagram which accompanied the 
letter (Fig. 4). 

"I can see what's been done," 
commented Dick. "The 807 heater 
is run from the power supply heater 
output, and the grid is hitched to a 
pot which enables its voltage to be 
controlled." 

"That's right," confirmed Smithy. 
"The pot and the fixed resistor allow 
any bias voltage from about —50 
to zero to be obtained, and the 
circuit forms a very convenient 
method of providing a variable load. 
Also included is a low value resistor 
in series with the screen-grid. The 
main point to look out for when 
using the circuit is to ensure that the 
maximum anode dissipation figure 
for the valve is not exceeded. The 
valve is not, in this case, handling 
a signal, and so anode dissipation 
is equal to anode voltage times 

HX+ < 
-lOOV« 

'Adjust 
HT volts 

Htc 
OV« 

anode current. Both of these are 
monitored by the two meters in the 
circuit." 

"The screen-grid current," ob- 
jected Dick, "passes through the 
same meter as does the anode 
current." 

"True enough," agreed Smithy. 
"But in a simple application of this 
nature it would be best to work 
to anode dissipation on its own." 

"What's the maximum anode 
dissipation for the 807?" 

"No less," replied Smithy, "than 
25 watts. So, using an 807 or 
any similar valve in a circuit of this 
type enables you to get quite a high 
level of dissipation which can be 
very easily controlled." 

Smithy scratched absently at his 
leg, and selected yet another letter. 

"This is another simple device," 
he remarked, "but I'm sure that 
quite a few people will find it useful. 
It consists of an armchair remote 
control for the radio or the telly." 

Smithy examined the letter more 
closely. 

"What you have," he said, 
"are a 250ti pot and an on-off 
switch mounted in a small insulated 
box. This forms the remote point 
and is positioned at the armchair. 
It is coupled to the receiver by way 
of a 4-core flexible cable terminated 
in a 4-way plug. In the writer's 
set-up the 4-way plug consists, 
actually, of two 2-pin 2-amp flat 
flex connectors strappped together. 
The two plugs fit into appropriate 
sockets on the back of the receiver, 
whereupon the switch in the box 
is in series with the mains input 
circuit of the receiver and the pot 
is in series with the loudspeaker 
transformer secondary circuit. It's 
all shown here in a circuit diagram." 

Smithy once more leaned over 
towards his assistant. Carefully, 
Dick examined the circuit (Fig. 5 
ia)). 

"Well," said Dick, "that all 
seems easy enough. The pot controls 

 Q   
Current 

Stabilised power 
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Fig. 4. Using an 807 as a variable load for testing an h.t. power supply unit 

40 THE RADIO CONSTRUCTOR 



the volume from the speaker and 
the switch turns the set on and off." 

He paused for a moment. 
"What happens," he continued, 

"when you pull out the plugs 
going to the armchair control unit? 
Won't you then break the mains 
circuit and the loudspeaker circuit 
in the receiver?" 

"Not a bit of it," replied Smithy. 
"The sockets used are special 
shorting types which short-circuit 
their contacts when the plugs are 
removed. Those used by the writer 
were 'Walsall' 2-amp 2-pin sockets 
and you should be able to obtain 
these through most electrical re- 
tailers. If not, all you need are a 
spare pair of plugs with their pins 
shorted over internally. When you 
remove the armchair control plugs 
you then insert the spare ones, and 
the receiver continues to function 
normally." 

"Isn't it," asked Dick as another 
thought struck him, "rather naughty 
to insert resistance between the 
output transformer secondary and 
the speaker? Because of matching 
and all that?" 

"It is a bit, perhaps," admitted 
Smithy. "It would probably be 
best to set the volume on the 
receiver just at the maximum 
point you're liable to want, where- 
upon it won't be necessary to 
insert too much resistance at the 
armchair control position for normal 
listening. It won't matter a great 
deal if you insert a lot of resistance, 
with a bit of consequent distortion, 
if you want the set turned down for 
conversation or when the com- 
mercials come on." 

"I don't know about that," 
said Dick. "The commercials are 
the only things I look at these 
days!" 

"Another point," continued 
Smithy, absently scratching his leg 
once more, "is that there are liable 
to be some pretty hefty a.f. voltages 
across the speaker transformer pri- 
mary when the remote potentiometer 
inserts maximum resistance into 
circuit, because the secondary will 
then be very lightly loaded indeed. 
So I, myself, would add a fixed resis- 
tor permanently across the speaker 
transformer secondary. (Fig. 5 
(b)). For a 30 speaker, this ad- 
ditional resistor could be of the 
order of 100 at 1 watt. It won't 
make much difference to normal 
receiver operation, but it will help 
to prevent excessively high audio 
voltages appearing across the pri- 
mary. And, finally, don't forget 
that the circuits the armchair 
control plugs into can have some 
dangerously high potentials above 
earth on them. So all your wiring. 

RECEIVER 

REMOTE CONTROL 
UNIT 

On-Ott 

Receiver Receiver 
speaker speaker 

transformer 

2 2-amp plugs 
strapped together 

Volume 
250n w.w 

AW-— Receiver 
On-Off 
switch power 

e—< supply 
circuits 

4- core flexible cable Sockets mounted at 
rear of receiver 

(a) 

Receiver speaker 
transformer 

Additional resistor 

Receiver speaker 

(b) 
Fig. 5 (o). An armchair remote control unit for a television or radio receiver 
(b). To ensure adequate loading of the speaker transformer in the receiver 
at low volume levels, it would be preferable to connect an additional fixed 

resistor of appropriate value across the secondary 

plugs, sockets and insulation must 
be fully adequate for such poten- 
tials." 

Tea Up 
At that instant a low whistle 

broke the peaceful quiet of the 
glade. It soon intensified to a 
piercing shriek, and a cloud of 
steam appeared above the primus 
stove. 

"Blimey," commented Dick, "just 
like home!" 

Under Smithy's instructions, Dick 
quickly prepared the tea and it was 
not long before the Serviceman 
was quaffing great draughts of the 
life-saving fluid. The butterfly had 
disappeared when the kettle gave 
voice but it now returned. It 
seemed to be fascinated by the 
strange pair who had violated its 
sanctuary and who were engaged 
on such mysterious affairs. 

"That Swallow-tail," commented 
Dick, " is back with us again." 

"You seem," remarked Smithy, 

as he drank deeply from the battered 
enamel mug in his hand, "to be 
rather clued-up on insects." 

"I have," said Dick modestly, 
"picked up one or two facts about 
them." 

"I wish you knew something 
about wood-lice." 

"Wood-lice?" 
"That's right," confirmed Smithy. 

"Wood-lice. There appears to have 
been a veritable plague of them 
over the last few years. So far as 
I can see, they've just about taken 
over my garage!" 

"There do," admitted Dick, "seem 
to be rather a lot of them around these 
days." 

"They're darned cheeky, too," 
continued Smithy, indignantly. 
"They march into my garage as 
though they own the darned place. 
They don't know their way around, 
either, and they go crashing into 
things and bumping into each other. 
A proper pest, they are!" 

A malevolent expression came 
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over his face. 
"Still," he said vindictively, "I've 

got an answer to them now." 
"What's that?" 
"I Hoover them!" 
"You whatT' 
"I Hoover them," repeated Smithy, 

the fire of satisfied vengeance 
glowing in his eye. "I run a mains 
lead out from the house and I go 
around the garage with the vacuum 
cleaner. You ought to hear them 
clattering against the inside of the 
pipe as they go up it!" 

"You revolting old devil," gasped 
the appalled Dick. "What on 
earth have the poor little wood-lice 
done to you?" 

"They have intruded," replied 
Smithy, "on my property. Which 
means war to the death; and in 
such a war I intend to take full 
advantage of every weapon that 
modern science has made available 
to me!" 

Dick shuddered. 
"Charming," he commented. "I 

should by now be thinking about 
something to eat, but what you've 
just said has put me right off." 

Yet again, Smithy abstractedly 
scratched himself. 

"You'll soon feel hungry again 
when you see what I've brought," 
he remarked confidently. "It's all 
in a paper bag in that suitcase." 

Dick reached into the suitcase 
indicated by Smithy and removed a 
large paper bag. He opened it 
out and looked at its contents 
doubtfully. 

"It's all there," said Smithy 
proudly. "If you look through that 
lot, you'll find four chocolate 
eclairs, four cream puffs, two 
meringues, six cream doughnuts 
and six slices of chocolate log!" 

It is a convention to use the 
written term "ugh" in dialogue to 
indicate aversion, even though the 
uttered sound is usually very dif- 
ferent. In this case, however, Dick 
produced a sound which exactly 
matched its written counterpart. 

"Ugh," said Dick, "ugh!" 
"What's up?" 
"What's up?" queried Dick in- 

dignantly. "Have you seen them? 
They're all squashed up and melted 
together." 

Smithy leaned forward and ex- 
amined the multi-coloured concoc- 
tion which Dick indicated. 

"There's nothing wrong there," 
he snorted. "They're just a bit 
mixed up, that's all." 

He extended his hand, extracted 
some 80 % of a cream puff, together 
with 15% chocolate log and 5% 
meringue, and carefully transferred 
this amalgam to his mouth. After 
some moments of what was obviously 
completely enjoyable mastication, 
he swallowed, and then proceeded 
to meticulously lick his fingers. 
He finished by picking up his mug 
and draining it with one gulp. 

"Ah," he remarked. "Now that 
was really nice." 

"Can we," asked Dick in a tone 
of utter revulsion, "proceed with 
another reader's hint?" 

"By all means," replied Smithy 
cheerfully, picking up his portfolio 
once more. "I'll see what's next in 
the list." 

Gate-Crashers 
Subconsciously, Dick had been 

aware that Smithy had been scratch- 
ing his leg quite industriously from 
time to time, and the matter rose 
to the surface of his attention when 
he saw the Serviceman repeat the 
action once more. Perhaps it 
was the fact that, this time, Smithy 
wriggled uncomfortably as well 
that had caught Dick's conscious 
eye. He decided, however, to 
dismiss the phenomenon as one 
which had no immediate interest, 
and concentrated instead on the 
next letter which Smithy had pro- 
duced. 

"This one," said Smithy, "brings 
us back to the old iron dust cores 
again. Although, in this instance, 
it's an idea for removing broken 

or jammed cores by unscrewing 
them. What you do is make up 
two similar tools from jjin mild 
steel rod. You file two grooves 
at right angles at one end of each 
rod, giving you four equally-spaced 
spikes. (Fig. 6 (a)). You then 
insert one tool into each end of the 
former so that the spikes are applied 
to the core (Fig. 6 (6)), press 
inwards and turn. This should 
enable you to unscrew all but the 
most solidly jammed cores you're 
ever liable to encounter." 

"Well, that is a good idea," 
remarked Dick appreciatively. "I 
can see myself knocking up a 
couple of those little tools myself 
when I get back to the Workshop." 

"Yes," agreed Smithy, "they 
should be very helpful, too. 
Hullo, what's happening to those 
cakes of mine?" 

Dick looked at the contents of 
Smithy's paper bag. Already, several 
dozen wasps were crawling avidly 
over this unexpected rich booty, 
and reinforcements were arriving 
at every second. Some of the 
wasps, detecting traces of sugar 
on Smithy's fingers, flew over to 
investigate. Smithy waved them 
away nervously. 

"This," chuckled Dick, "must be 
the Revenge of the Wood-lice. 
The insect world has declared war 
on you!" 

"I wish," snapped Smithy, "you'd 
stop trying to be funny and do 
something to keep these wasps 
away from me. Yerruff!" 

With which singular utterance. 
Smithy suddenly sprang to his feet 
and proceeded to slap wildly at his 
nether regions. Dick watched the 
Serviceman with great interest, and 
suddenly remembered his previous 
unaccountable actions. Giving the 
wasps a wide berth he got up and 
examined the ground on which 
Smithy had been sitting. 

"Well," he laughed, "if you 
will choose to sit on an ant-hill, 
you can hardly be surprised if its 
inhabitants come out to investigate!" 

Going Home 
Delicacy forces us to draw a 

veil over the scenes which followed, 
these including such dramatic epi- 
sodes as the Retreat from the Wasps 
and the even more spectacular 
De-Anting of Smithy and his 
Appurtenances. However, it would 
be a pity to record a dismal ending 
to a day which, at the start, was 
so full of promise. Indeed, there 
is no need to do so, and the dusk 
found the pair motoring happily 
homewards in Smithy's car complete 
with a boot-load of two suitcases, 
sundry culinary effects and two 
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empty Winchester quart bottles. 
"Well," said Dick ruminatively, 

as Smithy changed up into top 
and attacked an invitingly empty 
stretch of straight road. "It was a 
bit tough at first today but after 
that everything went fine. I don't 
think I've laughed so much for 
ages!" 

"It was," chuckled Smithy, in 

spite of himself, "a bit of a gag, 
I must admit. Anyway, I'm quite 
certain that we won't go back to 
that particular place if we have a 
quiet afternoon next August." 

" Won't we? Then where will we 
go?" 

"We'll stay," replied Smithy firm- 
ly, "in the safest place I know—the 
Workshop!" 

Editor's Note 
The hints described in this episode 

of "In Your Workshop" were sub- 
mitted, in the order in which they 
appear, by G. M. Watson, W. Smith, 
T. E. Millsom, M. E. Miller, G. 
Maynard, J. R. Ault, J. Pickering and 
J. M. Colles. Further hints for this 
feature are welcomed and payment 
is made for all that are published. 

lOU (OD't 

Win 'Em ill" 

By "W.S." 

Just to show that things don't always go right in the 
realm of radio and television, we publish the 
following cautionary tale. The story is completely 
true in all details, but for obvious reasons we are 
keeping our contributor's name a very close secret! 

A LATE LAMENTED RELATIVE OF MINE HAD A MOST 
endearing feature—he never bought anything 
but the best. When television came to my 

area, around 1952, he forthwith bought a magnificent 
TV set costing 130 guineas, and I must confess it was 
worth it, for it gave no trouble whatever until the 
I.T.A. opened up. The converter which was attached 
to the back of the set just didn't have enough gain 
to deal with the fringe signal available and so— 
about 1958, I think—one of the more modern sets 
became a necessity. The £1 allowance for the old 
set really surprised me. Ignoring the twenty odd 
valves, the lOin loudspeaker, etc., I reckoned there 
was enough walnut in the cabinet (with doors) to 
meet my fuel requirements for a considerable time 
and in any case, my house was better located for 
TV signals than his. So (to cut a long story short) 
I acquired the set. (Free of charge, actually—I'm 
from north of the border.) I should add that with 
minor adjustments and replacements the set still 
continues to function extremely satisfactorily. 

I live (alone!) in a semi-detached house and as 
my neighbour, at the time I acquired the aforesaid 
set, already had a television aerial fixed to a long 
pole in his back garden, I decided to do likewise and 
rigged up B.B.C. and I.T.A. aerials on a steel pole 
about thirty feet long. To do this singlehanded for 
the first time, at least, was not very easy, but anyway 
I succeeded and was rewarded with excellent B.B.C. 
reception. But there was little joy with the I.T.A. 

After much deliberation I decided that the aerial 
was somehow at fault and on going out to work 
the morning after, I noticed that every I.T.A. aerial 
in the district had an upward tilt of about 15 degrees 
or so, and came to the conclusion that the slight 
downward tilt of mine was probably the cause of 
the poor reception. 

By the time I got back from work it was dark, 
but I had evolved a simple plan. I would attach 
a heavy weight to a piece of garden twine and 
throw it over the reflector end of the aerial, then 
holding both ends of the twine, give a good hard 
tug. Nothing could be simpler. With torch in left 
hand focused thirty feet up, I took careful aim and 
let fly. 

Surprise, surprise. The lead weight didn't come 
down at all, and further investigation revealed that 
it had missed its target by a considerable margin 
and had gone over the two telephone wires to my 
neighbour's house. It had also bound the twine 
round and round the wires about a dozen times, 
and no amount of tugging was of the least avail. 
Distant tinklings and the sound of raised voices 
were faintly audible in the darkness, and one thing 
was certain—something had to be done quickly. 

With confidence born of despair, I lashed together 
a fifteen foot spar of wood I happened to have for 
repairing the garage, a rake, a push-hoe and a ten 
foot telescopic dinghy mast. With some ingenuity 
I attached a razor blade to the latter, and, torch in 
mouth, 1 attempted to wield this unwieldy implement 
over the rather large hedge separating the two 
gardens. The voices and the tinklings still con- 
tinued from the darkness and I could now make 
out the occasional rude word. By now, too, 
although the night was cold, sweat was trickling 
from my chin. 

It didn't take me long to realise that the razor 
blade idea was about as useful as a sporran full of 
haggis, but as has happened before, my innate 
genius came to the rescue. Replacing the razor 
blade by a large duster, which I had dipped in 
petrol, I thoroughly soaked the offending binding, 
then lit them both. The conflagration floodlit the 
entire neighbourhood. 

Success was instantaneous but short-lived. Both 
telephone wires melted. 

I leave to your imagination my reply the next 
morning to my neighbour's opening greeting: "The 
strangest thing happened to my 'phone last 
night . . ." 

(Postscript: A Band III pre-amplifier was needed 
to solve the problem of the poor I.T.A. reception.) 
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Phototransistor Sports Timer 

By JOHN G. DEW, B.Sc. 

Light-beam controlled timer for Car Rallies and other events. 

The author was recently requested by 
members of a car club to build an electronic 
timer for timing rally and sprint events. 

Since the cost of commercially available timers 
was in the neighbourhood of £100 it was thought 
that perhaps the author might be able to save the 
club some money! 

The requirements were: 
(a) starting and stopping the timing process by 
the passage of a car through a beam of light, the 
same beam being used for start and finish, 
(b) indication of the time interval to l/10th of a 
second, accurate to second over periods up to 
5 minutes, 
(c) operation from a 12 volt car battery. 

The last requirement ruled out the use of counting 
tubes like the "Dekatron" or "Numicator" for 
the display, as a a.c. d.c. converter for the high 
tension supply would then be necessary. This 
led to the choice of transistorised circuitry and an 
electro-mechanical counter. A block circuit diagram 

Light beam 

of the final design is shown in Fig. 1, and the theo- 
retical circuit in Figs. 2 and 3. The circuit will be 
discussed stage by stage. 

Phototransistor 
There are many methods of detecting the presence 

of light: photo-voltaic, photo-resistive and photo- 
emissive devices can all be used. The most useful 
in the present situation, however, is the photo- 
transistor, which operates on the first principle. 
Normally transistors are painted black, or have 
a metal case, which prevents the entry of light; 
a phototransistor is left unpainted, and furthermore 
the silica gel inside the glass is made as transparent 
as possible. The result is that light can fall on the 
base layer of the transistor assembly, where free 
holes and electrons are liberated. These diffuse 
through the base, producing in effect a base-emitter 
current, and so, when a collector voltage is applied, 
an amplified collector-emitter current can flow. 

An output signal may be obtained by placing 

—— Photo- Schmitt 
Flip-flop 

—- transistor trigger 

lOc/s 
Multi- 
vibrator 

Electro- Current Gate magnetic amplifier counter 

\, 

Fig. 1. Block diagram of the event timer 
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Fig. 2. The input circuits and 10 c/s oscillator 

To C 
(fig.S) 

Components List 

Resistors 
(All fixed 
stated) 

Ri 
R2 
R3 
R4 
Rs 
Re 
R? 
Rs 
R9 

Rio 
R11 
Rl2 
Rl3 
Rl4 
RlS 
Rie 
Rl7 
RlS 

values i watt 10% unless otherwise 

lOkO 
4.7kn 
470a 
2.7kf2 
IkQ 
ioka 
iokn 
2.7kn 
33kfl 
ikn 
2.7kn 
ioka 
470n 
lOkn 
2.7kn 
ika 
33ka 
lOkii 

Rjg 10kn 
R20 4.7kn 
R21 82k \ High Stability 
R22 82k J (see text) 
R23 4.7kn 
R24 4711 | watt 
R25 1200 
R26 4712 
R27 3.3ka 
VRi lOkfl carbon, linear 
VR2 50011 preset 

Capacitors 
Q 0.05(j.F paper, 150V wkg. 
C2 0.05|j.F paper, 150V wkg. 
C3 1 (rF, 150V wkg. (see text) 
C4 1 (J.F, 150V wkg. (see text) 

TRj \ 
TR4J 
TRel 
TRy/ 

Semiconductors 
TRi OCP71 (see text) 
TR2I OC70, OC71, MAT120, "red spot" or 

almost any low power transistor with a 
reasonable current gain 

OC200, OC201, 2S302 (silicon) 
TR8' OC139, OC140, XA701 (n-p-n) 
TR9 OC72, OC81 
TR10 XC141, OC35, GET573 (power) 
TRu Any general purpose type 
Oil 
D2 V OA70, OA81 
DsJ 
Zj VR9-B, or any 9V zener diode capable of 

1 watt dissipation 

Battery 
Bj 12V car battery 

Switches 
s.} 
S2 On-off toggle 

Counter 
Type 100D, with 4.111 coil (Available from 

Service Trading Co., 47-49 High Street, 
Kingston, Surrey) 

Meter 
Mi 0-10mA f.s.d. 

august 1965 45 
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E-M 
Counter 

TRQ 

Gate Current amplifier 
Fig. 3. The gate and counter stages 

a resistance in the collector circuit or, more unusually, 
in the emitter circuit. Since the equivalent base 
current generator has infinite impedance the input 
"signal" is unaffected by emitter feedback, and 
so no loss of gain occurs. In the present case the 
signal is taken from the emitter, as a positive-going 
signal was required on cutting the light beam. 
See Fig. 2. 

It should be noted that the recommended OCP71 
phototransistor is simply an OC7] with an unpainted 
glass case. However, only the early OC7rs had 
a translucent filling; later models had an opaque 
blue gel, and later still they were put in metal 
cans. 

Schmitt Trigger 
It was felt that "squaring up" of the photo- 

transistor output was required as, otherwise, slowly 
moving cars might fail to operate the timer. A 
Schmitt trigger was therefore employed, consisting 
of transistors TR2 and TR3 of Fig. 2. Normally, 
the phototransistor is is illuminated, emitter current 
flows and the base of TR2 is held negative. Hence 
TR2 conducts heavily and, by virtue of the cross- 
coupling resistor Rg, TR3 is held non-conducting. 
However, if the illumination is cut off, TR] ceases 
to conduct, the current in TR2 falls and TR3 can 
conduct. As there is emitter coupling (R5) in 
addition to cross-coupling, the circuit becomes 

;RI7 
;RI8 

rI9 
—WW— 

tW" 

:r20 Pr2I 

ToB(Fig.3) 
Fig. 4. Adding a buffer stage between TR6 and the 

gate circuit 

unstable and takes up its other stable state; TR2 
cut off and TR3 conducting. If TRi is illuminated 
again the reverse procedure occurs. Thus the 
Schmitt trigger acts as an electronic switch, switching 
"off" when the base of TR2 is less than about 2.4 
volts negative, and "on" when it is more than 
about 3.3 volts negative. The difference between 
the two values is due to the "hysteresis" or "back- 
lash" of the circuit, but is not important in the 
present application. 

The output signal, taken from the collector of 
TR3, consists of a positive-going step when the 
illumination of TRj is cut off, and a negative-going 
step when it is re-illuminated. 

The Flip-Flop 
To the quick-minded reader a difficulty may 

now be obvious. The light beam will be inter- 
rupted once to start the timer, and interrupted 
again to stop it, but this will produce two similar 
outputs from TR3, one of which must start the 
timer and one of which must stop it. A "divide 
by two" circuit is thus necessary, the mechanical 
analogy of which is a switch which is pressed 
once to switch on, and pressed again to switch 
off. 

The circuit used to perform this function is the 
"flip-flop", or bistable, circuit. A glance at the 
circuit, which comprises TR4, TR5 and the as- 
sociated components, is sufficient to indicate that 
it is entirely symmetrical in appearance, and will 
have two stable states; either TR4 conducting and 
TR5 cut off, or vice versa. (This circuit is used a 
great deal in computers, where the two stable 
states can represent the two binary numbers 0 and 
1.) Since the circuit is symmetrical an input pulse 
would have the same effect on each "half", causing 
no change at all, were it not for the presence of 
the diodes Di and D2. 

It will be noticed that the diodes are connected 
to the bases of each transistor, and are biased by 
connection via fairly high value resistors (R9 and 
Rn) to the appropriate collectors. When one 
transistor conducts heavily most of the supply 
voltage is dropped across the collector load, with 
the result that the collector voltage is small. Only 
a small voltage then appears between collector 
and base, so the diode remains unbiased and can 
conduct in the forward direction. 

On the other hand, for the transistor which is 
not conducting, the collector-to-base voltage is 
quite large, and this reveree-biases the diode. 
Hence if a positive-going signal is applied to both 
diodes, one diode passes the pulse to its associated 
transistor (tending to switch it off), while the other 
diode blocks the pulse to its transistor. 

By this "pulse steering" technique regenerative 
switching is initiated, and the circuit switches 
rapidly to its opposite state each time an input 
pulse is applied. As negative-going pulses have 
no effect, the circuit provides an alternate polarity 
output each time the illumination of TRi is cut 
off. 
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The Multivibrator 
The "clock" circuit, comprising TRg and TR7 

is a simple free-running multivibrator operating 
at 10 cycles per second. Thus the final digit of 
the counter indicates l/10ths of a second, the 
next digit indicates seconds, the next tens of seconds, 
and the final digit hundreds of seconds. This 
enables a total time of over fifteen minutes to be 
registered. 

There are a few points worth noting in the design 
of the multivibrator, the first being the fact that 
silicon transistors are used. The frequency of a 
multivibrator is determined by the time constants of 
the coupling capacitors and base resistors, but the 
latter are shunted by the base reverse leakage 
of the transistors. With germanium transistors 
the reverse leakage varies markedly with temperature, 
but with silicon types there is no leakage worth 
mentioning. Hence temperature has little effect 
upon the repetition frequency. 

Another point to note is the large values of the 
cross-coupling capacitors, C3 and C4. To ensure 
saturation of each transistor when it is "on", 
the base resistances should be less than a' times 
the value of the collector load, where a' is the 
current gain of the transistor. Now the a' value 
of silicon transistors tends to be low (typically 
20, unless expensive types are used) and so the 
value of the base resistors is low (4.7kfl x 20 =94k£l). 
To obtain the low frequency of 10 c/s large coupling 
capacitors are therefore required. 

Furthermore, because the capacitance of an 
electrolytic varies greatly with temperature, the 
coupling capacitors must be paper types. The 
author used two 0.5(j.F units in parallel to obtain 
IgF, but this was simply because they were handy.* 

If very accurate timing is to be undertaken, 
it is as well to include a buffer stage (see Fig. 4) 
to reduce the loading on the oscillator stage. 

The other item of interest is the variable resistor 
VRi, which gives a small degree of control over 
the frequency of the multivibrator to compensate 
for variations in battery voltage, temperature, etc. 
The values of the base resistors R21 and R22 found 
in the Components List are intended only as a 
guide, and should be adjusted to give the correct 
calibration with VRj in mid-position. 

M| 
Remote 

control unit 

47 kn TR. 

TR2 

Sensitivity 
Skn Linear 

Fig. 5. Adding a second transistor. This diagram 
also shows how a sensitivity control may be introduced 

into the TRI circuit 

one tends to confuse them with switches. However, 
when a switch is "open", a gate is "closed".) 

The main reason for using an n-p-n transistor 
is the simplification it produces in a d.c. amplifier. 
If an a.c. amplifier were used, the switching of the 
flip-flop would produce a change in d.c. level, 
causing unwanted counts to occur. 

The Current Amplifier 
The collector circuit of TRg connects directly 

to a super-alpha pair, TR9 and TR10, with no need 
for biasing whatsoever. (If thermal stability is 
considered a problem, a 4.7kfi may be connected 
between the base and emitter of TRg.) The current 
demand of the counter is quite high—1 amp peak 
or 500mA average—hence the need for a two-stage 
amplifier. TR10 should be a power transistor for, 
although the heat dissipation is not great, it should 
run as coolly as possible since there is no thermal 
stabilisation except the resistor R26. To this end 
TR10 should be mounted on an adequate heat 
sink—say 20 square inches of aluminium sheet. 

The Counter 
An electro-magnetic counter was chosen because, 

as mentioned earlier, a low voltage power supply 
was available. A suitable type of counter is the 

Gate Circuit 
The function of this circuit is to allow the transfer 

of 10 c/s pulses when the flip-flop is in one state, 
and to block the pulses when it is in the other. 

In effect, a diode gate is used, the base-emitter 
junction of the n-p-n transistor TRg forming the 
diode. A negative bias potential is applied to 
the emitter by the potentiometer VR2, and adjusted 
so that, when the collector of TRg in Fig. 2 is 
also negative, the gate is closed and, when it is 
near zero potential, the gate is open. (There is a 
difficulty of phraseology in connection with gates; 

♦ To ensure accuracy of timing despite changes of temperature 
it would be preferable to use capacitors having low temperature 
coefficients in the C3 and C4 positions. Suitable types would be 
T.C.C. Duomold or T.C.C. Polyester.—Editor. The Paxolin chassis employed in the prototype 
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100D, which is capable of operation at 10 c/s, 
and has a coil resistance of 4.10. The 100D is a 
four figure, non-resettable type, but it may be 
found desirable to be able to set the figures back 
to zero after each timing interval. However, 
although four figure resettable counters are readily 
available, they are rather expensive, and are normally 
fitted with high resistance coils intended for 48 
volt operation. This would mean either a 48 
volt supply or the rewinding of the coil. (Coils 
from the 100D are not interchangeable with those 
from resettable counters.) 

Construction 
A Paxolin board, 7 x 2iin, was prepared by 

drilling it with a grid of A in diameter holes, at 
fin spacing. Components were mounted on one 
side of the board, and their wires were used for 
interconnection on the other. This is a much 
cheaper alternative to the printed circuit, and is 
only slightly inferior. 

The power transistor TR]o, the counter and the 
phototransistor TRi were all connected to the 
main circuit by flying leads, so that they could be 
mounted as convenient. 

Setting Up 
The phototransistor should be mounted at one 

end of a tube about 2in in diameter and a foot 

long, in order to exclude extraneous light. The 
type of light source used will depend on the separa- 
tion of source and detector, and also upon the power 
source available. A car spot-light is normally 
used with the author's model but, with a sensitivity 
control (see Fig. 5) and a simple lens operation 
at distances up to 50 feet can be obtained with 
an ordinary torch. 

If a milliammeter is available, this may be placed 
in the collector lead of TRi, and the alignment 
of the light and phototransistor can be adjusted 
to give a maximum collector current. This should 
exceed 1mA. 

Addition Of A Second Phototransistor 
For timing over a straight course—as opposed 

to a circular one—two light beams are required, 
one at the start and one at the finish. In this case 
two phototransistors may be connected in series, 
as in Fig. 5. 

Optical alignment of the first light and photo- 
transistor can be accomplished with switch S2 
closed; operation can be checked by covering 
and uncovering TRj. The alignment of the second 
optical system, which will presumably be remote 
from the main instrument, can then be carried out 
with the aid of meter Mj. The remote unit should 
be fitted either with a permanent meter, or with 
sockets for connecting a portable meter. 

The Decibel 

By 

ARTHUR C. GEE 

M.R.C.S., L.R.C.P., D.P.H. 

In these days of high-revving petrol engines, 
pneumatic drills and screaming jet aircraft, we 
often read newspaper reports of noise measurements 
expressed in decibels without any mention being 
made of the standard reference level employed. 
This article, which is mainly concerned with decibels 
when used for measuring sound intensities, points 
out that the standard employed here is the Clinical 
Zero, and quotes numerical examples for many of 
the noise intensities with which we are familiar 

ONE OF THE TERMS WHICH THE BEGINNER WILL 
soon come across in electronics, whether 
in the field of radio or audio, is the "decibel", 

and it is probably true to say that it is the least 

well understood of any, to judge from the way 
many folk use the term. 

The decibel, or "dB" as it is expressed, is a 
"unit of relative power". That is, it defines the 
ratio between two degrees of the same power 
source, frequently electrical. In practice, the 
decibel is also very often used in relation to such 
sources of power as noise. 

Loudness 
"Loudness" is, of course, judged by the ear, 

but here we run into difficulties. The ear cannot 
judge absolute loudness. It can only judge differences 
in loudness. T us we see why the decibel, which 
defines a ratio is such a useful unit with which 
to measure loudness level. The ear can only estimate 
power ratios in relation to the sound it hears; 
and the decibel is a power-ratio unit. 

For those with a mathematical turn of mind, 
we can define a decibel in the following' manner. 
If we have two powers, ?! and P2, then the number 
of decibels representing the ratio P2:P] is ten 
times its common logarithm. Expressed as an 
equation this gives us: 

dB = 10 logio^ 

From the practical point of view, it so happens 
that a change in loudness, just detectable by ear, 
is equal to IdB. 
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One great advantage in using the decibel scale 
where sound is concerned is that the range of 
loudness of sound, when expressed as a simple 
ratio, is so great that the figures necessary to indicate 
the extremes become inconveniently large. Thus 
the difference in power of the sound of a jet aircraft 
from the slightest noise which is only just audible 
to the average human ear is 1,000,000,000,000 to 1! 
On the decibel scale this represents a figure of 120 
only. 

On the decibel scale a ratio of: 
1:1 =zero dB 
1:10 =]0dB 
1:100 =20dB 
1:1000=30dB and so on. 

Clinical Zero 
Even though the decibel is a measure of relative 

power or relative noise, it is necessary to define 
what one might call "a unit decibel", particularly 
when the power ratio being measured is that relating 
to sound. A unit decibel, for use in this particular 
field, has consequently been defined as "the quietest 
sound that can be heard." This obviously depends 
on the hearing acuteness of the individual, so a 
further attempt to obtain a more accurate unit 
was made by averaging statistically the quietest 
sound heard by a large group of young adults. 
The result thus obtained is sometimes called the 
"Clinical Zero" in sound measurement, and is 
referred to as zero on the dB sound scale. 

Using such a zero, it is interesting to note 
the dB measurement of some common sounds. 
Taking the threshold of hearing as zero, the 
"noise" in a quiet church or soundproof room 
averages out at about lOdB. A whisper or the 
background noise in a public library is around 
20dB. Normal conversation is around 50dB; 
a radio set full on, or the noise in a car, 70dB; 
busy street noise or that in an Underground train, 
90dB; pneumatic drills, lOOdB and jet aircraft 
up to 120dB. But remember, these figures do not 
represent so many units, like pounds of potatoes; 
they represent the relative power of each sound, 
compared with the minimal. 

With regard to the measurement of sound 
intensities if, in the equation given above, P2 
represents the sound intensity we wish to measure 
and P] the intensity of a known sound reference 
source expressed in decibels, then we can calculate 
the intensity of our test sound in actual decibels 
also. We could take the reference source as being 
the "quietest sound we can hear", but a more 
practical proposition is to employ a Standard 

- 

The Dawe Instruments Falling ball Acoustic Calibrator 
Type 1417 and Sound Level Meter Type 1400F. The 
calibration of the meter, including the microphone, 
may be checked with the calibrator. (Courtesy Dawe 

Instruments Ltd.) 

Source of Sound which, used under specified 
conditions, gives a sound intensity of a known 
number of decibels. Such instruments are available 
for use in audio laboratories and one type takes 
the form of a small case, containing thousands 
of very small steel balls. On flipping the case over, 
the balls run down like sand in an hour-glass 
on to a small diaphragm, which emits the noise 
of the falling balls. The balls take a few minutes 
or so to run through, during which time their 
noise can be used as a reference sound source. 
The instrument is then flipped over again, whereupon 
the process can be repeated. Used under standard 
conditions as to distance from the microphone, 
background noise, etc., the instrument can provide 
a very accurate and sound intensity reference 
source. 

Editor's Note 
The internationally agreed reference level for sound 

pressure in noise measurement is 0.0002 dyne/cm^, 
which is in the region of the threshold of audibility for 
a 1,000 c/s pure tone. Loudness measurements with 
sound level meters are taken against this pressure and 
at this frequency, but the frequency response of the 
measuring instrument is weighted to exhibit certain 
characteristics (which are described in British Standard 
3489:1962—"Specification For Sound Level Meters 
(Industrial Grade)"). The weighting results in loudness 
readings which correspond with subjective perception. 
A typical weighted response curve, as would be given 
by response A of the Dawe Instruments sound level 
meter shown in the illustration, is OdB at 1,000 c/s. 
falling to —10dB at 200 c/s, —20dB at 90 c/s and —35dB 
at 40 c/s. 

ECONOMIC SILICON RECTIFIER 

A series of economic silicon rectifier assemblies in single-phase bridge connection is now being produced by 
Westinghouse Brake and Signal Co. Ltd. Two basic ranges can be supplied, rated at 30 and 20A; each range being available 
in a variety of peak transient voltage ratings from 100 to 1500. 

The units comprise two 4 x Sin aluminium cooling fins, each fitted with a normal and reverse polarity diode of the 
SxFxS or SxFx8 type, mounted on 10 U.N.F. insulated spindles which may be employed for mounting the unit. Typical 
applications are in battery chargers, electromagnet supplies, general d.c. power supplies, etc. 
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Versatile 

Transistor 

Waveform 

Generator 

By J. P. CREAN 

An interesting experimental circuit which, by using 
a floating system to add functions together, can 

produce a wide range of waveforms 

IN THE COURSE OF EVERYDAY WORK ONE OFTEN 
comes across components, particularly tran- 
sistors, which are not quite "up to scratch" and 

yet are still sufficiently good to make it seem a pity 
to throw them away. These usually find their way 
into a box somewhere in the workshop, and reside 
there collecting dust until they are eventually 
thrown away. 

The circuit described here was constructed out of 
the contents of just such a box in order to forestall 
their imminent consignment to the dustbin. The 
circuit will operate on any power supply between 
1.5 and 15 volts, the current drain being bOOgA at 
9 volts. It produces square and triangular wave- 
forms and various other functions. 

None of the component values are critical, and 
all the transistors are used as switches and thus 
have only two levels of output. Lack of an internal 
earth ensures that voltages between any two points 
in the circuit can be tapped off, simply by connecting 
earth to one and obtaining an output from the 
other. 

Circuit Operation 
In the circuit diagram of Fig. 1, TRj and TRj 

form a conventional multivibrator operating (in this 
instance) at about 1 kc/s. If variable frequency or 
mark-space ratio is desired, this can be arranged by 
using potentiometers and/or switched capacitors. 
Because of the presence of Q and Cz, the collector 
waveforms of TRi and TR2 are rather rounded. 

To provide a square wave output, the base of 
TRi is connected to that of TRj, a simple switching 
transistor which has a very neat square wave at its 
collector. TR3, in turn, switches TR4 via Rs. 

TR5 has Li (the primary of an old 470 kc/s tran- 
sistor i.f. transformer) connected to its base. TR4 
collector is coupled to Lj via C3. C3 and Li form 
a short time-constant which cuts TR5 off briefly each 
time TR4 is switched from its low current to its high 
current state. Thus, negative pips of very short 
duration and the full value of the supply voltage in 
amplitude appear across Rp. 

Construction and Use 
This waveform generator was constructed on a 

4 x 4in piece of Veroboard, and there was still 
plenty of room left over. Various points in the 
circuit (shown by letters in Fig. 1) were connected 
to pins on a 26-way Electro-Methods MRE socket. 

A 

C2 
—WW— 

m 
C3 

T TR TR +9 TR TRi 
XAIOI 

TRg 
XAIOI OC72 OC72 XAIOI 

C4 

B 

Vg - 1-5 to 15 volts 
Fig. 1. The circuit of the waveform generator 
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A-J 
H-D 

A-D 

A-C 

A-K 

A-H 

H-C 

D-J 

D-C 

Fig. 2. Some of the waveforms obtained from the 
generator. These are given at the lettered points 
indicated in Fig. 1. There may be some rounding 
(not shown in detail here) on the waveforms associated 

with TRi and TR2 

Components List 

Resistors 
(All resistors i watt 20%) 

R.! 22k H 
R2 82ka 
R3 56kn 
R4 ISkfl 
R5 56ka 
R6 220kn 
R7 82kn 
Rg 220k fl 
R9 10kn 

Capacitors 
Ci 0.05ij.F paper 
C2 0.001|j.F paper 
C3 lOOpF ceramic or silver-mica 
C4 5,000pF ceramic 

Using two MRE plug pins as jack plugs, the socket 
can be employed as a patchboard, various wave- 
forms being taken from the appropriate points. 
Any waveform can be inverted by reversing the two 

Inductor 
Li Primary of i.f. transformer (see text) 

Transistors 
TRi,2 OC72 
TR3,4,5 XA101 

Sockets 
9 output sockets or terminals (see text) 

Switch 
Si s.p.s.t. on-off switch 

Supply 
1.5 to 15 volts (see text) 

connections to the socket. 
Any other socket, or assembly of sockets, can be 

employed, of course, instead of that used by the 
writer. 

MARCONI MARINE RADAR 
Marconi Marine's most sophisticated radar, the stabilised-screen "Argus 16", has now been fitted on the world's 

largest passenger liners, the Gunarders Queen Elizabeth and Queen Mary. 
With the stabilised-screen facility, plus true motion, the navigator is able to switch to bows-up or north-up as he 

wishes to obtain the type of presentation he needs for swift and accurate appreciation of any situation. The "Argus 
16", with its 16in screen, gives ranges of J, 1J, 3, 6, 12, 18, 24 and 48 miles. 

The two "Queens" have also been supplied with Marconi Marine's transistorised "Raymarc" radar as secondary 
installations. 
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LASERS 

Parts 

Applications of Lasers 

By J. B. Dance, M.Sc. 

\ mm 

In this concluding article in our three-part series on lasers, our contributor describes the most 
important applications for these new devices in the commercial, medical and communications 
fields. Particular attention is paid to the possible use of the laser by the amateur. It is pointed 
out, finally, that great care must be observed when working with these devices as, apart from 
the risk of electrical shock, irreparable damage can occur to the eye and other parts of the 

body due to the concentrated power in a laser beam 

Almost every week a new application is 
found for Lasers. It is obviously not possible 
to cover all of these applications, but the 

following discussion describes those which the 
writer feels are the most important at the present 
time. 

1 —Communications 
Throughout the history of radio communication 

continual attempts have been made to increase 
the maximum frequency of the electromagnetic 
waves which can be used to carry information 
efficiently. The reason for this is well known; 
the greater the frequency of the carrier wave, 
the easier it is to obtain the necessary bandwidth 
to carry a large amount of information in a short 
time. 

If one wishes to convey information by means 
of an electromagnetic wave, an adequate bandwidth 
must be employed or part of the information will 
be lost. Speech is relatively easy to transport 
on an electromagnetic wave, since it requires a 
bandwidth of only about 3 kc/s for intelligibility 
or 10 kc/s for good fidelity. However, television 
pictures (405 lines) require a bandwidth of about 
3 Mc/s, since there is more information in one picture 
(which is transmitted in 1/25 second) than there is in 
1/25 second of an audio signal. Obviously one can- 
not transmit a picture requiring a 3 Mc/s bandwidth 
on medium waves, since the modulating frequency 

alone would require more than the whole of the 
medium waveband (which is little more than 1 Mc/s 
from end to end). Television is not normally trans- 
mitted at frequencies below 40 Mc/s. 

The medium and short wavebands are now so 
crowded that it is almost impossible to receive a 
first class signal at some distance from the trans- 
mitter at night on medium waves or at any time 
on short waves. (A first class signal is one received 
under true high fidelity conditions.) Television 
and other transmissions have gradually filled up 
the high frequency and v.h.f. channels and the 
latest B.B.C. television programmes have had 
to be transmitted in the u.h.f. region of the radio 
spectrum. Higher and higher frequencies are being 
used in the search for more space in the frequency 
spectrum. Microwave frequencies are now used 
for many purposes, for example the relaying of 
television picture signals or a large number of 
audio signals on one channel. Much more informa- 
tion can be put into a microwave carrier than into 
a longer radio wave, and an aerial of fairly con- 
venient dimensions can be constructed to transmit 
the information in a narrow beam in the required 
direction. 

As stated previously, it has not been possible 
in the past to modulate a light wave with a large 
amount of information, since ordinary light is 
not coherent. If only spark transmitters had been 
available, modem radio with its precision tuning 
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would not have been possible, since incoherent 
waves from a spark transmitter require a very 
large bandwidth yet can convey little information. 

The invention of the laser has immediately 
opened up a very wide field for investigation. 
The frequency band of the visible region alone 
occupies some hundreds of millions of megacycles 
and lasers can also be used in the infra-red; although 
it must be mentioned that at the present time the 
range of laser materials available will not allow 
all of these frequencies to be used. Prior to the 
invention of the laser, the total frequency band- 
width available was about 200,000 Mc/s. 

It is expected that it will be possible to convey 
much more information per unit time by means 
of a laser beam than by any other communication 
link. In addition it is at least theoretically possible 
to divide the visible part of the electromagnetic 
spectrum into about 100 million television channels 
or about 100,000 million telephone channels. 
Laser transmitters have the advantage that the 
beam of radiation is emitted in a closely defined 
direction, the divergence being even smaller than 
that of a microwave beam. Thus the laser power 
can be concentrated where it is required, there is 
a very low transmission loss and it is not easy for 
unauthorised people to receive the information. 

If a communications network is to be useful, 
it must have a very high degree of reliability. Radio 
waves can travel through fog, rain and clouds, 
but light waves cannot. Neither can light travel 
between two points which are not in a direct line 
of sight. Thus there is no question of the light 
waves from lasers eventually being used to com- 
pletely replace conventional radio transmitters. 

Light Pipes 
In order to avoid interference by atmospheric 

disturbances, it seems likely that laser communica- 
tion will be carried out by means of tubes or light 
pipes which may possibly be evacuated. It has 
been suggested12 that these pipes may take one 
of two forms. The first of these consists of a lin 
diameter pipe with a reflecting inner surface and 
no very sudden bends. The transmission loss is 
expected to be about 2dB per mile. The second 
type employs long focal length lenses with no 
reflecting surface on the interior of the pipe. No 
bends would be permissible unless a mirror were 
placed at the bend. A servo mechanism would 
probably be required in this second type of pipe 
to keep the lenses exactly in the optimum position. 
The loss would also be about 2dB per mile. In 
this system the pipe merely prevents the beam 
from being attenuated or interrupted. Although 
the cost of the light pipe is not negligible, it may 
nevertheless be less than that of waveguides. 

It appears that transmissions by light waves 
will be most useful when a signal containing a 
great deal of information is to be carried from one 
point to another point rather than broadcast to a 
large number of receiving points. Thus it seems 
likely that lasers will be used to provide light which 
will carry numerous telephone conversations or 

television pictures between two countries. It has 
been calculated16 that a 4 Mc/s communications 
channel could be designed using laser light over a 
distance of 3,500 miles with a signal to noise ratio 
of 40dB and no amplification en route. For com- 
munications work between artificial satellites in 
orbit, a laser system would appear to be very 
suitable, since no atmosphere is present to disturb 
the propagation of the light. 

The Transmitter 
The semiconductor laser might, at first thought, 

appear to be ideal for communications work, 
since it is so easily modulated. Unfortunately 
the output from the currently available semi- 
conductor lasers does not have a very stable frequen- 
cy. This is largely due to the oscillator system 
jumping from one mode of oscillation to another. 
This also results in the output being quite noisy. 
Other disadvantages of the semiconductor laser 
are the necessity for cooling if high efficiencies are 
to be obtained and the comparatively large angular 
divergence of the output beam. 

Experimental demonstrations have been given 
in which a gallium arsenide laser has been modulated 
with a television signal. Semiconductor lasers 
are usually fairly satisfactory when only one channel 
is to be transmitted, but for serious multi-channel 
communication work it seems that the gas laser 
will be much more suitable. Gas lasers have a 
very narrow bandwidth, but unfortunately it is 
difficult to modulate them at frequencies above 
about I Mc/s. It is obviously essential to use 
bandwidths greater than this if high efficiency is 
to be obtained. External modulators are therefore 
being developed which modulate the light after 
it has been emitted from the laser. 

« 

The Bradley Type 350 ruby laser. The laser itself 
is contained in the black elliptical box to the right 
of the operator's head. (G. and E. Bradley Ltd.) 
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1 Elliptically polarised I 
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Q-Quarter wave plate 
OBirefringenl crystal 
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f/g. 21. External modulation of a laser light beam 

A typical external modulator may be represented 
as shown in Fig. 21.12 Light from the laser passes 
through the polarising crystal P and the quarter 
wave plate Q, which convert it into circularly 
polarised light. The crystal C consists of a material 
(such as ammonium dihydrogen orthophosphate) 
which becomes birefringent under the influence 
of an electric field. That is, when an electric field 
is applied across the crystal, the velocity of light 
polarised in one plane as it passes through the 
crystal is different from that of light polarised 
in a perpendicular plane. The greater the electric 
field, the greater the amount of birefringence. The 
circularly polarised light incident upon the crystal 
is, to a greater or lesser extent, converted into 
elliptically polarised light. The greater the applied 
modulating voltage, the greater the ratio between 
the major and minor axes of the ellipse. 

The Bell Telephone Laboratories of the U.S.A. 
have found that a reverse biased gallium phosphide 
diode shows birefringence in the junction region. 
The amount of birefringence depends on the 
potential difference across the diode. Such diodes 
have been used to modulate the light of a helium- 
neon gas laser. Light from the laser can be coupled 
to the p;n junction of the gallium phosphide diode; 
this junction is only about 0.001cm. in thickness. 
The length of the light path through the diode is 
usually less than a millimetre. Light from the 
green region of the spectrum to the near infra-red 
can be modulated by means of these diodes. 

The M.E.L. Equipment L650 doped crystal laser (M.E.L 
Equipment Ltd) 

At the receiver the elliptically 
polarised wave may be passed through 
an analyser crystal and the resulting 
amplitude modulated wave passed to 
a photosensitive detector. Unfortu- 
nately the analyser crystal allows only 
half of the power to pass through it, 
but other systems are being investi- 
gated which do not have this dis- 
advantage.17 

Such external modulation systems 
can operate at modulation frequencies 
up to about 10,000 Mc/s, but require a 

certain amount of modulating power which usually 
exceeds 1 watt.12 A photo-multiplier tube may be 
employed as the detector provided that the maximum 
frequency of modulation does not exceed a few 
hundred megacycles per second. However, new 
forms of photosensitive device are being developed 
which will handle much greater modulation frequen- 
cies. These devices include a combined photo- 
sensitive diode and parametric amplifier and a 
photosensitive travelling wave tube. 

The photoparametric diode, which is being 
developed at the Sperry Rand Research Centre, 
Massachusetts, U.S.A., is of particular interest, 
since it can demodulate light signals with modulation 
frequencies of up to 25,000 Mc/s even if the input 
level is as low as one thousand millionth of a watt. 
It has been predicted that diodes will be produced 
in the future which will be able to demodulate 
signals of an intensity as low as one million million 
millionth of a watt. The diodes are only about 
one eighth of an inch in diameter, but can produce 
parametric gains of at least 25dB. They have already 
been used as heterodyne detectors of gas laser 
signals. 

Receiver Details 
It is interesting to speculate on the probable 

form which a receiver of modulated lasers waves 
will take. A superhet type of receiver seems to 
be indicated at all very high frequencies. A local 
oscillator is therefore required and this must 
operate at a frequency which is not very different 
from that of the carrier wave being received. Thus 
the only possible form the local oscillator can take 
is that of a laser, since its output must be reasonably 
coherent. 

As frequencies rise—even in the v.h.f. and u.h.f. 
regions of the radio spectrum—the frequency 
stability of the receiver becomes of the utmost 
importance. We have already seen that the slightest 
movement of a laser mirror will produce a very 
large change in the operating frequency. Such 
small movements will occur during changes of 
temperature or as a result of earth movements or 
local traffic. A laser receiver which drifted from 
400 million megacycles to 401 million megacycles 
would not seem to be very useful, since the drift 
would be a million megacycles! It therefore appears 
that some highly efficient form of automatic fre- 
quency control is required. Substantial progress 
has already been made in this field. 
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One of the possible forms of laser receiver is 
shown in the block diagram of Fig. 22. The in- 
coming light beam is mixed with the beam from the 
local laser oscillator at the partially silvered mirror 
and both beams are fed to the photosensitive 
detector. The intermediate frequency produced is, 
of course, equal to the difference in frequency 
between the incoming light wave and the light from 
the local laser oscillator. The intermediate frequency 
is amplified and detected in the usual way. If the 
intermediate frequency changes slightly, this change 
is detected by the error detector which feeds a 
voltage pulse to a piezo-electric element. The latter 
moves one of the mirrors in the laser local oscillator 
by a very small amount and so corrects the drift 
of the intermediate frequency. 

This type of system corrects for drift of either the 
transmitter laser frequency or the local laser 
oscillator frequency. Experimentally it has been 
found that the tracking error of two lasers can be 
kept at less than 3 kc/s (about 1 part in 100,000 
million), but even better frequency stability is 
expected in the future. 

Rather different types of receiver for use with 
gallium arsenide lasers have been designed by the 
IBM Company18. 

The laser is a device which was invented by 
physicists quite recently, and its applications in the 
field of fundamental physics have probably been 
more thoroughly investigated than its practical 
applications in the communication field. Neverthe- 
less, now that lasers have reached many electronic 
engineers, a considerable amount of work is being 
carried out on their possible applications for 
communications. The G.P.O. have a research group 
working on this problem. The use of lasers in the 
communication field will only be a success if it is 
possible to achieve good results economically, since 
there is strong competition from other communica- 
tion systems. 

2—Welding, Hole Punching, etc. 
A powerful ruby laser can provide over 1,000 

joules of light in one millisecond, which represents 
a power level of one million watts. A suitable lens 
system can be employed to focus this light on to an 
area of about 0.01 cm. square (that is, 0.0001 sq. 
cm.). Over this small area the 
power dissipated is 1010 watts/sq. 
cm. Enormous light intensities of 
over ten times this value have 
already been obtained and will 
raise the temperature of a small 
area of a metal surface to over 
5,000!'C, A minute hole can be 
punched through a steel plate 
which is perhaps iin in thickness. 
It is amusing to note that the 
output of some of the early lasers 
was measured in "Gillettes"; a 
laser had an output of two 
Gillettes if it would just punch a 
hole through two razor blades 
stacked on top of one another! 

mi 

The Bradley gas laser Type 601. The power supply 
is shown at the rear and the gas tube, with its 
associated equipment, in the foreground. (G. and E. 

Bradley Ltd.) 
It is possible to employ the energy of a laser to 

make small spot welds, although it will probably 
be a few years before lasers are used on a large 
scale for this purpose. It is unlikely that they will 
ever be used for general cutting and welding of 
metal unless lasers of much greater power are 
developed. They are, however, very useful for 
operations on the micro-scale. If too much power 
is employed, part of the metal beneath the surface 
will be vapourised and the resulting shock wave will 
damage the surrounding material. There is not 
enough time during a pulse for an appreciable part 
of the heat developed to be conducted away. 

The optimum conditions for welding aluminium 
sheet 0.025in thick have been given as 140 kilowatts 
per sq. cm. for 10 milliseconds and the total energy 
as 4.5 joules. For the same thickness of steel the 
optimum conditions are 60 kilowatts per sq. cm. for 
90 milliseconds and a total energy of 17 joules19. 
It is interesting to note that one method employed 
for measuring the temperature of a metal surface 
during welding by a laser consists of the measure- 
ment of the number of electrons emitted by the 
surface, this acting as the cathode of a diode valve. 

Another use which has been suggested for lasers 
is the production of the plates used in printing20. 
The system could be computer controlled. 

Even transparent materials (which do not, of 
course, absorb much of the light incident upon 
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Fig. 22. The probable basic design of a laser communications system 
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them) are affected by a high energy laser beam which 
has been focused to a small spot on the surface of 
the material. It has been shown that harmonics of 
the laser beam are generated when it strikes a 
transparent material, since the dielectric constant of 
the material depends on the frequency of the light 
and the electric field strength caused by it. If a very 
powerful laser beam is focused on to a small spot 
in a gas, the electric field strength becomes great 
enough to cause a spark. This sparking results in 
the scattering of the laser light. 

3—Medical Uses 
Lasers are creating considerable interest in the 

fields of medicine21 and biology. The output 
radiation from a laser can be sharply focused on to 
any tissue which must be destroyed or cut out. 
Coloured parts can be selectively destroyed without 
harming adjacent tissue, since the coloured pigment 
absorbs light energy. 

During the past few years detached retinas have 
been "spot welded" back into place in an im- 
mobilised eye by the light beam from a powerful 
xenon flash tube. Lasers can supply the energy 
required in about a millisecond and the eye need 
not therefore be immobilised. Small hand lasers 
which fit into an ophthalmoscope handle can be 
used for this purpose. Only a fraction of a joule is 
needed, since the dark coloured retina absorbs light 
readily. It is essential to use the correct amount of 
energy, which varies according to the colour of 
the eye. 

Human tumours (i.e. cancers) which have been 
implanted in hamsters have disappeared after 
irradiation with laser light, whilst the adjoining 
tissue appeared unharmed. The laser is especially 
effective against coloured tumour cells (such as skin 
cancer melanoma), but thyroid carcinomas also 
appeared to be destroyed. Laser treatment of 
cancer has the advantage that the light can be 
focused very accurately and that it seems to be more 
selective against tumour cells than is X-ray or 
gamma ray treatment. Skin growths, moles and 
blemishes can be cauterised by laser light. 

A laser beam can be used as a minute precision 
scalpel to cut tissues. Under the microscope the cut 

tissue looks as though it had been cut by a very 
sharp instrument. A part of a growing cell can be 
cut out in this way. If a chosen part of the cell is 
stained with a dye, it will absorb the laser light and 
will be selectively destroyed; the behaviour of the 
cell without the chosen part can then be investigated. 
When the action of laser light on a single cell is 
being investigated, a microscope is used—possibly 
with closed circuit television to protect the operator's 
eyes. 

Apart from the possible use of a laser for drilling 
minute holes in bone, it has been suggested that 
lasers might replace dentists' drills22. A high 
intensity pulse can be directed at a sharply defined 
area, the light being selectively absorbed by the dark 
carious regions of the tooth. The temperature of the 
tooth as a whole is not raised appreciably. 

4—The Measurement of Distances 
The coherent light emitted by a laser is very useful 

for the accurate measurement of distances ranging 
from minute fractions of an inch to the distance 
between two artificial satellites in orbit23 24. 

A special type of miniature gas laser has been 
developed by the Bell Telephone Laboratories for 
the measurement of distances of less than one 
millionth of an inch. The short length of the gas 
tube (about two inches) reduces the number of 
possible modes of oscillation and results in greater 
frequency stability. A movement of 12 millionths 
of an inch of one of the laser mirrors produces a 
frequency change of the laser light of about 
1,500 Mc/s. 

An interferometer using an ordinary source of 
light can be used to measure changes in a distance 
very accurately. In the interferometer of Fig. 23 
the light beam from the source is divided into two 
parts by the partially silvered mirror. One part 
passes to mirror A and is then reflected back 
through the partially silvered mirror to the detector, 
whilst the other part is returned by mirror B to the 
partially silvered mirror where it is then reflected 
to the detector. If the path lengths of the two parts 
of the beam differ by a whole number of wave- 
lengths of the light used, the two beams will re- 
inforce each other at the detector. Any movement 
of either of the mirrors A or B will alter the point 
on the detector surface at which the waves reinforce; 
that is, a movement of a mirror will change the 
position of the interference pattern. If one of the 
mirrors is replaced by the surface of a piece of metal 
being worked, the interference pattern will change 
as the metal is cut away from the surface. Each 
interference fringe may be counted as it passes the 
detector and the machining can be automatically 
stopped after a certain thickness of metal has been 
removed from the surface. 

One of the main limitations of an interferometer 
is that no interference pattern will be obtainable if 
the path difference between the two beams exceeds 
a certain limit when the light is not coherent. This 
limitation is removed if the source of light is replaced 
by a gas laser. Lasers may therefore find an applica- 
tion in machine tool control. They are also expected 
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to be used to survey missile launching sites, etc., 
to a much greater accuracy than is possible with 
current methods. 

Larger distances can be measured by the "radar" 
technique, in which the time taken for a pulse of 
light to travel to an object and back again is 
measured. This technique has already been used 
to measure the height of dust and other clouds in 
the atmosphere and is likely to be used by map- 
makers for distance measurement. Lasers may also 
have a military use for optical radar, since they can 
provide an angular bearing on an object much more 
accurately than conventional radar25. They can be 
used in daylight for this purpose, the daylight 
merely contributing a little noise. At night time they 
may also illuminate the target for high speed 
photography. 

An area of about 40 square miles of the surface 
of the moon was illuminated by light from a ruby 
laser in 196226. The output of about 50 joules was 
focused on to a spot on the shadow side of the moon 
with a 12in telescope. The light reflected from the 
moon was focused by a 48in telescope on to a photo- 
multiplier tube. The reflection was received 2.6 
seconds after the ruby was pulsed. The light from 
the laser at the surface of the moon was about as 
bright as a small flashlamp at the moon's surface. 
This radar technique may provide the most accurate 
method of measuring distances in the solar system, 
since light can be concentrated on to a smaller spot 
than a radio wave. The measurement of all astro- 
nomical distances are based on measurements 
within the solar system, so the laser may, indirectly, 
enable the distances of very distant objects to be 
measured more accurately. 

5—Velocity Measurements by Doppler Shift 
Lasers can be used to measure fluid velocities as 

low as 10 inches per hour by Doppler shift. It is 
even hoped to measure continental drifts of the 
order of one inch per year by Doppler shift when 
the stability of gas lasers has been further improved! 
The laser beam would have to be reflected some 
hundreds of times between two neighbouring 
continents. Fairly large velocities can, of course, be 
measured much more easily. 

6—Physics Research 
Lasers are now widely used by research physicists 

for many purposes, both fundamental22 and applied. 
A few of their uses in applied physics have already 
been mentioned. There are many others; for 
example, a powerful ruby laser has been used to 
generate the highest ultrasonic frequency yet 
attained (60,000 Mc/s) in a sapphire crystal by 
electrostriction. (Electrostriction occurs when a 
material changes its length in an electric field.) 

In fundamental research it is intended to investi- 
gate the interaction of beams of energetic electrons 
with laser beams and to try to obtain a polarised 
beam of electrons with aligned spins. It is also hoped 
to use a high energy laser to ascertain how a photon 
of light interacts with a high energy gamma photon. 

The production of harmonics of laser light, which 
has already been mentioned, if of great interest to 
physicists. In this phenomenon two photons of 
light give up their energy to an atom which then 
emits all of this additional energy as a single photon 
of twice the frequency of the incident light. 

Gas lasers have been used for checking the famous 
Michelson-Morley experiment of 1881 with a new 
degree of accuracy10. It was this experiment which 
showed that the velocity of light is unaffected by 
the motion of the earth through space and which 
laid the foundation for Einstein's special theory of 
relativity (and, incidentally, it was Einstein who 
first suggested that stimulated emission could take 
place!) 

7—The Laser in Teaching 
The narrow beam of coherent light provided by 

a gas laser is extremely useful in optics teaching. 
A lecturer can use the light from a laser to demon- 
strate many basic principles which have previously 
been visible only under a microscope. Practical 
details of such laser experiments on interference 
and diffraction, lens abberations and the Abbe 
theory of the microscope have been published 
together with demonstrations of the Doppler shift 
with light28. 

8—The Amateur and the Laser 
If an amateur becomes interested in the possibility 

of carrying out some experimental work with lasers, 
he must first decide whether he wishes to construct 
(or partly construct) a laser himself or whether he 
wishes to experiment with a commercially produced 
laser. The cost of a commercially made laser is 
greater than that which most amateurs would wish 
to pay, but the cost will still be appreciable if an 
amateur constructs his own laser. 

Liquid and ring lasers are essentially research 
instruments at the present time and will not therefore 
be considered further. Semiconductor lasers could 
not be constructed by the amateur and do not seem 
to be readily available in this country at the time 
of writing. The ease with which their output can 
be modulated makes them appear, at first sight, to 
be suitable for amateur work. Unfortunately they 
must be operated at low temperatures if either a 
high efficiency or continuous operation is required. 
Whilst liquid nitrogen is quite cheap (about Is. 6d. 
per pint), the necessary arrangements for storing it 
are not normally available at the home of the 
average amateur. It might be possible for amateurs 
to operate a semiconductor laser under pulsed 
conditions at normal temperatures, but it must be 
remembered that the output is relatively low. One 
can only hope that future developments in the field 
will result in the production of a semiconductor 
laser which is suitable for continuous operation by 
amateur users at room temperature. 

The components of a doped crystal laser comprise 
(1) the doped crystal with its reflecting ends, (2) the 
flash tube, (3) an elliptical or other reflector system, 
(4) the power supply, and (5) an optical bench 
(which is not essential). It is not possible for an 
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amateur to construct either of the first two items 
and it is not at all easy to construct a first-class 
elliptical mirror. The cost of a low power ruby or 
neodymium doped glass laser purchased complete 
is about £600, whilst that of a very high power ruby 
laser approaches £10,000. 

If, however, one considers the parts of a low 
power laser (with an output power of a few joules) 
individually, one finds that a doped crystal tested 
for its laser action costs about £100, the flash tube 
about £20, an elliptical mirror about £50 and the 
power supply for the flash tube about £400. 
Therefore an amateur might be able to substantially 
reduce the cost of a doped crystal laser by making 
the power supply himself, but nevertheless the total 
cost will still be too high for the average experimenter 
to seriously contemplate unless he is absolutely 
certain that the laser will perform a very useful 
function. 

A doped crystal laser is not, in any case, suitable 
for efficient communication (which is presumably the 
application of greatest interest to the amateur 
radio enthusiast) since the output is not constant 
during the output pulse. 

We are therefore left with the gas laser which has 
the advantages of continuous operation and narrow 
spectral line width. In addition it is easy to modulate 
the gas laser at frequencies up to about 1 Mc/s 
—which is more than an amateur would need for 
speech, since he is not likely to be interested in 
multi-channel communication. However, the modu- 
lation of a laser with a television signal of high 
definition would appear to necessitate the use of 
an external optical modulation system such as that 
described earlier. 

The price of a complete helium-neon gas laser, 
about £350 or more, would seem prohibitive to 
most amateurs. The equipment consists of four 
major parts: (1) the gas tube, including the Brewster 
angle windows, (2) the dielectric mirrors, (3) the 
mirror and tube mounting system (which must be 
very rigid) and (4) the power supply for the gas 
discharge. 

A gas tube, filled and laser tested, can be obtained 
for about £50. The dielectric mirrors are about £25 
to £50 per pair for operation at any one of the 
wavelengths 6,328A, 11,538A and 33,900A. An 
additional set of mirrors will be required if operation 
at more than one wavelength is desired. It should 
be possible for a good practical man to construct 
his own mounting system, although this is by no 
means easy. 

The power supply used in most commercial gas 
lasers is usually priced at somewhat over £300 and 
supplies about one hundred watts of r.f. at about 
30 Mc/s. Whilst some amateurs may think that the 
construction of such equipment would be "right up 
their street", it must be remembered that the 
amount of external radiation from the power supply 
must be kept down to a level which satisfies G.P.O. 
regulations. One does not wish to transmit at 
474,000,000 Mc/s and 30 Mc/s simultaneously! 
Much careful screening is therefore required. It is 
possible to use a direct current to provide the 

pumping energy, but in this case heated electrodes 
may be needed in the gas tube. A 50 c/s supply of 
about 6,000 volts r.m.s. at about 20mA could be 
used to pump the gas tube, but the output would 
then be modulated at 50 c/s. 

It was stated on page 7 of the October 1964 issue 
of the American radio amateur journal "CQ" that 
an article will be published in that journal giving 
details of the construction of a gas laser. Another 
article which has already appeared on this subject29 

gives practical details of the construction of a gas 
tube for a laser. However, the construction of this 
tube involves glass blowing (which is not difficult), 
the cutting of the ends of the tube very accurately 
at the Brewster angle and the fitting of the Brewster 
angle silica end windows. Much expensive high 
vacuum equipment and a helium-neon gas container 
are required for filling the tube. In addition it is 
essential that the last traces of unwanted gases are 
removed and the use of getters (as in a radio valve) 
is recommended for this purpose. 

It is felt that the average amateur experimenter 
should be advised to purchase a commercially 
manufactured and tested tube, since this can be 
obtained more cheaply than the high vacuum 
equipment needed for the filling of the tube. If, 
however, the constructor has access to high vacuum 
equipment at his place of work or elsewhere, he may 
feel inclined to attempt to make a laser gas tube. 
The dielectric mirrors must, in any case, be pur- 
chased, since it is not possible for the amateur to 
deposit the exact thicknesses of the required coatings 
on a base material. 

Amateurs will not normally find it convenient to 
transmit to one another through light pipes. It 
seems likely that they will use gas lasers to transmit 
to one another between two relatively elevated 
points between which there is a direct line of sight, 
for example between two hills. From the amateur 
point of view the use of lasers for communication 
would appear to have relatively limited practical 
possibilities, but nevertheless amateurs will still 
learn a great deal from their experiments with 
lasers. (It is probably hardly necessary to mention 
that the laser offers the one form of efficient com- 
munication by means of an electromagnetic wave 
for which no licence is required.) 

Safety 
The light output from a gas laser is great enough 

to cause very severe damage to a person's eye if it 
happens to come in the beam. A ruby laser can 
provide enough output to completely destroy the 
retina of an eye in less than a millisecond. When 
using a laser care must be taken not only to avoid 
placing one's eye in the output beam, but also to 
ensure that no material can reflect a large portion 
of the output light into an eye. Ruby lasers can also 
destroy skin. 

In addition it must be remembered that the power 
supply to a gas or to a doped crystal laser is at a 
relatively high voltage and is likely to be lethal if a 
contact is made between it and any part of the body. 
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Names of manufacturers and suppliers of lasers and parts for lasers: 

G. & E. Bradley Ltd., Neasden Lane, London, N.W.10. 
Elliott Electronic Tubes Ltd., Elstree Way, Boreham Wood, Herts. 
Ferranti Ltd., Kings Cross Road, Dundee. 
International Research & Development Co. Ltd., P.O. Box 6, 

Wallsend, Northumberland. 
Maser Optics Inc., 89 Brighton Av., Boston 34, Massachusetts, 

U.S.A. 
M.E.L. Equipment Ltd., Manor Royal, Crawley, Sussex. 
Perkin-Elmer Ltd., Beaconsfield, Bucks. 
H. Prescott, Main Street, Northfield, Massachusetts, U.S.A. 
Raytheon Co. (of U.S.A.); represented in England by Messrs. 

Walmore Electronics Ltd., of 11-15 Betterton St., Drury Lane, 
London, W.C.2. 

The Future 
The laser field is still in an early state of develop- 

ment and is changing very rapidly indeed. So far 
as the future is concerned, new types of laser will 
almost certainly appear and the performance of 
existing types will be very much improved. New 
laser materials will be found which will provide new 
wavelengths. Possibly the most notable develop- 
ments, however, will be in the applications of lasers 
in still wider fields. Could it ever be that large 
hotels will use a laser to "boil" eggs in a millisecond 
instead of the normal three minutes? 

Acknowledgements 
The writer is indebted to the following companies who have 

provided information and/or photographs for use in this series of 
articles: 

Messrs, G. & E. Bradley Ltd. 
Messrs. Elliott Electronic Tubes Ltd. 
Messrs. Ferranti Ltd. 
Messrs. Perkin Elmer Ltd. 
Messrs. Raytheon and their British representatives, Messrs. 

Walmore Electronics Ltd. 
Sperry Rand Research Centre, Massachusetts, U.S.A. 

References 
(Details of references 1 to 10 inclusive were given at the end of the 

first article of this series and numbers 11 to 15 inclusive at the end of 
the second article.) 

16. B, M. Oliver. "Some Potentialities of Optical Masers", Proc. 
I.R.E., Vol. 50, No. 2, p. 135 (February 1962). 

17. C. F. Buhrer. Proc. J.E.E., Vol. 51, No. 8, p. 1151. 
18. S. Leinwoll. "Lasers", CQ, Vol. 20, No. 9, p. 32 (September 

1964). 

RADIO TOPICS . . . 

ty Recorder 

IN THESE DAYS OF SYNCHRONOUS 
satellites perched some 22,000 
miles above the surface of the 

earth (and wasn't it a pity that 
one of the first multimillion-viewer 
telecasts which the technical bril- 
liance of Early Bird made possible 
was the Clay-Liston business?) it 
comes as rather a shock to realise 
that the world's first traffic-carrying 
submerged cable repeater was put 
into service only nineteen years 
ago. This historic repeater was 
inserted, in June 1946, in the cable 
link which had been installed between 
Lowestoft and Borkum, in Germany, 
during the previous year. Laid by 
the British Post Office, it gave 
trouble-free service from its station 
under the sea right up to 20th 
February of last year, after which it 
developed a fault that brought its 
working life to an end. I am, 
incidentally, indebted to The Post 
Office Electrical Engineers'' Journal 

for the account of this particular 
repeater and its eventual demise.* 

Noise Faults 
Initially, the Lowestoft-Borkum 

cable, a polythene type, provided 
two telephone circuits to the British 
forces in Germany, but the insertion 
of the repeater raised this to five 
telephone circuits. Multi-channel 
voice-frequency telegraph circuits 
are at present routed over the 
cable, the five telephone circuits 
providing a capacity of 120 telegraph 
circuits. 

The repeater amplified in the 
24 to 44 kc/s band, offering a 
gain of 73dB at 44 kc/s. The 
heaters of its two valves were in 
series with the line itself, and about 
250 volts h.t. negative was taken 

♦ G. A. Axe and E. C. Vogel, "Replace- 
ment of the World's First Traffic-Carrying 
Submerged Repeater", The Post Office Elec- 
trical Engineers' Journal, April 1965. 

from the cable at the repeater, 
the positive h.t. potential being 
provided by a sea earth. The power 
supply, installed at the Lowestoft 
end, fed 630mA through the cable 
to provide heater and h.t. current, 
the power supply circuit being 
terminated at Borkum by compo- 
nents across which a final 69 volts 
appeared. The power supply return, 
from Borkum to Lowestoft, was 
via earth. 

It was in July 1963 that the first 
sign of trouble appeared, this 
taking the form of intermittent 
crackling. It was very probable, 
however, that the crackling was 
due to a cable fault and it wasn't 
until a second noise fault occurred 
on 20th February, 1964 that the 
repeater became involved. It is 
not an easy job to pin-point the 
location of a submerged cable 
fault and when, as occurred in this 
case, the fault was of a mild nature 
(but still sufficiently severe to 
interfere with service) and intermit- 
tent as well, the difficulties became 
immense. At any event the first 
fault was located, after some fascina- 
ting electronic detective work, at 
an original 1945 splice made at 
the time of cable laying, and was 
due to a crack in the polythene 
covering. The second fault was 
then traced to the repeater itself, 
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this being brought aboard the cable 
ship H.M.T.S. Iris on 16th April, 
1964 and replaced by another of 
similar type. With the insertion 
of the new repeater, the second 
fault cleared completely. 

When the repeater was finally 
examined it was found that the 
cause of the fault was the first-stage 
valve in the amplifier unit. There 
could, however, have been a third 
fault, due to what might have 
been a dry soldered joint between 
one of the cable glands and the 
internal apparatus unit. Unfortu- 
nately, this joint had to be parted to 
permit further investigation, and 
it will never be known whether it 
contributed to the faults which 
appeared on the cable after July 
1963. 

Nevertheless, this historic under- 
water cable repeater gave a com- 
pletely satisfactory working life 
of 17J years and it may well be 
that this was terminated by a valve 
fault only. It is considered that 
no submerged repeater now in use 
can beat such a record until March 
1968, when repeaters in the Key 
West-Havana cable may reach the 
same age. 

Marconi Export Breakthrough 
The Marconi Company has 

always been well to the fore in the 
export of electronic equipment, 
and has now effected a further 
breakthrough into the American 
market with the first British tele- 
vision transmitters to be sold in the 
U.S.A. 

Marconi television cameras and 
transmitters will be exported to 
America in early September for a 
new u.h.f. television station to be 
built by Television Chicago, a 
joint venture controlled by Field 
Communications Corporation. Field 
Communications Corporation is a 
wholly owned subsidiary of Field 
Enterprises, Inc., whose Newspaper 
Division publishes the Chicago Sun- 
Times and the Chicago Daily News. 

This is the first time that British 
television transmitters have ever 
been sold in the United States, and 
the contract also includes the first 
export sale of the new Marconi 
Mark V camera. 

Television Chicago chose Marconi 
equipment after an intensive ap- 
praisal of the equipment available 
on the market; and the export 
order was won in competition with 
all the principal television manu- 
facturers in the United States. 

The purchase includes six Marconi 
Mark V cameras, which were 
introduced in the U.S.A. at the 
National Association of Broad- 
casters Convention as recently as 

March of this year. These fully 
transistorised cameras are the smal- 
lest and lightest 4 Jin image orthicon 
cameras in production in the world. 
They incorporate an integrated zoom 
lens which removes previous re- 
strictions on focal length of shots 
and allows each shot to be individual- 
ly framed at the producer's direction. 
All electronic controls have been 
relegated to the equipment racks, 
leaving the cameraman free to 
control the position and field of 
view of the camera. 

Television Chicago has also 
ordered two 25kW u.h.f. transmitters 
and associated drive units, similar 
to the transmitters which have 
been ordered by the B.B.C. for 
their second channel. These trans- 
mitters incorporate a unique system 
of diode modulation which ensures 
maximum linearity for possible 
future use with colour transmissions. 

Mains Operated Transistor Receivers 
What is almost certain to make 

a considerable alteration to the 
domestic broadcast radio market 
in America in the very near future 
is the introduction, by Radio 
Corporation of America, of a 
package-deal "kit" of four transistors 
and one (or two) silicon rectifiers. 
These allow the mass-production 
of a broadcast-band a.m. receiver 
which can be powered directly 
by the mains supply and which 
does not require bulky heat-pro- 
ducing dropper resistors or step- 
down transformers. The design 
of these receivers is relatively 
simple because the American broad- 
cast band consists of medium waves 
only, and because the American 
mains voltage has the low figure of 
117. 

The "kit" comprises a type 
40261 p.n.p. mixer-oscillator, a type 
40262 p.n.p. i.f. amplifier, a type 
40263 p.n.p. a.f. driver and a type 
40264 n.p.n. output transistor. The 
latter has a maximum collector-base 
voltage of 300 and can give 1 watt 
output at less than 10% distortion 
when run in Class A. 

A receiver circuit recommended 
by R.C.A. appears in the June 
issue of our American contemporary 
Radio-Electronics and employs the 
40261 and 40262 transistors in a 
conventional mixer-oscillator and 
i.f. amplifier circuit. The second 
i.f. transformer feeds a 1N295 
diode detector, with an a.g.c. 
loop coupling back to the 40262 
base. After these stages appear 
the volume control, the 40263 
driver and the 40264 output tran- 
sistor. The latter runs at some 
100 to 130 volts collector-emitter 
voltage, a special circuit arrangement 

ensuring that excessive collector 
voltage does not appear in the 
event of a sudden transient such as 
would be given by a flash of light- 
ning. The collector is connected 
to one end of the speaker trans- 
former primary winding, the h.t. 
positive supply connection (the 40264 
is n.p.n. and requires a positive 
collector supply) being made to a 
centre tap in this winding. The 
other end of the primary is coupled 
back to the emitter via one of the 
silicon diodes in the "kit". Under 
normal conditions the primary of 
the speaker transformer is positive 
of the emitter and the diode is so 
connected that it does not then 
conduct. A heavy transient may 
cause the output transistor to 
momentarily pass a very high 
collector current, after which the 
transformer can offer the usual 
inductive "kick" and swing the 
collector heavily positive. This 
causes the other end of the trans- 
former primary to swing negative 
by a similar amount until it reaches 
the same potential as the emitter. 
The silicon diode then conducts, 
damps the transformer winding 
(by way of the emitter bypass 
capacitor) and prevents the formation 
of any further voltage. The circuit 
then settles down to normal opera- 
tion. 

A silicon rectifier, of the same 
type as that just referred to, func- 
tions in a half-wave rectifier circuit 
running, via a 250U limiter resistor 
(which also gives a slight drop in 
rectified voltage) direct from 117 
volt a.c./d.c. mains. 

It is anticipated that the 4- 
transistor superhet made possible 
by the "kit" will be mass-produced 
in the form of exceptionally cheap 
mains-operated medium wave re- 
ceivers having small size and the 
advantage of instant operation im- 
mediately after switching on. One 
manufacturer hopes to sell his 
version at around six dollars (about 
two guineas) only. The sets are 
not intended to be serviced—it 
would be cheaper to buy a new 
one! 

The Radio-Electronics account is 
taken from R.C.A. Application 
Note 1CE-313, 9-64, revision 1, 
available from R.C.A. Electronic 
Components and Devices, Harrison, 
New Jersey. 

New Oscilloscope 
A new oscilloscope, the type 

RO501, is announced by Roband 
Electronics Ltd., Charlwood Works, 
Lowfield Heath Road, Horley, Sur- 
rey, and is shown in the accompany- 
ing illustration. The latter also 
gives a good idea of the small 
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overall size of the instrument. 
The RO501 oscilloscope has a 

Sin c.r.t. operating at 3.3kV stabilised 
to ensure high brightness displays 
at any sweep speeds, and uses a 
single printed circuit board with 
all main components coded. 

Bandwidth is from d.c. to 6 
Mc/s, with a risetime of SSnS. 
Sensitivity is 50mV/cm to 20V/cm 
covered in nine calibrated ranges 
and with a measuring accuracy 
of ±5%. The sweep range is from 
l[xS/cm to lOOmS/cm in six cali- 
brated steps, a 10:1 continuously 
variable control extending the range 
to IS/cm. At the same time, a X5 
variable magnifier offers a maximum 
sweep speed of 200nS/cm. 

It is possible to select the trigger 
point for sync, and an interesting 
feature is that a built-in TV field 
integrator allows the timebase to 
be triggered from television field 
pulses. 

An internal calibrator is fitted, 
the two-colour graticule is edge 
lit, and the oscilloscope accepts 
standard cameras on 5in centres. 
The overall size of the R0501 is 
only 9Jin high, 14|in deep and 
7^ in wide. Weight is 17-Ub. 

Joining Copper Wire 
It isn't always an easy job con- 

necting together two lengths of 
enamelled copper wire, this being 
especially true with the thinner 
gauges, but a reader, Mr. Colin 

0 

o 
—^ - ~ _ / 

19 »» / 

The new Roband RO501 
oscilloscope. This has a 
comprehensive specification 
together with low weight and 

small dimensions 

Hart of Streatham, London, has 
developed a very simple method for 
carrying out this task. I quote 
from his letter. 

"Whilst winding the 'output' 
winding of the transformer for 
the '2mA Indicating Lamp For 
Transistor Radios' by R. M. Marston 
in the March 1964 issue of The 
Radio Constructor, I evolved a 
method for joining ends of thin 

enamelled wire (42 s.w.g. in this 
case). 

"This consisted of twisting the 
two ends together for about an 
inch. A lighted match was then 
held under the end of the twist. 
This burnt off the enamel and 
melted the copper together, fusing 
it into a ball of metal. The joint 
is quite strong, being virtually 
welded. No flux was necessary. 

"By using a gas fire lighter, much 
larger gauges of wire can be jointed 
with ease, and the range of the 
match when used as a source of 
heat appears to be from about 
40 s.w.g. upwards. It is interesting 
to note that the melting point of 
copper is l,083oC." 

Mr. Hart has sent us a number of 
sample joints with wires ranging 
from 42 s.w.g. to 20 s.w.g. and, 
in all of these, the joint was elec- 
trically sound. The wires forming 
the joint were tightly twisted, 
ending in a fairly large blob of 
copper where the two had fused 
together. I had expected to find 
that the insulation was of the 
self-soldering variety but this was 
not so. Checks showed that some 
samples had oil-based enamel whilst 
the others had the tougher "syn- 
thetic" enamel. 

The idea certainly works and it 
provides a rather novel answer to 
one of the annoying little construc- 
tional problems which beset us 
from time to time. 

NEW INEXPENSIVE WIDE RANGE R.F. SIGNAL GENERATOR 
The G.30 is a very convenient and inexpensive Signal Generator covering the frequencies from 120 kc/s to 240 Mc/s 

in seven switched bands. This wide coverage makes it extremely useful for most experimental and alignment work. 
The r.f. output which is in excess of 100m/V 
can be internally or externally modulated, the 
internal modulation being supplied at 400 c/s. 
The depth of modulation is adjustable from 
0-50% by a knob control. The 400 c/s modulating 
frequency is also available at two sockets on the 
front panel. The G.30 Signal Generator is priced 
at £24.15.0. 

Radio for the Sea Traveller 

With reference to the item published 
on page 852 of our July 1965 issue, it 
has been brought to our attention 
by Eddystone Radio Ltd. (formerly 
Stratton & Co. Ltd.) that they have 
for many years marketed receivers 
specifically designed for seafaring folk. 

Supplied by K.L.B. Electric Ltd. of Croydon, Surrey. 
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Converting Output Transformers 

for Transistor Use 

By Arthur Brett 

How to adapt those discarded valve transformers for use in transistor circuits 

WITH THE POPULARITY OF TRANSISTORS IN SMALL 
amplifiers and receivers, many constructors 
find that they have a large number of valve 

components left over from earlier days. The purpose 
here is to describe an easy method of converting 
valve output transformers for use in transistor 
circuits without the need for going into transformer 
design. 

Basic Facts 
A few basic facts regarding output transformers 

should, however, be considered. 
1. The power rating of a transformer is fixed by 

its core size. 
2. The voltage developed across the secondary is 

secondary turns x primary voltage 
primary turns 

3. The current in the secondary is equal to 
primary turns x primary current 

secondary turns 
4. The inductance of the primary is proportional 

to the number of primary turns squared. 
5. The impedance reflected between primary and 

secondary is proportional to the turns ratio 
squared. 

Before an output transformer may be modified 
two facts must be ascertained, firstly the impedance 
of speaker it is intended for, and secondly that the 
power rating will be sufficient. As an approximate 
guide to transformer ratings, those used in a battery 
valve portable using the DL96 range of valves would 

Small holes to anchor wire ends 

equal to - 

plates 
, ;C2 

Metal end 
support bobbin 

A simple method of winding bobbins using a hand 
drill 

be 250mW, and the ones in small domestic mains 
valve receivers 1 to 3W. Higher power transformers 
are usually marked or are from equipment whose 
power is known. 

After a suitable transformer has been selected, 
the first step in carrying out the modification is to 
unsolder the tagstrip, if fitted, and remove the 
laminations. Care should be taken not to damage 
the lamination insulation, which may be paint or 
very thin paper attached to one side of the lamina- 
tions. Next unwind the primary paying no attention 
to the number of turns and then unwind the second- 
ary, this time counting the number of turns. The 
secondary is usually the inner winding but this 
should be checked before the outer winding is 
removed. 

At this stage we will have established the number 
of turns, which we will call N, for a particular known 
loudspeaker impedance. 

Rewinding the Secondary 
If the transformer is required to match to the 

same impedance speaker as before rewind the 
secondary with the same number of turns. If a 
different impedance is required the number of 
secondary turns needed is given by 

N Required impedance 
V Original impedance 

The current flowing is inversely proportioned to 
the number of turns and hence the new wire cross- 
sectional area will be given by 

Old cross sectional area x N 
Turns required 

The appropriate wire gauge may then be found 
from wire tables. The ratio of the transformer 
should now be decided on and the primary turns 
will be given by number of secondary turns x ratio. 
The wire gauge is found by using the same formula 
as for the secondary. 

As a large safety margin is usually used in 
designing these transformers the wire gauge does 
not have to be exact and several gauges either way 

62 THE RADIO CONSTRUCTOR 



will be suitable. If no micrometer or wire tables are 
available an acceptable result may be obtained using 
22 to 26 s.w.g. for the secondary and 28 to 36 s.w.g. 
for the primary. Since the voltages used in tran- 
sistors are relatively low very little insulation is 
needed, one layer of thin paper being sufficient 
between primary and secondary. A layer of any 
adhesive tape is sufficient for the outside but a layer 
of paper should be placed over the winding first, as 
certain adhesives have harmful effects on enamel 
insulations. 

All that remains is to re-insert the laminations in 
the same manner as occurred in the original trans- 
former and reconnect the tagstrip. 

Interstage Transformers 
The above procedure could also be used for 

converting small transformers for interstage use 
provided the primary or secondary impedance being 
matched is known. However, it is not recommended, 
as the number of turns required are very high and 
the wire of a fine gauge. 

The rewinding of a transformer bobbin may be 
made easier by fitting to a simple mandrel using a 
wheel brace held in a vice as shown in the diagram. 
The gear ratio between the hand wheel and chuck 
may be established by counting the teeth on each. 
When winding, it is then only necessary to count 
the revolutions of the hand wheel. 

The RAYLAY 

Two models are available at the 
moment. The model 651 employs 
a small tungsten filament incan- 
descent source of light, whilst the 
model 661 employs a gas dis- 
charge tube as the light source. 
The model 651 has the lower 
"on" resistance and can be 
actuated by lower voltages, but 
the model 661 has the higher 
speed of operation. 

ORDINARY RELAYS ARE LARGE DEVICES WHICH 
do not fit at all easily into modern miniature 
semiconductor equipment and, like most 

devices employing moving parts, have a reliability 
which is considerably lower than modern semi- 
conductor devices. The "Raylay" is a modern 
miniature device which can replace the relay in 
many circuits and has a number of special advantages. 

The control signal is fed to the two input terminals 
of the "Raylay" and is used to generate light 
inside an opaque box. The output terminals of the 
device are connected to a photoconductive cell 
which is also placed within the box. When a signal 
is applied to the input, the light falling on the 
photocell causes the resistance of the latter to fall 
by a factor of up to one million and a current can 
pass between the output terminals. 

It should be emphasised that the output of 
the "Raylay" is completely separated from the 
input (as in the ordinary relay). When compared 
with the relay, the "Raylay" has the advantages 
that it is silent in operation, has a life of the order 
of 100,000 hours or more, has a much higher 
resistance to shock and vibration, has an increased 
speed of operation, and requires a smaller amount 
of operating power. In addition contact bounce, 
contact pitting and radio frequency noise are 
eliminated. The "Raylay" is recommended for 
missile and similar applications. 

The Raylay shown on 
the left is model 661 
which employs a neon 
light source and that 
on the right is model 
651 with a tungsten 
filament light source 

The "Raylay" is manufactured by Messrs. 
Solid State Electronics Corporation, of 15321 Rayen 
Street, Sepulveda, California and can be obtained 
in England from Messrs. Associated Instrument 
Marketing Ltd., of 22 Charing Cross Road, London, 
W.C.2. 

Nominal Characteristics 

Model Model 
651 661 

Control Voltage 2 135 volts 
Control Current 24 2 m A 
"ON" Resistance 700 1500 Ohms 
"OFF" Resistance 500 500 Megohms 
Max. Dissipation 250 250 Milliwatts 
(Derate 3 mw/0C) 
"Switch-on" Time 20 1 Millisec. 
"Switch-off" Time 30 7 Millisec. 
Temperature Range -55 -55 0C 

+70 +70 

august 1965 63 



A.C. Voltoge Measurement 

witii o D.C. Voltmeter 

By L BAILEY 

Although, in radio and tv work, d.c. 
voltages are measured much more often 
than a.c., a reliable a.c. voltmeter is still 

very useful. By using a silicon h.t. rectifier con- 
nected in series with it, any moving-coil voltmeter 
can be used to measure a.c. voltages. 

The d.c. ranges of a multirange meter usually 
retain their accuracy for a longer period than the 
a.c. ranges. The calibration depends mainly on 
the movement and the series resistor and, if treated 
with care, these should be stable over many years. 
When, as in multirange meters, a rectifier is added 
for the a.c. ranges, this introduces another possible 
source of calibration error. 

Instrument rectifiers usually give good results, 
but sooner or later their internal resistance starts 
to increase. Often, the drift in calibration is very 
gradual, and it may not be noticed until a consider- 
able amount of time has been wasted looking for 
some non-existent fault. 

Currently available silicon h.t. rectifiers can be 
used to check the calibration of an a.c. meter, to 
take a.c. voltage measurements when the a.c. 
ranges of a meter are known to be faulty, and to 
enable any moving-coil voltmeter to give a.c. 
voltage readings of sufficient accuracy for most 
work. 

Connecting the Rectifier 
The silicon rectifier is connected in series with 

the d.c. voltmeter, with the cathode to the positive 
terminal of the meter. It could, indeed, be made up 
into a probe. 

The rectifier should have an adequate peak 
inverse voltage rating, in this instance greater than 
1.414 times the r.m.s. value of the a.c. voltage to 
be measured. Some rectifiers have a p.i.v. of 800, 

I ^ 

• I 
To A.C. voltage 

Inserting a silicon h.t. diode in series with the positive 
test lead of a d.c. testmeter 

and these would be suitable for use up to 566 volts 
r.m.s. 

An h.t. rectifier intended for use on 250V a.c. 
mains will have a p.i.v. rating of at least 250 x 
1.414 x 2 =700V (approx). 

A moving-coil meter used with a rectifier reads 
the average value of the current. With full-wave 
rectification, the average voltage multiplied by 
1.11 is equal to the r.m.s. voltage, and as r.m.s. 
is most commonly used in a.c. measurements, 
most a.c. meters are calibrated to indicate r.m.s. 
voltages. 

Due to the half-wave current supplied to the 
meter when using a half-wave rectifier, the d.c. 
reading is half of the full-wave average voltage. 

TABLE 
Readings Obtained with a Half-Wave Rectifier 

A.C. D.C. 
Volts Meter x 2.22 x 2.3 x 2.4 

(r.m.s.) Reading 

2.5 1.0 2.4 
5 2.1 —   5.04 
7.5 3.2 —   7.68 

10 4.3 — 9.68 10.3 
15 6.3 — 14.5 15.1 
20 8.9 19.8 20.4 
25 11.2 24.8 
30 13.5 30 
50 22.5 49.9 
75 34 75.4 

100 45 100 
150 68 151 
200 90 200 
225 101 225 
230 105 233 
235 107 235 
250 111.2 250 
360 162 360 

To obtain the r.m.s. value from the d.c. reading, 
we must therefore multiply this by 2.22. For d.c. 
readings of 10 volts or more this will give an accurate 
indication of the a.c. voltage to within 2 or 3%, 
depending on the accuracy of the d.c. meter used. 
When lower voltages are measured, the forward 
resistance of the rectifier has some effect on the 
reading, and the d.c. reading must be multiplied 
by a different figure. For d.c. readings between 
5 and 10 volts, 2.3 is suggested, and 2.4 or 2.5 for 
voltages lower than 5 volts. 

Experimental Readings 
The Table gives details of experimental readings 

taken by the author. These were obtained using 
meters having an accuracy better than 2% of 
f.s.d. and, as may be seen, quite reliable a.c. readings 
can be obtained. 

Testmeter 
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TRADE REVIEW . . . 

The Godar "Mini-Clipper" 

All-Band Receiver 
(10-2,000 metres) 

Various types of moving-coil voltmeters having 
sensitivities from 50(j.A to 6mA for full-scale 
deflection have been used in experiments in this 
method of a.c. measurement. 

Different silicon rectifiers with suitable ratings 
were tried, and consistent results obtained. 

When using this method of a.c. measurement, 
the same care in selecting a suitable range for the 
d.c. meter should be used as with any other measure- 
ment of voltage. The silicon rectifier has a low 
forward resistance and could pass sufficient current 
to damage the meter if the latter was switched to 
an incorrect range. 

The beginner wishing to make his debut into 
the fascinating realm of short wave listening 
cannot do better than select one of the kits 

available from various suppliers when planning to 
build his first s.w. receiver. A kit of parts supplied 
specifically for this purpose has much to recommend 
it, containing as it does, selected components and 
an attractive panel, complete with a chassis to make 
the receiver look something of which to be proud. 
It is often difficult for the beginner to know just 
what components to purchase, the rating of resistors 
and types of capacitors often presenting a stumbling 
block in this respect. At a later stage in the hobby, 
when more experience has been acquired, such 
problems will not arise. Until that stage has been 
reached, the intending constructor is advised to 
profit from the experience of others in this field. 

Of the kits available, that supplied by the Codar 
Radio Company of Southwick, Sussex, the Mini- 
Clipper All-Band Receiver, is illustrated here. This 
uses a valve in the basic circuit and has provision 
for adding a two transistor amplifier as an optional 
extra unit. The beginner can thus firstly experiment 
with his completed one valve s.w. receiver and then 
follow this by secondly obtaining better results and 
experience of building transistorised equipment 
without having to scrap his original work. 

The basic kit contains all the parts required for 
building the one valve set. It includes an IT4 valve, 
chassis, front panel, one coil, all necessary com- 
ponents, wire, solder, etc., and detailed instructions 
for building the receiver. Four further coils can be 
purchased as required, headphones, battery pack, 
etc., can also be obtained as extras. 
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The instructions for assembly are clear and are 
given step-by-step. A point-to-point wiring diagram 
is provided in addition to the circuit diagram. We 
would advise beginners to purchase the additional 
parts for the two transistor stages at the same time 
as the basic kit, this additional stage improving the 
overall perofrmance of the receiver. 

If the instructions are carefully followed, no 
difficulty should be experienced when constructing 
this receiver. The chassis is supplied pre-punched 
and with all holes drilled. With the aid of the 
point-to-point diagrams, no difficulty occurs with 
respect to component positioning. Provided a good 
soldered joint is made, the beginner may construct 
a successful s.w. receiver from this kit in one 
evening. 

The receiver uses 1.5 V filament supply and 69V 
h.t. potential, the latter being a modest voltage 
which cannot harm the inexperienced. These 
voltages are provided from a battery pack via a 
miniature 4-pin plug. 

Codar kits are available from the manufacturer 
—Codar Radio Company, Bank House, Southwick 
Square, Southwick, Sussex. 

Queries. We regret that we are unable to answer queries other than those arising from articles appearing in 
this magazine nor can we advise on modifications to equipment described. Queries should be submitted in writing. 

Correspondence should be addressed to the Editor, Advertising Manager, Subscription Manager or the Publishers 
as appropriate. 

Opinions expressed by contributors are not necessarily those of the Editor or proprietors. 
Contributions on constructional matters are invited, especially when they describe the building of particular 

items of equipment. Articles should be written on one side of the sheet only and should preferably be typewritten, 
diagrams being on separate sheets. Typewritten articles should have maximum spacing between lines. In handwritten 
articles, lines should be double-spaced. Diagrams need not be large or perfectly drawn, as our draughtsmen will re-draw 
in most cases, but all relevant information should be included. Sharp and clear photographs are helpful, where applicable. 
If negatives are sent, we usually work from these rather than from prints. Colour transparencies normally reproduce 
badly—black and white photographs are very much better. Details of topical ideas and techniques are also welcomed 
and, if the contributor so wishes, will be re-written by our staff into article form. All contributions must be accom- 
panied by a stamped addressed envelope for return, if necessary, and should bear the sender's name and address. Payment 
is made for all material published. 

Production.—Letterpress/contact litho. 
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LEARN ELECTRONICS AS YOU 

BUILD 25 

CIRCUITS . . . 

EXPERIMENTS . . . 

TEST GEAR 
including 

• CATHODE RAY OSCILLOSCOPE 
9 VALVE EXPERIMENTS # SQUARE WAVE GENERATOR 0 SIGNAL TRACER 
0 BASIC AMPLIFIER 9 SIMPLE TRANSMITTER 9 BASIC COMPUTER CIRCUIT 
9 BASIC RECTIFIER 9 TRANSISTOR EXPERIMENTS 9 BASIC RADIO RECEIVER 
9 PHOTO ELECTRIC CIRCUIT 9 BASIC OSCILLATOR 9 MORSE CODE OSCILLATOR 
9 TIME DELAY CIRCUIT 9 ELECTRONIC SWITCH ETC. ETC. 

This complete practical course will teach you all the basic demonstrated—radio reception and transmission; photo- 
facts of electronics by making experiments and building electrics; computer basics; timers; control circuits; etc.; 
apparatus. You learn how to recognise and handle all including servicing techniques. NO MATHS USED OR 
types of components—their symbols and how to read a NEEDED. NO THEORY NEEDED. NO PREVIOUS 
circuit diagram. You see how circuits are built and how KNOWLEDGE OR EXPERIENCE NEEDED. Tutor ser- 
they work BY USING THE OSCILLOSCOPE PROVIDED. vice available. No extras needed—tools provided. Send 
Applications of all the main electronic circuits are now.forFreeDetoi/s without obligation, to address below 

♦ 

POST 

NOW W ADDRESS 

To RADIOSTRUCTOR, Dept. K3, READING, BERKS. Please send free details of your electronics kit set to: 
NAME       

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

Box No. 2/- extra. 

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

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (I.P.R.E.) LTD. 
Membership conditions booklet Is. Sample copy of 
I-P-fLL. Official Journal 2s. post free.—Secretary, 
Dept. D, 32 Kidmore Road, Caversham, Reading! 
Berkshire. 

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

HAMMER FINISH PAINT. The modern finish for 
electronics. Can be BRUSHED or sprayed. Blue 
or Silver. 2i oz tins 3s. 6d., post 8d., i pint 7s. 6d., 
post Is. 9d., 1 pint 15s., post 2s. 9d. Orders over 
30s. post free. Retailers supplied. Write for details. 
Amazing results! Return of post service.—Finnigan 
Speciality Paints (RC), Mickley Square, Stocksfield, 
Northumberland. 

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

MULLARD TRANSISTORS & DIODES. OC45 
OC71, OC76, OC81, OC81D, OC84, 3s. OC75' 
OC170, AF114, AF115, AF1I6, 3s. 6d. OC81, OC84 
pairs, 6s. OC28, OC35, 7s. 6d. OA70, OA79, OA81, 
Is. 3d. BY100, 7s. 6d. Texas 2G344a, 3s. 2G339 
0==AC127), 4s. 6d. IS100, 2s. 3d. MA393, 3s. 6d. 
GJ5.d, 2s. 3d. ZT20, 6s. IN69, 2s. AF139, 18s. 6d. 
All post paid.—Radio Constructor's Centre, 363 
Westborough Road, Westcliff-on-Sea, Essex. 

FOR SALE. Teleprinters, perforators, reperforators, 
auto-transmitters, signalling rectifiers, etc., from 
£5 for personal callers.—W. Batey & Co. (Exports) 
Ltd., 77 Akeman Street, Tring, Herts. Ring Tring 
3476/8. 

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

TELEVISION SETS FROM 35/-, not working, 20 
t?r, /- each. Callers only,—20 Palmerstone Road, 
Earley, Reading, Berks. 

MOBILE NEWS" pays £2 per thousand words for 
technical articles of amateur mobile interest. Submit 
to—Honorary Editors, Amateur Radio Mobile 
Society, 95 Collinwood Gardens, Clayhall, Ilford 
Essex. 

continued on page 69 

BENTLEY ACOUSTIC 

CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
IL4 2/3 IRS 41- IS4 51- IS5 3/3 IT4 2/3 2D2I 51- 3D6 3/9 3Q4 5/3 3Q5 6/9 3S4 4/9 3V4 51- 5Y3GT 4/9 5Z4 7/6 6AQ5 5/9 6AT6 3/9 6AU6 5/9 6AV6 5/6 6BA6 4/6 6BE6 4/3 6BH6 5/3 6BJ6 5/6 6BQ7A 7/6 6BR7 8/3 6BR8 8/- 6BW6 7/6 6CD6G 18/- 6CH6 51- 6FI 9/6 6J7G 4/6 6K7G 1/3 6K8G 3/3 6LI 10/- 6L6GT 7/3 6LI8 10/- 6LD20 5/6 6Q7G 41- 6SL7 5/3 6SN7 41- 6V6G 3/6 6X4 3/9 

6X5 6/30L2 9BW6 I0CI I0C2 I0FI I0FI8 I0LDI I I OP 13 I OP 14 I2AH8 I2AT6 I2AU6 I2AV6 I2BA6 I2BE6 I2BH7 I9AQ5 20DI 20F2 20LI 20PI 20P3 20P4 20P5 30CI8 30F5 30FLI 30LI5 30P4 30PI2 30PI9 30PLI 30PLI3 35W4 85A2 5763 AZ31 DAF96 DF96 

5/3 9/- 9/6 9/9 12/ 10/- 9/9 9/6 8/3 11/6 10/9 4/6 5/9 5/9 5/3 4/9 6/- 7/3 10/- 11/6 12/6 12/6 12/ 13/3 12/3 8/9 7/3 9/3 9/6 12/- 7/6 12/- 9/3 10/6 4/6 6/6 7/6 9/6 6/- 6/- 

DK92 8/ DK96 6/ DL96 6/ DM70 5/ DY86 61' DY87 T/i E88CC 10/ EABC80 51' EAF42 71' EB9I 2/: EBC33 6/- EBC4I 7/- EBC8I 5/1 EBF80 5/1 EBF83 7/; EBF89 6/- EBL2I 10/; EC92 6/< 
ECC8I ECC82 
ECC84 ECC85 

ECF80 ECF82 

4/6 

5/9 

6/3 
ECH2I 9/- ECH35 61- 
ECH8I 5/9 

ECL80 ECL82 ECL83 ECL86 EF37A 

- EF40 8/9 6 EF4I 6/6 - EF80 41- - EF83 9/9 6 EF85 4/6 6 EF86 6/6 - EF89 41- 9 EF9I 31- EF92 2/6 EF97 10/- EF98 9/9 EFI83 7/3 EFI84 6/6 EL33 6/6 EL34 9/9 EL36 8/9 EL4I 71- EL42 7/9 EL83 6/9 EL84 4/6 EL85 7/6 EL86 7/3 EL95 5/6 ELL80 13/6 EM34 11/6 EM7I 15/6 EM80 6/3 EM8I 71- EM84 6/9 EM85 8/9 EM87 7/6 EY5I 5/6 EY8I 7/3 EY83 9/3 EY84 9/6 EY86 5/6 EY88 8/9 EZ40 5/3 EZ4I 6/3 EZ80 3/9 

EZ8I 4/3 HABC80 9/3 KT66 12/3 N339 25/- PABC80 6/9 9/9 91- 6/9 6/9 5/6 6/9 10/6 8/6 

PC86 PC88 PC95 PC97 PCC84 PCC85 PCC88 PCC89 PCCI89 10/- PCF80 6/6 PCF82 PCF84 PCF86 PCF80I PCF802 10/- PCL82 6/6 PCL83 " * PCL84 PCL85 PCL86 PL36 

6/- 8/6 8/6 10/. 

PL38 PL81 PL82 PL83 PL84 PM84 PY33 PY80 PY8I PY82 PY83 PY88 PY800 PY80I 

9/6 7/6 8/6 8/9 9/- 16/- 6/9 5/- 6/- 6/3 9/3 8/9 4/9 
51- 4/9 5/6 7/3 5/9 7/6 

U25 U26 U3I U191 U282 U30I U329 U404 U801 

8/6 7/6 6/6 9/6 12/3 M/- 9/- 6/- 15/ UABC80 51- UAF42 6/9 UBC4I 6/3 UBC8I 6/3 UBF80 5/6 UBF89 6/6 UBL2I 10/9 UC92 6/3 UCC84 81- UCC85 6/6 UCF80 8/3 UCH2I 81- UCH42 81- UCH8I 6/6 UCL82 7/3 UCL83 9/3 UF4I UF42 UF80 UF85 UF86 UF89 UL41 UL84 UM80 UY2I UY4I UY85 VP4B X4I X78 

6/9 4/9 6/3 6/9 91- 5/6 71- 5/6 8/3 7/9 51- 4/9 12/- 10/- 26/2 
Terms of business: Cash with order or C.O.D. only. Post/packing 6d. per item Orders over £5 post free. C.O.D. 3/6 extra. All orders despatched same day Complete catalogue including transistor section and components with terms ot business 6d. Any parcel insured against damage in transit for 6d. extra We are open for personal shoppers 9a.m.-5.30p.m. Saturdays 9 a.m.-l p.m 

SEMICON-INF SERVICE 
Suppliers of INDUSTRIAL and ENTERTAINMENT types of semi- 
conductor devices. American and CONTINENTAL DEVICES 
are our speciality. Send 9d. stamps for price lists, or ask for a 
quotation on the devices you require. 
TUNNEL DIODES Please write for list of types available. 
TRANSISTORS Comprehensive range of types. ACY2I 81- AUYI0 47/- OC72 AD 140 25/- CM II 18/9 OC8I AFI02 27/6 GET872 5/- OC8ID AFII4 II/- OC24 29/- OCI40 AH 39 29/- OC26 25/- OCI7I AFYI9 42/6 OC44 8/3 PT887 AFZI2 26/6 OC45M SI- 2G302 ASZ2I 19/6 OC7I 6/6 2G37I Sets of 2-OC SIM with OC 81 DM at 10/6 only. Also available; AC 127 9/6 

NKT773 5/6 2G4I5 71- 
Limited number of RED SPOT TRANSISTORS at 1/3 each per dozen. Also . . . Subminiature diodes. General purpose low types, lOd. each or 8/— per dozen. 

8/- 2G38I 8/- 2N320 81- 2N395 191- 2N404 91- 2N525 65/3 2NI304 5/8 2NI305 41- 2N 1 395 2N26I3 2N27I 1 2 N2926 2N3053 

41- 4/9 3/10 4/9 61- 6/9 6/9 23/3 6/5 7/7 6/5 13/6 
or II/- voltage 

TRANSISTOR HEAT SINKS 
To suit TO-5 transistor outline, 5/6 each. Also TO-18 type, 5/6 each. 
POWER TRANSISTOR SOCKETS 
For TO-3 case transistors (OC24, OC26. ADI40, etc.), I/I I each. 

AND RECTIFIERS Please write stating interests. 
'N536 5/3 (100 volts at 750mA) I OA9I 2/6 'N2858 4/3 (50 volts at 750mA) OA95 2/10 BYZI9 11/6 (200 volts at 6 Amps) | MGD40 2/2 
We ca£ semiconductors to suit the majority of requirements, e.g. S.C.K.s, Zener diodes. Photo-cells, Photo-transistors, Field Effect transistors. Thermistors, Hall Effect devices, etc. 
MAIL ORDER ONLY. TERMS: C.W.O. 
Please add 9d. to cover cost of postage and packing, on all orders of 

less than £2. 6d. scamps with all enquiries please. 

M. R. CLIFFORD & CO.w 
t6 OLD OSCOTT LANE, GT. BARR, BIRMINGHAM, 22A 
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THE MODERN BOOK CO 

Advanced Radio Control. By E. L. Safford. 
25s. Postage 1 s. 
Amateur Radio Mobile Handbook. By C. 
Caringella. 24s. Postage Is. 
Aerial Handbook. By G. A. Briggs with R. S. 
Roberts. 12s. 6d. Postage 9d. 
Transistor Transmitters For The Amateur. 
By D. L. Stoner. 21s. Postage Is. 
Digital Instruments. By K. J. Dean. 25s. 
Postage 1s. 
Electronic Computers, A Made Simple Book. 
By H. Jacobowitz. 17s. 6d. Postage 1s. 6d. 
Radio and Audio Servicing Handbook. By 
G. J. King. 25s. Postage Is. 3d. 
Problems In Electronics With Solutions. 
By F. A. Benson. 22s. 6d. Postage 1s. 
Solutions. By F. A. Benson. 22s. 6d. Postage 1s. 
Radio and Television Test Instruments. 
By G. J. King. 25s. Postage Is. 3d. 

Transistor Electronic Organs For The 
Amateur. By A. Douglas and S. Astley. 18s. 
Postage 1s. 
Radio and Television Servicing Electronics 
Servicing. Specimen Answers to Inter: paper. 
1961/64. By F. O. M. Bennewitz. 8s. 6d. Postage 6d. 
Transistor Radio Servicing Made Easy. By 
W. Lemons. 18s. Postage 1s. 
Elementary Telecommunications Examina- 
tion Guide. By W. T. Perkins. 17s. 6d. Postage 
1s. 
World Radio TV Handbook, 1965. 26s. 
Postage 1s. 
Pick Ups. The Key To Hi-Fi. By J. Walton. 
10s. Postoge 6d. 
Troubleshooting With The Oscilloscope. 
By R. G. Middleton. 20s. Postage 1s. 
The Transistor Radio Handbook. Theory- 
Circuitry-Equipment. 44s. Postage 1s. 3d. 

LATEST HIGH QUALITY COMPONENTS FROM THE MAXI-Q RANGE . . . 

TESTED AND TRIED OVER 5 FREQUENCY RANGES 

SMMnsistob TUNING COILS 

Coils for transistor superhets or converters, with or without an R.F- 
stage and using 465 kc/s or 1.6 Mc/s I.F. 

★ Noval B9A Based for Plug-in application—Screw threaded for 
Chassis application. 

■fc Formers moulded in low-loss polystyrene for best results. 
★ Each coil is packed in an aluminium container which may be used 

as a screening can. 
ir Brass threaded adjustable iron-dust cores. 

The following colour code identifies the coils: 
BLUE—Aerial coil with base input winding. YELLOW—Interstage R.F. coil with couplings. 
RED—Oscillator coil for 465 kc/s I.F. WHITE—Oscillator coil for 1.6 Mc/s I.F. 

PRICE 4/9 each. Plus 6d. Postage. 
Coverages: Range IT-.15/.4 Mc/s; 2T-.515/1.545 Mc/s; 3T-1.67/5.3 Mc/s; 4T-5/15Mc/s; 5T-10.5/31.5 Mc/s. 

Full technical details now included in Technical Bulletin DTB.4—2/-. 
IFT.13 Miniature 465 kc/s I.F. Transformer .. 7/6d. each GENERAL CATALOGUE covering full 
IFT.14 Miniature 465 kc/s Last I.E. Transformer 7/6d. each range of components send 2/- in stamps. 
IFT.16 Miniature 1.6 Mc/s I.F. Transformer .. 6/6d. each PLEASE SEND S.A.E. WITH ALL 
IFT.17 Miniature 1.6 Mc/s Last I.F. Transformer 6/6d. each OTHER ENQUIRIES. 
DENCO (CLACTON) LTD • (DEPT. R.C.) • 357/9 Old Road • Clacton-on-Sea • Essex 

un 

Complete Catalogue 1s. 
We have the Finest Selection of English and American Radio Books in the Country 

19-11 PRAED STREET (Dept RC) LONDON W2 
Telephone PADdington 4185 
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SMALL ADVERTISEMENTS 

continued from page 67 
FOR SALE. Heathkit Balun coil unit Model B-1U, 

£3. Postage extra.—Box No. F236. 
BOOKS TO CLEAR: Frequency Modulated Radio, 

1956 (Sturley), 5s.; Testing Radio Sets, 5th edition 
(Reyner), 7s. 6d.; Transmitting Valves, 1951 (Heyboer 
& Zijlstra), 10s.; High Fidelity Sound Reproduction, 
(Molloy), 7s. 6d.; How to Install & Service Auto 
Radios, 1959 (Darr), 7s. 6d.; Introduction to TV 
Servicing, (Swalum & Van der Woerd), 10s.; Television 
Receiver Design, 1953 (Neeteson), 7s. 6d.; Low 
Frequency Amplification, 1953 (Voorhoeve), 10s. 
All at less than half price.—Box No. F238. 

FOR SALE. Labgear LG 300 transmitter unit, VFO 
section converted for RTTY FSK. This makes an 
excellent RTTY Tx. Owner only selling as converting 
SSB rig for RTTY. £25 o.n.o. Plus carriage.—Box 
No. F239 

FOR SALE. Heathkit valve millivoltmeter, model 
AV-3U. Unused. £15.—Box No. F240. 

FOR SALE—VALVES. DL92, EB91, EF92, IT4 at 
Is. 6d. ECC82, EL91 at 3s. CV1075, U14, VR91, 
VT136, 955, 6AT6 at 5s. EF40, 801, 830B, T20 at 
7s. 6d.—Box No. F241. 

FOR SALE. Small domestic broadcast receiver, K.B. 
Minuet, red plastic case, cream dial. £5 plus postage. 
—Box No. F242. 

FOR SALE. Creeds teleprinter No. 3 with matching 
Westinghouse power rectifiers. Both items £5. 
Carriage paid. Brown Bouverie voltage regulator. 
Brand New. Cost £300. Any offer considered.—Box 
No. F243. 

HOUSE FOR SALE. Member of the Editorial Staff 
of The Radio Constructor offers his modern (1962) 
freehold semi-detached house. Insulated roof, 3 
bedrooms, bathroom, entrance hall (telephone), 
large lounge, glass folding doors to dining room, 
fully fitted kitchen, larder, etc. Picture windows, 
curtains, pelmets, carpets/underlay, inlaid lino. Full- 
sized detached brick garage/workshop, own drive, 
wrought-iron gates. All services, ring mains, garden 
approx. 250 ft. E/W. Position (semi-rural) midway 
between Maidstone and Chatham (atop N. Downs 
approx. 500 ft. a.s.l.). Open view over Downs towards 
Medway/Thames estuary, near shops, schools, bus 
terminus, etc. Station 10 minutes by car. Victoria 
45 mins. Not on an estate. £4,350 o.n.o. Write to 
—Box No. F244 or telephone Data Publications Ltd., 
CUNningham 6141. 

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, 12 Gladwell Road, London, N.8. 

continued on page 71 

R * TV FIRST QUALITY PVC TAPE 
5J" Std. 850ft 
7" Std. 1200ft 
3" L.P. 240ft 
5}" L.P. 1200ft 
7" L.P. 1800ft 

P. & P. on each 1/6, 4 or more post free. 

9/- 5" L.P. 850ft 
11/6 3" T.P. 600ft 
4/- 5" T.P. 1800ft 

11/6 5}" T.P. 2400ft 
18/6 7" T.P. 3600ft 

10/6 
8/- 

20/6 
27/6 
37/6 

Complete with 
McLaren Vari- 
able Thermostat 
90° to 180° F. 20 
amp. A.C. and 
GECdouble pole 
20 amp. mains 
switch. 18", 30" 
and 36". State 
length required. 

3kW IMMERSION HEATER 

"PREMIER" KETTLE ELEMENT 
£2.0.0, plus 5/- 1000W, 8/6 plus 3/- P. & P. Retaining nut and 
P. & P. flange 2/6, switch plug to suit 2/6. 

A.C. MAINS MOTOR 

Can be used 
for a variety 
of purposes 
silent 

satis- mng 
factory 
every way 
230/250V 
A.C. 9/6. 
P. & P. 3/ 

3 to 4 WATT 
AMPLIFIER KIT 

comprising 
chassis Si 
x 2i x 1 
D o u b I e 
wound 

transformer, output transformer, volume and 
tone controls, resistors, conden- 
sers, etc. 6V6, ECC81 and metal 
rectifier. Circuit 1/6 free with 
kit. 29/6, plus 4/6 P. & P. 

40W FLUORESCENT LIGHT 
KIT incorporating GEC Choke size 8^" 
x 1}" x 1i", 2 bi-pin holders, starter and 
starter holder, 11/6. P. & P. 4/6. 
Similar to above; SOW Fluorescent Light 
Kit incorporating GEC choke size 11x 

1 }"x1}", 2 bi-pin holders, starter and starter holder, 17/6. P. & P. 5/6. 

<P-i, 

8-watt 5-valve PUSH-PULL 
AMPLIFIER & METAL RECTIFIER 
Size: 9" x 6" x U" A.C. Mains 200-250V 5 valves: 
For use with Std. or L.P. records, musica' ■ 
instruments, all makes of pick-ups and mikes- 
Output 8 watts at 5 per cent total distortion- 
Separate bass and treble lift controls. Two 
inputs, with controls, for gram, and mike. Output Transformer 
tapped for 3 and 15 ohms speech coils. Built and tested. £3.19 6. 
P. & P. 8/-. 

SPECIAL OFFER! 

"THE ELEGANT SEVEN" 

ONLY 

Mk. II 
Combined Portable and Car Radio 
The Radio with the "Star" Features 

7-transistor superhet. Output 
350mW. 
Grey wooden cabinet, fitted 
handle with silver coloureu 
fittings. Size 12^" x 8^" x 3^" 

-A" Horizontal tuning scale, size 11^" x 2|" in silver and black lettering. 
-jt All stations clearly marked. 
£ Ferrite-rod internal aerial. 

I.F. Neutralisation on each stage. 
460 kc/s. 

■At D.C. coupled output stage with separate A.C. negative feed back. 
■A" All components, ferrite rod and tuning assembly mounted on printed board. -fc Operated from PP9 battery. Full compre- 
hensive instructions and point-to-point wiring diagrams. Printed 
circuit board, back printed with all component values. Fully 
tunable over medium and long waveband. -jlf Car aerial socket. 

Full after-sale service. 4" SPEAKER. 
Parts list and circuit diagram 2/6, FREE with parts. 

Shop Hours 9 a.m.-6 p.m. Early Closing Wednesday 
Goods not despatched outside U.K. All enquiries S.A.E. Terms C.W.O. 

RADIO & TV COMPONENTS (ACTON) LTD. 
 21F High St., Acton, London, W.3 

£4.4.0 
Plus 6/6 Post & Packing 
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What every tape recordist 

should know 

TAPE Recording Magazine is YOUR MAGAZINE! FIRST to be established 
in Europe dealing exclusively with tape recording. STILL THE MOST 
constructive, informative and creative. TOP NAMES write for it. 
VARIETY keeps it TOP of the tree! Regular features include: TEST- 
BENCH reports on tape recorders; do-it-yourself construction and 
drama recording; tape record reviews, NEW PRODUCTS, news of the 
CLUBS and a WORLDWIDE TAPE EXCHANGE 
column. 

PUBLISHED 3rd WEDNESDAY EACH MONTH 
^ TAPE Recording Magazine is easily recognised by its covers—the 

"zebra" stripes and brilliant monthly consecutive change of colours 
. . . Red, Orange, Yellow, Purple. 

Price 2'- 
or yearly suoscrip- 
tion of 25/- (USA 
$3.75) incl. postage 

WRITE TO THE PUBLISHERS FOR A FREE SPECIMEN COPY 
but be sure to mention "The Radio Constructor". 

PRINT & PRESS SERVICES LTD., 7 TUDOR ST., LONDON, E.C.4 

ii i 

TAPE 

I 

SHORT 
WAVE 

RECEIVERS THE i 
Bmimm 

Short Wave Receivers for The 

Beginner Data Book Series No. 14 

72 Pages Price 6s. 

Postage 6d. 

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. 

Complementary to "THE RADIO AMATEUR OPERATOR'S HANDBOOK" 

TO DATA PUBLICATIONS LTD 57 Maida Vale London W9 

Please supply copy(ies) of "Short Wave Receivers for the Beginner", Data Book No. 14. 
Price 6/-. Postage 6d. 
NAME  :  
ADDRESS  
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SMALL ADVERTISEMENTS 

ESTABLISHED 1865 
continued from page 69 

INTERESTED IN AMATEUR RADIO TELEPRINT- 
ING? Then join the British Amateur Radio Tele- 
printer Group. Details from Hon. Sec., G3LLV, 
15 Havelock Square, Broomhill, Sheffield 10. 

THE INTERNATIONAL HAM HOP CLUB is a 
non-profit-making organisatiori open to Radio 
Amateurs and Short Wave Listeners. Object: 
to improve international relationships through an 
organised system of hospitality. Members offer 
overnight hospitality to visiting members, subscription 
10s. per annum. Associate Members invite radio 
amateurs to visit their stations. Associate membership 
5s. per annum. Family Exchange holidays arranged, 
also Friendship Links between radio clubs. The 
Club's official journal is free to both Full and Associate 
Members.—Hon. Gen. Secretary; G. A. Partridge, 
G3CED, 17 Ethel Road, Broadstairs, Kent. 

SITUATION WANTED 
RADIO REPAIRMAN. Age 21. Radio work and 

salesmanship. Speaks French. Good experience. 
Wants job in Great Britain. Write to—Lo Quun 
Chong, Ritz Bar, Curepipe, Mauritius. 

TESTED TRANSISTORS 

1/- each Red or White Spots. 10/- per doz. 

2/-each XA101, XA102. XA111. XA112, XB103, 
NKT122, 2E1, OA70, OA90. OC430. 

3/- each OC44, OC45, OC70, OC71, OC81, OC81D, 
OC82, OC82D, OC169, OC200. 

4/-each AF114, AF11S, AF116. AF117, XA103, 
XB102, XC121, XU611, OC170, OC171. 

S/~ each OC72, OC139, OC204, ORP60. XC141, 
BY100. ACY22, GETS, AFZ11, AFZ12. 

10/- each OC22, OC26, OC28, OC3S, ORP12, AFY19, 
GET571, BFY17, BSY26, BSY29. 

ZENER DIODES 4.7 volt to 30 volt J watt, 3/6 each, 
1.5 watt, 5/- each, 7 watt, 6/- each. 

Plus lots not listed—i.e. S.C.R's, V.H.F. and N.P.N's. 
Send 6d. stamp for Full Lists and Equivalent Chart. 

B. W. CURSONS 
78 BROAD STREET, CANTERBURY, KENT 

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

return 

THE DUCHESS OF KENT 

PERMANENT 

BUILDING SOCIETY 
Member of the Building Societies Association 

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

Shares—all interest accrues monthly 

Withdrawals at short notice 

INTEREST IS AT 4% PE* 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 
103 Cannon Street London EC4 

Telephone MANsion House 8011 

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

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

Address.. 

R.C. 
(Please use Block Capitals for both name and address) 
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CHASSIS 
and of 

CASES by 

287/9 Edgware Road 
London W2 

TELEPHONE 
PADdington S891/7S95 

CASES 
ALUMINIUM SILVER HAMMERED FINISH 

Type Size Price Type Size Price 
U 4x4x4"* 10/- Y 8x6x6" 26/6 
U 5ix4ix4i' 15/- Y 12x7x7" 41/- U 8x6x6" 21/- Y 13x7x9" 46/- 
U 15x9x9" 44/6 Y 15x9x7" 48/6 
W 8 x 6 x 6" 21/- Z 17x10x9" 66/- W 12x7x7" 34/- Z 19x10x8i" 71/- W 15x9x8" 44/- * Height 

Type W 

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

 Type Y 
Type Z 

Type U 

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

(Maximum length 35", depth 4".) 
SEND FOR ILLUSTRATED LEAFLETS 

or order straight away, working out total area of ma- 
terial required and referring to table below which is for 

four-sided chassis in 16 s.w.g. aluminium. 
48 sq. in, 4/3 176 sq. in. 9/- 304 sq. in. 13/6 
80 sq. in. 5/6 208 sq. in. 10/- 336 sq. in. 14/9 

240 sq. in. 11/3 
272 sq. in. 12/6 

P. & P. 3/6 
368 sq. in. 15/9 
and pro rata 

P. & P. 41- 
112 sq. in. 6/6 
144sq. in. 7/9 

P. & P. 31- 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (i" or f"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS Any size up to 3ft at 5/3 sq. ft. 16 s.w.g. (18 s.w.g. 4/6). 
Plus postage and packing 

BRASS • COPPER • LIGHT ALLOYS • ALUMINIUM 
BRONZE • STAINLESS STEEL 

ROD, BAR, SHEET, TUBE, STRIP. WIRE. 3,000 STANDARD STOCK SIZES 
No Quantity too small List on application 

H. ROLLET & CO LTD 
HOWIE ST. LONDON SWH BATtersea 7872 

.1 Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow  

the unique PAN L black crackle paint 
4/-d. per 1/8 pt. Can 

(We regret we can only supply on cash with order basis) 
BRUCE MILLER LTD., 
219 Coastal Chambers, 
Buckingham Palace Road, S.W.1. 

YOUR CAREER IN RADIO? 
Big opportunities and big money await the qualified man in every field of Electronics today—both in the U.K. and through- out the world. We offer the finest home study training for all subjects in radio, television, etc., especially for the CITY & GUILDS EXAMS. (Technicians' Certificates); the Grad. Brit. I.R.E. Exam.; the RADIO AMATEUR'S LICENCE; P.M.G. Certificates: the R.T.E.B. Servicing Certificates; etc. Also courses in Television; Transistors; Radar; Computers; Servo- mechanisms; Mathematics and Practical Transistor Radio course with equipment. We have OVER 20 YEARS' experience in teaching radio subjects and an unbroken record of exam, successes. We are the only privately run British home study Institute specialising in electronic subjects only. Fullest details will be gladly sent without any obligation. 

SEND FOR FREE BROCHURE TO: 
BRITISH NATIONAL RADIO SCHOOL 

DEPT 4, RADIO HOUSE - READING - BERKSHIRE 

NO 

Aerial 
Car radio 

Licence 
Connections to 

ANYTHING I \ 

WITH THE 

Dewtron 
WAVE TRAP for medium 
waves. Pot. app. for 
Gives BOOST to ANY transistor portable radio 39/6 
* IN CAR replaces car aerial; reduces fading. 
£ IN HOME boosts distant and PIRATE stations. P. & P. 2/-extra 

ON HOLIDAY improves reception in remote areas. A MUST 
for caravanners. Attaches to any window. 

Supplied complete with PP3 battery and instructions. 
Money-back guarantee. 
D.E.W. Ltd., (R.C.), RD0o%d,'et 

TRAHSiSTOR RtfERtHCB 

CATA LOG OB 
Our Catalogue contains Gen on British, American and Continental 

Semiconductors, grouped as selections for various specific purposes, 
e.g.: 

Transmitters, UHF and VHF Amplifiers, Tunnel Diodes, etc. 
There are also selections of useful miniature components specially 

chosen for Transistor circuitry applications. 
Please send one shilling (stamps) for Reference Catalogue—sixpence 

for March Supplement. 
Please remember our new address: 

(Callers welcome all day Saturday) 
176 HAGLEY ROAD, HALESOWEN, BIRMINGHAM 

John Williams Electronics Ltd. (J 

THE RADIO CONSTRUCTOR-BOUND VOLUMES 

AVAILABLE LATE AUGUST 
Volume 18, August 1964 to July 1965. Price £1 10s. Od. Postage 3s. 6d. 

Where all issues are returned: Price £1. Postage 3s. 6d. 
Limited number of Volume 17, August 1963 to July 1964 still available, same prices 

as above. 
We regret earlier volumes now sold out. 

Send for our latest brochure containing details of our other publications 

DATA PUBLICATIONS LTD S7 MAIDA VALE LONDON W9 
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| | ORDER FORM 

TITLE No. £ s. d. 

THE RADIO CONSTRUCTOR 
Price 2/3 each, postage 6d. 
Issue(s) required   

Annual subscription 
commencing with issue 
Price 33/-, post free 

Bound volumes: 
Vol. 17. August 1963 to July 1964 
Price 30/-, postage 3/6 

DATA BOOKS SERIES 
DBS TV Fault Finding 

96 pages. Price 6/-, postage 6d. 
DB6 The Radio Amateur Operator's Handbook 

64 pages. Price 5/-, postage 5d. 
DB14 Short Wave Receivers for the Beginner 

72 pages. Price 6/-, postage 5d. 
DB15 Twenty Suggested Circuits 

48 pages. Price 3/6, postage 5d. 
DB16 Radio Control for Models 

192 pages. Price 15/-, postage 9d. 
DB17 Understanding Television 

512 pages. Price 37/6, postage 2/- 

PANEL-SIGNS TRANSFERS 
Six sheets in each set 
Set 3: Wording — White 
Set 4: Wording — Black 
Set 5: Dials — Control Panels have a clear background 
Set 6: Dials — Control Panels have a black background 

Price per set 4/6, postage 4d. 

£ 

Please send cash with order, regret no C.O.D. 
Overseas customers please pay by International Money Order 

Name   

Address   

{Please use Block Capitals for both name and address) 

All publications are obtainable from your local bookseller or direct from 
Data Publications Ltd 57 Maida Vale London W9 



FULLY DETAILED AND ILLUSTRATED 
CATALOGUE 

Now 96 big pages. The largest price 
range available in the country. 
All types of components and ( ' id) equipment at competitive prices. ^ r / 

PROVED & TESTED DESflGNS 
FULL AFTER SALES SERVICE AND GUARANTEE 

* CALL IN FOR DEMONSTRATIONS * 
DETAILED LEAFLETS FREE ON REQUEST 

rift 
XSCF 

MW/LW POCKET SUPERHET 
RADIO 

TOTAL COST 
TO BUILD 

85/- P.P V- 
(Battery 2/6 
Phone 5/-) 

•Jc All parts sold 
separately. ■jt 6-Transistor design. Push-pull output. ■jlf 2Y' Cleartone speaker. Printed circuit. 

^ Attractive moulded cabinet. 
'jt Slow motion tuning. 
'fa Full medium and long waves. 

Size: 5" x x ^±". 
• AMAZING SENSITIVITY AND SELECTIVITY • 

it 6-Transistor push-pull design. it Uses factory built panels. it Permeability geared tuning. it Full med./long wave tuning with push- button wave change. it Double tuned IFT's. it Chromed front panel plate. it Size: 7" x 4" x 2". Fits any car. it Pre-built units sold separately. 
TOTAL 

COST TO 
BUILD 

£8.19.6 
P.P. 3/6 

(7,, x A" speaker with car fixing kit and baffle 
board 20/- extra.) 
TWO WAVEBAND ALL-TRANSISTOR 

CAR RADIO TO ASSEMBLE 
• HIGH PERFORMANCE SUPERHET• 

2- AND 4-TRACK TAPE RECORDERS 
TO ASSEMBLE 

Pre-built 
Equipment—6 

Valves—Collar© 
Studio Decks— 

Portable Cabinets 
with Speakers. 

Complete record 
and playback. 

2-track deck 
10 gns. P.P. 5/-. Amplifier 
11 gns. Cabinet with speaker 5 gns. 
OR SPECIAL PRICE P.P. TWO 

"0 8/6 TRACK ■it 4-track deck £13.19.6. P.P, 5/-. Amplifier 
12 gns. Cabinet with speaker 5 gns. 

OR SPECIAL PRICE /OA P p- FOUR 
8/6 TRACK 

Prebuilt and 
I0W tested units. 

Low distor 
low tion 

33kQ 

UN TS 1 & 

UNIT 5 

,,V,c , - 

UNIT 3 
THE FINEST QUALITY HI-FI 

AT UNBEATABLE PRICES 

& 20W HI-FI AMPLIFIERS 
it POWER AMPLIFIERS. 10 
watts R.M.S. music power. 20 
watts peak. 6-Transistor design. 
Panel size 4" x 2?" x f". Response 
40 c/s to 20 kc/s. 100mV into 

" input. 
UNIT 1. For 12/15 ohm 
speakers. 40 volt supply. 
BUILT £5.19.6 P.P. 2/6 
UNIT 2. For 3 to 5 ohm 
speakers. 24/28 volt supply. 
^ £5.10.0 p.P. 2/6 

* MAINS UNITS. 59/6. To power 
one amplifier or 69/6 to power two 
amplifiers. (State 24 or 40 volt version.) 
PREAMPLIFIERS. Mono and stereo versions, 8 inputs, 1£ to 300mV at 1k 
to 500k. Response 30 c/s to 20 kc/s. 
Complete range of controls. Mains 
unit or battery operated. For pick- 
ups, tuners, tape, microphones, etc. 
ijN|T 3 Mono full-function pre- amplifier." Size 9^" x 2^" x 2". 

BUILT £5.10.0 p-p- V- 
(Brown/Gold front panel plate 8/6) 

UNIT 4 Simplified version of Unit 3. Price 65/-. P.P. 1/6. Panel plate 6/6. 
UNIT 5. Stereo preamplifier for use with' two units 1 or 2. Size 
9" x Si" If". 

BUILT £10.19.6 p.p.3/6 (Front panel plate 12/6) 

We stock; 
TRANSISTORS 

RECTIFIERS 
VALVES 

CRYSTALS 
MICROPHONES 

TEST GEAR 
TAPE DECKS 

SPEAKERS 
MULTI-METERS 

RADIO 
CONTROL 

AMPLIFIERS 
RECORDERS 

TUNERS 
RECORD DECKS 

TWEETERS 
RECEIVERS 

GENERATORS 
COMPONENTS 

AND 
ACCESSORIES 
SEE LATEST 

CATALOGUE 

SINCLAIR 
DESIGNS 

Micro-6 MW 
radio 59/6 

* TR750 "Addon" 
power amp. 39/6 
Micro injector 
27/6 
Micro amp. 28/6 
X10 Amp. kit 
£5.19.6 

BUILT £6.19.6 

NEW X 20 
AMPLIFIER 

Kit 
£7.19.6 
Built 

£9.19.6 
Mains unit 

99/6 

4 WATT AND H WATT 
PACKAGED AMPLIFIERS 

6-Transistor push- 
pull printed cir- 
cuit designs 
Size only 2^" 
x 2" x U". 

*4 watt 12/18 
volt, If watt 
9/12 volt 
For 3 to5 ohm 
speakers 
7mV into 1 kQ. 
4 kc/s to 15 kc/s 

PRICES BUILT 
Ifw 65/-P.P. 1/6 4w 79/6 p.p. 1/6 
4-CHANNEL MICROPHONE 
MIXER 

Transistorised, 4 I 
inputs up to 100 
kLi. Full mixing. v 
PRICE 49/6P.P. 

Let us quote for parts for your circuit. Send a list for 
quick reply. Quality components at realistic prices. 

TRANSISTOR 
PORTABLE 

TEST 
EQUIPMENT 
All units size 61" 
x 4|" x 2f". 

RF generator, 
150 kc/s to 350 
mc/s in 8 ranges. 
RF, Mod. RF. 
AF outputs. 

PRICE £9.10.0 P.P. 2/6 
Resistance/capacitance bridge. £8.5.0. 
P.P. 2/6. 
Audio generator 10 c/s-100 kc/s. 4 ranges. 
£16.15.0. P.P. 2/6.  

Size: 9f" x 3f" x 4" 
88 to 108 mc/s tuning. 
100mV to 100kCi output 

VHF/FM 
TUNER 

TO 
ASSEMBLE 

Two pre- 
built plus 

metal work 
and front panel. 

Total Cost 
£12.17.6 
P.P. 2/6 

' 6-Transistor printed cct. superhet design 

NEW SW/MW/LW PUSH-BUTTON 
PORTABLE TO BUILD. 3 wavebands f 

TOTAL 
COST 

£8.19.6 
P.P. 3/6 

The only 
fu//y Tunable 
3-waveband 
radio for 
home 
construc- 
tion. 

Push-button coil pack. 
£ 1 watt push-pull output 
fit" Ferrite aerial/Telex, aerial/special car coils Printed circuit 6-transistor design 
* SW 17/50m. LW 1100/1900m. MW 195/ 

550m. 
Car aerial and tape sockets 
Attractive sturdy cabinet with handle. 
Size 11" x 7f" x 3f". Black fabric with 
chrome fittings. 
Sensitive Superhet Radio 

% Two waveband version as previously 
advertised still available £7.19.6, pp. 3/6. 

VHF/FM TRANSISTOR TUNER TO BUILD 
TOTAL 
COST 

£6.19.6 
P.P. 2/6 

(complete 
with 

frontplate) 
(Gold sprayed | 
cabinet 20/-1 
extra). 

5-Transistor 4 diodes. 
£ Printed circuit superhet. 

Geared tuning 87 to 105 Mc/s FM 
•fc RF stage and double tuned IFT's. 

Output up to 1 volt peak up to lOOkQ. 
^ 9 volt 9mA supply. 
£ Size in cabinet 4" x Sf" x 2f". 

All parts sold separately. 

r 

HENRY'S RADIO LTD. 
303 EDGWARE ROAD. LONDON. W2 

PADdington 1008/9 
Open Mon. to Sot. 9-6. Thurs. 1 p.m. 

Open all day Saturday 


