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The Eddystone "EA12" receiver is specially designed and built to give the extremely high 
performance, allied with ease of control, necessary for communications on the amateur bands 
under present-day conditions. With the many refinements included, this model will produce 
first-class results with all modes of signal. 

The first oscillator is crystal controlled. The oscillator which is tuned simultaneously with 
the first intermediate frequency section has very high stability, as is so essential with reception 
of s.s.b. and c.w. signals. The correct degrees of selectivity for optimum performance are 
obtained in the second intermediate frequency (100 kc/s) stages. 

A more than adequate degree of bandspread is provided by the superb slow-motion drive 
(140/1 reduction ratio) in conjunction with the wide linear scales, each of which covers 600 kc/s. 
A crystal calibrator and cursor adjuster permit accurate frequency resolution. 

Other features to note—full coverage on six amateur bands; switched sideband selection; 
fine tuning control (s.s.b.); crystal filter; deep slot filter; noise limiter effective all modes: large 
"S" meter; two AGC time-constants; independent gain controls; stand-by sensitivity control; 
bright scale illumination; robust construction; modern styling and fine finish. 

J€l85l 

Comprehensive information obtainable from any Eddystone Distributor or from the Manufacturers: 

STRATTON &CO.LTD. EDDYSTONE WORKS. BIRMINGHAM 31. 
Telephone: PRIORY 2231-4 Telegrams: STRATNOID BIRMINGHAM Telex: 33708 
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7 VALVE AM/FM RADIOGRAM CHASSIS 
New 1965 Model Now Available. Valves ECC85, ECH8I EF89, EABC80, EL84 EMS I, EZ80 

Three Waveband & Switched Gram positions. Med. 200-550m. Long 1,000- 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 I3i"x 6^". Height 7Y'. Edge illuminated glass dial Ili"x3i-". Vert, pointer Horiz. station names. Gold on brown background. A.C. 200/250V 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. 30 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. & Ins. 7/6. ready »or £13.19.6 

ANOTHER TAPE RECORDER BARGAIN 
Manufacturers' end of production Surplus Offer 

A 24 gns. Tape Recorder offered at the bargain price of only 15 gns. plus 10/- carr. Supplied in 3 Units already wired and tested. A modern Circuit for quality recording from Mike Gram or Radio, using latest B.S.R. Twin Track Monardeck Type TD2. Valve line-up—EF86, ECL82, EM84, EZ80 and Silicon Diode. Send for detailed list— 3d. stamp. 
Complete Kit comprising items below 
BARGAIN PRICE 1 5 GllS. Carr! 

£3 5 0 + 51- Carr. 2-tone Cabinet and 7" x 4" Speaker. Size 14" x 3" x 7^" Wired Amplifier complete with 4 Valves, front Panel, Knobs, etc. ... ... ... ... £5 19 6 + 3/6 Carr. B.S.R. Monardeck Type TD2   £7 7 0 + 4/6 Carr. Accessories: Mike, Tape, empty Reel, screen- ed Lead and Plugs, Instructions, etc.... ... £1 0 0 + 2/- Carr. 
Jack Plugs. Standard 2^-" Igranic Type, 2/6. Screened Ditto, 3/3. Miniature scr. li", 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. 
Aiumin. Chassis. 18g. Plain 
Undrilled, folded 4 sides, 2" deep, 
6" x A", 4/6, 8" x 6". 5/9, KTx 7". 
6/9, 12" x 6", 7/6, 12" x 8". 8/- etc, 
Aiumin. Sheet. 18g. 6" x 6", 1/-, 
6" x 9", 1/6, 6" x 12", 2/-, 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. cocr-iAi riccco -3" M-, Standard Double Play Long Play SPECIAL OFFER. J Mes- 5" 600' 13/- 1,200' 31/6 900' 17/6 W'* L-?- Si" 900' 16/- 1,800' 37/6 1,200' 19/6 225 , 4/9, 3 D.P. 300 , 6/6. 7" 1,200' 21/- 2,400' 47/6 1,800' 28/6 P- S P- P" reel 6d. Post & Package per reel, I/- plus 6d. each for additional reels. TAPE REELS. Mnfrs. surplus 7", 2/3; 5J", 2/-; 5". 2/-; 3", 1/3; Plastic spool containers, 5", 1/9; 5i", 2/-; 7", 2/3. 
New VALVES Reduced Eiectrolytics Ail Types New Stock Boxed Bargain Prices TUBULAR CAN TYPES IT4 3/6 EF80 7/6 PCF80 8/- 25/25V 1/9 8 +8/450V 4/6 IRS 6/- EF86 8/6 PCL83 10/6 50/12V 1/9 16 + I6/450V 5/6 IS5 61- EL33 12/6 PCL84 10/- 50/50V 21- 32 +32/275V 4/6 3S4 71- EL34 12/6 PCL85 11/6 I00/25V 21- 50 +50/350V 6/6 3V4 71- EL84 71- PL36 10/6 8/450V 2/3 60 +250/275V 12/6 ECC8I 71- EY5I 91- PL8I 9/6 4/350V 2/3 100+300/275V ECC82 71- EY86 91- PL83 8/- 16 + 16/450V 5/6 12/6 ECC83 71- EZ80 71- PY33 10/6 32+32/450V 6/6 2000+4000/6V ECL80 91- EZ8I 71- PY82 7/- 1000/25V 3/9 3/6 ECL82 10/- GZ32 9/6 U25 10/6 Ersin Multicore Solder 60/40, 4d. ECL86 10/6 PCC84 8/- UL84 9/- per yard. Cartons 2/6, etc. 
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 X 8". 

COMPLETE KIT £13.19.6 Carr. & ins. 10/-. 
Illuminated Perspex escutcheon, 7/6 extra. Ready wired 30/- extra. 4 Contemporary legs (6" or 13") 12/6 per Catalogue & construction details 2/6 (free with kit) 
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 I5i" X 14^" 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. 200/250V 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 l^-" x 4", chassis size I li" x 4"x5J". 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. Ii"diam. Guar. I year. LOG or LIN ratios less Sw. 3/-. DP. Sw. 4/6. Twin Stereo less Sw. 6/6. D.P. Sw. 9/6 (100 k. to 2 Meg. only). jr Meg. VOL Controls D.P. Sw. J-" flatted spindle. Famous Mfrs. 4 for 10/- post free. 

COAX 80 OHM CABLE 
High grade low loss Cellular air spaced Polythene — i" diameter. Stranded cond. Famous mfrs. Now only 6d. per yard. 
Bargain Prices—Special lengths: 20 yds. 9/-. P. & P. 1/6. 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-5,000pF 1/6. Resistors—Full Range lOohms- 10 megohms 20% i and -i-W 3d., ditto 
10% 4d., iW 5d. (Midget type modern rating) IW 6d., 2W 9d. Hi-Stab 5% +-100 ohms I megohm 6d. Other values9d. l%iW 1/6. W/W Resistors 25 ohms to I0K 5W 1/3, I0W 1/6, I5W 2/-. Pre-set T/V Pots. W/W 25 ohms-50K 3/-. 50K-2 Meg. (Carbon) 3/-. 
Speaker Fret—Expanded gilt ano- dised metal i" x i" 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— ilb reels, I4g-20g, 3/-; 22g-28g. 3/6; 36g-38g, 4/9; 39-40g, 5/-, etc. 
TINNED COPPER WIRE—l4-22g. 3/- i- 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; IJ", I/- each; Brown or Ivory with Gold Centre, I "dia., lOd. each; If", 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 I mfd—SOmfd, 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" DILEMIN lOOpF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control knob, 5kwith switch, 4/9, ditto less switch, 3/9. 
Speakers P.M.—2" Plessey 75 ohms, 15/6. 2^" Continental 8 ohms, 13/6. 7" 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. 

Est 
1946 

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

OHM OUTPUT 
"3-3" Amp, 3-vaive, 3 watt, Hi-Fi quality at reasonable cost. Bass Boost and Treble controls, quality sectional output trans- former, 40 c/s-25 kc/s rt 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 Mi gns. 
CONTROL PANEL KIT Bass, Treble and Volume controls with +position selector switch for radio, tape and pick-up and I I" x 4" escutcheon panel. 
Amplifier Kit and Control Panel Kit £11.19.6. Ditto ready wired £14.19.6. 
2-VALVE PRE-AMP. UNIT 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 2i . 
Complete Kit £5.19.6. Carr. 3/6. Ready built £7.19.6.   

Send for detailed bargain lists, 3d. stamp. We manu- facture all types Radio Mains Transf. Chokes, Quality Q/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.S.m., I p.m. Wed. Terms C.W.O. or C.O.D. Post and Packing up to + lb. 9d., I lb. 1/3, 31b. 213,51b. 2/9, 81b. 316. 
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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 

MA-12 

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 
DE LUXE STEREO AMPLIFIER. Model S-33H. De luxe version of the 
S-33 with two-tone grey perspex panel, and higher sensitivity necessary to 
accept the Decca Deram pick-up. Kit £15.17.6 Assembled £21.7.6 
HI-FI STEREO AMPLIFIER. Model S-99. 9 -|- 9W output. Ganged 
controls. Stereo/Mono gram., radio and tape inputs. Push-button selection. 
Printed circuit construction. Kit £27.19.6 Assembled £37.19.6 
POWER SUPPLY UNIT. Model MGP-l. Input 100/120V, 200/250V, 
40-60 c/s. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max. B.C. 

Kit £5.2.6 Assembled £6.12.6 
A wide range of American equipment available under direct mail order scheme. 

Full details and catalogue 1/- post paid. 

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 0.1Q to 1,000MG with internal battery. 
D.c. input resistance 11 MIL 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.; ISOutA to 15A d.c.; 0.2G to 20MG. 
41" 50(jtA 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). 

r  

IM-13U 

V-7A 

RF-1U 

HFW-I 

10-12U 

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 £32.12.6 Assembled £41.10.0 
2}" PORTABLE SERVICE 'SCOPE. Model OS-l. This 
is a light, compact oscilloscope, ideal for servicing, etc. 
Dimensions 5" x 8" x 14^" long. Wt. lO^lb. Fitted mu- 
metal CRT shield. Kit £22.18.0 Assembled £30.8.0 

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 

TRANSISTOR TESTER, IM-30U. 
Gives complete d.c. analysis of NPN, PNP 
Transistors and Diodes. Large, easy-to-read 
meter. Kit £24.18.0 

Assembled £35.10.0 

NEW! De-luxe ALL TRANSISTOR 
20+20W STEREO AMPLIFIER 

AA-22U. 
At last a British amplifier, with high 
power at reasonable cost, capable of 
delivering full power at all frequencies 
in the audio range. Handsome, fully 
finished walnut veneered cabinet. New, compact, professional slim-line 
styling. Kit £43.18.0 Assembled £68.16.0 

S-33 AT-6 

GOLDRING LENCO TRANSCRIPTION PLAYER. Model 
GL-58. With G-60 pick-up arm and Ronette 105 cartridge. £20.1.3 

inch P.T. 
GARRARD AUTO/RECORD PLAYER. Model AT-6. With 
R 105 cartridge £13.12.1 Decca Deram pick-up £14.6.1 inch 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 
HI-FI MONO AMPLIFIER, Model MA-12. 10W output, wide 
freq. range, low distortion. Kit £11.18.0 Assembled £15.18.0 
R.P.M. INDICATOR (Electronic Rev. Counter). A must for the 
motoring enthusiast. For 4 cylinders, pos. or neg. earth. 12V. Send 
for details. (Assembled only) £8.19.0 
PA AMPLIFIER, Model PA-1. 50W amplifier. The ideal, compact 
unit. Two heavy duty speakers. Variable tremolo. 

Kit £54.15.0 Assembled £74.0.0 
Legs optional extra 17/6 

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

JUNIOR EXPERIMENTAL WORKSHOP. 
Model EW-1. More than a toy! Will make 
over 20 exciting electronic devices, inch 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present! Kit £7.13.6 inch P.T. 
JUNIOR TRANSISTOR RADIO. Model 
UJR-1. Single transistor set. Excellent 
introduction to radio. Kit £2.7.6 inch P.T. 

UXR-2 

UXR-1 

UJR-1 

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

TAPE AMPLIFIERS TAPE DECKS - 

AM/FM 

MAGNAVOX NEW TAPE DECK. The finest buy in its price 
range. Operating speeds: 1J", 3^" and 7^" p.s. Two tracks, "wow" 
and "flutter" not greater than 0.15% at p.s. £14.19.6 

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

HI-FI AM/FM TUNER: Model AFM-1. Available in two units 
which, for your convenience, are sold separately. Tuning heart 
(AFM-Tl—£4.13.6 incl. P.T.) and I.F. amplifier (AFM-AI—£21.16.6). 
Printed circuit board, 8 valves. Covers L.W., M.W., S.W., and F.M. 
Built-in power supply. Total Kit £26.10.0 

CONTROL UNITS 

FM-4U 
MAGNAVOX 

NEW 
DECK 

HI-FI FM TUNER. Model FM-4U. Also available in two units. R.F« 
tuning unit (£2.15.0 inch P.T.) with I.F. output of 10.7 Mc/s, and I.F- 
amplifier unit, with power supply and valves (£13.3.0). Total Kit £15.18.0 
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 drldB. Rumble and variable low-pass 
filters. Printed circuit boards. Kit £19.10.0 Assembled £26.10.0 

ssu-i 

MFS 

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 £11.12.0. without 
legs, Kit £10.17.6 inch 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 Gotswold. Size: 
36" high x 16^" wide x 14^" deep. 

Kit £23.4.0 Assembled £30.15.0 

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 £23.4.0 Assembled £30.15.0 

MALVERN 

HI-FI CABINETS 
A wide range of equipment cabinets 
is available to meet the differing 
needs of enthusiasts. Designed for 
max. operating convenience or for 
where room space is an overriding 
consideration, this range includes 
kits, ready assembled cabinets or 
fully finished cabinets, and has at 
least one model to suit your require- 
ments. Send for full details. 

Prices from £7.15.0 to £44.2.0 
inch P.T. 

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. 6 
GLOUCESTER 

"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-IU. With 
4 piezo-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose receiver for Amateur and Short 
wave listeners. Printed circuits, telescopic 
aerial, tuning meter and large slide-rule dial. 

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

Kit £79.10.0 Assembled £104,15.0 
COMMUNICATIONS 

RA-1 

RG-1 

HM-11U 

TYPE RECEIVER. Model 
RG-l. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s- 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

Kit £39.16.0 Assembled £53.0.0 
REFLECTED POWER METER and SWR BRIDGE. 
Model HM-11U. Indicates reliably, but inexpensively, 
whethe. the RF power output of your TX is being 
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) -j- import levy SB-300E 

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

(Tick here) 

  DEPT. RC.6 j 
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THE MODERN BOOK CO 

The Radio Amateur's Handbook, 1965 ed. 
By A.R.R.L. 40s. Postage 2s. 3d. 
Transistor Specifications Manual 
Foulsham-Sams. 24s. Postage 1s. 
A Beginner's Guide to Television 
8s. 6d. Postage 6d. 
A Beginner's Guide to Radio 
8s. 6d. Postage 6d. 
Beginner's Guide to Colour Television 
By T. L. Squires. 15s. Postage 6d. 
The All-in-One Tape Recorder Book 
By J. M. Lioyd. 13s. 6d. Postage 9d. 
An Electronic Organ for the Home Con- 
structor. By A. Douglas. 20s. Postoge Is. 
Handbook of Transistor Circuits 
By A. Lytel. 3Ss. Postoge 1s. 
ABC's of Boolean Algebra 
By A. Lytel. 16s. Postage 1s. 

101 More Ways to Use Your VOM and 
VTVM. By R. G. Middleton. 20s. Postage 1s. 
Closed-Circuit Television Handbook 
By L. A. Wortman. 42s. Postage Is. 
World Radio TV Handbook. 1965 ed. 
26s. Postage 1s. 3d. 
Radio and Television Reference Data 
By J. P. Hawker. 10s. 6d. Postage 1s. 
Radio Control for Models 
By F. C. Judd. 15s. Postage 1s. 
Television Faults 
By N. Stevens. 5s. Postage 6d. 
Hi-Fi Year Book. 1964 
10s. 6d. Postage 1s. 
Fault Location Exercises in Radio and Tele- 
vision Servicing. 7s. 6d. Postage 6d. 
Troubleshooting With The Oscilloscope 
By R. G. Middleton. 20s. Postage Is. 

LATEST HIGH QUALITY COMPONENTS FROM THE MAXI-Q RANGE 

TESTED AND TRIED OVER 5 FREQUENCY RANGES 

★ 

★ 

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. 
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. 
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 lT-.15/.4Mc/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—l/6d. 
IFT.13 Miniature 465 kc/s I.F. Transformer .. 7/6d. each GENERAL CATALOGUE covering full 
IFX.14 Miniature 465 kc/s Last I.F. Transformer 7/6d. each range of components send l/6d. 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 

Complete Catalogue 1s. 
We have the Finest Selection of English and American Radio Books in the Country 

19-21 PRAED STREET (Dept RC) LONDON W2 
Telephone PADdington 4185 
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THE GOLDENAIR "THIRTY" 
HI-FI AMPLIFIER 

A high quality 30-watt amplifier developed for use in large halls and clubs etc. Ideal for bass, lead or rhythm guitars, schools, dance halls, theatres and public address. Suitable for any type of mike or pick-up. Valve line-up: two EF86; one ECC83; one GZ34; two EL34. Four separate inputs are provided with two volume contrpls. Bass and Treble controls are incorporated. Amplifier operates on standard 50 c/s mains. 3 ohm and 15 ohm speakers may be used. Perforated cover with carrying handles can be provided if required, price now 25/-. Customers are invited to see and hear this amplifier at our shop premises at Lambert's Arcade or our new York shop. Send S.A.E. for illustrated leaflet. Available in kit form, price £11.19.6. Constructional notes 5/- extra. Carriage 15/— to be sent with order. 

CARAVAN RADIOS 
These well made radios were designed for the Government for forces entertainment. Contains 6K8, 6K7, 6Q7, and 6V6 output. Has choke smoothing, and slow motion tuning. Printed scale. 200-550 metres. In good condition. Complete with built-in 6V power back and 8" high quality speaker, all contained in a sturdy wooden cabinet. Ideal for use with your caravan or car. Will work from standard 6V car battery or easily converted for mains operation. Price £3.19.6, p/p 10/-. 

RE-HOUSE YOUR AMPLIFIER 
Heavy Duty Amplifier Cabinet size 28" x 20" x 10". Attractive 2-tone finish. Will take most amplifiers and two 12" loudspeakers. Robust construction. Manufacturer's surplus to clear at £7.19.6, p/p 10/-. 

MORSE KEYS 
Morse key assembly. Key with base, cover and terminals. Complete with lead. 6/11, p/p 2/-. 2 Morse Keys for 12/6 post free. 

YORK SHOP 
Extensive new shop premises 
now open at 
97 Walmgate, York 

Large selection of radio and 
electronic components and 
equipment. Full range of 
communication equipment in 
stock. Callers welcome. 
Open 9 a.m.-5,30 p.m. week- 
days, 9 a.m.-6 p.m. Saturdays. 
Half-day Wednesday. 

COMMUNICATION RECEIVER R1155 
This famous Bomber Command receiver covers 75 kc/s to 18 Mc/s in 5 ranges. The sets are easily and simply adapted for mains operation. In very good condition and in perfect working order. Fitted with latest type super slow motion tuning assembly. Price only £7.19.6, p/p 10/-. Limited stock only. 

MONSTER PARCEL No. 3 
Six crocodile clips. One portable mains soldering iron, 6 phono plugs, 6 coils of multi-cored solder, 6 valves, 3 TV aerial plugs, 12 British octal valve holders, 12 wafers, 3 car aerial plugs, 3 sheets of 10" x 6" paxolin, 6ft. copper rod aerial, 3 sturdily made panel mounting fuse holders, 24 new resistors, 6 assorted pots, I operators unit, a very useful piece of equipment. All this for only 25/-, p/p 3/6. 

OC7I 2/11. 
p/p 6d. 

OC44 3/11, 
p/p 6d. 

OC45 3/11, p/p 6d. 

XD202, diode 1/6. 
p/p 6d. 

SURPLUS HANDBOOKS 
19 set Instruction Handbook 3/6 each, p/p 6d. 
1155 Instruction Handbook 3/6 each, p/p 6d. 
H.R.O. Instruction Handbook 3/6 each, p/p 6d. 
Frequency Meter, BC 221 Instruction Hand- book 3/6 each, p/p 6d. 
46 Walkie Talkie Set Circuit and Notes 3/6 each, p/p 6d. 
38 set A.F.V. Instruction Handbook Price 3/6 each, p/p 6d. 
R.F. Unit 24 Circuit Diagram and Details Price 1/6, p/p 3d. 
R.F. Unit 25 Circuit Diagram and Details Price 1/6, p/p 3d. 
R.F. Unit 26 Circuit Diagram and Details Price 1/6, p/p 3d. 
Receiver RI355 Circuit Diagram and Details Price 1/6, p/p 3d. 
Receiver RI224A Circuit Diagram and Details Price 1/6, p/p 3d . 
R.III6/A Circuit Diagram and Details Price 1/9 p/p 3d. 
Wave Meter Class D Handbook, Mk. I, II 111 Price 3/6, p/p 6d. 
18 set Mark III circuit details and notes. Price 3/6, p/p 6d. 

Tank Aerials. Fully interlocking copper sec- tions one foot in length. Will make ideal dipoles, car or scooter aerials. Price 6 sections complete with canvas carrying case 3/6, p/p 1/6. Additional sections 6d. each. Please include sufficient postage. 

19 set Trans/Rec. Mains Power Pack. Operate your 19 set receiver straight off the mains. Ready built power unit, complete with modification and fitting instructions. Price 59/6 p/p 3/6. Please state Model, MK. 2 or MK. 3. 

WIRELESS SET No. 38 
AFV 

A lightweight walkie-talkie with transmitting range 5 to 10 miles and frequency coverage 7.4 to 9 mc/s. Operates from 12V and 120V external dry batteries. Large, clearly numbered tuning control, with tuning lock. In good condition. ONLY £4 per pair, 
p/p 5/-. 

2-WAY RADIOS 

JM 

V 

Compact trans/receiver that can be held in the hand. Size approx. 15" x 4" x A". Range up to three miles under favourable conditions. Uses miniature valves and self-contained standard batteries. Easy to operate, economical to run. Ideal for authorised fixed or mobile operation. A G.P.O. licence should be obtained. Available in kit form, at 10 gns., p/p 10/-, Already built 12 gns., p/p 10/-. 

WANTED 
WE WISH TO PURCHASE FOR SPOT CASH, RADIO COMMUNICATION EQUIPMENT: TRANSMITTERS. COMMUNICATION RE- CEIVERS, TRANSCEIVERS (Government surplus. Commercial and Foreign). WE ARE SURE THAT MANY ENTHUSIASTS HAVE UNWANTED EQUIPMENT TAKING UP SPACE AND COL- LECTING DUST. SO LOOK AROUND AND TURN YOUR REDUNDANT EQUIPMENT INTO CASH. OFFERS MADE FOR ANY SUITABLE EQUIPMENT. SEND FULL DETAILS STATING TYPE, MAKE AND CONDITION. WITH S.A.E. FOR QUOTATION TO BUYING DEPT. 

DYNAMOTOR 
Run all your mains A.C./D.C. equipment from your car battery. 6V input gives 250V output, or 12V input gives 500V output at 30 watts. Very low battery drain. Size only 5^" x 3^". A must for the caravanner. ONLY 25/-, p/p 3/6. 

M.A.T. Transistors. M.A.T. 100, 7/9; M.A.T. 120, 7/9; M.A.T. 121, 8/6; Ferrite slab aerials suitable for Transistor sets, 3/-, p/p 6d. 

OPERATORS UNIT 
Huge purchase enables us to offer at give away price operators unit containing standard jack socket 250 mfd. electrolytic condenser, 4-way telephone socket, midget selenium rectifier, etc. Price 3/6 post free, or 2 for 6/6 post free. 

RESISTOR COLOUR CODE INDICATORS 
Enables you to determine value of a resistor at a glance. A must for the constructor. Saves time. Price 1/6 each, p/p 3d. 

High quality Paxolin Sheets. Strong high quality Paxolin sheets. Size lO^- x 8^- x l/io"- Three for five shillings, p/p I/—. Six for 10/- post free. Twelve for 18/6 post free. 

Trawler Band Receiver. A compact 4 semi- conductor receiver. Complete with personal listening earpiece. Receives amateur and mari- time stations. You will be amazed at the stations that can be received on this set. Works from standard batteries. Available in kit form with full completion instructions. Price 49/6, p/p 1/6. 

Postage rates apply U.K. only. S.A.E. with all enquiries New walk round store open in Lambert's Arcade, Lower Briggate, Leeds I, next to Halfords Cycle Shop. Open all day Saturday. All mail orders to our Briggate House address. 
Terms Cash with order 5/- extra on C.O.D. orders 

No C.O.D. under 30/- 

Send I/-for lists Trade supplied Orders from abroad welcomed 

SONA ELECTRONIC CO (DEPT RC5) BRIGGATE HOUSE, 13 ALBION PL. LEEDS 
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SINCLAIR X-20 

INTEGRATED 20 WATT P,W.M.AMPLIFIER SPRE AMP 

M ICRO-6 

I 

THE SMALLEST AND MOST 
PRIVATE SET ON EARTH 

Smaller than a matchbox, this world- 
famous receiver brings in stations from 
all over Europe. It performs with fantastic 
efficiency in cars, buses, trains and steel- 
framed buildings, yet measures only 
14/5" x 13/10" x i". Wherever you use it, 
it can interfere with no one else in 
even the most public places. The highly 
stable six-stage circuit provides A.G.C. 
and bandspread for easy Luxemburg 
reception. Tunes over medium wave- 
band. Building this smart minute set is 
easy. Its performance is wonderful. 
All parts inc. 3 M.A.T. transistors, case, light- weight earpiece and instructions come to 
MALLORY MERCURY CELL ZM.3I2 (2 required), each l/l I Pack of six, 10/6 

59/6 

What users say about 

SINCLAIR P.W.M. AMPLIFIERS 

"The results were so remarkable that I pur- 
chased a further kit to replace my valve stereo 
system." 

S.M., Clemsford, Suffolk 
"It is everything you claim it (X-10) to be, it 
is so good that I can hardly believe it is true. 
Thanks for a wonderful instrument." 

K.D., Abbeymount, Edinburgh 
"The amplifier delighted myself and others 
with its beautiful crisp quality." 

W.L., Leeds, 2 

1 

For all you have ever wanted 

COSTS LESS. HtS CBEIIEI 

The Sinclair X-20 integrated Pulse Width Modulated 20 watt amplifier 
and pre-amp outdates every amplifier in its class for power, for quality, 
for size and cost. Having successfully pioneered P.W.M. for constructors, 
the Sinclair research team have built further advances into X-20 to make 
it the most advanced audio amplifier in the world. It has a 95% energy 
conversion factor at full output. It has shown no sign of stress or strain 
after being continuously run at 40% overload for 12 hours. You can add 
tone, volume (mono or stereo) and equalisation systems to choice and 
thus ensure correct matching to the input source. With brilliant tran- 
sient response, flat frequency response from 20 to 20,000 c/s and enormous 
power, the X-20 will give you all you will ever require from an audio 
amplifier, yet it measures only 8i x 3i x 1" and requires no heat sink. 
The saving in cost is enormous, and the entire unit can be built and 
installed in an evening. 

CIRCUIT DESCRIPTION 
The Sinclair X-20 uses a pulse repetition frequency between 65 to 75 kc/s, having a perfect square 
wave formation in which constant amplitude is maintained at all times irrespective of the extent the 
A.F. modulation. Special silicon epitaxial planar transistors having a cut-off of 60 Mc/s are used in 
the output stage. With rise and fall times of less than 0.2 microseconds they ensure a fantastically 
high energy conversion factor of at least 95%. Barely a watt is dissipated in the output transistors 
when the X-20 is giving an output of 20 watts R.M.S. The complete linearity of the integrator 
together with the careful design of the modulator ensure absolutely negligible distortion right up to 
maximum output. Two negative feed back loops in the pre-amp define gain and maintain a completely 
flat response from 20 to 20,000 c/s. A low-pass filter cutting off above 20 kc/s in the output makes 
the amplifier widely tolerant of the type of load to which it is connected. 

For those wanting the same quality 
with less power 

SINCLAIR X-10 

The X-10 uses P.W.M. with integrated pre- 
amplifier and offers the same outstanding 
advantages as the X-20 but with 10 watts peak 
output, it measures only 6" x 3". Thousands 
of these units have been built and are in 
regular use. For 12-15 volts D.C. operation. 
Tone control system added to choice. 

Complete kit with 11 
tronsrstors and X-10 
Manual 

inczlair- 

£5.19.6 
Ready built If, 10 A X-10 power £1 Id and tested kO. IT.O suppiy unit 

SINCLAIR RADIONICS LTD., 
COMBERTON, CAMBRIDGE Telephone: COMBERTON 6B2 
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from a hi-fi amplifier, yet it 

POWEJt AND IS^YJO BUILD 

20 watts R.M.S. 

(ROM A UNIT ONLY O1/; x O'A' X f 

plus these vital features 

■jf Easily built in an evening 
•fa No. of transistors—12 
•jf Output transistors—Silicon epitaxial planars 
•fa Frequency response—20 to 20,000 c/s±1dB 
■jr Total harmonic distortion at 10 watts 

R.M.S.—0.1% 
•jr Input sensitivity—ImV into 5-K ohms 

Signal-to-noise ratio—better than 70dB , 
^ 20 WATTS R.M.S. MUSIC POWER 

OR 15 WATTS R.M.S. CONTINUOUS 
POWER INTO 7.50 

if 15 WATTS R.M.S. MUSIC POWER 
OR 12 WATTS R.M.S. CONTINUOUS 
POWER INTO ISQ 

if For use with any type of pick-up, micro- 
phone, radio tuner, tape pre-amp, etc. 

if Makes an ideal P.A. amplifier, guitar 
amplifier, etc. 

if Built-in low pass filter cutting off above 
20 Kc/s 

if Power required—36Vdc at 700mA. 

FULL SERVICE FACILITIES ALWAYS AVAILABLE TO ALL SINCLAIR CUSTOMERS 

I 

m 

Weighs 

4? ozs! 

U.U m 
Ready built and tested 

unit for up to 2 

X-20 MANUAL 

^7 

Complete kit of parts 
with X-20 manual 

£9.19.6 
Xf .2 ponr supply £4 19 6 

Included with every X-20 P.W.M. amplifier. Details choice of tone and volume control systems, mono and stereo, and also selector switching circuits. The manual also explains the unique principles used in this remarkable amplifier. Available separately, 2/- post free. 

Please send me 
NAME.. 

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

ADDRESS     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 quest/on. Please quote R.C.6 should you prefer to write your order instead of cutting out this coupon. 
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TV FAULT FINDING Data Book Series No. 5 

Contains information and fault finding details of both the B.B.C. and I.T.A. trans- 
missions. Lavishly illustrated by photographs taken from the screen of a television 
set exhibiting the faults under discussion. A comprehensive fault finding guide is 
included, and this is cross referenced to the book itself. 

104 pages, high quality paper with laminated plastic board a cover Price 

O V e r 100 Illustrations and Diagrams Postage ed. 
"... A book that should be in every television dealer's service workshop, and 
in every home-constructor's, for that matter."—Journal of the Television Society 

. . The book will undoubtedly be of value to TV service engineers, particularly those who are not fully 
experienced in translating the appearance of faulty pictures into the necessary adjustments or receiver fault 
location."—Wireless and Electrical Trader. 

TO DATA PUBLICATIOHS LTD 57 Maida Vale London W9 

Please supply copy(ies) of "TV Fault Finding", Data Book No. 5. Price 6/-. Postage 6d. 

NAME    
ADDRESS       

6/- 

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 subscrip- 
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 

2- RECORDING MAGAZINE 

lllllll III p ' ABB Kl 

fOCUSi on battery portables 
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Scottish Insurance Corporation Ltd 

38 EASTCHEAP 

TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

LONDON • ECS 

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. 

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

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

WRITE FOR FULL DETAILS TO:— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD., 

38 EASTCHEAP, LONDON E.C.3 
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HOm RADIO 

(MITCHAM) LTD. 

Once again we are presenting a page from our catalogue in the hope that it will 
make you eager to see the other 199 pages. You will notice that this particular 
page is filled with Bulgin Components, and we are delighted to say that this is only 
one of many pages devoted to Messrs. A. F. Bulgin products. After all, if Bulgin 
Components are the choice of the connoisseur they are the choice of Home Radio, 
and ultimately we hope your choice too! Post the Coupon below . . . today. 

Mains Connectors—Continued Maker; Bulgin 
Unit-Chassis Connectors (the Unique "Domina" 2-Pole Units for Multi-pole Uses) 

These four illustrations show a few of the many various ways of stacking these Unique Components. 

m Cat. 
No. 

P490 : 
P491 

2-pole 
Unit= 
Plug 
Socket 

ELECTRICAL DATA 

Max. amps, at 
Up to 

6-12 v. - 
10 amp. 
10 amp. 

Up to 
250 v. — 
5 amp.* 
5 amp.* 

r in. 
r in. x 

Size 
x 1 in. x | in. 

1 in. X f in. 

Price 
s. d. 
1 9 
2 0 

"Domina" 2-pole Unit- 
Socket List No. P491 

"Domina" 2-pole Unit- 
Plug List No. P490 ♦ For rupturing when loaded. Otherwise 10 amp., ^ or = at 250 v. 

i 

Rubber Cover 
List No. P/N9452 

Rubber Cover 
List No. P/N9452 

Cat. No. 
9452 

New P.V.C. Black Insulation Covers for Bulgin 
"Domina" Connectors to enable safe external 
flex connexions, thils widening thejr use to 
many more applications. They quickly slip 
on to the plug and socket members, holding 
extremely tightly once in place. List No. 
(Cover only) 9452. 

Price 
s. d. 
1 3 

Miniature "Baby-Domina" Connectors 

0 

List No. P502 List No. P501 
(Socket) (Plug) 

Cat. 
No. 

P501 
P502 
P503 

2-pole 
unit 

Plug 
Socket 
Plug-Socket 

ELECTRICAL DATA 
Max. amps, at max. 
proof-test v., 50 

Up to 
250 v. - 

Up to between 
6-12 v. ^ poles 

f tt in. 
6 amp 3 amp.*^ ft in. 

Size 
x |i in. 
x fi in. 

Price 
s. d. 

-k in. 
^ in. 

♦ For rupturing when loaded, otherwise 6 amp. at 250 v. 

Cat. 
No. 

9461 

New P.V.C. 
Insulation Covers 

Price 
s. d. 
1 0 

I Please send latest Catalogue. I enclose 6/- to cover postage and m packing. 

Black P.V.C. Cover List No. P/N9461 

j Name    
I Address  
I   
I   

J^lome Radio Ltd., Dept. RC., London Road, Mitcham, Surrey 
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WORNOP AMPUFIER 

POWER SUPPLY FOR THE 

BEGINNER 
By E. GOViER 

When equipping his workshop, the beginner usually commences 
by building a spare power supply and follows this with a simple 
amplifier for general purpose work or for a.f. signal tracing. In 
the unit described in this article, which has been specifically 
designed for the beginner, the writer combines both of these 

functions in a single design 

The beginner, once having 
gone through the process of 
building several receivers, both 

battery and mains operated, t.r.f. or 
superhet, usually arrives at the stage 
where a commencement must be 
made on equipping his workshop 
with the first necessities for efficient 
operation. One of the very first 
things needed is a spare power 
supply, this being required (a) to 
produce the necessary supplies for 
ancillary equipments such as a pre- 
selector, crystal oscillator and fre- 
quency standard, or (b) to power 
experimental receivers or other equip- 
ment under construction or test. A 
simple amplifier is very often needed 
for use (1) as the a.f. and output 
stages of an experimental receiver, 
or (2) as an a.f. signal tracer. 

With the unit described here, both 
of these circuits have been incor- 
porated on one chassis. Once com- 
pleted, it may be placed on a shelf 
above the workbench, where it will 
be very frequently called upon to 
"earn its keep". The speaker is 
mounted on the front panel, this 
also being fitted with a panel lamp 
assembly to provide an indication of 
whether the unit is switched on or 
off. The volume control is also 
mounted on the panel and incor- 
porates the mains on/off switch. 

When the unit is required simply 
as a power supply for small equip- 
ments, such as a pre-selector, etc., 
whose h.t. current requirements are 
not more than about 40mA, then 
the amplifier valve (V0 may be left 
in position—this drawing 32mA 
under quiescent conditions. If the 

power supply is required for larger 
units, such as a complete receiver or 
a further amplifier, then Vi should 
be removed from its holder. In this 
condition, all the power supply 
current is available for the equip- 
ment under test or construction. 
The total power supplies available 
under these conditions are 250 V.h.t. 
at 75mA and 6.3V ax. at 2.85A. 

The audio output power given by 
the amplifier section is 2.5 watts— 
more than enough for the average 
workshop. The amplifier is remark- 
ably hum free, this being due to the 
fact that a good quality l.f. choke is 
included, together with adequate 
reservoir and smoothing capacitor 
values. In addition, a second form 
of smoothing is included in the h.t. 
positive input line to the amplifier 
section. 

Circuit 
The circuit is shown in Fig. 1 and 

is reproduced in such a manner that 
the white circuit symbols may be 
blacked-out with a ball-point pen as 
each connection is made, thus 
obviating possible errors and assist- 
ing the beginner in that the actual 
practice of construction can be 
related to circuit representation. 

A coaxial input socket is provided 
on the front panel and this connects, 
via Ci, to the volume control Rj. 
This latter component is of the type 
which incorporates a double-pole 
on-off switch, the latter being shown 
as Si in the a.c. mains input to the 
power supply. 

• The required amount of signal is 
tapped off Ri by its slider and is fed, 

via a length of coaxial screened 
cable, to the grid of Vua). The outer 
metal braiding of this coaxial cable 
must be earthed to the chassis at the 
input socket end. Bias for the 
triode amplifier of Vi(a) is supplied 
by the cathode components R2 and 
C2. H.T. is supplied to the anode 
via R5, the amplified audio signal 
being passed to the pentode power 
output section, Vi(b), via the coup- 
ling capacitor C5. Bias for this 
section is supplied by C3 and R3, 
the resistor R4 being the grid leak. 
The resultant amplified audio signal 
appears across the primary of the 
output transformer Ti, this being 
connected in the anode circuit of 
Vi(b), and is coupled thence to the 
speaker. 

The resistor R6 and the electro- 
lytic capacitor C4 form a second 
smoothing circuit for the amplifier 
section, and contribute materially to 
the ripple-free performance of this 
amplifier. 

The colours shown around the 
output transformer, Ti, refer to its 
wire connections. The same applies 
to the colours shown around the 
mains transformer, T2. 

The power supply section will be 
seen to be fully isolated from the 
mains supply by the mains trans- 
former T2, the primary of which has 
tappings for either 200, 220 or 240V 
а.c. input. The transformer also has 
a 5V 2A heater tapping (not shown 
for reasons of clarity). In the 
present design, both this 5V and the 
б.3V centre-tap wires are unused, 
being taped securely so that they can 
make no connection to chassis or 
any other wire. 

AH the components used in the 
power supply section are adequately 
rated and it will be found to run cool 
even after prolonged periods of use. 

Construction 
The panel and chassis drilling 

details are shown in Fig. 2 (a) and 
(b), Fig. 2 (c) being for the chassis 
rear apron. 

The first task is to drill the front 
panel as shown in Fig. 2 (a). To 
hole A will be fitted the coaxial 
input socket (iin diameter), to B the 
volume control/a.c. mains switch 
(fin diameter), to D the indicator 
lamp (fin diameter), and to C the 
speaker (4in diameter). The latter is 
shown here as a circular cut-out, over 
which an expanded metal grille may 
be later fitted. However, the cutting 
of a large circular hole is somewhat 
difficult for those without workshop 
facilities and it may prove an easier 
proposition for the beginner to 
simply drill a series of holes, fin in 
diameter, in a geometrical pattern 
(similar to the Union Jack) in which 
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Fig. 1. Circuit of the workshop amplifier/power supply. Having completed each wiring and soldering operation in 
conformity with the instructions in the text, the white lines in this circuit diagram should be "blocked-out" with a pen 
as operations proceed. In this way the beginner will learn the relationship between circuit representation and actual 

practical construction 

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

R i 1M O log track with switch S j 
R2 l.SkQ 
Rs 470£i 
R4 220kn 
Rs 100k£i 
Re 1.5kn 2 watt 

Capacitors 
Cx 0.01 (J.F tubular (Mullard) 
Cz 10|iF electrolytic 12V wkg. 
C3 25(iF electrolytic 25V wkg. 
C4 8;j.F electrolytic 350V wkg. 
C5 0.01 [a,F tubular (Mullard) 

*C6 32nF electrolytic 450V wkg. 
*C-i i6|i.F electrolytic 450V wkg. 

*Both contained in single can, 16(J-F 
reservoir, with can negative 

case the metal mesh will not be 
required. Having drilled the panel, 
place this against the chassis front 
apron and, using holes A and B as 
markers, drill two similar holes in 
the chassis apron. Hole A, for the 
coaxial input socket, will require two 
fixing holes and the component 
itself should be used as a template 

Components List 
Valves 

Vi ECL83 (Mullard) 
V2 EZ80 (Mullard) 

Valveholders 
B9A with centre spigots (2 off) 
I.O. 

Chassis and Panel 
Panel 7 x Sin, chassis 7 x 7 x 2iin 

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

Transformers 
Ti Type 117E (H. L. Smith & 

Co. Ltd.) 
T2 Pri. 0-200-220-240V; 

Sees. 250-0-250V, 75mA; 
6.3V (centre-tapped) 3A; 
6.3V 2A, type 3104A 
(H. L. Smith & Co. Ltd.) 

for these, the two holes being made 
with a iin drill, 

Fig. 2 (b) shows the positions of 
both Vx and V2, Cg, C7, the l.f. choke 
and the mains transformer T2. All 
of these are mounted on the chassis 
deck. The output transformer Ti, 
shown in dotted lines, is mounted 
below the chassis. Only the large 

Speaker 
Sin round, 30 

L.F. Choke 
20H, 100mA, 3000, type 101J 

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

Panel Lamp Assembly 
Red, with 6.3V 0.15A bulb (H. L. 

Smith & Co. Ltd.) 

Miscellaneous 
Nuts and bolts (4 and 6BA), wire, 

rubber grommets, solder, earth 
tag, mains input cable, coaxial 
plug and socket, 4-way tagstrip 
(end tags earthed) 

central holes for the two valveholders 
should be cut at this stage, and these 
should have a diameter of Jin. This 
operation is best carried out with the 
aid of a chassis cutter and Allen key. 
The hole for the smoothing capaci- 
tors Q, C7, together with that for 
the power outlet socket (shown in 
Fig. 2 (c) at F), should next be dealt 

JUNE 1965 733 

www.americanradiohistory.com



7* 

2M 

-,1/4- -2l/4*- 

Q» FRONT 
VIEW 

k6 

-a'M- •i'M*— 

(a) 

L.FC. 

V2 
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VIEW 
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—r sVa 

REAR 
VIEW 

(c) 
Fig. 2 (o). Front pane! drilling dimensions. Holes A, 6, C and D are for 
fitting the coaxial input socket, volume control and on/off switch, speaker 

and panel indicator lamp respectively 
(fa). Chassis dimensions showing the location of the main components 

(c). Chassis rear apron. Hole £ is fitted with a grommet for the mains input 
supply lead. Hole F is for the power outlet socket 

with, these having a diameter of 
liin. A chassis cutter is, once again, 
preferable here.1 

The l.f. choke should now be 
placed on the chassis deck and used 
as a template to mark and drill holes 
required for its four fixing feet and 
the hole required for its two leads to 
pass through the chassis deck, this 
latter hole being fitted with a small 
rubber grommet. The mains trans- 
former T2 should now be similarly 
dealt with. In this instance two large 
rubber grommets are required to 
carry the various leads through the 
chassis. Do not mount any of these 
components into position as yet, 
except for the rubber grommets. 

The chassis should now be turned 
upside down and the component Ti 
used as a template, on the outside of 
the chassis side apron, for marking 
and drilling the holes for its four 
fixing feet. It is a much easier pro- 
position to carry out this task with 
Ti temporarily held outside rather 
than inside. Hole E (Fig. 2 (c)) 
should now be drilled fin diameter 
and fitted with a rubber grommet, 
this hole taking the ax. mains 
input lead. 

Secure the mounting clip to the 
smoothing capacitors Cg, C7 and, 
using this as a template, mark the 
two fixing holes and drill, using a 
ilin drill. • Obtain the valveholder 
for V2, orient this such that pins 1 
and 9 are nearest the hole for the 
smoothing capacitors and, using a 
fin drill, make the two holes using 
the valveholder itself as a template. 
Similarly deal with the valveholder 
for Vi, orienting the component such 
that pins 1 and 9 are nearest the 
centre of the chassis. Do not fit 
these valveholders yet. Hole F on 
the rear chassis apron should now 
have the international octal valve- 
holder fitted, drilling the two fixing 
holes using a fin drill and securing 
into position using two 6BA nuts 
and bolts. Orientation here is un- 
important. The 4-way tagstrip (Fig. 
7) should now be fitted alongside Vj 
valveholder hole such that it is 
parallel with and occupies a position 
about 2 fin from the side of the 
adjacent chassis apron. Drill the two 
holes required and secure into posi- 
tion using 6BA nuts and bolts. 

At a point 1 fin from the side of 
the chassis, under the pilot light and 
as near the front as possible, should 
be drilled a fin hole in the chassis 

1 Chassis cutters and Allen keys are 
available from Home Radio (Mitcham) Ltd., 
187 London Road, Mitcham, Surrey. That 
required for the B9A valveholder is as 
follows: chassis cutter Cat. No. TL10 with 
Allen key Cat. No. TL12. That for the 
smoothing capacitors and the power outlet 
socket is chassis cutter Cat. No. TL14 with 
Allen key Cat. No. TL15C. 
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deck, this being fitted with a small 
rubber grommet to take the two 
leads required for the panel light 
assembly. Mark a point on the 
chassis some 3 Jin from either side 
and, at a position just to the rear of 
the speaker (when mounted), drill a 
Jin hole, fitting this with a small 
rubber grommet. This hole will take 
the speaker leads from the output 
transformer Tj. 

Now that the drilling is complete, 
commence to mount the remaining 
components into position, dealing 
first with the two valveholders 
(ensuring correct orientation) and 
following this by securing the 
smoothing capacitors (with the red 
tag nearest V2). Next come Ti on 
the chassis side apron (inboard), the 
l.f. choke and the mains transformer 
T2. Note that an earthed soldering 
tag should be mounted under one of 
the securing nuts for V2 valveholder 
—see Fig. 3. The valveholders will 
require 6BA and the smoothing 
capacitors 4BA nuts and bolts. 

To the front panel fit the coaxial 
input socket and, under one of its 
securing nuts (6BA) fit an earthed 
solder tag. Also to the front panel 
mount the volume control Ri and 
the pilot lamp assembly, following 
lastly with the speaker. The coaxial 
socket nuts and bolts, together with 
the volume control securing nut, 
will securely hold the panel to the 
chassis. 

Care should be taken when feeding 
the various leads from the mains 
transformer through the two large 
rubber grommets to ensure that these 
grommets do not become displaced. 
It is a good idea here to place the 
chassis on the bench such that it is 
standing on the side apron nearest 
T2 and, with the transformer a short 
distance away, feed the wires through 
the grommets one at a time, slowly 
moving the transformer nearer and 
nearer the chassis deck as this 
process continues, until it may be 
finally secured to the deck. 

Wiring-up the Power Supply 
The best plan for the beginner is 

to commence by carefully wiring up 
the circuit around T2. In this man- 
ner, leads carrying a.c. potentials 
may be routed close to the chassis 
deck and kept well away from a.f. 
signal leads, thereby considerably 
reducing the probability of induced 
a.c. hum. 

Fig. 3 shows the connections to V2 
valveholder, and the first job is to 
wire into circuit the mains trans- 
former T2. Follow the instructions 
in the text carefully and relate the 
individual drawings to the circuit of 
Fig. 1. 

The yellow/black wire (6.3 V centre- 

Red T2 (250V) 

V2 
(E280) 

Black 
(OV centre-tap) 

Brown Tj 
(screen) 

Yellow T2 
(6-3V 3A) 

Green T2 
(6-3V 2A) 
■Cyfred) 
White T2 
(6-3V 2 A) 

Earthed tag Red T2(25CV) 

Fig. 3. Wiring diagram of V2 {rectifier) valveholder. This is shown in an 
"opened-out" form for reasons of clarity 

tap) is unused in this circuit and 
therefore the bare wire end should 
be carefully taped so that it makes 
no connection to the chassis and then 
tucked in the comer of the chassis 
out of the way. 

One of the thick yellow wires 
should be soldered to the earth tag 
alongside V2 valveholder, first re- 
moving the enamel covering of the 
copper wire and thoroughly tinning 
this prior to soldering to the tag. 
The other thick yellow wire should 
be similarly dealt with and soldered 
to pin 5 of Vi valveholder (see Fig. 
5). These two connections are those 
of the 6.3V 3A heater supplies. 

The green and white thick wires 
should next be similarly dealt with, 
the white wire being soldered to pin 
5 and the green wire to pin 4 of V2 
(see Fig. 3). These connections are 
those of the 6.3V 2A rectifier heater 
supply. 

The brown and black wires are 
now connected to the earth tag 
alongside V2 valveholder. These 
connections are those of the trans- 
former screen and OV h.t. secondary 
centre-tap of T2 respectively. The 
earth tag should next be connected 
to the central metal spigot of V2 and 
the associated tag as shown in Fig. 3. 

One red lead is now soldered to 
pin 1 and the other red lead to pin 7 
of V2. These are the remaining con- 
nections to the h.t. secondary wind- 
ing of T2. Pins 3 and 4 of V2 should 
now be connected together with a 
short length of bare wire. 

Completing the wiring of V2 

Tog 3 of togstrlp 

valveholder, take a short length of 
red p.v.c. covered wire, solder one 
end to pin 4 of V2 and the other end 
to the red tag of the reservoir cap- 
acitor (C7). 

The mauve wire (5V heater sup- 
ply) should now also be taped and 
tucked away so that the bare end 
does not come into contact with the 
chassis. Neither this, nor the 6.3V 
centre-tap is shown in the circuit of 
Fig. 1 for reasons of clarity. The 
connections to the primary winding 
of T2 will be dealt with at a later 
stage. 

Fig. 4 shows the connections to 
the smoothing and reservoir capaci- 
tors Cg and C7, one connection to 
which, to the red tag, has already 
been made. The chassis connection 
shown in the circuit diagram has 
automatically been made by way of 
the fixing clip to the metal can. 

The l.f. choke should now have 
one wire soldered to the red tag and 
the other wire to the yellow tag (Q). 
It does not matter which way round 
the l.f. choke is connected. 

From the yellow tag connect a 
length of red p.v.c. covered wire to 
pin 4 of the power outlet socket on 
the rear apron of the chassis. Also 
to the yellow tag of Q solder a 
further length of red p.v.c. covered 
wire, connecting the other end to tag 
3 of the tags trip associated with Vi 
(see Fig. 7). 

The remaining connections in the 
power supply are those for the a.c. 
mains input. The green and yellow 
wires from the transformer should 

L.FC. 

Yellow Red 
C6 c7 

LEG 

Pin 3 and 4 V, 

Pin 4 Power outlet 

Fig. 4. The connections required to the smoothing and reservoir capacitors 
Cg, C7. The chassis connection is automatically made via the securing clip 

and the metal can of the component itself 
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Tag 4 tagstrip 

Tag B R| 

Coaxial cable 

(ECL83) 

c2 

Cs 

T 

Jag I tagstrip 

Tag 2 tagstrip 

Tag I tagstrip Tag2 tagstrip 

-Yellow T2 
(6-3V3A) 

' ^~^PinP Power outlet 
(orange) 

rag 4 tagstrip 

Fig. 5. Wiring diagram of the amplifier section (Vi). Note here that, where 
a component designation is shown with a rectangular representation, it 

should be soldered into circuit at that period of construction 

be separately taped, ensuring that 
the bare wire ends do not make 
contact with each other on the 
chassis, and tucked out of the way. 
The black wire should now be sol- 
dered to tag 2 of the volume control 
(see Fig. 6) and the red wire to tag 
1 of the volume control. To tags 3 
and 4 of the same component should 
be secured the respective a.c. mains 
input wires.2 Before doing this, 
however, the mains input cable 
should be fed through the rubber 
grommet on the rear chassis apron 
and, making due allowance for its 
wires to reach the volume control 
switch, a knot tied in the cable such 
that it occupies a position immedi- 
ately behind the grommet. This 
knot will ensure that any undue 
strain later placed on the cable will 
not pull the wires away from the 
volume control switch, the knot 
taking the strain. 

The wiring of the power supply 
section is now completed. Carefully 
check the connections made so far 
and "black out" the related portions 
of the circuit diagram of Fig. 1. 
The remaining connections to the 
power outlet socket and to the pilot 
lamp assembly will be made at a 
later stage in the proceedings. 

Wiring-up the Amplifier 
Fig. 5 shows the wiring to the 

valveholder of the amplifier valve 
Vi. Commence by joining, with a 

2 The connections described here assume 
that the unit will be run from 240-250 volt 
mains, as will in most instances be the case. 
For a.c. mains voltages below 240, the 
appropriate tap into the mains transformer 
primary should be made, as indicated in 
Fig. 1. This will mean employing the green 
220 volt or yellow 200 volt transformer wire, 
as applicable, instead of the red 240 volt 
wire, the latter being taped up. The con- 
structor should ensure that the tags of Si 
in Fig. 6 give the switching circuit shown in 
the inset to this diagram.—Editor. 

short length of bare wire, the central 
metal spigot and its tag to pin 4 of 
Vi, continuing to tag 1 of the tag- 
strip. To pin 1 solder one end of C5 
(0.01 |xF), and connect the other end 
to pin 9. Also to pin 9, solder one 
end of R4 (220kn, red, red, yellow) 
the other end of this resistor being 
soldered to tag 1 of the tagstrip. 

To pin 1, solder one end of R5 
(lOOkH brown, black, yellow) the 
other end connecting to tag 2 of the 
tagstrip. To pin 3 of Vi solder one 
end of both R2 (l.SkO, brown, grey, 
red) and C2 (10|aF electrolytic, 12V 
wkg.). Note that the positive end of 
C2 must be connected to pin 3. It 
is a good idea here to first twist the 
end wires of these two components 
and solder them together prior to 
connecting them to the valveholder 
tag. The other ends of these two 
components connect to tag 4 of the 
tagstrip. 

To pin 5 of the valveholder con- 
nect one end of a length of yellow 
p.v.c. covered wire. The other end 
of this wire is soldered to pin 2 of 
the power outlet socket—this latter 

connection being the 6.3V heater 
supply outlet. Also to pin 5 of the 
valveholder solder one end of a 
further length of yellow p.v.c. cov- 
ered wire, feed this through the 
small rubber grommet below the 
panel lamp assembly and connect 
this end to one of the assembly tags 
—it does not matter which tag is 
used.3 

To pin 6 of Vi connect the orange 
wire from the output transformer T). 

To pin 7 of Vi connect one end of 
both R3 (4700, yellow, violet, 
brown) and C3 (25tiF electrolytic, 
25V wkg.) noting the polarity of the 
latter component. The other ends 
of both R3 and C3 then connect to 
tag 4 of the tagstrip. 

To pin 8 of Vi connect one end 
of a short length of red p.v.c. cov- 
ered wire, the other end of which 
connects to tag 2 of the tagstrip (see 
Fig. 7). 

The green and yellow wires of Ti 
(not shown in Fig. 1 for reasons of 
clarity) should be joined together, 
soldered, covered with adhesive tape, 
and then tucked away under the 
transformer. The red and black 
wires from Ti should now be fed 
through the rubber grommet on the 
chassis deck and soldered one to 
each tag of the speaker—it does not 
matter which way round these wires 
are connected to the speaker. One 
of these leads should be soldered to 
tag 4 of the tagstrip. 

The next step is to complete the 
wiring to the volume control, Ri, 
and Fig. 6 shows the required con- 
nections to this component—some 
of which have already been com- 
pleted. 

3 Some panel lampholders may have one 
tag common with the mounting bracket (and, 
thence, with chassis) whereupon connection 
to such a tag would short-circuit the heater 
winding of the mains transformer. What- 
ever type of lampholder is employed, ensure 
that the lead from pin 5 of Vi valveholder 
connects to a tag which is not at chas®'- 

potential.—Editor , 

Coaxial Coaxial Pm 2 
cable cab e of V. 

Braiding 

Tag I of 
tagstrip 

Centre connector 
of input socket 
Earth tag 

Braiding 

Red T2 
(240V AC.) 

a \ ^BIackT2 
(OV AC.) 

AC. input AC. input 

ToT 

r 

From AC 
mains 

Fig. 6. Details of the wiring to the volume control and on/off switch (Ri). 
Ensure that tags 1, 2, 3 and 4 of the particular component employed provide 

the correct switching facility, as shown in the inset 
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To tag A connect one end of Ci 
(0.01 ixF). The other end of this 
capacitor connects to the input 
socket on the front panel by way of 
coaxial cable. It should be noted 
that the wire end of Q which con- 
nects to the volume control must be 
cut as short as possible, the other 
end of this capacitor being similarly 
treated. This second end connects 
to the centre wire of a length of 
coaxial cable, the outer braiding of 
which is earthed to the earth tag 
mounted under one of the securing 
nuts of the coaxial input socket 
itself. The centre wire connects to 
the centre connection of the socket. 

To tag B of Ri solder one end of 
a further length of coaxial cable as 
shown, the outer metal braiding of 
this being soldered to tag C of Ri. 
The centre wire at the other end of 
this coaxial cable is connected to 
pin 2 of Vi. 

Tag C of Ri is now joined to tag 
1 of the tagstrip via a short length 
of black p.v.c. covered wire. The 
wiring of the volume control is 
complete. 

Turn next to Fig. 7 and complete 
the wiring at the tagstrip. 

To tag 1 solder one end of a short 
length of black p.v.c. wire, connect- 
ing the other end to pin 7 of the 
power outlet socket. This latter 
connection is the h.t. negative chassis 
side of the heater and output. 

Between tags 2 and 3 of the tag- 
strip connect Rf, (1.5kf2 2 watts, 
brown, green, red). 

To tag 2 solder the white wire from 
the output transformer Ti. Also 
connect to this tag the positive end 
of C4 (8[j.F electrolytic, 350V wkg.). 
Solder the other end of C4 to tag 4 
of the tagstrip. 

To tag 4 of the tagstrip solder one 
end of a length of yellow p.v.c. 
covered wire. This wire is fed 
through the small rubber grommet 
under the panel lamp assembly and 
soldered to the remaining tag of the 
assembly. 

This completes the wiring of the 
amplifier stage. A careful check 

Pin 4 V, 
T, (Wack) & 
speaker tag 

T| (white) Pin 8 V 

R4 

C4 T+ 

PL I 
r2c2 
R3C3 Pin 7 Power r6 outlet 

TagC R| 

Fig. 7. Wiring details of the 4-way tagstrip. Note that both tags 1 and 4 
should be bolted to the chassis 

should now be made to the wiring 
of this stage, the instructions in the 
text being again followed together 
with the point-to-point diagrams and 
the circuit of Fig. 1. 

Testing the Completed Unit 
The two valves should be fitted 

into their respective holders and the 
unit plugged into the mains supply 
and switched on. The two valves 
will be seen to light up as the heaters 
glow. Turn the chassis upside down 
and, with the aid of a meter (if 
available) take the voltage readings 
as shown in the accompanying table. 
The volume control Ri should be at 
the minimum position, no connec- 
tion being made to the coaxial input 
socket. 

The meter used to obtain the 
figures shown has a sensitivity of 
20,000n/volt and the readings were 
taken after an initial warm-up time 
of 5 minutes had elapsed. 

As a first rough check that the 
amplifier is working, slightly advance 
R! and place a finger on the central 
coaxial input tag. A hum will be 
heard from the speaker, this becom- 
ing louder as Ri is advanced to its 
maximum position. 

The amplifier stage will be found 
to consume, under quiescent condi- 
tions, approximately 32mA.. 

In addition to its usage as a general 
purpose workshop amplifier, the 
unit may also be employed as an a.f. 
signal tracer. The additional require- 

ments for this purpose are a short 
length of coaxial cable, one end of 
which is fitted with a coaxial plug 
for connection to the unit, whilst the 
centre wire of the other end termi- 
nates in a probe. The latter may be 
home-made from an old ball-point 
pen or obtained new from a retailer.4 

A short length of p.v.c. covered wire, 
each end being fitted with a crocodile 
clip, will also be required. 

When a.f. tracing with a receiver 
or amplifier, the two chassis should 
be connected together by the clip 
lead, the probe coaxial cable being 
plugged into the coaxial input socket. 
The probe itself is then applied to 
the various audio points in the 
equipment under test, thereby ascer- 
taining the presence of audio voltage. 
Care should be exercised, however, 
to ensure that the equipment under 
test is fully isolated from the mains 
supply, i.e. via a mains transformer, 
and that it is not of the a.c./d.c. type 
having the chassis live to one side 
of the mains supply. 

Table 
Circuit Point Voltage 

H.T.-f Q (yellow tag) 310 
R6/Ti (tag 2 tagstrip) 262 
Vi (pin 1) 145 
Vj (pin 3) 1.5 
Vi (pin 6) 245 
Vi (pin 7) 13.2 

4 A suitable test prod. Cat. No. TP25, is 
available from Home Radio (Mitcham) Ltd., 
coloured either red or black. The colour 
should be stated when ordering. 

NEW MULLARD TV TUBES 
Improved picture contrast with no increase in the price of the tube is the result of a decision made by Mullard in 

collaboration with leading setmakers to deepen the tint of the faceplates of their current range of television picture tubes. 
By tinting the glass of the TV tube faceplate the level of ambient room or window lighting normally reflected by the 

tube is attenuated by the tinted glass both on its way to the phosphor screen and after reflection. Such light has therefore 
less effect on the television picture with the result that the contrast ratio is improved. 

This decision will make the company's new range of Panorama direct vision tubes the most advanced available. 
Already, annoying reflections from room lighting have been greatly reduced by eliminating the need for a separate 
protective screen. Now, with the deeper tint, reflections from the face of the tube itself are also reduced. 

The Mullard Panorama range for 1965 includes the 19in (A47-11W) and the 23in (A59-11W). 
Radiant Screen mono-panel tubes with the deeper tinted faceplates will be marketed under the following type 

numbers: 19in A47-14W (previously AW47-91); 23in A59-15W (previously AW59-91). 
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INPUT POWER SUPPLY 

SUGGESTED CIRCUIT No. 175 By G. A. FRENCH 

IT IS QUITE PROBABLE THAT MANY 
of us are not greatly concerned 
with h.t. rectifier power supply 

circuits, and that we tend to look 
upon these as essential but otherwise 
not particularly interesting adjuncts 
of mains-powered equipment. Re- 
cently, however, the "Understanding 
Radio" feature in this magazine has 
dealt in detail (in the four issues 
from January to April of this year) 
with the basic operation of these 
circuits, with the result that the 
present writer, at any rate, has found 
himself devoting quite a little atten- 
tion to the question of rectifier 
circuits using choke input and cap- 
acitor input filters. As was pointed 
out in the "Understanding Radio" 
articles, the choke input filter offers 
a rectified supply with a high degree 
of regulation, the rectified voltage 
from a full-wave circuit (assuming 
no resistive losses) being 0.9 times 
the r.m.s. voltage across half the 
mains transformer secondary. When 
a capacitor input filter is used the 
regulation becomes poorer, but it is 
possible to obtain rectified voltages 
which are much higher than the 

r.m.s. value of the voltage across half 
the transformer secondary. Under 
no-load conditions these rectified 
voltages may be 1.4 times that r.m.s. 
value. Thus, both types of input 
filter have their advantages and dis- 
advantages. 

It does not seem to be generally 
realised that, with the aid of one 
extra rectifier, it is possible to achieve 
the best of both worlds, and to obtain 
a circuit in which a single mains 
transformer supplies both a choke 
input filter and a capacitor input 
filter. The output from the choke 
input filter then has the high level of 
regulation which is associated with 
such a filter, whilst the output from 
the capacitor input filter circuit has 
the higher voltage given by filters of 
this type. The two outputs could 
then be fed to different parts of an 
item of equipment according to 
whether these require a well regulated 
supply or one which offers a high 
voltage at relatively low cost. 

The circuit which provides these 
facilities is described in this month's 
article. It is not original, and has, 
indeed, been the subject of a United 

HT+2 

I 

AC 
Mams 

X 

HT+I 

HT- 

f/g. 1. Rectifier circuit incorporating both a choke input and a capacitor 
input filter. The HT+1 output has the high degree of regulation offered by 
a choke input filter, whilst the HT+2 output has the higher voltage and 

poorer regulation typical of the capacitor input filter 

States patent. The writer first saw 
a short reference to it in the January 
1965 issue of the Soviet journal 
Jiadio, this acknowledging its source 
of information to the May 1963 issue 
of Radio-Electronics.* The circuit 
takes advantage of basic first prin- 
ciples in a delightfully simple and 
ingenious manner and, for this 
reason alone, deserves to be far more 
widely known than is at present the 
case. It is, in fact, because it is so 
little known that the writer now 
includes it in the present series of 
articles. 

The Circuit 
The circuit of the dual-filter power 

supply appears in Fig. 1. As may 
be seen, the a.c. mains is applied to 
the primary of a transformer, the 
h.t. secondary of which is centre- 
tapped and feeds a full-wave rectifier, 
Vi, in conventional manner. The 
cathode of the full-wave rectifier 
connects to the choke and capacitor 
Ci, and this part of the circuit func- 
tions in the normal manner given by 
a conventional full-wave rectifier with 
a choke input filter. A well regulated 
direct voltage appears across Q. 

Also connected to the cathode of 
Vi is a second rectifier, V2. The 
rectified voltage appearing at the 
cathode of Vj has the waveform 
shown in Fig. 2, and consists of posi- 
tive half-cycles as illustrated. These 
positive half-cycles are applied to the 
anode of V2, which then allows C2 
to charge up in the same way as does 
a reservoir capacitor following a con- 
ventional full-wave rectifier. Thus, 
a voltage higher than the r.m.s. 
voltage across half the transformer 
secondary appears across C2, this 
rising to 1.4 times that r.m.s. voltage 

♦In the issue of Radio-Electronics referred 
to, the circuit is listed under U.S. Patent 
No. 3,053,991. No originator or assignee is 
quoted and the device "may be manufac- 
tured or used by the U.S. Government with- 
out payment of royalties". 
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under no-load conditions. The 
voltage across C2 is similar to that 
which would be given by a normal 
full-wave circuit with capacitor input 
filter. 

The fact that the rectified voltage 
across C2 may rise to a higher level 
than that applied to the choke does 
not affect the operation of the choke 
input filter. This is because rectifier 
V2 is non-conductive except for the 
periods when the potential on Vi 
cathode is higher than that on the 
upper plate of C2. 

An important feature of the circuit 
is that the peak inverse voltage 
applied to V2 is only the peak value 
of the alternating voltage across half 
the transformer secondary. This fact 
can be readily ascertained by exam- 
ining the waveform shown in Fig. 2, 
where it may be seen that the highest 
inverse voltage for V2 appears be- 
tween half-cycles, at the instants 
when its anode is at zero potential 
with respect to chassis. Under no- 
load conditions, C2 will then cause 
the cathode of V2 to be positive of 
the anode by the peak value of the 
voltage across half the transformer 
secondary, and this represents the 
peak inverse voltage applied to V2. 

Voltage 
at V| 
cathode 

MxRM& 
voltage 

Oj?xRMS 
voltage 

Time 

Fig. 2. The waveform at the cathode of Vj consists of positive half-cycles 
(with respect to chassis) as shown here. The r.m.s. voltage referred to in 
the diagram is that which appears across half the transformer secondary. 
The output from the choke input filter is 0.9 times the r.m.s. voltage 
(assuming no resistive losses) whilst the output from the capacitor input 
filter may rise, under no-load conditions, to 1.4 times the r.m.s. voltage 

This peak inverse voltage is, of 
course, half the figure which would 
have been given had V2 functioned 
as, say, a half-wave rectifier. 

Fig. 1 shows no smoothing circuits 
after Q and C2 but these may, of 
course, be added following normal 
practice. C2 should have approxi- 
mately the same value as would be 
needed in the reservoir capacitor of 
a conventional full-wave circuit offer- 
ing the rectified voltage and current 
required. Both the secondary of the 

transformer and Vi should have 
maximum current ratings equal to or 
greater than the sum of the two h.t. 
output currents, whilst V2 need be 
rated only for the rectified current 
drawn from the capacitor input filter. 

Valve diodes are shown in Fig. 1, 
partly because they help in explaining 
the functioning of the circuit. 
Equivalent results would still, of 
course, be given if they were replaced 
by suitable selenium or silicon 
rectifiers. 

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. 

CR300.—G. C. Dobbs, 95 Earl Street, Grimsby, 
Lines.—borrow or buy manual or circuit. 

* * * 
Grundig TK20 Tape Recorder.—D. Bowers, 95 
Grenfell Avenue, Saltash, Cornwall—loan of circuit, 
also any information on microphone used with this 
unit. 

* * * 
Component Details.—F. D. Cosgrove, 2 Police 
House, Wethered Road, Marlow, Bucks.—informa- 
tion and circuit details of set of three M and LW 
coils in cans I x I 4 x 2^in bearing identification 
CP93296 (aerial), CP93295 (intervalve) and CP93294 
(oscillator), purchased in London about 4 years ago. 

Transmitter Type 53.—M. Brereton, 38 Burma Road, 
London, N. 16—loan or purchase of handbook or 
circuit for this equipment, ref. No. 10D/1310. 

* * * 
Emerson E708.—E. Shaw, "Sunningdale", Village 
Lane, Washington, Co. Durham—alignment in- 
structions wanted. 

* * * 
Browneng (USA) Impedance Bridge Type 200-1. 
—V. Haines, 166 Welling Way, Welling, Kent 
—manual or any data. 

* * * 
Crystal Calibrator No. 7 Mk. II.—W. Bourke, 
33 Victoria Street, Rutherglen, Lanarkshire, Scotland 
—circuit or any other information. 

HERTFORD B.B.G. 2 RELAY STATION 
The B.B.C. has placed a contract with Messrs. F. Hitch and Co. Ltd., of Ware, for the erection of the building for 

the UHF television station to be built at Bengeo, Hertford. This is one of the first group of fill-in stations being provided 
for viewers who, although they live within the service area of the B.B.C.-2 station at Crystal Palace, find that reception 
is unsatisfactory because of the screening effect of high ground or other obstacles. 

Work on the Hertford station is expected to be completed in time for the service to start this summer. About 
23,000 people in Hertford and Ware will be served by the new station. 
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Y as a reference point, the voltage on terminal X 
will swing from +^/l E to — V2 E. 

If we now place a diode across the terminals we 
will have a half-wave rectifier with C acting as a 
reservoir capacitor. Assuming a perfect diode, C 
will be charged to \/l E volts and the voltage across 
it will be added to that appearing across the diode. 
Terminal X will now swing, with respect to terminal 
Y, from zero potential to 2^/2 E volts. This 
assumes a perfect diode, and a practical diode 
having a low back resistance will cause the capacitor 
to discharge slightly on non-conducting half-cycles, 
with the result that peak potential will be less than 
2\/2 E volts. 

Editor's Note 
The rectifier checker described in this article employs 

an ingenious principle to test solid-state rectifier diodes 
having a high peak inverse voltage rating. These would 
include silicon diodes such as the BY100 h.t. rectifier, 
and it is possible that selenium h.t. rectifiers could also 
be tested. The checker should not be employed to test 
crystal diodes (OA71, etc.) as their p.i.v. will in many 
cases be exceeded, and they may break down. To obtain 
a figure of minimum p.i.v. in the rectifiers to be tested, 
that offered by the Fig. 3 circuit with a good rectifier 
could be checked by an oscilloscope. 

We present this article because of the ingenuity of the 
circuit employed. We should add that the neon and 
mains supply voltage employed by the writer are different 
from those available in the U.K. and readers are advised 
that it may be necessary to adjust the value of one of 
the capacitors in the circuit of Fig. 3 to obtain satisfactory 
results. Variations in striking voltage from neon to neon 
may similarly necessitate such adjustments. 

ONE OFTEN NEEDS TO CHECK A POWER RECTIFIER 
or to identify its anode and cathode, if 
unmarked. 

Although one can judge whether a diode is good 
or bad by comparing its forward and backward 
resistance by an ohmmeter, such checks are not 
always reliable. In consequence, the writer designed 
the checker described here. 

(a) 

(b) 

Basic Circuit 
The basic idea behind the instrument is demon- 

strated by the circuit of Fig. 1. In this diagram, a 
source of alternating voltage gives a sine wave out- 
put of r.m.s. voltage E. If no current is drawn, no 
voltage will be dropped across C, and E volts will 
appear across terminals X and Y. Taking terminal 

G E Volts 

yl 
k 

Fig. 1. When a rectifier is connected across terminals 
X and Y, capacitor C functions as a reservoir capacitor 

(c) 
Fig. 2. Waveforms showing the voltage at terminal 
X with respect to Y when (a) no rectifier is connected, 
(b) a perfect rectifier is connected, (c) a rectifier having 

a low back resistance is connected 
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Fig. 2 illustrates the associated waveforms, and 
shows the voltage at terminal X with respect to 
terminal Y. In (a) we see the case where no diode 
is connected across the terminals and, in (b), the 
case where a perfect diode is connected to these 
terminals. Fig. 2 (c) shows the result of connecting 
a diode having a low back resistance. 

The basic circuit of Fig. 1 could be used as a 
diode checker by connecting a neon bulb across 
terminals X and Y and ensuring, primarily, that 
v2 E is less than the striking voltage of the neon. 
If no diode, or an open-circuit diode, is connected 
to terminals X and Y, the voltage across the neon 
will be insufficient to cause it to strike. Connecting 
a perfect diode will raise the peak voltage across the 
neon to 2^/2 E, whereupon it will strike on each 

Neon AC 
Mains 

Test 
terminate CH pF 

Fig. 3, The rectifier circuit finally employed 
The author's rectifier checker 

half-cycle to indicate a good rectifier. A rectifier 
having a low back resistance causes a peak voltage 
less than 2\/2 E to be applied to the neon and (if 
E, capacitor C, and the neon striking voltage have 
the requisite values) the neon will not strike. Thus, 
the circuit can indicate open-circuit diodes and 
diodes having a back resistance lower than a figure 
governed by the values of E, capacitor C, and the 
neon striking voltage. 

Working Circuit 
The writer made up the circuit shown in Fig. 3, 

in which capacitors Q and C2 form a potential 
divider and drop the mains voltage to that required 
for optimum results with the neon employed. At 
the writer's local mains voltage of 115, Q had a 
value of 0.03(i.F, and it is recommended that this be 
dropped to 0.015(xF for mains voltages around 240. 
The neon employed was an NE-51.* 

An alternative approach would be to use the 
circuit of Fig. 1 with a mains transformer. The 
secondary of this transformer, which should offer 
the appropriate voltage, then replaces the a.c. 
generator. 

The writer's unit, which employs the Fig. 3 
circuit, is shown in the illustration. With the neon 
employed in this, one electrode glows when a good 
diode is connected one way round, and the other 
electrode glows when the diode is reversed. Thus, 
by suitably marking the test terminals and position- 
ing the neon bulb, it is also possible to find the 
polarity of the rectifier. 

*This is an American type. Readers wishing to experiment with 
the circuit could try results with the Hivac type 16L, available from 
Henry s Radio Ltd. Adjustments in the value of Ci may be needed 
to accommodate this neon.—Editor. 

POLICE POCKET RADIO TELEPHONES 

m, Lrpkc" tang ^ '• oboin.d, onl, ,h, mini.tore mkrophon, 

to i J s?7n1UnH"bl?™Th|ich.has been. designed in conjunction with the Home Office, has a high output power relative 
avai^ble ar?d in servicel tranSIStor,sed h:ls a low ba"*-T consumption. Commercial versions of the equipment ^ 
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NEWS AND COMMENT . . . 

Transmitting and Driving ? 
A recent decision by the Minister 

of Transport may have some reper- 
cussions on Amateur Radio Mobile 
operation. The Minister, in the 
interests of road safety, proposes 
amending the Motor Vehicles (Con- 
struction and Use) Regulations to 
make it an offence for a driver of a 
vehicle to speak into radio trans- 
mitting equipment while the vehicle 
is in motion. 

When the new scheme for in- 
stalling radio telephones is introduced 
this summer exemption from the 
foregoing provisions is to be granted 
to Fire Brigades, Ambulances and 
Police, where in any event there is 
usually additional personnel to 
handle the radio gear, and to taxis 
using microphones which are not 
held in the hand. 

What the effect will be on Amateur 
Radio Mobile transmission we do 
not know at the time of writing. We 
have heard transmissions on the 
amateur bands by mobile operators 
who are driving their cars at the 
same time. Whether they have 
hand-held microphones or not we, 
of course, do not know. We do 
know however that the Amateur 
Radio Mobile Society regularly 
draws the attention of its members 
to the necessity for constant vigilance 
in safety measures and encourages 
the use of microphones attached to 
the vehicle or to harness; this is a 
very creditable policy. 

If Amateur Radio Mobile opera- 
tion is to continue as "mobile" as 
distinct from "portable operation" 
some agreement will no doubt have 
to be negotiated by the "powers 
that be". 

Stereophonic Note 
Following the extension, by the 

B.B.C., of the Third Network Music 
Programme into the afternoons, it is 
no longer possible for them to 
radiate the special test tones and 
programme test material for the 
experimental pilot-tone stereophonic 
transmissions from Wrotham which 
have been taking place on three 
afternoons a week. Instead, it has 
been decided to include experimental 
pilot-tone stereophonic items as part 
of the Music Programme trans- 
missions from Wrotham on 91.3 
Mc/s on Mondays from 2.30 to 
3 p.m. and on Thursdays from 11 to 
11.30 a.m. 

These experimental transmissions 
are for the benefit of the radio 
industry, but listeners who have 
suitable stereophonic receivers and 
live within the service area of the 
Wrotham station or of the station 
at Swingate, near Dover, which picks 
up the Wrotham transmissions and 
re-radiates them on 92.4 Mc/s, may 
care to take part in the experiment 
by listening to them stereophonically. 
All other listeners to the Music 
Programme, whether on v.h.f. or 
medium wave (including those using 
an ordinary v.h.f. receiver tuned to 
Wrotham or Swingate) will be 
unaffected by this experiment and 
will hear the programme in the 
ordinary way. 

3D by Lasers 
Three-dimensional pictures, gener- 

ated in space by the beam of a laser, 
have been demonstrated in the 
United States. 

These 3-D images, when recorded 
on films, are called holograms and 
have been known to science for only 
a few months. The technique of pro- 
ducing them was developed by E. N. 
Leith of the University of Michigan. 
It represents a new experimental 
application of the laser. 

Holograms differ entirely from the 
usual two-dimensional pictures pro- 
duced on slides, films and television. 
The hologram itself appears to be 
only a greyish, mottled photographic 
film. But when illuminated by a 
laser, it forms an image having 
height, width and depth, which can 
be peeked around like a solid object 
hanging in space. 

A hologram is made by illu- 
minating an object with light from 
a laser in such a way that both the 
light reflected from the object and 
light directly from the laser beam are 
recorded on photographic film. 

When the film is viewed with light 
of a single wave length, the original 
object springs to life because the 
hologram splits the light waves into 
an array that duplicates the light 
coming from the object originally. 

Dr. John W. Coltman, of Westing- 
house Research Laboratories, who 
demonstrated the holograms, said, 
"It has been possible to build holo- 
gram devices which recognise shapes, 
indicating instantly on a printed page 
the positions of pre-selected words. 
Thus, in a sense, we have an 

embryonic example of a machine 
that can read." 

Helping Deaf Children 
Hi-fi stereo headphones are now 

helping deaf children to learn to 
speak. Connected to a microphone 
and a small amplifier, these head- 
phones can produce enough un- 
distorted volume to enable a severely 
deaf child to listen to his own first 
efforts at forming sounds and words. 

To meet this need, and for other 
applications in sound studios and 
language laboratories, Standard 
Telephones and Cables Limited have 
introduced a new combined head- 
phone/microphone unit at a price 
much lower than normal. 

The S.T.C. headphones are padded 
for comfort and can handle without 
distortion, sounds exceeding the 
"threshold of pain" level for a 
normal ear. Since the earphones are 
wired for binaural use, the volume to 
each ear can be adjusted individually 
to suit the degree of deafness. In 
addition, instructions can be given 
to a group of children with each 
child's headphones connected to a 
common amplifier. 

The S.T.C. headset has been 
tested by the Royal National Institute 
for the Deaf who in their report say 
"The S.T. & C. High Quality stereo 
earphones are well made and com- 
fortable to wear. The acoustic 
output is sufficient for severely deaf 
persons and the frequency response 
is good. The boom microphone 
should be valuable for educational 
purposes." 

ft. 

K 

A deaf child learning to speak with the 
aid of an S.T.C. headset 
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IN LAST MONTH'S ISSUE, WE INTRODUCED THE 
diode as a detector of amplitude modulated 
signals, showing how its rectifying action 

enabled the amplitude modulation of a transmitter 
to be heard in a pair of high resistance headphones. 
The diode circuit also included an r.f. transformer 
connected to an aerial and earth and having its 
secondary tuned to a medium wave station by 
means of a variable capacitor, and an effective 
fixed capacitor given by the self-capacitance of the 
headphones themselves. 

We shall now continue with our discussion of 
the diode in this application. 

Resistive Load 
In the simple detector circuit we introduced last 

month, the diode functioned, in combination with 
the self-capacitance of a pair of headphones, 
in much the same manner as does a power rectifier 
with a reservoir capacitor. An average a.f. voltage 
appeared across the headphones, this varying in 
sympathy with the original modulating signal at 
the transmitter. Whilst the signal was being received, 
one terminal of the headphones was already positive 
of the other terminal (depending upon which way 
round the diode was connected) due to the rectifying 
action of the diode. 

This simple receiving circuit is not very ambitious, 
and it would be much more desirable to apply 
the output of the detector to an audio frequency 
amplifier, so that an amplified version of the signal 
may be fed to a loudspeaker. To accomplish 
this change, we must first of all replace the head- 
phones by a more convenient form of load, and this 
can be a resistor as illustrated in Fig. 283 (a.) 

Since we are now using an amplifier it also becomes 
convenient to introduce a common chassis con- 
nection, and to connect this to earth. By removing 
the headphones we have also removed their self- 
capacitance, and so we add a low-value physical 
capacitor Q, as shown, to take its place. Q has 
a capacitance which offers a high reactance at a.f. 
and a low reactance at r.f. Assuming the requisite 
component values, the signal appearing across 
the load resistor, Ri, will now be the same as that 
which appeared across the headphones. 

This signal is not yet, however, suitable for 
application to an a.f. amplifier. There are two reasons 
for this. The first of these is that a significant 
amount of the original radio frequency still appears 
across the load.1 It is undesirable to pass this 
radio frequency on to the a.f. amplifier because 
it may then be amplified in company with the audio 
frequency and result in incorrect operation. (This 
point applies mainly to valve amplifiers. As is 
explained later, it is not always applicable to 
transistor amplifiers.) In consequence it is necessary 
to provide a means of filtering out the radio fre- 
quency. The second of the two reasons why the 
signal cannot be applied direct to the amplifier is 
that a direct voltage due to rectification of the 
signal appears across the resistor, and this can 
upset working conditions in the input circuit of 
the amplifier. So the direct voltage has to be 
disposed of as well. 

1 If Fig. 281 (published last month) is examined, it will be seen 
that the voltage across the load and parallel capacitance varies 
(as the capactiance charges and discharges) at the original radio 
frequency. The headphones, which in Fig. 281 constituted the 
load, could not respond to this radio frequency, whereupon it had 
no noticeable effect in that instance. 
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Fig. 283 (a). Employing a load resistor instead of a 
pair of headphones after the diode. Capacitor Cj 

replaces the self-capacitance of the headphones 
(b). Adding R2 and C2 to filter out the radio frequency 

voltage across Ci 
(c). Capacitor C3, which has a low reactance at 
audio frequencies, ensures that the direct voltage 
across Ri is not passed to a subsequent a.f. amplifier 

The radio frequency in the detected signal may 
be filtered out by means of the two additional 
components shown in Fig. 283 (b). In this diagram 
R2 and C2 form a low pass filter, and they have 
values which cause almost complete attenuation 
of the radio frequency signal with very little loss 
of the audio frequency signal. Normally, R2 
would be about one-tenth of the value of Ri. 
Capacitor Q follows the diode in the same way 
as it did in Fig. 283 (a), and the circuit is very 
similar in principle to a power rectifier circuit 
using a reservoir capacitor and subsequent smoothing 
components. 

All that now remains is to remove the direct 
voltage across the load resistor, and this may be 
achieved by the simple process of adding a series 
capacitor, as in Fig. 283 (c). This capacitor, C3, 
has a value which causes it to offer a low reactance 
at audio frequencies. At the same time, it prevents 
the passage of direct current. A further resistor, 
R3, is added after the capacitor, its purpose being 
to ensure that the average voltage on the right 

hand plate of C3 is at chassis potential. The result 
is that the audio frequency signal finally applied 
to the amplifier swings positive and negative of 
chassis potential, as in Fig. 284 (b), instead of 
being always positive of chassis, as in Fig. 284 (a). 
Resistor R3 will usually serve a second function 
in the amplifier itself, but we need not concern 
ourselves with this point at the time being. 

Circuit Variations 
An alternative method of connecting up the 

diode circuit of Fig. 283 (c) is shown in Fig. 285 
(a). This functions in exactly the same manner as 
that of Fig. 283 (c), as may be readily gathered by 
examining the section of the new circuit which 
includes the tuned circuit, the diode and Q, as 
we do in Fig. 285 (b). Fig. 285 (b) shows that the 
diode is in series with Q, which once more functions 
in similar manner to a reservoir capacitor, the 
only unfamiliar feature being that we have inserted 
the chassis connection at the diode side of the 
capacitor instead of the tuned circuit side. The 
detected signal, with its attendant r.f. and direct 
voltage, appears across Q in just the same manner 
as it did in the circuit of Fig. 283 (c). The compo- 
nents C2, C3, R2 and R3 of Fig. 285 (a) filter out 
the radio frequency and prevent the direct voltage 
being passed to the subsequent amplifier in the 
same manner as did the similarly identified compo- 
nents in Fig. 283 (c). Note that, with the circuit 
of Fig. 285 fa), the application of an r.f. signal 
causes the upper end of Ri to go negative of chassis. 
This is to be expected, as a study of the conditions 
in Fig. 285 (b) will show. 

The circuit of Fig. 283 (c) has the advantage 
that one plate of the tuning capacitor in the tuned 
circuit is at chassis potential. If the tuning capacitor 
is a variable component intended for adjustment 
from a front panel, and if it has the normal con- 
struction in which its moving vanes are at the same 

Potential on 
left hand O 
plate of C3 

la) 

Potential on 
right hand O 
plate of C3 

Fig. 284 (a). The detected a.f. voltage on the left 
hand plate of C3 in Fig. 283 (c) may, typically, have 
the form shown here. Voltage is with respect to 

chassis 
(b). Resistor R3 ensures that the average voltage on 
the right hand plate of C3 is at chassis potential 
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potential as its metal frame and spindle,2 the 
circuit of Fig. 283 (c) then allows the moving 
vanes to be connected to chassis. This is very 
convenient, as it enables the tuning capacitor 
frame to be mounted directly to the metalwork 
of the chassis without any necessity for insulation. 

The circuit of Fig. 285 (a), on the other hand, 
has the advantage that the diode cathode is at 
chassis potential. If the valve is a battery type 
having a filament (which then becomes the cathode) 
this enables a single battery to heat the diode 
filament in company with the filaments of any 
other valves in the equipment in which the diode 
circuit appears (the remaining filaments also 
being at chassis potential). If the valve is a mains 
type whose heater, following normal practice, is 
powered by a 50 c/s alternating supply (obtained 
from the mains supply by way of, for example, 
a mains transformer) the chassis connection for 
the cathode ensures that no 50 c/s hum voltage is 
applied across the load resistor by way of the 
self-capacitance between the diode's heater and 
cathode.3 The circuit of Fig. 285 (a) is employed 
almost invariably as a detector circuit following 
the tuned secondary of an i.f. (intermediate 
frequency) transformer.4 The i.f. transformer 
secondary winding is normally tuned, and has 
either a small trimmer or a fixed capacitor in 
parallel with the winding (whereupon resonant 
frequency is adjusted by an iron dust core) with 
the result that the desirability of having one plate 
of the tuning capacitor at chassis potential does not 
arise. 

It is possible to fit a volume control to any of the 
detector circuits we have considered here, and this 
may be done by making either Ri or R3 a potentio- 
meter, as shown in Figs. 286 (a) and (b) respectively. 
These are based on the circuit of Fig. 285 (a), 
but Ri or R3 could similarly be made a potentio- 
meter, with identical results, in Fig. 283 (c). These 
volume controls function by controlling the pro- 
portion of the detected a.f. which is fed to the 
subsequent amplifier for reproduction over the 
loudspeaker. A small carbon-track potentiometer 
is normally employed. Since the response of the 
ear to sound amplitude is approximately logarithmic, 
the potentiometers of Figs. 286 (a) and (b) should 
employ tracks having a logarithmic (or log) law.5 

Equal degrees of shaft rotation of such potentio- 
meters will then give the impression of equal 
changes in the loudness of the sound reproduced 
by the loudspeaker. 

Component Values 
We have not, up to the present, concerned 

ourselves with the values of the components em- 
ployed in the detector circuits we have discussed. 

2 See "Understanding Radio" in the July 1962 issue. 3 As we shall'see later, many valves have several electrode structures, 
including that for a diode, in one envelope, these all sharing a common 
cathode. It is convenient for this common cathode to be at chassis 
potential (so far as r.f. and a.f. are concerned) whereupon the circuit 
of Fig. 285 (a) becomes preferable. 4 See "Understanding Radio" in the November 1963 issue. 5 The resistance between the slider and the starting end of a log 
law track in a potentiometer varies as the logarithm of shaft rotation. 

Tuned 
drcuil 

Modulated • 
RF Input 

rn 

i 

Q 
,_C3 

r3; 
Detected 
output 

(a) 

Tuned £» 
circuit 

To R.R filter 
and load 

(b) 
Fig. 285 (o). An alternative method of connecting 
up the diode. In this case, the tuned circuit would 
usually be the secondary of an i.f. transformer. The 
resistors and capacitors carry out the same functions 
as the similarly numbered components in Fig. 

283 (c) 
(b). The similarity with Fig. 283 (c) may be shown 
by considering only the tuned circuit, the diode and 
C\. In this case the chassis connection is to the 
diode side of Cj, whereas in Fig. 283 (c) it is to the 

tuned circuit side of Ci 

Such component values are not excessively critical, 
but there are two important points which have to 
be observed if the detector is not to introduce 
distortion with some amplitude modulated signals. 
Since the mathematics involved in both of the 
cases now to be discussed is somewhat complex, 
we shall not give a full description here but will 
only describe the basic problems and show how 
they may be satisfactorily met in practice.6 

Dealing with the first point, if either the circuit 
of Fig. 283 (c) or that of Fig. 285 (a) is examined, 
it may be seen that two loads are presented to the 
diode. Ignoring the filter resistor R2 (whose value is 
much lower than Ri) there is, firstly, a "d.c. load", 
this being given by Ri. Secondly, there is an "a.c. 
load", this being given by R3 in parallel with 
R], The term "a.c." applies, in this instance, to 

6 Readers requiring detailed analyses of the a.c./d.c. diode load 
ratio and the effects of filter capacitance which are next dealt with 
will find these described in some text books. Excellent treatments 
are given in the books, "Thermionic Valve Circuits" by Emrys 
Williams (Pitman), and "Radio Designer's Handbook" by F. 
Langford-Smith (Iliffe). 
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Fig. 286. Introducing a volume control to the detector 
circuit. In (a) R| is made the volume control, whilst 

in (fa) it is R3 which performs this function 

the modulating audio frequency, and the "a.c. 
load" consists of R3 in parallel with Rj because 
C3 has a low reactance at audio frequencies. Thus, 
when the incoming r.f. signal is unmodulated, a 
steady direct voltage is built up across Rj by the 
normal process of rectification, and no voltage 
appears across R3. When the signal is modulated, 
however, the varying component of the signal 
appears across both R3 and Ri which, in parallel, 
then form the load for this varying component. 
It can be shown that the existence of these differing 
loads may cause distortion, the distortion becoming 
more severe as modulation depth increases. The 
distortion becomes more severe, also, as the difference 
between the values of the two loads increases, 
To keep distortion at an acceptably low level, 
therefore, it is necessary for the ratio of "a.c. 
load" to "d.c. load" to become close to unity, 
and this may be achieved by giving R3 a much 
higher value than Ri. The "a.c. load" given by 
R3 and R] in parallel then comes closer in value 
to the "d.c. load" given by Ri on its own. In 
practical circuits it is usual to make R3 some 
four or more times greater than Rj, and this gives 
acceptable results with broadcast a.m. transmissions 
of normal modulation depth. 

When Ri is made a volume control, as it is in 
Fig. 286 (a), the ratio between the "a.c. load" 
and the "d.c. load" is more liable to approach 
unity at low volume settings. This is demonstrated 
in Fig. 287. At low volume settings the "d.c. 
load" is, as before, given by Ri, but the "a.c. 
load" is now given by the upper section of the volume 
control track, Ri(a), in series with the parallel 
combination of R3 and the lower section of the 
track, Ri(b). It will be appreciated that, as the 
slider approaches the bottom end of the track, 
the "a.c. load" value becomes closer to the "d.c. 
load" value. When the slider is at the top, maximum 
volume, end of the track, conditions revert to 
those of Fig. 285 (a), in which the "a.c. load" 
is given by R3 in parallel with Rj. Many domestic 
sound radio receivers are normally operated with 
the volume control only partly advanced whereupon, 
with the Fig. 286 (a) circuit, the possibility of 
distortion from differing load values becomes 
low. The possibility of distortion increases at 
the maximum volume setting, but this usually 
corresponds to the reception of weak signals, 
where some distortion may be considered tolerable. 
Even when Ri is made a volume control, however, 
it is still normal practice to make R3 some four 
or more times greater in value than Rj. 

A disadvantage resulting from making Ri a 
volume control instead of R3 is that the direct 
voltage resulting from signal rectification appears 
across its track in addition to the detected a.f. 
voltage. When the slider of a carbon-track potentio- 
meter which has been in use for some time is 
adjusted, the resistance tapped off does not change 
infinitely smoothly but, instead, in small separate 
"jumps". This effect is the result of wear on the 
track due to the mechanical abrasion given by the 
slider. • If, as with Rj, a direct voltage appears 
across the track, the small "jumps" in resistance 
given as the shaft rotates result in similar "jumps" 
in the direct voltage applied to C3, with the result 
that a "rushing" noise is heard from the subsequent 
loudspeaker as the control is adjusted. Because 
of this effect, a potentiometer employed in the Ri 
position will give evidence of "noisy" operation 
at an earlier stage in its life than would occur if it 
were connected in the R3 position. This short- 
coming is not sufficient to outweigh the advantages 
of making Ri the volume control, but it does 
emphasise the need for using a good-quality compo- 
nent in this position if a long effective life is to be 
assured. C3 

T 

1 
Fig. 287. Demonstrating that, when Ri is a volume 
control, the ratio of a.c. to d.c. load approaches unity 

as volume is reduced 
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4i Instead of referring to the "a.c. load" and the 
"d.c. load", the effect given by adding R3 and 
C3 across Ri may be alternatively described as 
"a.c. shunting" or "a.c. loading" of the diode 
load. This is a difference of terminology and does 
not affect the points just made. Since the direct 
voltage across the diode load increases when a 
signal is being tuned in (because the receiver's 
tuning adjustments cause the signal to correspond 
with the resonant frequencies of its tuned circuits 
and, hence, to be passed to the diode at greater 
amplitude) this voltage is sometimes employed to 
operate a tuning indicator or to provide automatic 
gain control (or a.g.c.)1. Such tuning indicator 
and a.g.c. circuits may also apply "a.c. shunting" 
across the diode load and care has to be taken 
in design to ensure that this is not sufficient to 
introduce distortion. Fortunately, these additional 
circuits normally require negligible current for 
operation, and they may in consequence be coupled 
to the diode load by way of high value resistors. 
For the present it will be adequate to state that 
such resistors should have values considerably 
higher than the diode load if the "a.c. shunting" 
effect of a.g.c. and tuning indicator circuits is 
to be kept at a low level. 

The second point which must be observed, if 
distortion with some amplitude modulated signals 
is not to occur, has to do with the values of the 
capacitor immediately following the diode and the 
further r.f. filter capacitor. Referring to our 
circuits of Figs. 283 (c) and 285 (a) these capacitors 
are Ci and C2 respectively. Since the value of R2 
is much lower than that of R, we shall, for the 
present discussion, assume that this resistor is 
omitted, whereupon we have a diode load Rj, 
and a single "reservoir" capacitor Q, as was shown 
in Fig. 283 {a). 

Fig. 288 illustrates a portion of the modulated 
r.f. signal applied to the diode, and it is assumed 
that conditions are such that the distortion about 
to be described takes place. It will be seen that, 
up to line WX, capacitor Q charges on each half- 
cycle and discharges between half-cycles, as is 
required for correct detection. After line WX, 
however, the modulating voltage causes the r.f! 
signal to decrease rapidly in amplitude. This 
decrease is so rapid that the capacitor cannot 
discharge sufficiently quickly to "follow" it, and 
the subsequent r.f. peaks appear below the discharge 
curve for the capacitor and the load resistor. Until 
line YZ is reached, therefore, the voltage across 
the load resistor does not correspond with the 
modulation at all, and there is obvious distortion 
of the modulating a.f. signal. It should be noted 
that this effect only takes place on "downward- 
going modulation (i.e. modulation which causes 
the amplitude of the carrier to decrease). With 
upward-going modulation the capacitor must 

7 An automatic gain control circuit causes the amplification provided 
by receiver stages preceding the diode detector to be reduced as 
♦u* .ueC!i ™ltai=e across l^e diode load increases. The result is that the detected aX passed to the a.f. amplifier tends towards a 
constant amplitude despite widely varying strengths in the signals 
picked up by the aerial. The effects of fading are also reduced. 

Discharge 
curve 

for Ci and R 

Voltage across Q 

Positive 
half-cycles 

X Z 
fig. 288. If, during downward-going modulation, • 
the reduction in carrier amplitude is too fast to be 
"followed" by Ct discharging into Ru distortion 
of the type shown here takes place. To assist the 
explanation, the positive half-cycles of the carrier 

are shown in this diagram 

inevitably be charged on each half-cycle peak, 
and the detected waveform cannot revert to the 
discharge curve which appears between lines WX 
and YZ. 

As is to be expected, the possibility of this type 
of distortion occurring is dependent upon (a) 
the value of the capacitor immediately following 
the diode, (b) the value of the load resistor, (c) 
the frequency of the modulating a.f. and (d) the 
depth of modulation. An increase in capacitance 
value causes a slower discharge between half-cycle 
peaks, as also does an increase in load resistance; 
and the risk of the condition of Fig. 288 occurring 
becomes greater. At the same time, an increase 
m modulating frequency causes an increase in the 
steepness of downward-going modulation; and 
an increase in modulation depth has a similar 
effect. Again the risk of distortion, as in Fig. 
288, increases. 

Fortunately, the higher audio frequencies appear 
at relatively low amplitude in normal speech and 
music, with the result that the modulation depth 
of such frequencies is, in practical transmissions, 
quite low. It becomes possible, therefore, to 
employ values for Q and R, (see Fig. 283 (a)) 
which could quite definitely result in the distortion 
appearing when the higher audio frequencies 
(around 7 kc/s and above) are transmitted at high 
modulation depths, knowing that, in practice, 
such frequencies and modulation depths would 
hardly ever be applied to the detector. 8 

It might be thought that the risk of distortion 
8 A eonsiderable further easing of the situation is provided by the tact that many receivers, particularly the superhet, have tuned circuits 

prceeoing the diode which cause the sidebands corresponding to 
the higher audio frequencies (see last month's article) to be very 
heavily attenuated. Thus, the modulation frequencies which could 
diode distortion are largely suppressed before they reach the 

June 1965 
747 

www.americanradiohistory.com



on downward-going modulation could, in any 
case, be obviated by the simple process of using 
a low value capacitor and low value load resistor. 
However, such a step would reduce the efficiency 
of the detector (direct voltage output for peak 
r.f. voltage input) by an unnecessarily large amount. 
Compromise values can be reached for practical 
instances which allow for good detection efficiency 
with negligible risk of distortion. 

For the purposes of explanation, we referred 
to Fig. 283 (a) with its single capacitor and load 
resistor. The same remarks apply when the filter 
resistor R2 and capacitor C2 are included, as in 
the later diagrams, capacitor C2 adding effectively 
to the "reservoir" capacitance offered by Q. 

When the diode circuits of Figs. 283 (c) and 
285 (a) are used in valve (as opposed to transistor) 
equipment, typical values for R| would lie between 
0.15 and O.SMH, with R3 having a value some 
four or more times greater. Usually, the amplifier 
circuit following R3 imposes a restriction on the 
maximum value of this resistor, and a fairly common 
design approach consists of giving R3 the maximum 
value dictated by the amplifier circuit, and of 
ensuring that R] is about one quarter, or less, 
than this. The filter resistor, R2, may normally 
have a value which is approximately one-tenth 
of Rj. The two capacitors Q and C2 are not 
exceptionally critical provided that they are not 
so large as to cause distortion, or so low as to 
reduce detection efficiency. Typical values for 
both these components, in combination with the 
resistor figures just mentioned, are 100 to 200pF 
for radio frequencies below 5 Mc/s or so. At 
higher radio frequencies it is possible to use lower 
values of capacitance without a consequent reduction 

in detection efficiency, and the capacitors may then 
have values of 50pF or less. C3 would usually 
have a value around 0.01 uF. 

The figures just quoted apply to valve equipment. 
With transistor equipment, the a.f. amplifier 
circuit normally presents a much lower input 
impedance than -occurs with valve equipment 
and, whilst the basic detector circuit of Fig. 283 (c) 
or Fig. 285 (a) would still be used, the resistor 
values are about one-hundredth of the values 
mentioned above, with the values of the capacitors 
increased by around the same amount, to present 
correspondingly low reactances. The ratios between 
R3 and Ri, and between R2 and Ri, will also 
normally be observed. However, the situation 
here does not represent an exact parallel with 
valve equipment because the diode itself will not 
be a valve. It will, instead, be a semiconductor 
device (a germanium diode or a "crystal diode") 
which offers the same rectifying action as the valve 
diode, and which has a low effective resistance on 
conducting half-cycles. Many diode detector circuits 
in transistor receivers also obviate the filter compo- 
nents R2 and C2, employing a single diode load 
with a single capacitor immediately after the diode. 
This is because the transistors employed in the 
following a.f. amplifier have a limited frequency 
response and offer no useful amplification at 
radio frequencies, whereupon there is no point 
in ensuring that such frequencies are entirely filtered 
from the detector output. 

Next Month 
In next month's article we shall examine other 

aspects of the diode. 

The "Athenian" 4-Band Superhet Receiver 

Part 3 - A Design for the Beginner, 16—2,000 Metres 

By James S. Kent 

In this concluding instalment, the author describes the finishing of the front panel, together 
with the setting and alignment of the receiver 

Having completed the wiring of the re- 
ceiver as described last month, the next task 
is to finish the front panel in order that a 

pleasing appearance may be imparted and that all 
the panel-mounted controls function correctly. 

With all the knobs, dials, pilot lamp lens and 
phone jack removed from the panel, the first task 
is to clean the aluminium in order to remove the 
finger marks that have by now very probably marred 
its shiny appearance. Obtain a clean piece of rag, 
damp this slightly with petrol and rub the front of 

the panel until all finger marks are removed. 
Warning—great care should be taken when using 
petrol—the cleaning process should be carried out 
preferably in the open air and most certainly away 
from any naked flame. Do not smoke whilst per- 
forming this task and, if possible, use lighter fuel 
in preference to ordinary petrol. The application 
of lighter fuel is rather easier from the tin in which 
it is supplied. 

Once cleaned, apply a thin coat of black enamel 
(or any other colour preferred) to the panel face, the 
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quick drying type of enamel being recommended. 
Once this has dried, apply a further coat, thinly and 
evenly, as a finishing coat. For those who have 
access to a small spraying appliance, two coats of 
cellulose would be a better proposition. 

Prior to applying the second coat, however, a 
suitably sized hole should be drilled to accommo- 
date the "Athenian" motif (see Part 1). As soon 
as the second coat is applied, firmly press into 
position the motif and pass through the small hole 
contained in the rear projection of this a small 
length of wire, twisting this wire back upon itself in 
order to hold the badge in its final position on the 
panel. 

When the panel is thoroughly dry, commence to 
fit the knobs in the following manner. That of the 
wavechange switch should be fitted such that the 
white pointer agrees approximately with that shown 
on the cover illustration.1 The b.f.o. pitch control 
knob should be fitted to its spindle such that the 
white pointer is at the furthest left-hand point when 
the moving vanes are fully meshed. Fit the function 
knob such that the positions finally given are as 
shown in the cover illustration. The audio gain 
on/off control should be so fitted that maximum 
gain is at the extreme right-hand position of the 
white pointer. Fit into position the phone jack and 
the pilot lamp lens. 

The handset dial should be fitted to the spindle 
such that the dial reading at the top is slightly in 
excess of 100° when the moving vanes are fully 
meshed. Deal similarly with the dial of the band- 
spread capacitor. With both dials at 100°, carefully 
position the Perspex cursors, one at a time, so that 
the hair-line of the cursor accurately matches the 
dial reading. Mark on the front of the panel the 
two fixing holes required for each cursor and secure 
these into position, remembering to use the small 
stand-off washers at the front of the panel in order 
to gain the necessary clearance required for the two 
dials to rotate freely. Secure to the spindles of each 
capacitor the two black knobs by means of the 
screws provided. 

The remaining task is now to apply Panel-Signs 
Transfers (white) and these are obtainable from 
most radio component stockists or direct from the 
publishers of this magazine—Set No. 3 is that re- 
quired. Apply the transfers as directed on the back 
of the envelope in which they are supplied. The 
transfers take up the positions shown in the heading 
illustration, or see the front cover illustration of the 
April issue. 

Testing the Receiver 
In the following, the writer assumes that the 

beginner owns, or has access to, a multimeter. The 
procedure to be followed by those not owning a 
meter will be described later. 

Before inserting any valves, ascertain that no h.t. 
short-circuits are evident by unsoldering the wire 
from Cas to tag 9 of tagstrip 1 at Czs and that from 
Czs to tag 4 of tagstrip 2 also at Qs- Take a resis- 
1 See cover of April 1965 issue. 
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Table I 
(Quiescent conditions, R19 minimum setting, func- 
tion switch at a.m., range 2 selected, all voltages 

with respect to chassis) 

Valve Pin Voltage Current 
{d.c.) (mA) 

Vi 1 70 3.9 
3 2.35 
6 275 1.85 
7 -1.1 
8 100 5.5 

V2 1 50 1.8 
3 1.25 
6 248 3.4 
7 
8 

V3 1 120 1.2 
3 1.3 
6 220 22.0 
7 11.8 
8 235 3.9 

V4 1 240 (a.c.) 
3,4 295 
5 295 
7 240 (a.c.) 

tance, or continuity, reading from these two wire 
ends to chassis. Should any reading result, then an 
h.t. short-circuit exists and must be cleared before 
proceeding further. Reconnect these two wires. 

To check the continuity of the heater line, connect 
the meter between pin 8 of the power outlet socket 
and pin 4 of Vj when a continuity reading should 
result. 

Plug the valves into their respective holders, turn 
the chassis such that the underside is exposed, insert 
the mains input plug into the a.c. supply, connect 
to the speaker and switch on. After allowing the 
receiver to warm up for a few moments, make the 
d.c. voltage readings as shown in Table I, with R jp 
at minimum setting and the function switch at a.m. 
The readings obtained should agree roughly (plus 
or minus some 10 to 20%) with those shown. It 
should be remembered, however, that the figures 
quoted will only provide a guide; variations in com- 
ponent tolerances and even the applied mains 
voltage—which can vary considerably at times— 
will affect in some degree the readings obtained. All 
the readings shown were obtained with a 20,00012/ 
volt-meter. Pins 7 and 8 of V2 will, of course, read 
zero until switched to the c.w. position (function 
switch) and the readings for this position are shown 
in Table II. Table III shows the d.c. voltages 
obtained at various points in the circuit. Referring 
again to Table I, it should be noted that two of the 
readings with respect to V4 are those taken on the 
a.c. range of the meter. The current readings were 
taken by inserting the meter, set to the appropriate 
range, in series between the valve pin concerned 
and the connecting component. For example, when 
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Table II 
Voltage and Current 

Table III 
Voltages 

(Quiescent conditions, Ru minimum setting, 
function switch at c.w., all voltages with respect 

to chassis) 

Valve Pin Voltage Current 
(d.c.) (mA) 

V2 3 1.7 
6 265 2.0 
8 86 4.6 
9, 7 -1.8* 

•Variable to 2.5V according to setting of C15 

dealing with pin 1 of Vi, insert the meter between 
pin 1 and R], 

For those who have just obtained a meter and are 
taking readings for the first time, it should be 
emphasised here that for current readings, all con- 
nections to the meter should be set up before 
switching on the set. Once the meter has settled to 
a steady reading and this has been noted, the 
receiver should be switched off and the process 
repeated to obtain other readings elsewhere in the 
circuit. 

For those beginners who do not have access to a 
meter, plug in the valves, switch on and observe the 
valve heaters glowing. Switch off, turn the receiver 
over so that the under-side of the chassis is upper- 
most and again switch on. Watch closely to ensure 
that no h.t. short circuits are evident, this usually 
becoming visible by a resistor or resistors in the 
h.t. circuit becoming heated and either "bubbling" 
or emitting a slight amount of smoke. Should this 
unfortunate effect be visible, switch off immediately 
and ascertain where the short circuit is taking place. 
The resistor concerned will normally give an indica- 
tion of the position in the circuit where the fault is 
occurring. For example, if Rn in the heptode anode 
circuit of V2 becomes overheated, then it is very 
likely that either pin 1 or 3 of the i.f. transformer 
(IFT2) is touching the chassis or that Cn itself is 
faulty. Once the fault has been cleared, the aerial 
and earth should be connected and a signal obtained 
on the medium waveband. 

Alignment 
A fairly weak medium wave signal should now 

oe carefully tuned in. A weak signal is required so 
that any subsequent adjustments to the receiver will 
be aurally apparent. With the set switched to a.m., 
carefully adjust the cores of both IFTi and IFT2, 
in that order, to obtain the maximum signal strength. 
Repeat this process several times to achieve the best 
results. Only slight variations of the i.f. cores 
should be necessary as these components are pre- 
aligned before leaving the factory. 

Switch to the SW1 band, fully engage the handset 
and bandspread variable capacitors (dials at 100) 
and adjust the aerial coil core (see Fig. 7 published 

(Quiescent conditions, Rjg minimum setting, 
function switch at a.m., all voltages with respect 

to chassis) 

Component(s) Voltage 

C28 
R13/R12 

Pin 1 IFT] 
Pin 1 IFT2 

280 (47mA) (49 at c.w.) 
195 
270 
248 (270 at c.w.) 

last month) for maximum signal. Tune next to the 
far end of this band and adjust the aerial trimmer 
for similar results. Repeat this process several times 
until no further improvements are obtainable. 

Deal similarly with the bands SW2, MW and LW. 
It is not recommended that beginners should 

adjust the oscillator coil cores or trimmers, these 
merely altering the frequency of the oscillator. 
Slight variations of the oscillator trimmers may be 
made by those with more experience. For those 
who are confident or who have access to a signal 
generator then the normal lining-up procedure 
should, of course, be followed. The coil pack is 
pre-aligned as received, slight adjustments being 
required for frequency coverage owing to the inclu- 
sion of the bandspread capacitor C3(a), (b). 

Having lined-up the receiver on the a.m. position, 
the final task is to align the b.f.o. circuit. This is 
best carried out on the range SW2. Select an 
unmodulated c.w. signal (preferably) and slowly 
rotate the core of the b.f.o. coil until oscillations 
are heard. Ensure that the b.f.o. pitch control Qj 
is set at the midway position, and adjust the core to 
resonance. If this process is correctly carried out, 
variation of C15 either side of the midway position 
will result in the c.w. signal altering the pitch of the 
note. In some cases, a slight variation of the above- 
chassis core of IFT2 may result in more satisfactory 
reception of c.w. 

The receiver will be found to perform extremely 
well, good results being achieved on the short wave 
ranges. A good earth connection is necessary for 
best results and an outdoor aerial of the inverted L 
type, some 66ft long and having a coaxial downlead 
will prove to be an ideal arrangement for general 
purpose listening. The aerial should be erected as 
high as possible and away from trees, gutterings or 
other earthed or metal objects. 

Once in operation, the beginner will be able to 
spend many happy horns logging stations and com- 
piling a graph of frequency readings obtained from 
stations having known (or announced) frequencies. 
The positions of the amateur bands will soon also 
become apparent, whereupon such contacts, especi- 
ally on the 80 or 160 metre bands, will provide much 
enjoyable listening for the enthusiast. 

(Conclusion) 
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IN YOUR 

WORKSHOP 

Yr 

This month Smithy the Serviceman, aided as always by his able assistant Dick, 
turns his attention to a subject which may shortly be occupying all our minds 

— colour television 

"T)UT this", wailed Dick, "is rS awful." 
Smithy resolutely gritted 

his teeth and concentrated on the 
items in his stock list. 

There was silence for a while. 
"It's terrible." 
Doggedly, Smithy refused to allow 

his attention to wander. 
"It's shattering." 
Smithy suppressed a sigh. 
It had been a trying morning. He 

had a very heavy backlog of paper- 
work to catch up on, and he had 
been hoping for a few quiet hours 
without interruptions in order to 
clear it all up. Towards this end he 
had exercised the low cunning which 
responsibility breeds in the best of 
us, and had presented his outraged 
assistant with two television re- 
ceivers having faults of such in- 
comprehensible obscurity that even 
that garrulous young man should 
have been crushed into silence. But, 
much to Smithy's chagrin, Dick 
sailed through the two of them and, 
after half an hour, was loudly 
demanding more work. AH that 
remained at the moment was an old 
mains sound receiver which needed 
a new dial cord, and Smithy passed 
this on to Dick together with a pile 
of American technical magazines 
which he kept in the Workshop for 
emergencies of this nature. For the 
next twenty minutes an atmosphere 
of blessed tranquillity descended on 
the Workshop, broken only by an 
indignant comment from Dick about 
"set-designers who string up dial 
cords like Clifton Suspension 
Bridge" and, later, a heavy thud as 
Dick adjusted the magazines to a 

position suitable for comfortable 
reading. 

And, then, the comments had 
started. 

Things To Come 
"Dash it aU, it's appalling." 
Once more. Smithy added up a 

column of figures and, once more, 
got the answer wrong. 

"Not only that," bemoaned Dick, 
"it's absolutely diabolical]" 

"For the love of goodness," 
exploded Smithy, throwing his pen 
down on the bench, "can't you do 
anything without nattering about it 
all the time?" 

Startled, Dick turned round from 
his magazines to face the wrathful 
face of the Serviceman. 

"What's wrong?" he enquired 
innocently. 

"What's wrong!" roared Smithy. 
"Here am I trying to concentrate on 
getting a bit of stock ordered in so 
that you can earn the grossly inflated 
wage you receive every Friday, and 
all you can do is to keep chuntering 
away about something being awful 
and terrible and diabolical!" 

"And so I should," retorted Dick 
hotly. "The way that receivers are 
getting more and more complicated 
these days means that their servicing 
will soon be beyond my capabilities 
altogether. I won't even be able to 
pick up that measly pittance which 
you fondly imagine represents a 
working wage. Instead of that, I'U 
be out on the dole, mate. No job, 
no money, no future and no 
prospects!" 

Dick brooded for a long moment 
on the injustices which beset him. 

"StiU," he remarked darkly, 
"there's always the streets." 

"There's always the what!" 
"The streets," repeated Dick, his 

voice vibrant with self-pity. "In a 
year or two's time you won't see me 
bashing away at the old TVs at all. 
I'U be out on the streets there with 
the other boys, out on the dust-cart 
emptying bustbins so's I can earn a 
humble crust." 

Smithy stroked his chin thought- 
fuUy. 

"Do you know," he said judicious- 
ly, "that's not a bad idea, at that. 
There's some really good loUy to be 
picked up on the old dustbin round 
these days. And you get the odd 
fluff at Christmas." 

"Fluff?" 
"Tips," explained Smithy. "The 

only snag is the fish-heads, of 
course, but stiU you can't have 
everything." 

Dick looked at the Serviceman 
suspiciously. 

"You're accepting what I said," 
he remarked hurriedly, "just a little 
too readily for my liking. Let's 
change the conversation." 

"As you like," said Smithy 
obligingly. "Now for goodness' 
sake teU me what it is that's upset 
you, so that I can get back to my 
work." 

"It's these American magazines," 
replied Dick, his voice rising with 
indignation. "All the articles are 
about colour TV!" 

"What's wrong with that?" 
"They carry on," continued Dick, 

in an incredulous tone, "as though 
repairing colour TV sets is just an 
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accepted part of a service engineer's 
day." 

"So it is, over there," replied 
Smithy. "Dash it all, they've had 
colour TV for over ten years now. 
With a bit of luck we'll see it in this 
country ourselves fairly soon." 

"Luck?" repeated Dick unbeliev- 
ingly. "You call it luck"1. Blimey, 
Smithy, how on earth am I going to 
cope with servicing colour TV sets? 
It's as much as I can do to fix 
ordinary black and white ones." 

"I certainly wouldn't argue with 
that last remark," commented 
Smithy unfeelingly. "However, 
you'll soon find that servicing colour 
TVs isn't, in actual fact, all that 
much harder than servicing black 
and white sets. What's putting you 
off is the unfamiliarity of colour TV 
design and circuits. Once you've 
actually handled a few colour TVs 
and found out what to expect from 
them, you'll soon gain confidence." 

"I've never even seen a colour TV 
set!" 

"Not to worry," replied Smithy 
soothingly. "There'll be quite a few 
knocking around when a service 
gets under way. In the meantime, 
what you want to do is to start 
genning up on the basic theory of 
colour so that you've got a good 
idea of how the sets are supposed to 
work. Also, you want to get used 
to a few of the terms that are 
employed." 

Colour Terms 
"Ah," said Dick, in a gratified 

tone, "you're talking now! These 
articles I've been looking at refer to 
'luminance' and 'chrominance' and 
all sorts of other weird things. With 
words like that I'm lost before I 
even begin!" 

"Fair enough," said Smithy. 
"Well, I suppose there'll be no harm 
in my going over some of these for 
you. To start off with, you have to 
remember that a colour television 
system is obviously intended to 
transmit a colour picture, and so it 
is first of all necessary to find what 
terms are needed to define the 
colours themselves. The first word 
to consider here is 'hue'. In colour 
television, 'hue' describes the basic 
colour itself. If we have a red colour 
we say that its hue is red also. At 
the same time, if we have a pink 
colour, we still say that its hue is red. 
The reason for this is that the pink 
colour is really red to which white 
has been added. The same applies 
to blue. If we add white in gradually 
increasing quantities to a deep blue 
it changes gradually to a lighter and 
even lighter blue until, eventually, 
we have added so much white that 
the colour is almost white itself. 

Nevertheless, so far as colour tele- 
vision is concerned, all these shades 
have a blue hue. You can repeat the 
exercise with green, yellow and 
purple. Their hues remain unaltered 
however much lighter you make 
them by adding white." 

"I think I see what you mean," 
replied Dick thoughtfully. "Would 
I, for instance, be correct in saying 
that all the colours from very deep 
green to very pale green all have a 
green Awe?" 

"That's right," said Smithy. "If 
you go from very deep green to very 
pale green by adding white, then 
your hue is green all the time. 
You'll notice that, in this respect, 
the words 'hue* and 'colour' don't 
mean exactly the same thing. Any- 
way, that's enough about 'hue', so 
let's get on to a second term. This 
is 'saturation'." 

"That sounds", said Dick, "like 
August Bank Holiday to me!" 

"Saturation," continued Smithy, 
ignoring his assistant's comment, 
"defines the depth of a colour or, 
to be more accurate, its freedom 
from dilution by white. In con- 
sequence, a deep green is said to be 
more saturated than a light green, 
and a deep blue is said to be more 
saturated than a light blue. In other 
words, we reduce the saturation of a 
colour by adding white to it, and 
increase the saturation by subtracting 
white from it." 

"There must surely come a time", 
interrupted Dick, "when you can't 
subtract any more white from the 
colour at all." 

"That's quite true," agreed Smithy. 
"When you reach that point you 
say that the colour is 'fully saturated' 
or '100% saturated'. As you probably 
know, it's possible to display the 
colours of the spectrum by splitting 
up white light with the aid of a 
prism. (Fig. 1.) The prism offers 
different degrees of refraction for 
the different wavelengths in the 
white light, so these all get spread 
out in the form of the spectrum 
display. All the colours in this 
display are completely free from 
white light and they are, therefore, 
100% saturated. You can't get 
colours any deeper or more saturated 
than those in the spectrum." 

"I've just realised something," 
said Dick excitedly. "If you know 
the hue of a colour and its degree of 
saturation you are at once able to 
identify it for reproduction at a 
different place." 

Dick picked up a note-pad and 
scribbled a sketch on the top sheet. 
(Fig. 2.) 

"Let's say", he continued, "that 
we have a light green colour which 
is 30% saturated, and which we 

want to reproduce at a distant point. 
All we have to do is to send a signal 
to the remote point which says that 
the hue is green and that the satura- 
tion is 30% and we've got the 
message over. At the receiving end 
we just take the green as it appears 
in the spectrum, add white to it so 
that its saturation drops down to 
30% and, blow me, we've got 
exactly the same colour as was put 
out at the transmitting end!" 

Smithy looked at his assistant's 
sketch in astonishment. 

"There are times," he remarked, 
"when you're so bright that you get 
me quite worried." 

"I'm a real gone kiddy, you 
know," replied Dick modestly. "I'm 
a bomb!" 

"You're noisy enough for one, 
I'll admit," conceded Smithy. "But 
I will certainly agree that, whilst that 
sketch of yours doesn't give all the 
information you'd find in a proper 
colour diagram, you are perfectly 
right in saying that you can identify 
any colour by referring to its hue 
and its saturation. That is, indeed, 
one of the things which you do in 
colour television. You send out a 
separate signal from the transmitter 
which contains the hue and satura- 
tion information, and this is known 
as the 'chrominance' signal." 

" 'Chrominance'," repeated Dick, 
with satisfaction. "That's one of the 
words which was baffling me in these 
magazine articles just now. There's 
another word too: 'chroma'." 

" 'Chroma'," said Smithy, "is 
merely a slang abbreviation for 
'chrominance'. Incidentally, we 
haven't quite finished with the 
saturation business yet. I was 
referring just now to saturation in 
terms of the lightness or deepness 
of a colour but, to be really accurate, 
it's better to look upon saturation 
purely in terms of the addition or 
subtraction of white. You can also 
use the word 'desaturate'. A colour 
becomes less saturated, or more 
desaturated, if you add white to it." 

Smithy had become completely 
lost in his subject. He pushed his 
papers, now forgotten, to the back 
of his bench as he concentrated on 
his next point. 

"Another aspect of a colour," he 
continued, "is its 'brightness' or 
'luminance'. This defines the light 
energy it radiates. You can have 
two colours of exactly the same hue 
and saturation, but one will be 
brighter than the other if it radiates 
more light energy. A bright green 
lamp can radiate more energy than 
a dim green lamp but the colours 
they produce may both have the 
same hue and saturation. Some 
people get a little confused between 
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brightness and saturation, and so you 
should always remember that satura- 
tion defines colour and that bright- 
ness defines the amount of light the 
colour radiates. In colour television 
it's a little more usual to use 
'luminance' rather than 'brightness', 
but both words mean exactly the 
same thing." 

Colour Signals 
"That seems O.K. up to now," 

said Dick. "But there are a lot of 
other things in these articles which 
I don't understand. There are, for 
instance, Y signals, R-Y signals and 
all sorts of other queer signals!" 

"Ah, yes," said Smithy. "Well, 
these signals are what you encounter 
when you get down to the basic 
methods of colour transmission. 
You are bound to have heard by 
now that there are three systems for 
colour television, these being the 
American N.T.S.C. system, the 
French SEC AM system and the 
German PAL system. The last two 
systems are developments from the 
N.T.S.C. system and so, whenever 
you start looking into colour TV, 
it's very desirable to start off by 
considering the N.T.S.C. system 
first." 

"Is that the system that's in use 
in America at the time being?" 

"It is," confirmed Smithy. "And 
it's been employed in Japan for 
several years as well. Technically, it 
represents an example of superb 
design and forward thinking, and the 
major credit for its introduction goes 
to Radio Corporation of America, 
who did the pioneer work on it. 
Now, let's get down to those signals 
of yours." 

Smithy settled himself more com- 
fortably. 

"To begin with," he remarked, 
"a colour television system has to 
be fully compatible." 

"I know what that means," inter- 
rupted Dick. "It means that you 
should be able to receive a colour 
transmission on a black and white 
set and a black and white trans- 
mission on a colour set." 

"Exactly," confirmed Smithy. "So 
we'll now see how this is done. The 
colour television camera at the 
transmitter has to provide us with 
colour and brightness signals, and it 
can do this by having three camera 
tubes, one being behind a green 
filter, one behind a red filter and one 
behind a blue filter. (Fig. 3 (a).) 
The tubes are all positioned and 
focused up so as to be in complete 
registration. That is to say, each 
tube scans exactly the same part of 
the scene which is being transmitted 
as do the others. If the section of the 
scene being transmitted is a saturated 

Spectrum display 

Violet 

Red Prism 

White light 

Aperture 

Screen 
(a) 

Violet 
Blue 

Cyan 
Green 
Yellow 
Orange 

Red 

(b) 
fig. 1 (o). If white light is passed through a prism, differing degrees of 
refraction for the different wavelengths in the light cause the colours of the 

spectrum to be displayed 
(b). The principal colours in the spectrum take up the approximate positions 

shown here 

green then only the green tube will 
give an output, if it's a saturated red 
then only the red tube will give an , 
output, and if it's a saturated blue 
then only the blue tube will give an 
output. If it's a saturated colour 
between any of these, then you'll get 
an output from more than one tube. 
For instance, a saturated purple will 
result in an output from both the 
blue tube and the red tube. Fair 
enough ?" 

"Definitely," said Dick. "I sup- 
pose that, at the receiving end, you 
display corresponding strengths of 
red and blue, and these combine 
together to give you the original 
purple." 

"That's my boy," approved 
Smithy. "I can see that this is one 
of your good mornings." 

"I tell you," replied Dick, com- 
placently. "Why do you refer to the 
application of saturated colours to 
the camera." 

"That," replied Smithy, "is a very 
good question, but I'll have to go 
through one further step before I 
answer it. If the bit of the scene 
being scanned by the camera is 
white, you get an output from all 
three tubes." 

"Do you? Why?" 
"Because white light", replied 

Smithy, "consists of all the colours 
of the spectrum combined together. 

Blue 
Violet I Cyan 

HUE 
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Yellow 
I 

Red 
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fig. 2. Dick's suggested idea for transmitting information on a colour by 
reference to its hue and saturation. In this case the colour to be transmitted 
is a 30% saturated green. At zero saturation all colours are white, as 

indicated 
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Fig. 3 (a). Schematic layout for a colour television camera. The scene 
to be transmitted is applied, by way of a lens system and coloured filters, 

to three camera tubes. G, R and B outputs are then given, as shown 
(b). The luminance signal is also obta'ned from the G, R and B outputs, 
these being combined together in the ratios (shown here in decimal form) 

indicated in the combining network 

This fact is proved when you obtain 
the spectrum colours by passing 
white light through a prism. I should 
add that, in a truly white light, all 
the spectrum colours are at equal 
strength, or as nearly equal as makes 
no difference." 

"I see," said Dick. "Incidentally, 
I'd forgotten all about that prism!" 

"Not to worry," commented 
Smithy. "Now, a desaturated colour 
is one in which white has been added 
to the saturated hue, and so if you 
apply a desaturated colour to the 
television camera you get an output 
corresponding to the hue, plus an 
output corresponding to the amount 
of white that's in it. To take an 
example, pink is red which has been 
desaturated by adding white to it. 
So, if the camera scans a pink 
section of the scene, you'll get an 
output from the red tube corre- 
sponding to the amount of red hue, 
plus an output from all three tubes 
corresponding to the amount of 
white in the colour. At the receiving 

end you'll then have your original 
red, this being watered down by the 
white information given by all the 
tubes. And that explains why I 
referred just now to saturated 
colours when I was talking about 
the outputs from single tubes." 

"Well, I'm dashed," said Dick, 
impressed. "All this is very neat, 
isn't it?" 

"What I've described up to now 
is nothing," commented Smithy, 
"compared with some of the other 
niceties of the system. As I said a 
moment ago, when the camera scans 
a white part of the scene you get an 
output from all three tubes. Where- 
upon we now come to one of the 
more crafty bits of design work you 
encounter in colour TV. The human 
eye does not have similar sensitivi- 
ties to all the colours of the spectrum. 
Because green is near the middle of 
the spectrum, the eye is more 
sensitive to this colour than it is to 
red or blue, which are nearer the 
ends of the spectrum. It doesn't take 

much thought to appreciate this fact 
because we know that the eye's 
sensitivity to light tails off altogether 
above' violet when we go into the 
ultra-violets, and that it also tails off 
altogether below red when we go 
into the infra-reds. Actually, the eye 
is about twice as sensitive to green 
as it is to red and nearly six times as 
sensitive to green as it is to blue. 
We want a signal from the camera 
which corresponds to white in the 
same manner as occurs with human 
vision, and so we obtain this signal 
by adding together the signals from 
the colour tubes in the appropriate 
proportions. These are, to be 
accurate, 59% of green, 30% of red 
and 11 % of blue." 

The Luminance Signal 
Smithy paused for a moment. 
"Are you," he asked, "with me?" 
"At the moment," confessed Dick, 

"only just. But keep on with it!" 
"All the bits," said Smithy, "will 

fall very neatly into place in a 
minute. Let's continue with the 
camera. First of all it puts out a 
green signal from the green tube, 
and we call this the G signal. 
Secondly, it puts out a red signal 
from the red tube, and we call this 
the R signal. Thirdly, it puts out a 
blue signal from the blue tube, and 
we call this the B signal. And, 
fourthly and finally, it puts out a 
signal consisting of a combination 
of 59 % green, 30 % red and 11 % 
blue. (Fig. 3 (b).) This last signal 
is known as the 'luminance signal' 
and it's given the letter Y. The 
luminance signal is just the same as 
you'd get from an ordinary black 
and white television camera having 
a single tube and no colour filters 
at all!" 

"Blimey," commented Dick. "Go 
on, Smithy!" 

"What now happens," said Smithy, 
"with all the three colour systems 
I've just mentioned, is that this 
luminance signal is applied to the 
transmitter, and is sent out in 
exactly the same way as a black and 
white signal. It has the full band- 
width that the television system can 
offer—with the B.B.C.-2 625-line 
signal this would be 5.5 Mc/s—and 
it can be picked up on any black and 
white receiver and reproduced in 
exactly the same way as a signal 
originating from a black and white 
camera." 

"That is something," said Dick 
enthusiastically. "Is that where you 
get the compatible bit?" 

"Partly," said Smithy. "But don't 
forget that for full compatibility you 
also need colour receivers capable 
of displaying black and white trans- 
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missions, and I haven't mentioned 
colour receivers yet." 

"What about the colour signals?" 
"Ah," said Smithy. "This is 

where we come to another bit of 
crafty design work. The human eye 
is by no means as sensitive to colour 
in very small areas as it is to bright- 
ness, and so it is quite in order to 
send the colour information at a 
much reduced detail level, which 
means that it can have a transmitted 
bandwidth considerably lower than 
that used for the luminance signal. 
With the N.T.S.C. system, as used 
on the American 525-line service, the 
colour information is sent out over 
a bandwidth which varies, according 
to hue, between 0.5 and 1.5 Mc/s 
only, whilst the luminance signal 
occupies the full 525 line bandwidth 
of 4.2 Mc/s." 

"Why does the colour information 
bandwidth vary according to hue?" 

"Because", explained Smithy, "the 
eye can perceive some hues in very 
small areas more readily than others, 
and these hues are given the greater 
transmitted bandwidth. However, 
you don't want to worry your head 
about that too much because most 
current American colour receivers 
use economical circuits which handle 
all hues at around 0.5 Mc/s band- 
width only, and the wider band- 
width which is available isn't taken 
advantage of. This works out per- 
fectly well in practice, by the way." 

"I see," commented Dick. "Now, 
I can see that the luminance signal 
goes out in the same way as a black 
and white signal, and you've just 
told me that the colour information 
is sent out, at reduced bandwidth, as 
well. How is this colour information 
transmitted ? On a carrier in another 
channel?" 

"It's transmitted", said Smithy, 
"in the same channel as the lumin- 
ance signal." 

Dick gave an incredulous snort. 
"Pull the other one. Smithy," he 

said indignantly. "This one's got 
bells on it! You've already got a 
channel crammed tight with a 
luminance signal. How on earth can 
you push a second signal, which 
you've already said can be one and 
a half megs wide, into the same 
space?" 

Smithy chuckled. 
"It can be done quite easily," he 

grinned, "although I must admit 
that it's a bit of a tight squeeze! 
It's done by a process called 'fre- 
quency interleaving'. If you examine 
the output from a black and white 
television camera which is scanning 
a stationary scene, you'll find that 
almost all the information appears 
in clusters around the harmonics of 
line frequency. The transmitted 
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Fig. 4 (o). The information in the output of a television camera is contained 
mainly in clusters around the harmonics of line frequency. The transmitted 
sidebands, in consequence, similarly contain clusters of information spaced 

away from the carrier at harmonics of line frequency 
(b). The sidebands of the chrominance subcarrier also consist of clusters of 

information spaced away from the subcarrier at harmonics of line frequency 
(c). Interleaving the sidebands of the luminance and chrominance signals 

so that these may be transmitted within a single television channel 

sidebands therefore carry this in- 
formation in clusters spaced at 
harmonics of line frequency away 
from the carrier. (Fig. 4 (a).) The 
same applies to the transmitted 
sidebands for the luminance signal 
obtained from a colour television 
camera, because this signal is, as 
we've seen, just the same as that 
given by a black and white camera. 
There are quite large gaps between 
these clusters of information and 
they could readily be used to take 
the sidebands of another signal. 
The colour information is also given 
by a camera scanning the scene, and 
because of this the information in 
this signal will also appear mainly 
in clusters around the harmonics of 
line frequency, and result in similar 
sidebands spaced away from the 
carrier. (Fig. 4 (b).) So what you 
finally do is to put the colour 
information on a subcarrier and pop 

this mid-way between two of the 
luminance signal harmonic clusters, 
whereupon the sidebands of both 
sets of signals become perfectly 
interleaved with each other!" (Fig. 
4 (c).) 

"Well, I'm dashed," exclaimed 
Dick. "And this is actually done in 
practice?" 

"Definitely," confirmed Smithy, 
"and it works very well, too. In the 
American N.T.S.C. 525-line system 
the colour subcarrier is inserted, 
between the 227th and 228th line 
harmonics, 3.58 Mc/s away from the 
vision carrier. (Fig. 5.) This sub- 
carrier then modulates the mains 
vision carrier. With the 625-line 
system the subcarrier will be about 
4.43 Mc/s away from the vision 
carrier. Incidentally, I'd better start 
using the proper term here, and call 
it the chrominance subcarrier." 

"Are you sure", said Dick, still 
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Fig. 5. Showing how the chrominance subcarrier and its sidebands may 
appear within the pass-band of the transmitted luminance signal 

somewhat sceptical, "that there's no 
interference between these two sets 
of signals ?" 

"What interference there is," 
replied Smithy, "is pretty negligible 
in practice, this being partly for 
reasons which I'll have to give you 
later on. Anyway, we're now coming 
to a somewhat indigestible bit of the 
process, so you must pay very strict 
attention!" 

"I am", replied Dick obligingly, 
"all ears." 

Chrominance Subcarrier 
"A most commendable state of 

affairs," observed Smithy. "Now, 
we want the chrominance sub- 
carrier to carry information about 
hue and saturation, because these are 
the two factors we need to be able 
to place any particular colour. So, 
in the N.T.S.C. system, we first of 
all p/foye-modulate the subcarrier for 
hue, and we amplitude-modvdaXe it 
for saturation. I'll repeat that so 
that you can get these two important 
facts fully entrenched in your 
noddle. It's p/Kwe-modulation for 
hue, and amplitude-moinlation for 
saturation. The phase of the signal 
can vary through an entire 360°, and 
the amplitude modulation is such 
that amplitude increases as satura- 
tion increases." 

Smithy paused. 
"Next", he continued, "we come, 

as the musician said, to another hard 
bit. The manner in which the sub- 
carrier is modulated in phase and 
amplitude is quite complex. But it 
can be described, without indulging 
in over-simplification, by saying that 
the basic modulation signals are 
R-Y signals and B-Y signals, and 
that it is possible for the receiver 
demodulation circuits to reclaim 
these R-Y and B-Y signals from the 
transmitted signal and apply them 
to the colour cathode ray tube." 

"Whoa up!" interrupted Dick. 
"You've jumped a step!" 

"Have I? Where?" 
"With these R-Y and B-Y 

signals," replied Dick. "Up to now 
we've just had R signals, B signals 
and Y signals on their own. We 
haven't started subtracting them 
from each other yet!" 

"We've added them." 
"When?" 
"When we got the luminance 

signal", said Smithy. "We added 
59% of the G signal, 30% of the R 
signal and 11 % of the B signal. And 
this gave us the Y signal. If you 
think about them in terms of signal 
voltages, it's quite easy to see how 
these signals can be added together." 

"Perhaps so," conceded Dick 
grudgingly. "But that's not the same 
as subtracting." 

"Subtracting is given by a reversal 
of phase," explained Smithy. "If you 
reverse the phase of the Y signal 
then add it to the R signal, you get 
R minus Y. Got it?" 

"Oh, I see," said Dick. "Inci- 
dentally, what's happened to the G 
signal?" 

"You can forget about that for 
the time being," replied Smithy. 
"I'll be bringing it in later. Let's get 
back to the chrominance subcarrier. 
The next thing I want to tell you is 
that it doesn't exist!" 

"Hey?" 
"I thought that would shake you!" 

chuckled Smithy. "Actually, it's a 
suppressed subcarrier which has to 
be reinserted at the receiver. Also, 
it allows me to introduce the reason 
for having the basic modulation 
provided by R-Y and B-Y signals. 
As we saw earlier, when we present 
a white scene to the colour television 
camera, we get a G signal, an R 
signal, a B signal and a Y signal. 
We know that white light contains 
all the spectrum colours at equal 
strength so, for white, the three 
colour tubes all offer equal output 
signals. Let's say that they all give 
an output signal of 1 volt, and that 
the letters G, R and B correspond 
to signal voltages. Then, 

G=R=B = 1. 
At the same time we get a Y signal 

given by 59 % of G, 30 % of R and 
11 % of B. Using decimals instead 
of percentages, this gives us 

Y=0.59G+0.30R-|-0.11B. 
Perhaps you could scribble that 
equation down on your pad." 

"Okeydoke," said Dick, picking 
up his pen, "what's the next step?" 

"Work it out," replied Smithy, 
"for the case where G, R and B are 
all equal to 1." 

"That's easy enough," commented 
Dick. "You then get 

Y=0.59+0.30+0.11. 
Well, blow me! That's equal to 1, 
too!" 

"Exactly," said Smithy. "So, 
when we present a white scene to the 
television camera, we have 

G=R=B=Y. 
You'll still get this relationship if the 
luminance of the white section of the 
scene changes, because the propor- 
tion of green, red and blue will still 
remain the same. This relationship 
holds true, therefore, for all white 
luminance levels ranging from 
bright white down through the greys 
until you get to black where, of 
course, all signals are zero. This 
relationship also explains why R-Y 
and B-Y signals are used to modu- 
late the subcarrier. If the scene 
presented to the camera is white, 
grey or black, R is equal to Y and 
R-Y becomes zero. Similarly B is 
equal to Y and B-Y becomes zero. 
The final result is that, if the camera 
scans a scene which has no colour 
—apart from white—in it, there is no 
transmitted chrominance signal at 
all. It drops out completely, first of 
all because the subcarrier is sup- 
pressed and, secondly, because the 
R-Y and B-Y signals which modu- 
late it are zero!" 

"Well, I'm darned," said Dick. 
"So far as I can see, that makes the 
transmitted signal exactly the same 
as that given out by a black and 
white transmitter fed by a black and 
white camera. All that's left is the 
luminance signal." 

"You've got it," confirmed Smithy. 
"From what I've just described, it 
follows that the intensity of the 
chrominance signal increases as the 
saturation of the colours presented 
to the camera increases. You'll get 
a strong chrominance signal for 
heavily saturated colours, this de- 
creasing as saturation decreases until, 
for a purely black and white scene, 
you get no transmitted chrominance 
signal at all. In practice, most of the 
colours scanned by the television 
camera will only be lightly saturated, 
which means that the chrominance 
signal becomes relatively weak and 
less liable to interfere with the 
luminance signal with which it is 
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interleaved. It is only heavily 
saturated colours which result in a 
strong chrominance signal, and 
which offer the greatest risk of inter- 
ference with the luminance signal." 

Reclaiming the Colours 
"Talk about ingenuity," said Dick 

enthusiastically. "That's really some- 
thing! How do you get the colours 
back again at the receiver?" 

"There are", said Smithy, "quite 
a few ways of doing this. One 
method would consist of firstly 
getting the R-Y and B-Y signals 
from the chrominance signal. You 
could then add Y to these. If Y is 
added to R-Y you get (R-Y)+Y, 
which is of course equal to R. 
Similarly, (B-Y)+Y is equal to B. 
So you've got your R and B signals 
back again. You know also that: 

Y=0.59G+0.30R+0.11B, 
whereupon you could then say that: 

0.59G=Y—0.30R—0.11B, 
so that 

g=O39 (Y-O.30R-O.IIB). 
"However, this last bit represents 

rather a theoretical approach, and I 
quoted that last equation merely to 
demonstrate that, if you have Y, R 
and B in the right proportions and 
phase, you can reclaim G by com- 
bining them together. A G signal 
doesn't, therefore, have to be trans- 
mitted. In practice, colour receivers 
have sophisticated circuits which 
combine several operations in a 
small number of valves and com- 
ponents, and which can't be de- 
scribed in simple terms. These 
receiver circuits handle the received 
chrominance signal in such a manner 
that they obtain R-Y, B-Y and G-Y 
signals. The G-Y, R-Y and B-Y 
signals are then applied to the grids 
of the colour tube." (Fig. 6 (a).) 

"This," interrupted Dick despair- 
ingly, "is too much! How on earth 
can a colour tube reproduce G-Y, 
R-Y or B-Y? There's no such 
colours!" 

"If", said Smithy severely, "you'd 
let me finish what I was saying, I'd 
have been able to tell you that you 
also apply a — Y signal to the 
cathodes of the tube. (Fig. 6 (6).) 
Because a cathode going positive is 
equivalent to a grid going negative, 
the —Y signal on the cathode is 
equivalent to a +Y signal on the 
grid. So the G-Y, R-Y and B-Y 
signals all have + Y added to them 
in the cathode ray tube itself, and 
the beams from the three guns are 

-Y- 
G-Y- G-Y- 

Green gun 

Red gun - 

Blue gun - 

R-Y- 
B-Y- 

Colour 
cathode 
ray tube 

R-Y- 
B-Y- 

(a) (b) 

Colour 
cathode 
ray tube 

f ig. 6 (a). In a practical colour television receiver the G-Y, R-Y and B-Y 
signals are applied to the grids of the cathode ray tube 

(b). By feeding a -Y signal to the cathodes of the tube, the -Y term in the 
grid signals is cancelled out, whereupon the electron beams are modulated 

by the G, R and B signals on their own 

then modulated by G, R and B 
signals." 

"Phew," said Dick. "We've got 
there in the end! Would the cathode 
ray tube be a shadow-mask type?" 

"Oh, definitely," replied Smithy. 
"Up to the moment, the shadow- 
mask tube is the only one which has 
been developed sufficiently well to be 
good enough for domestic use. I 
hardly need to add that it has three 
guns, one for green, one for red, and 
one for blue." 

"With", chimed in Dick, "the 
bean from each gun going through 
the shadow-mask holes to hit 
phosphor dots of its own colour. 
That bit's easy. Indeed, the shadow- 
mask tube seems to get fully 
described in everything which has 
been written about colour TV at 
popular-science level. What the 
popular-science writers always seem 
to avoid are the electronics which 
cause the signals to get to the 
shadow-mask tube in the first place!" 

Back to Black and White 
Smithy chuckled. 
"They're probably very wise," he 

commented. "Colour TV isn't an 
easy subject to put over at popular- 
science level. Anyway, I've just 
remembered that I should be catching 
up on my paperwork just now, so 
I'd better get back to it." 

"But that's not fair," protested 
Dick. "We've only started on this 
colour TV business, and I've got 
stacks more questions I want to ask. 
How, for instance, do you reinsert 
the chrominance subcarrier at the 
receiver?" 

But Smithy had already pulled his 

papers towards him, and was 
obviously intending to devote his 
full attention to them. 

"And what", wailed Dick, "about 
SECAM and PAL?" 

"We'll have a go at those", 
replied Smithy, "at our next little 
session together. In the meantime 
I hear sounds which seem to indicate 
that our vanman cometh. Loaded, 
I should guess, with a great pile of 
sets for you to get your teeth into!" 

To Smithy's dehght and Dick's 
intense disgust, a squeal of brakes 
outside the Workshop door con- 
firmed the Serviceman's statement. 

"So far as I can see," continued 
Smithy, as a sudden happy thought 
occurred to him, "because colour 
television doesn't lead the industry 
in this country at the moment, we 
have to put black and white re- 
ceivers in the van!" 

Dick looked puzzled. 
"I don't get that," he said even- 

tually. "What has colour TV got 
to do with our van ?" 

"Let it pass," sighed Smithy 
resignedly. "Let it pass. At any 
event you don't seem to be looking 
upon colour TV with quite the same 
foreboding that you showed earher 
on." 

"I'm not," rephed Dick con- 
fidently. "It looks as though colour 
TV will be something which is really 
worth looking forward to." 

"For once," commented Smithy, 
as the Workshop door burst open 
to reveal an ancient a.m. sound radio 
followed by a perspiring van driver, 
"you have said something with 
which I am in complete and utter 
agreement." 

NEXT MONTH ... AN ELECTRONIC TACHOMETER 
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MAINS 

FAILURE 

ALARM 

By C. P. Finn 

This alarm was originally designed as a 
cheap, simple and effective means of warning 
of the failure of the mains electricity supply, 

and was required by the owner of a large number 
of tropical fish which are kept warm and aerated 
by mains power. It could find use in other circum- 
stances : for instance, where trace-heating is employed 
to prevent water pipes freezing, or where electric 
pumps are employed in small bore central-heating 
systems. Other uses will no doubt suggest them- 
selves to readers. 

The Circuit 
The circuit consists of a transformer and rectifier 

which supply power to a relay. A pair of normally- 
closed contacts on the relay are connected to a 
battery and bell. The bell thus rings when the 
relay opens, i.e. when the mains supply fails. 

The transformer can be any continuously rated 
type giving a suitable output, and the author used 
a bell transformer. Such transformers are designed 
for continuous connection to the mains with 
intermittent loading, and a good quality component 
will give a small current continuously without 
overheating. 

The rectifier calls for a little comment, and the 
prototype used a 12V 1A bridge rectifier taken 
from a model railway controller.* The 200(iF 

Suitable 12V 1A bridge rectifiers are available from most 
ing " 

Editor. 
suppliers, including Henry's Radio Ltd., 303 Edgware Road, London. W.2. "  Normally closed contacts 

AC 200 mains 
5 5V Relaj g o 

M o :! 
transformer 

capacitor shown in dotted line may be of help in 
some cases to eliminate relay chatter. The relay 
itself should be a low resistance type with at least 
one pair of normally-closed contacts. 

A battery is, of course, needed in the bell circuit, 
since the bell is required to ring when the mains 
is off. The prototype uses a 4.5V fiat torch battery. 
Since the battery only supplies current when the 
bell sounds, its life will be nearly equal to its shelf 
life. 

The unit is operated by connecting to the mains 
and switching on the bell circuit by S2. Connection 
at the point of supply where it is used will give 
an indication of fuse failure as well as mains failure. 
However, if fuse failure is deemed unlikely then it 
is possible to make the unit portable and move 
it to any part of the house, e.g. to the bedroom at 
night. 

In the event of mains failure, the bell will be 
switched off by the operator. Extra relay contacts 
could also be used to connect the mains-driven 
equipment to a suitable alternative supply, such as 
accumulators or stand-by generators. 

Construction 
Construction is simple. Any suitable case may 

be employed, provided easy access is left for battery 
replacement. For maximum economy the ap- 
propriate transformer tap should be used (3, 5 
or 8V for most bell transformers), whilst R further 
limits the current to reduce the consumption 
of the unit. The circuit is economical and consumes 
only one or two watts—electricity costs are therefore 
only a few shillings a year. To this must be added 
the cost of replacement batteries. 

The user should form a habit of regularly checking 
the battery. This can be done by pressing the 
button Si (or by unplugging the unit from the 
mains) and thus de-enqrgising the relay. This 
also checks that the relay is operating correctly 
and that its contacts are clean. 
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The photran is a new type of 
device produced by Messrs. 
Solid State Products, Inc., 

which can be switched into the 
conducting state by a beam of light. 
In appearance it is similar to a very 
small transistor, with the exception 
that it has a transparent window at 
the end remote from the lead-out 
wires. In some ways the Photran 
resembles the photo-transistor but, 
unlike the latter device, the Photran 
does not stop conducting when the 
illumination ceases. The Photran is 
a bistable switching device. Once the 
illumination has increased to a value 
above the triggering level, the current 
passing through the device is in- 
dependent of the light intensity. 
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Fig. 2. Variation of triggering light intensity with junction temperature. 
The values of gate current are plotted as a parameter 

Fig. 1. The structure of the 
Photran 

Construction 
The Photran is a p.n.p.n. device 

with a p-type gate electrode as shown 
in Fig. 1. The theory of operation of 
p.n.p.n. devices will not be dis- 
cussed, since it has already been 
covered in previous articles in this 
magazine. 1 In most p.n.p.n. devices, 
switching is initiated by a change in 
the gate electrode current or by a 
change in the applied voltage but, in 
the Photran, light falling on the 
junction creates a current which is 
amplified and causes the device to 
be triggered. 

When a suitable potential differ- 
ence is applied across a Photran in 
darkness, the device behaves as a 
high resistance having a value of 
more than 10MO. This is the "off" 

1 See "The Silicon Controlled Rectifier" 
by M. J. Darby in the September 1962 
issue and "The Silicon P-N-P-N Diode 
Switch" by M. Farnsworth in the November 
1962 issue. 

state. An impulse of light will switch 
the device to the conducting state, 
in which its resistance is less than 
ion. This is the "on" state. The 
light pulse can be very short indeed. 
After the device has switched, the 
current passing through it must be 
reduced below a certain value in 
order to return the device to the high 
resistance state. 

Circuit Simplicity 
The Photran can be used to switch 

a power as high as 40 watts (200 
volts at 200mA) with an efficiency 
of about 99%. The device is very 
small, the active element being only 
0.06in square, but it can nevertheless 
pass transient currents of up to 
5 amps if its average power rating is 
not exceeded. The low forward 
resistance of the Photran results in 
a very high switching efficiency and 
a very small dissipation of heat 
inside the device. The potential 
across a Photran in its conducting 
state is less than 1.5 volts for currents 
of up to 200mA. Photrans are the 
only photosensitive devices which 
can directly control an appreciable 
amount of power. The amplifiers 
which must be used with photocells 

-+v 

Output 

and phototransistors are not re- 
quired when a Photran is employed. 
The Photran can, of course, operate 
a relay, but even the relay can often 
be dispensed with. Thus the use of 
Photrans will result in very great 
circuit simplification in various 
applications. 
High Speed 

The time required for a Photran 
to switch to its conducting state 
depends somewhat on the light 
intensity used to cause the triggering. 

Anode 

Gate © 

II 

© r2 

Cathode 
Fig. 3. The theoretical symbol 

for the Photran 

At the minimum light intensity 
required for triggering the current 
rise time in a Photran is of the order 
of 30[i,s, but this can be reduced to 
less than I us by a sufficient increase 

-+v 

Output 

© 
WW— Rg 

*2 

(b) 
Fig. 4. Light-actuated pulse generators which provide pulses of opposite 
polarity. In (a) the pulse is positive-going when the light to the Photran is 

interrupted, and in (b) it is negative-going 
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© ftC 

Fig. 5. In this circuit power 
is applied to the load when 

light shines on the Photran 

in the light intensity. The time 
required to return to the non- 
conducting state is of the order of 
30|i.s. 

Triggering Level 
The light intensity required to 

trigger a Photran can be set electric- 
ally by variation of the gate current. 
It also depends somewhat on the 
ambient temperature, as shown in 
Fig. 2. The operating temperature 
range is —65°C to +1250C. Varia- 
tions of about ±75 % of the nominal 
triggering light intensity may occur 
from Photran to Photran, but this 
can be absorbed by a suitable choice 
of gate current. The device has a 
maximum sensitivity to light of a 
wavelength of about 0.95 microns 
(infra-red), but is sensitive over the 
range 0.4 to 1.1 microns. 

The device can be triggered 
electrically at a constant illumination 
by variation of the gate bias current. 
This enables it to be employed in 
electrical-optical "OR" gates for 
logic operations. 
Typical Applications 
(a) Pulse Generators 

The symbol for the Photran is 
shown in Fig. 3. The two circuits 
of Fig. 4 show how the device may 
be used to provide an output pulse 
each time a beam of Ught is inter- 
rupted. If the beam is interrupted 

LOAD 

by articles coming off a production 
line, the output pulses can be used 
(after amplification) to operate an 
electro-magnetic counter,2 Thus the 
number of articles coming off the 
production line can be counted. 

In the circuit of Fig. 4 (a), Ri is 
chosen so that a quiescent current 
of the order of 100(iA flows through 
it when light is falling on the 
Photran. The resistance of the 
Photran is negligible in this state 
and therefore Ri=the applied 
voltage (V) divided by Kb4. The 
capacitor C is virtually uncharged 
when the Photran is conducting 
owing to the small potential differ- 
ence across the device. If the light 
beam is momentarily interrupted, the 
current flowing through Ri no longer 
passes through the Photran but is 
used to charge the capacitor C and 
hence to provide an output pulse. 
When the light is cut off, the 
Photran discharges C through R2. 

The circuit of Fig. 4 (6) provides 
pulses of opposite polarity to those 
of Fig. 4 (a). 

connected across the load to avoid 
the build-up of high voltages when 
the current passing through the 
load ceases to flow. The diode 
also allows the energy stored in 
the inductive load to flow as a 
current through the load during 
the half-cycles when the Photran 
is non-conducting. 

The circuit of Fig. 6 can be 
used if power must be applied to 
the load when no light falls on the 
Photran. 

The circuit of Fig. 7 may be 
used when the power supply to 
the load must be full-wave rectified. 
The power is applied to the load 
when light falls on the Photran. 

If it is necessary to control a 
large amount of power by means 
of a beam of light, the Photran 
may be used in a circuit which 
contains large silicon controlled 
rectifiers. Such circuits can switch 
tens of kilowatts at perhaps 70 
amps. 

Rg 

Resistive 
load 

Fig. 1. Here, the load is supplied with a direct current when light falls on 
the Photran 

Fig. 6. In this instance, power 
is applied to the load when no 

light falls on the Photran 

(b) Power Control 
If the Photran is fed from an 

alternating supply, it will be sen- 
sitive to Ught during each half-cycle 
in which the anode of the device 
is positive with respect to the 
cathode. During the other half- 
cycles the device will remain in its 
non-conducting state no matter 
what the light intensity may be. 
If the device is triggered during 
one half-cycle it will, therefore, 
automatically revert to its non- 
conducting state during the succeed- 
ing half-cycle of opposite polarity. 
The alternating potential thus carries 
out the resetting operation auto- 
matically. 

In the circuit of Fig. 5, power is 
applied to the load only when 
light shines on the Photran. If 
the load is inductive, a diode and 
resistor (shown dotted) should be 

2 See "Electromagnetic Counters" by 
J. B. Dance, The Radio Constructor, October 
1963. 

(c) Light-Actuated Time Delay 
Circuits 

The circuit of a light-actuated 
interval timer is shown in Fig. 8. 
When light is applied to the Photran, 
the capacitor C commences to 
charge via R2 and R3. After a 
predetermined time interval the 
potential across the capacitor be- 
comes great enough to fire the 
silicon controUed p.n.p.n. switch, 
CS, which conducts and allows 
power to be applied to the load. 
The load current passes through 
the Photran. The circuit is reset 
by opening a switch in the power 
supply circuit. 

Another type of light-actuated 
interval timer is shown in Fig. 9. 
In this circuit the Photran P is 
used to provide a pulse to the gate 
circuit of the p.n.p.n. silicon control- 
led rectifier SCRi. This gate pulse 
causes the silicon controlled rectifier 
to conduct and current passes 
through it and through the load. 
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Fig. 8. A light-actuated interval timer 
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After a predetermined time interval 
the silicon controlled switch CSi 
(which is also a p.n.p.n. device) 
will fire. The current passing 
through R3 causes a voltage drop 
across this resistor. A negative 
pulse is therefore applied from 
the anode of the silicon controlled 
switch CSi to the anode of the 
silicon controlled rectifier SCRi 
via the capacitor C2. This pulse 
momentarily reduces the anode 
voltage of SCRi to such an extent 
that the device is switched to the 
non-conducting state and current 
will no longer flow through the 
load. The Photran circuit itself 
is made to automatically return 

Fig. 9. A light- 
actuated timer which 
applies power to a 
load for a short time 

to the non-conducting state at the 
end of the light flash. 

(rf) Logic Circuits 
A simple light actuated "AND" 

logic circuit can be constructed by 
connecting the desired number of 
Photrans in series with a load 
resistor across a power supply. A 
gate resistor is connected from 
each Photran gate electrode to the 
cathode of the same Photran. 
A current will flow through the 
load resistor in this circuit only 
when light falls on all of the Photrans 
simultaneously. 

Many other types of logic circuit 
can be constructed using Photrans, 
but will not be discussed here, 

since they are not likely to be of 
great interest to the average amateur 
constructor. They are, however, 
of great interest to the manu- 
facturers of computers. 

Conclusion 
The future for the Photran in 

power control circuitry seems to 
be very bright, but time alone will 
tell to what extent these devices 
will be applied to simplify the 
circuitry of modem electronic equip- 
ment. They do not carry out any 
functions which cannot be carried 
out with other devices; their use 
merely assists in the simplification 
and miniaturisation of circuits. They 
will never be used as amplifying 

devices for audio or radio frequen- 
cies, since they are essentially 
switches which are on-off devices. 
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LONDON SHOWROOM FOR SONY 
Sony—the giants in miniature electronics—whose working and selling slogan "Research makes the Difference" 

gave the world its first pocket transistor radio and first portable transistors TV sets, recently opened its London 
showroom at 70-71 Welbeck Street, W.1. 

Yet another world's first is on its way—a truly portable transistorised video tape recorder—details of which are 
expected to be made available later this year. 

Sole Sony U.K. agents are Debenhams Electrical & Radio Distribution Co. Ltd. 
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BALANCE METER 

By T. W. Hannen 

NO CLAIM FOR ORIGINALITY IS MADE BY THE 
author for this piece of apparatus, but the 
constructor will nevertheless find it an 

exceedingly useful gadget to own and use. 
Few stereophonic amplifying systems are provided 

with any positive indication for showing correct 
balance between channels, and one cannot entirely 
trust one's own ears. A "balance" can, therefore, 
be struck only by guesswork, and what one person 
may believe to be a balance may be quite out when 
heard by others. 

In order to deal with this state of affairs the 
writer constructed a simple balance meter which 
gives indication of complete balance between the 
two channels of a stereo amplifier. The balance is 
obtained by visually measuring the output of each 
channel, and making adjustment to the balance 
control until the outputs were identical. 

The writer is quite sure that this indicator will be 
of great interest to all hi-fi constructors. 

L Output Sic 

\+ 
^>2 

\+ 

D3\ A 52b 
i 

R Output 

S|b I 

n- 
ii 

"8 TR TR 
OC44 0C44 

j 7^7 L Input 

s2a sld R Input 
S| shown in'On'position 

The circuit of the balance indicator unit. The 
two-transistor multiYibrator connects, via S2(a) to the 
inputs of the stereo amplifier, and the meter circuit, 

via $2(1,) to the outputs 

The Unit 
The unit can be made quite small in size, and it 

is cheap to build. It may, also, be permanently 
fitted as part of an existing stereo set-up. There are 
two sections interconnected by switches, as shown 
in the accompanying circuit diagram. 

The first section consists of a small transistorised 
oscillator, producing a square waveform at a fixed 
frequency around 2,500 c/s, this representing a 
comfortably audible note. The second section 
incorporates a rectifying diode bridge circuit which 
passes the note to a microammeter via the outputs 
of the amplifier. 

By use of the switching arrangement shown, the 
note is injected first into one channel input of the 
amplifier, the output of this channel being connected 
at the same time to the microammeter. By reversing 
S2, the oscillator and output meter circuit are 
connected to the other channel. 

The prototype employed a P.O. key switch for 
S2, this having the advantage that changing from 
one channel to the other could be carried out very 
conveniently by pressing the key. 

Si is the on-off switch, and it will be noted that 
Si(c) and Si(d) disconnect both the oscillator output 
and the meter circuit when the unit is switched off. 
When the balance indicator is permanently wired 
into circuit, this ensures that no additional com- 
ponents are coupled into the amplifier circuits when 
the unit is out of use. 

An output amplitude control for the oscillator is 
provided by R5. This is needed to prevent possible 
overloading of the input stages of the stereo ampli- 
fier. It also caters for different amplifier sensitivities. 
Rs should be set to a level which offers satisfactory 
results with the amplifier employed. 

Components List 

Resistors 
(All fixed resistors are i watt 20%) 

Ri 22kQ 
R2 150ka 
R3 270k fl 
R4 22k£2 
Rs 10k£7 potentiometer, log track 

Capacitors 
Ci 0.001 |lF, paper 
€2,3 0.01 (/.F, paper 

Semiconductors 
TRj^ OC44 
Di .2,3,4 GEX34 (see text) 

Meter 
Mi Moving coil, 0-500|xA (see text) 

Switches 
51 4-pole, 2-way 
52 2-pole, 2-way 

Battery 
1.5 volt cell 
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The bridge rectifier, D| to 04, incorporates four 
germanium diodes. The writer fitted GEX34 diodes 
here, but the type used is not critical. Inexpensive 
surplus diodes will probably be satisfactory. 

The meter has an f.s.d. of 5(X)ij.A, that employed by 
the writer being obtained, at low cost, on the surplus 
market. It should be pointed out that, if the stereo 
amplifier has a low output level, it may be necessary 
to use a meter having an f.s.d, of ZOOuA 

Operation 
Switch the function switch of the amplifier or 

preamplifier, or otherwise couple the leads from the 
unit to the amplifier, and switch the unit on. 

If everything is in order, a note will be heard 
trom one of the amplifier channel loudspeakers and 

upon turning up the volume control of the amplifier 
or preamplifier, it will be seen that the needle of the 
microammeter moves over its scale. Turn up the 
volume control until the microammeter is close to 
tull scale deflection. (Adjustments in R5 may also 
be needed at this stage.) 

Next, operate S2, whereupon the note will be 
heard from the other loudspeaker. There will also 
be a corresponding reading on the meter. 

Finally, adjust the balance control on the ampli- 
fier, whilst operating S2, until the meter readings are 
identical when the switch is in either position. A 
perfect balance has then been produced. 

The bass and treble controls should be in their 
normal positions before the balance adjustment is 
made, as these controls have a slight influence on 
baiancing. 

Recent Publications . . . 

ANmH"^N'§ a- 
a number of addiUonat poiMs^r^lu^i^g"a'new^a^rangeme'nt tr T t™"8 been Publfed ^8, and it incorporates 
The organ itself is a valve design incorporating Great anH PpWal r

cont,nuous tun|ng of cathode note-forming circuits. 
vibrato power supplies (including a stabilised supply for the genTrttorTknd^the^th ^f5 ^enerator',amPl;fier. 
comprenensive electronic organ. generators; and all the other features required for a 

facilit^. b^SSt^ry fufl consmic'tiona^detaMs65 jliT T? ^ 
suggestions for loudspeakers, a further chaotlr on t, nina ^ 1 I 3 I !e ,are followed by a chapter offering 
on a polyphonic swell generator Two very useful aooendices fkAh"8' 3 ^ ^haPter which gives new information 
organ, together with the names and"dd7esLs of suppliers materlalS ^ COmPonent Par" ""equired for the 

he complete organ is housed in a handsome case, for which constructional details are also given. 

101 "^1^^' W0Fo^hEamY& Co" Ud^Pr^Os By Robert G- Middlet0n- 128 ^ 8iin. 

ISA series, wHieh and American terminology, mains voltages and freauencies anH i se '"troddotions cover differences in British 
the present book standf or ''vort ohm-milliammeter o; matterS' For instance- "VOM" the title of 
voltmeter". The book under review is a sequTto an etrlier and "vacuum-tube 

The 101 methods described in the ^00^™ oiblisheH in Jin,.® ySu VOlume 0n the VOM and VTVM- 
The approach is admirably concise and straightforward and the tlxt^rnrnf °cc

|
ljPl"n81 °n ^erage, about a page each. 

Typical subjects are: the checking of a centrifu^ ,llustrated with clearly drawn diagrams. 
VTVM, the measurement of the negative resistance of a crvstal dlodT C H .mea^urement 0f the input capacitance of a 
d.c voltage. Some of the tests are for household electrical annhances th™6 1 trOUgh Va,UeS ofaPulsat'ng 
and components in the radio category ances, the remainder being concerned with circuits 
™. is , ,„d „ of pr„lc„ .nd Tl|„tln „te||.nt inte 
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oPtIsIoo'SSiS "15 . " 
remaining chapters are devoted to servicing proper These'rhanre amPl,|fier and oscillator feedback), after which the 
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transistors, and the troubleshooting of automobile radios Th rfadln§s. the m-circuit and out-of-circuit testing of 
clearing of actual faults. eSn00t'ng ot auto™bile radios. There is also a chapter which gives case histories of the 
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LASERS 

 ► ► ► ► ► ► 

Parti 

The Principles of Laser 

Operation 

By J. B. Dance, M.Sc. 

Since the inception of the loser much has been written about the performance and operation of 
this important new device. However, practically all the technical information currently 
published assumes a working understanding of quantum mechanics and cannot, in consequence, 
be fully appreciated by the layman or technician who does not possess the requisite knowledge. 
In this specially commissioned series of three articles, our contributor intentionally assumes 
that readers may not be familiar with the quantum mechanics involved, and explains the 
phenomenon of stimulated emission in carefully detailed terms which may be readily followed 

by anyone who has a basic knowledge of electricity and the structure of the atom 
This first article deals with the principles of laser operation. The second article in the series 
will carry on to describe the types of laser at present available and their functioning. The third, 
concluding, article will deal with laser applications including, in particular, the use of the laser 

in communications and by the amateur 

The laser is one of the most important 
devices which have been developed by physi- 
cists in recent years. Although it is a device 

which generates light rather than radio waves, it is 
nevertheless of great interest to the electronic 
engineer, since it is expected to play a great part in 
future communication networks. In addition, as we 
shall show in detail later in this series, the laser has 
a very wide variety of other applications including 
extremely accurate measurement, delicate surgery 
and the verification of a basic postulate of the 
relativity theory. Lasers will almost certainly have 
some military applications, but these are not likely 
to be of the science fiction "death ray" type. 

Why should there be such great excitement over 
a device which produces light? How, for example, 
does the output light from a laser differ from the 
output of a powerful searchlight? These questions 
cannot be fully answered in a brief sentence, but 
basically the laser is important because it produces 
a powerful beam of light which has a very narrow 
bandwidth and in which all the waves are in phase 
and have the same polarisation. The light output 
can be focused on to a minute area so that the power 
dissipation in this area is quite fantastic. These 
points will be elaborated. 

764 

Brief History 
The laser functions on very similar principles to 

the maser. The word maser is an acronym or 
abbreviation for "Microwave Amplification by 
Stimulated Emission of Radiation". Masers are 
used as very low noise amplifiers which are usually 
operated at extremely low temperatures. They are 
complicated equipment and are employed at the 
centre of aerials (such as the Jodrell Bank aerial) 
which are used for work in Radio Astronomy and 
for tracking artificial satellites. Masers operate at 
microwave frequencies as opposed to the laser (or 
optical maser) which operates at the much higher 
frequencies of visible light or of the infra-red region 
of the spectrum. The word laser stands for "Light 
Amplification by Stimulated Emission of Radia- 
tion"; the exact meaning of this will be seen later 
in this article. 

The possibility of designing a laser was first 
suggested in 19581. The first type of practical laser 
employed a ruby crystal as the active device2. In 

HEADING ILLUSTRATION 
A small Ferranti gas laser powered by a d.c. supply. Note 

the Brewster end windows and the three adjusting screws for 
the end mirror. (Ferranti, Ltd.) 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



1961 a totally different form of laser was described 
in which the laser action took place in a gas discharge 
tube containing a mixture of helium and neon3. 
In 1962 the first semiconductor laser was described 
by a number of American workers. More recently 
still a form of liquid laser has been evolved4, but 
this operates rather indirectly because it is used in 
conjunction with another laser. Thus the active 
region of a laser may be a solid, a liquid or a gas, 
or a solid in the form of a semiconductor. 

Basic Theory 
Radio waves are generated by electronic oscil- 

lators. Microwaves are generated by oscillations in 
small cavities. The light of lasers is a much higher 
frequency still and is generated by something much 
smaller, namely atoms themselves. Ordinary elec- 
tronics deals mainly with electrons which are free 
to move in a vacuum or in a semiconductor material, 
but the electrons used to provide amplification in 
lasers are bound inside atoms. In order to under- 
stand the basic principles by which lasers function, 
it is thus necessary to develop a simple understanding 
of the basic quantum theory governing the emission 
and absorption of energy from the atoms of a 
substance. This theory is essentially mathematical 
in nature. For this reason many amateur physicists 
have not bothered to attempt to understand the 
operation of lasers. It is hoped, however, that 
readers will spare the time required to read the 
following basic theory, since the fundamental ideas 
can be expressed in a simplified and non-mathe- 
matical way. Although a few simple equations are 
included in this article, they are not essential to the 
explanation of the basic action of the laser and can 
be omitted by the less mathematical reader. 

Electron Energy Levels in Atom 
If an electron approaches a positive charge, it 

will be attracted and will increase in speed as it gets 
nearer to the charge. When it is moving at a 
velocity v, it has an energy of im v2 where m is its 
mass. The increasing kinetic energy of the electron 
as it approaches the positive charge can only come 
from the energy of the electric field. An electron 
situated some distance from a positive charge (at 
point 1 in Fig. 1) is said to possess electrostatic 
potential energy since, if the electron is free to move, 
it will be accelerated towards the positive charge 
and obtain kinetic energy. Thus although the total 
energy remains constant (as required by the Law of 
Conservation of Energy), the initial electrostatic 
potential energy has been partly converted into the 
kinetic energy of the electron. The electrostatic 
potential energy of the electron at point 1 in Fig. 1, 
where the electron is at some distance from the 
positive charge, is thus greater than the electrostatic 

Positive 
charge Positions of an 

electron 

Fig. 1. The distance of an electron from a positive 
charge governs its electrostatic potential energy 

Positively 
charged 
nucleus 

Fig. 2. Electron energy levels in an atom 

potential energy at point 2 which, in turn, is greater 
than that at point 3. Thus the farther the electron 
is away from the positive charge, the greater the 
electrostatic potential energy. 

For the purposes of this discussion, an atom may 
be thought of as a positively charged nucleus 
surrounded by a number of electrons. In a neutral 
atom the number of electrons must equal the 
number of positive charges in the nucleus. The 
diameter of the whole atom (about 10-8 cm.) is 
about 100,000 times larger than the diameter of the 
nucleus; thus the atom is largely empty space. The 
electrons which are farthest from the positively 
charged nucleus have a greater electrostatic potential 
energy than those which are nearer to the nucleus. 
Thus the energy of an electron, E3, which is travelling 
in the outermost orbit of the atom represented in 
Fig. 2 is greater than that of the electron which has 
the energy E2; which is, in turn, greater than the 
energy Ei of the electron in the innermost orbit. 

In a stable atom electrons cannot travel in orbits 
of any radius; only certain orbits and therefore 
certain electron energy levels are possible. The 
possible energy levels may be represented by those 
shown in Fig. 2, for example, although actual atoms 
contain more stable levels than three. The reasons 
for the existence of a limited number of stable levels 
is one of the problems of quantum mechanics which 
need not concern us here. The electrons in any one 
of the main energy levels shown in Fig. 2 will not 
usually all have exactly the same energy, but these 
sub-divisions of the main energy levels will not be 
discussed in detail. 

The Interaction of Electromagnetic Radiation with 
Matter 

Atoms may emit or absorb electromagnetic 
radiation or, in certain circumstances, electro- 
magnetic radiation striking an atom may stimulate 
the atom to emit further radiation. 

(1) Emission 
All natural systems tend to assume a state of 

minimum potential energy. In the same way that 
an apple tends to fall and so to assume a state of 
minimum gravitational potential energy, electrons 
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E2 

\e 

Nucleus 

Fig. 3. Two energy levels are assumed here 

in an atom tend to pass into the levels of minimum 
potential energy (which are those closest to the 
nucleus). When all of the electrons in an atom 
occupy the lowest possible energy levels, the atom 
is said to be in the ground state. This does not 
mean that each electron has the energy Ei (see 
Fig. 2), since in any atom the number of electrons 
which can occupy the minimum energy level is 
limited (according to the Pauli Exclusion Principle). 
If an atom is in the ground state, the available 
electron orbitals of lowest energy are filled. If one 
or more electrons are moved to a state of higher 
energy, the atom is said to be in an excited state. 

Let us suppose that the energy level Ei in Fig. 3 
is not fully occupied by electrons; that is, the atom 
is in an excited state. An electron from the energy 
level E2 will tend to fall into the level Ei and the 
surplus energy (E2-E1) is given out as electro- 
magnetic radiation. (Visible light, infra-red radia- 
tion and radio waves are all forms of electro- 
magnetic radiation.) The important point is that the 
frequency of the light given out in such a change 
is directly proportional to the energy change 
E2-E1. When an electron in an atom of, say, 
hydrogen moves between two specified energy 
levels, the light given out is always of one particular 
frequency; in the case of visible light this corre- 
sponds to light of one particular colour. 

If there are three energy levels in an atom, as in 
the atom represented in Fig. 2, the possible energy 
changes are (E3-E2), (E2-E1) and (E3-E1). This 
would give three colours. More complex systems 
with many energy levels give more colours as bright 
lines in the spectrum of the element. For example, 
some street lamps give a bright yellow light because 
electrons in the sodium vapour in the lamp jump 
between two levels which have a difference in energy 
corresponding to yellow light. Mercury vapour 
lamps give a blue light and neon lamps a red light. 
If the light from such lamps is examined by means of 
a spectroscope, the wave- length of the lines may be 
determined. These wavelengths are characteristic of 
the emitting atoms; thus the line spectrum is a very 
useful way of determining the elements present in an 
unknown mixture. 

In the case of solids, the interaction of each atom 

with its neighbours generates so many new energy 
levels that light of any visible frequency can be 
emitted. Thus a hot solid, such as the filament of a 
tungsten filament lamp, emits light over a very wide 
range of frequencies (including the infra red), no 
lines being present in the spectrum. Such light is 
said to have a continuous spectrum. 

It has been stated that the frequency, f, of the 
light produced by an atom is proportional to the 
difference in energy between the two electron energy 
levels, that is 

E2-E1 cc f 
Thus (E2-Ei)=hf equation (1) 
where h is a constant known as Planck's constant. 
The radiation is emitted from atoms in little packets, 
each of energy hf. These packets of energy are 
known as photons, which may be considered to be 
particles of light. No fraction of a photon can 
exist. The minimum amount of light of frequency f 
which can exist has an energy hf. If an electron 
moves nearer to the nucleus and the resulting 
energy change is equal to half the energy of a 
photon of, say, blue light, no blue light can be 
emitted. A photon of half the frequency of the 
blue light will appear and will carry just the right 
amount of energy. 

The Greek symbol v (pronounced "nu") is 
normally used for the frequency of light in spectro- 
scopical work, but f will be used here, since readers 
are probably more familiar with this symbol. 

The energy change in any one atom (E2-E1) is 
very small indeed. The frequency, f, of the light 
emitted by the atom is very large. Thus the constant 
h is extremely small (actually h=6.624 x 10-27 

erg-sec). A photon is sometimes referred to as a 
quantum of light. 

Although one can have a photon of low energy 
(for example, a photon of a radio wave), the concept 
of the photon is most important when considering 
electromagnetic radiation of higher frequencies. At 
radio frequencies an individual photon contains such 
a small amount of energy that it cannot be detected. 
Very high energy photons are emitted from many 
radioactive nuclei and are known as gamma rays; 
in this case the energy levels inside the nucleus 
change in much the same way as do the changes in 
the electron energy levels of an atom which cause 
visible light to be emitted. Individual gamma ray 
photons can easily be counted by a Geiger tube and 
this helps many people to think of electromagnetic 
radiation as individual packets of energy (photons). 
In some cases it is best to think of light as waves, 
but when light is interacting with matter, it is best 
thought of as a number of photons. 

An atom which is not in the ground state usually 
emits its excess energy within a millimicrosecond or 
perhaps within less than a micromicrosecond. 
However, some atoms cannot get rid of their excess 
energy nearly so easily and they have the compara- 
tively long life of some milliseconds. Such atoms, 
which are of great importance in laser operation, are 
said to be in a metastable state. A change in the 
electron levels which does not occur very easily may 
be referred to as a forbidden transition. 
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(2) Absorption 
If light strikes an atom in a gas, there is a certain 

probability that the light will be absorbed and its 
energy used to raise an electron in the atom to an 
excited state. This probability is high if and only 
if the energy of the photon of light is just adequate 
to raise the electron in the atom to a stable higher 
energy level. For example, if an electron has an 
energy Ej and is to be raised to the level E2, the 
photon must have an energy of (E2-Ex) units and 
its frequency must be (E2-Ei)/h cycles per second. 
Photons of other energies are not absorbed unless 
they happen to have just the amount of energy 
required to bring about another change between 
two stable levels; for example, E2 to E3 or Ei to E3. 
One may think of a photon of energy E2-E1 as 
being "in tune" with an atom which will absorb 
it easily. 

It is most important to note that each gaseous 
element absorbs light of the same frequencies as it 
will emit when an electric discharge is passed 
through it. If one examines the spectrum of the 
sun, one finds that it contains many dark lines 
known as the Fraunhofer lines. These dark lines 
arise because light of certain frequencies proceeding 
outwards from the centre of the sun is absorbed 
by gaseous elements in the outer regions of the sun. 
Only those photons which have the correct amount 
of energy to cause an electron in an atom to jump 
to a higher energy level are absorbed. Thus the 
amount of light of these frequencies reaching the 
earth is less than that of the intermediate neigh- 
bouring frequencies which are not absorbed. 
Although the absorbing atoms give out the light 
which they have absorbed, this light is given out 
in all directions and much of it is absorbed in the 
sun. Thus its intensity is not sufficient to compensate 
for the absorption. The dark lines in the spectrum 
of the sun correspond in frequency to the bright 
lines in the spectrum of a gas containing the same 
elements as the outer layers of the sun. 

(3) Stimulated Emission 
If a photon of energy E2-E1 strikes an excited 

atom in which the Ei level contains a vacancy for 
an electron, it may stimulate an electron to fall from 
the E2 energy level to the Ej level, in which case an 
additional photon of the same energy as the incident 
photon will be emitted. It is most important to note 
that the additional photon is emitted in an extremely 
short time and is exactly similar to the incident 
photon. It has the same frequency, the same plane 
of polarisation and is in phase with the incident 
photon. In addition it travels in the same direction. 
Thus the two photons travel away from the atom 
together. 

This process is one of light amplification. The 
two photons thus formed may each be used to 
stimulate two other atoms to emit photons, thus 
making a total of four photons. These photons can 
undergo further amplification if they encounter 
other excited atoms with suitable energy levels. It 
is this principle that is used in the operation of the 
laser and from which the laser has derived its name. 

As stated previously, the word laser is an abbrevia- 
tion for "Light Amplification by Stimulated Emission 
of Radiation". 

Conditions for Laser Action 
The principle of amplification by stimulated 

emission may seem at first to provide a method of 
amplification with negligible input power; but we 
know that this cannot be true—in nature one never 
gets something for nothing. Excited atoms must be 
present if laser action is to occur and energy is 
needed to excite these atoms. 

If one considers a mixture of atoms in which 
some are excited and others are in the ground state, 
an incident photon which has the required amount 
of energy to produce stimulated emission in the 
excited atoms will also have just the right amount 
of energy to be absorbed by an atom in the ground 
state. No laser action will occur unless stimulated 
emission is more probable than absorption. This 
condition will be fulfilled only if there are more 
atoms in the excited state than there are in the 
ground state, since a photon is then more likely to 
meet an excited atom than an atom in the ground 
state. The atoms are said to "populate" the states. 

It might be thought that if the material containing 
the atoms were heated, the energy given to the atoms 
would produce more excited atoms than those left 
in the ground state. Actually this is not so. The 
Maxwell-Boltzmann theory of the partition of 
energy between the various energy levels states that 
at equilibrium 

-(Ez-EQ 
N2 kT 
Ni=e Equation (2) 

where Nj and N2 are the numbers of atoms in the 
respective energy states Ei and E2, and where 

e is the base of natural logarithms 
k is Boltzmann's constant 
and T is the absolute temperature. 

If E2 exceeds Ei, the index -(Ez-Eij/kT is negative 
and therefore N2/N1 is less than unity. Thus at 

•"Ifflifr 1 

Adjusting the Ferranti Mark I r.f. gas laser. The 
glowing inner tube contains the gas, the end mirrors 
being fixed in the outer tube. (Ferranti Ltd.) 
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Fig. 4. Energy levels in a three level laser 

equilibrium there are always more atoms in the 
state of lower energy. 

In order to achieve laser action it is necessary to 
"invert the population" (that is, make N2 exceed 
Ni). This can only be done by a process known as 
"pumping" which destroys the natural equilibrium. 
The pumping raises the energy of atoms to the 
excited state. 

Pumping 
Let us consider how laser action can be achieved 

with a material in which the atoms have three 
energy levels, as shown in Fig. 4. In this diagram 
the vertical axis represents increasing energy, but 
the horizontal axis has no particular significance; 
it is therefore a type of one-dimentional graph. The 
energy levels are represented as straight lines, since 
this is more convenient than the circles of Figs. 
2 and 3. 

Incident radiation of a frequency (E3-Ei)/h is 
directed at the atoms in the laser material. Some 
of this radiation is absorbed and a proportion of the 
atoms will be lifted from the level Ei to the level E3. 
Almost immediately these excited atoms will lose 
a part of their additional energy equal to (E3-E2) 
and thus fall to the level E2. This level E2 is a 
metastable one and atoms with this amount of 
energy do not easily lose it. Thus when an atom 
reaches the level E2, it tends to remain in this level 
for a relatively long time (some milliseconds). If 
the pumping action is sufficiently rapid, the number 
of atoms in the level E2 can be made to exceed the 
number of atoms in the level Ei. Thus the natural 
population of these states has been inverted and 
amplification of light of a frequency (E2-Ei)/h 
becomes possible. The power put into the pumping 
action may be compared to the h.t. supply of an 
electronic oscillator. 

The pumping action is very similar to that of 
ordinary fluorescence. Light of a fairly high 
frequency falling on a fluorescent material is 
absorbed; the material loses its additional energy 
in more than one stage so that the emitted light is 
of longer wavelength. Eosin (red ink) shows this 
phenomenon. Sometimes chemicals which absorb 
ultra-violet light and change it to visible light are 
added to washing powders to give a "whiter than 
white" effect; this is also fluorescence. 

Pumping Efficiency 
The pumping process is not a particularly 

efficient one. -Only a fraction of the incident 
pumping radiation will be absorbed, since it is not 
normally convenient to produce light of the required 
pumping frequency (E3-Ei)/h without simultaneous- 
ly producing light of other frequencies—which 
represents wasted energy. An amount of energy 
(E3-E1) must be supplied to each atom which is 
pumped to the level E3, but the energy of the photon 
produced by this atom in stimulated emission is only 
(E2-E1). Some of the atoms pumped to the level 
E3 will lose their energy in a way which does not 
assist the laser action. 

The material used in a practical laser must be 
very carefully chosen to achieve reasonable effi- 
ciency. The level E2 of Fig. 4 should be a metastable 
one of long life. It is often possible to choose a 
substance which has a group of energy levels close 
together instead of the single energy level E3. In 
this case photons of several energies can be absorbed 
and used for the pumping process. 

The efficiency of a laser may also be improved 
by employing a four level system (as shown in 
Fig. 5) instead of the three level system of Fig. 4. 
The incident photons pump the atoms from the 
ground state to the level E4, after which they lose 
energy and fall to the level E3. The laser action 
takes place between E3 and E2 and therefore E3 
must be more densely populated by atoms than 
E2. In this system the level E2 is less densely 
populated at equilibrium than the level Ej (see 
equation 2) and it is thus easier to raise the popula- 
tion density of the level E3 above that of E2 than 
above that of the ground state Ei. The conditions 
required for laser action can therefore be achieved 
somewhat more easily in a four level system than 
in a three level material. Neodymium in glass is an 
example of a four level laser. 

If the temperature of a laser material is reduced, 
it can be seen from equation 2 that the population 
density of the excited states will be reduced. In a 
four level laser the population of the E3 energy level 
of Fig. 5 is maintained by the pumping process, but 
that of E2 falls at very low temperatures and this 
assists in generating the conditions needed for 
laser action. 

The energy level diagrams which have been 
discussed apply to isolated atoms, the electrons of 
which cannot easily exchange energy with those of 
neighbouring atoms. Thus the material used in a 

Laser 
action 

Pump 

Fig. 5. Energy levels in a four level laser 
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Fig. 6. The basic construction of a laser 

laser may be in the form of a monatomic gas at low 
pressure where there is little interaction between 
atoms. Alternatively the active atoms may be 
present at a low concentration in a host crystal. For 
example, the ruby crystals used for laser work 
contain about 0.05% of chromium atoms in the 
aluminium oxide material of the crystal. There are 
certain elements known as "rare earths" or 
"lanthanides" (since the first of these elements is 
lanthanum) which can be used as laser materials at 
much higher concentrations (about 5%) in an 
amorphous material such as glass. Perhaps the 
most commonly used rare earth element is neo- 
dymium. The electrons of these atoms which take 
part in the laser action are in an inner orbital which 
is well screened from the effects of the neighbouring 
atoms by the electrons in the outer orbitals. A 
similar effect occurs in the actinide elements, but 
all of these (except uranium) are too dangerously 
radioactive to be of great interest for laser work at 
the present time. In addition many of the actinide 
elements are short lived (owing to their radioactive 
decay) and are expensive. 

Oscillation by Reflection 
The laser systems discussed so far are amplifiers. 

Lasers are required to produce light in the way that 
a radio transmitter produces radio waves. Positive 
feedback must therefore be applied to the laser 
amplifier system to convert the amplifier into an 
oscillator. 

In an electronic system the feedback signals are 
conducted by wires from the output to the input, 
but light can be fed back into a material by the use 
of a mirror. The feedback is obtained in a laser by 
means of the simple mirror system shown in Fig. 6 
which is known as a Fabry-Perot resonator. This 
type of system was first suggested in 19581 before 
a practical laser had been made. The two mirrors 
must be parallel to each other and must face each 
other. The active laser material is placed between 
the mirrors; it is often in the form of a cylinder. 

The light passes to and fro along the central axis 
of the system as shown in Fig. 6 and is amplified 
somewhat each time it passes through the laser 
material. As in an electronic oscillator, the power 
builds up until a maximum intensity is reached 
when the energy lost per cycle is equal to the energy 
gained per cycle. Any rays not returned to the laser 
material by the mirrors and any photons which are 
absorbed by the laser material represent energy lost 
from the beam. Lasers have a "Q" factor similar 

to the quality factor of an electronic tuned circuit. 
The greater the enerp' lost when the light undergoes 
one complete cycle in the system and returns to its 
starting place, the lower the Q. 

If a photon is formed at point A in Fig. 7 and 
travels at an angle slightly inclined to the axis of 
the system, it will be quickly reflected out of the 
system by a path such as that shown. If a photon 
moves in a path which is more inclined than AB 
to the axis of the laser, it will pass out of the system 
even more quickly. Any amplification of the light 
by stimulated emission between A and B or between 
B and C will not affect the direction of propagation 
of the ray. Only those photons which pass along the 
axis of the system, as in Fig. 6, will be amplified to 
any great extent. Thus the divergence of a laser 
beam is extremely small, often a fraction of a degree. 
The laser therefore behaves as if it were a light 
transmitter with an aerial of extreme directivity. 
(Compare the divergence of a laser beam with the 
polar diagram of an H aerial!) 

One of the mirrors of the laser may be only 
partially silvered so that the output beam may be 
taken from it. In some lasers one of the mirrors 
has a small unsilvered area through which the laser 
output beam can pass. 

Laser Tuning 
In order that the feedback in a laser shall be 

positive, it is necessary that the waves which have 
undergone two reflections shall be returned in phase 
with the original waves. If a trough of one wave 
arrives at a certain point at the same time as the 
crest of another wave, the two will tend to cancel 
each other. In practice this condition means that 
the path length between the two mirrors must be 
an integral number of half wavelengths of the light 
which is undergoing amplification in the system or 
the laser will not be "in tune". 

If the distance between the two mirrors has the 
fairly typical value of one million wavelengths, the 
system will be able to resonate at, many different 
frequencies, each resonant frequency being separated 
from the adjacent ones by one part in two million. 
A number of these frequencies may be close enough 
to the laser material frequency (E2-Ei)/h (E2 and 
Ei are shown in Fig. 4) to give rise to stimulated 
emission. Thus although the approximate frequency 
of operation of the laser is controlled by the proper- 
ties of the atoms used, the exact frequency of the 

Fig. 7. Because of the end mirrors, any beam of light 
not on the axis of the cylinder is quickly reflected out 

of the system 
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In this photograph, the output from a Ferranti Mark I 
gas laser is striking a photosensitive detector which 
is connected to the oscilloscope. Note the r.f. power 

unit to the left. (Ferranti Ltd.) 

light output is determined by the spacing between 
the mirrors of the resonant system. Simultaneous 
oscillation may occur at more than one frequency, 
especially if the rate of pumping (and hence the Q 
of the sytesm) is relatively large. For some applica- 
tions this must be prevented. 

If a gas laser is considered, the active material may 
be able to resonate over a frequency band of some 
hundreds of megacycles and the mirror system may 
be able to resonate over a band of perhaps one 
megacycle. Nevertheless the laser can be so designed 
that the spread in the output frequency is less than 
one cycle per second. This is most remarkable when 
one considers that the frequency of the light emitted 
may be about 4 x 1014 cycles per second. If the 
laser light were stable to one part in 1014, its 
stability would far exceed that of the standard 
frequency transmissions of MSF and WWV; 
unfortunately the slightest movement of one of the 
mirrors in the resonator system will cause a large 
change in frequency. For example, a change in the 
distance between the mirrors of half a wavelength 
(about 4 x 10_5 cm.) can produce a frequency 
change of over one hundred megacycles. Thus the 
laser is useless as a frequency standard. 

Coherent Light 
The word "cohere" means "stick together" 

(Old time radio amateurs will certainly remember 
the coherer detector5, the particles of which stuck 
together when a suitable radio frequency signal was 
applied. A direct current from a battery could then 
pass through the particles and operate a relay or 
a bell.) Coherent light is light in which all of the 
peaks of the waveform reinforce each other and 
"stick together" as the wave moves along. Thus 
truly coherent light has a single frequency, all the 
waves of the light are in phase and the plane of 
polarisation of all of the waves is the same. 

This appears fairly straightforward, but things are 
not quite so simple when one tries to put these ideas 
on coherency into practice. Unfortunately, almost 
all Sixth Form physics courses tend to merely 
mention coherency without actually explaining how 
the theory is connected with practical aspects of the 
subject. Many of the G.C.E. "A" level textbooks 
seem to conspire to be rather incoherent about the 
subject of coherency. Possibly it is because co- 
herence appears to be so relatively simple at first 
sight that it is often not adequately treated. How- 
ever, the invention of the laser has stimulated 
interest in coherency and at least two good articles 
have recently been published on this subject6 7. 

The difficulty most people meet in understanding 
the practical aspects of coherence can be expressed 
in the question "How coherent is coherent light?". 
For example, it is often stated that laser light is 
coherent. The gas laser provides light with the 
narrowest frequency spread (or spectral line width) 
of about 1 c/s, but the light from other types of 
laser has a much larger frequency spread; for 
example, the light from a gallium arsenide semi- 
conductor laser may spread over a bandwidth of 
100,000 Mc/s8 at a frequency of 355.4 million 
megacycles. How can this be reconciled with the 
fact that coherent light must be of a single fre- 
quency ? 

Interference 
In order to answer this question, a property of 

all wave motion (including light) known as inter- 
ference will be discussed. We shall meet interference 
again when we discuss the use of lasers for accurate 
measurement in the final article of this series. 
Interference occurs when two sets of waves meet; 
two crests of the waves will form a large crest, 
whilst a crest and a trough will cancel each other 
out. This effect may, to some extent, be observed 
when two stones are thrown into a river and the 
resulting waves interfere. 

In Fig. 8 a beam of light is separated into two 
parts which are brought together again at the 
screen. The light travelling by the direct path 1 
will cover a shorter distance than that travelling by 
reflection from the mirror (path 2). A crest of 
Wave 1 will meet a crest of Wave 2 at point A. if 
the difference in the path lengths is a whole number 
of wavelengths of the light being used. A bright 
line is formed on the screen at A. A dark line is 
formed at the nearby position B where the crest of 
one wave meets the trough of the other wave. A 
similar effect occurs at other positions so that a 
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series of alternate bright and dark lines is formed 
on the screen. These are known as interference 
fringes or collectively as an interference pattern. 

If the two sets of waves arriving at the screen are 
not coherent, the necessary phase relationship 
between them is not maintained for more than a 
very short time. If at one instant of time two crests 
meet at A, whilst an instant later a crest and a 
trough meet there, the screen will be uniformly 
illuminated and no interference pattern will be seen. 

If two waves from different sources of light (other 
than lasers) meet, their phase relationship varies 
considerably over even very small time intervals 
and no interference fringes can be obtained. Even 
if the light is taken from two separate points on the 
same source, no interference pattern will be obtain- 
able. This is only to be expected, since the atoms 
of a substance emit photons at random times 
(except in the laser). Light from two independent 
laser beams can, however, produce an interference 
pattern, since all of the photons in each beam are in 
phase with one another. 

Although the light from any source, even from 
a laser, shows some spread of frequency, the light 
from a laser behaves as if it were coherent over 
short time intervals during which the light travels 
quite large distances. Any difference in frequency 
between two parts of a waveform can only be 
detected by observation of the wave for a time 
exceeding this short time interval. 

The time for which a beam of light remains 
effectively coherent is approximately equal to the 
reciprocal of the spectral width of the beam. For 
example, if the frequency spread of the beam from 
a ruby laser is 20 Mc/s, the light remains effectively 

coherent for 20 000 000 secon<*' which equals 

5 x 10_8 second. This is a very short time indeed, 
but light travelling at 30,000 million cm. per second 
covers a distance of 1,500 cm. in this time. If an 
interference experiment is tried with this light, it 
will not be successful unless the path difference is 
less than about 1,500 cm. Light from a gas laser 
can be made to have a frequency spread of only 
one cycle per second and therefore remains effec- 
tively coherent for a maximum time of one second. 
Thus the maximum path difference in interference 
experiments using this type of light can, at least in 
theory, be of the order of 186,000 miles. (Light 
travels at 186,000 miles per second.) 

Before the invention of the laser, one of the most 
coherent sources of light available had a frequency 
spread of about 1,000 Mc/s. Thus the time of 
effective coherence was 10 "9 second and the 
maximum path difference in interference experi- 
ments about 30 cm. This is what is meant by 
"coherent light" in pre-1960 textbooks. Ordinary 
white light is, of course, incoherent, since it has a 
bandwidth of rather less than 500 million mega- 
cycles (ignoring ultra-violet and infra-red com- 
ponents). It remains effectively coherent for about 
2 x 10-ts second and, for the white light as a whole 
to be used in interference experiments, the path 

difference must be less than about 6 x 10 "S cm. 
Interference occurs when oil or petrol is spilled on 
a wet road. The white light as a whole is not 
usually coherent enough to produce an interference 
pattern, but each of the colours in the white light 
shows interference and the well known coloured 
patterns are produced. This also occurs in thin 
soap films. 

For most path differences which are likely to be 
used in laboratory experiments, laser light behaves 
as if it were perfectly coherent. White light shows 
incoherent behaviour except when extremely thin 
films (such as petrol on a wet road) are being 
considered. It should be remembered that the 
difference in the path length is usually very much 
smaller than the actual path length of either ray. 

From the preceding discussion about stimulated 
emission, it would be expected that the light emitted 
by a laser would be of a single frequency, the value 
of which would be determined by the energy levels 
in the atoms of the laser material employed. Never- 
theless it has already been stated that even laser 
light has a small spectral line width. One of the 
reasons for this is that light behaves as if it were 
discrete particles (that is, photons) and arrives at 
its destination in short bursts of energy rather than 
continuously. This is effectively a form of random 
modulation and contributes to the sidebands in the 
spectrum of laser light. It also acts as noise in the 
same way that electrons arriving at a valve anode 
contribute to "shot effect" hoise. At radio frequen- 
cies the effect also exists in theory, but each photon 
has such a small energy that the amount of random 
modulation due to this cause is negligible; at radio 
frequencies each photon is as difficult to detect as 
each atom in a large jet of water which is, for all 
practical purposes, a continuous stream of water. 

Perhaps the Doppler effect is the major cause of 
frequency spread, at least in gas lasers. The 
Doppler effect is noticed in sound by a stationary 
observer when an express train rushes past the 
observer with its whistle sounding. As the train 
passes, the observer notices a fall in the frequency 
of the sound. When the train is moving towards the 
observer, the apparent frequency of the whistle is 
greater than when the train is stationary which, in 
turn, is greater than when it is moving away from 
the observer. The molecules of the laser material 
are moving in random directions at an enormous 
speed; this motion is the energy of heat. As in the 
case of the sound waves emitted by the whistle of 
the express train, the apparent frequency of the light 
seen by an observer will be greater when the light 
is emitted from an atom moving towards the 
observer than from a stationary atom. Similarly 
the frequency of the light emitted from a stationary 
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Fig. 8. An interference experiment ("Lloyd's Mirror") 
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Fig. 9. Interference can cause fading of radio signals 

atom is somewhat greater than that emitted from 
a receding atom. Thus the frequency spread will 
increase with the speed of the atoms, that is, with 
the temperature of the laser material. 

Further effects cause broadening of the spectral 
lines in certain types of laser. For example, the 
interaction of the emitting atoms with neighbouring 
atoms ("pressure broadening"). 

Noise 
Coherency becomes a very important considera- 

tion when the possibility of modulating light for 
communication purposes arises, since incoherent 
light is essentially a carrier modulated with noise 
from the point of view of the radio engineer. In 
order to understand why this is so, it is necessary 
to appreciate that when a radio frequency carrier 
wave is modulated, sidebands are developed on 
either side of the original carrier. Incoherent light 
contains a number of frequencies and these act as 
noise (or random modulation) of the carrier. If 
one could obtain perfectly coherent light, it would 
have a pure sine waveform. Its coherency would 
be destroyed if it were modulated. 

Although it is possible to send signals by means 
of incoherent light, the amount of information 
which can be carried per unit time is relatively very 
small, so the system becomes very inefficient. An 
example of the use of incoherent light for signalling 
occurs when a car driver operates his "flashers" 
when he wishes to turn. Incoherent light may be 
compared with the incoherent radio signals produced 
by the old spark type transmitters (as used by 
Hertz in his early experiments). The use of spark 
transmitters is no longer permitted, since they 
generate signals which occupy a very large frequency 
band and which cause a very great deal of inter- 
ference to other users. Spark transmitters produce 
a succession of oscillatory discharges due to inter- 
mittent breakdown of the spark gap. The waveform 
is more or less randomly modulated and cannot be 
used to transmit much more complex signals than 
the on/off type such as morse. (Compare this with 
car "flashers".) 

Probably the first coherent radio frequency source 
was the Duddell arc transmitter which was developed 
by Poulsen for use at 100 kc/s. By 1936 coherent 
radiation at frequencies up to about 50,000 mega- 

cycles was obtainable. The invention of the laser 
has raised this uppermost coherent frequency by a 
factor of about 2,000 to 500 million megacycles, 
although an ultra-violet laser has now been 
developed9. Coherent light of many different 
frequencies extending into the far infra-red can now 
be produced by the use of various laser materials, 
but it is not yet possible to cover all of the frequency 
bands. In addition it is not yet possible to produce 
coherent radiation in the gap between the highest 
microwave frequency and the lowest frequency at 
which a laser can produce infra-red light10. A con- 
stant search is being made for new laser materials 
which will enable new frequency bands to be covered. 

Ordinary radio transmissions consist of coherent 
radio waves. Interference occurs between the wave 
A in Fig. 9 which travels directly from the trans- 
mitter to the receiver and the wave B which is 
reflected from the layers in the upper atmosphere 
back to earth. As the height of the reflecting layer 
changes slightly, the positions of the point at which 
the two waves reinforce one another and the point 
at which the waves cancel out change. This results in 
the phenomenon of "fading" which is so prevalent on 
the medium and short wavebands. It is usually 
completely absent on v.h.f. and u.h.f. bands, since 
radio waves of these frequencies are not normally 
reflected from the upper atmosphere back to earth. 
In the short wave bands interference can also occur 
between waves which have been reflected a different 
number of times from the upper atmosphere or 
between waves which have travelled around the 
earth in opposite direction; this again leads to fading. 

This concludes our theoretical discussion about 
the functioning of lasers and the nature of the light 
they emit. Next month the construction and proper- 
ties of the various types of lasers will be covered in 
detail. In the third and final article of this series 
some of the vast variety of practical applications of 
lasers will be discussed; the article concluding with 
a review of the practical possibilities offered by 
lasers to the serious amateur experimenter who is 
willing to go to some trouble to investigate these 
new devices. 

References 
1. A. L. Schawlow and C. H. Townes. "Infra-red and Optical 

Masers", Fhys. Rev., Vol. 112, p. 1940 (December 1958). 
2. T. H. Maiman. "Stimulated Optical Radiation in Ruby 

Masers", Nature, Vol. 187, p. 493 (August 1960). 
3. A. Javan, W. B. Bennett, Jr., and D. R. Herriott. "Population 

Inversion and Continuous Optical Maser Oscillation in a Gas 
Discharge Containing a He-Ne Mixture". Phys. Rev. Lett., Vol. 6, 
p. 106 (February 1961). 

4. E. J. Woodbury. "Raman Laser Action in Organic Liquids", 
Proc. 3rd Con. on Quantum Electronics, Paris (February 1963). 

5. "Radio Communication, Pt. 1, History and Development". 
Science Museum Handbook (1934). 

6. "Cathode Ray." "Coherence", Wireless World, Vol. 70, 
No. 11, p. 563 (November 1964). 

7. C. C. Eaglesfield. "The Nature of Laser Light", New Scientist, 
Vol. 22, No. 392, p. 498 (21st May, 1964). 

8. A. Harris. "Lasers", Wireless World, Vol. 69, Nos. 8 and 9, 
p. 370 and 426 (August and September 1963). 

9. D. Fishlock. "The Widening Spectrum of Lasers", New 
Scientist, Vol. 21, No. 377, p. 326 (6th February, 1964). 

10. A. L. Schawlow. "Advances in Optical Masers", Scientific 
American, July 1963. 

772 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



The 1965 International Audio Fair 

The 1965 international audio festival and 
Fair was the tenth to be held in London, and 
it demonstrated very clearly that this exhibition 

has now settled comfortably into its quarters at the 
Hotel Russell. Those who remember the very first 
London Audio Fair at the Hotel Washington (where 
Press tickets were so difficult to get hold of that the 
late Free Grid" of Wireless World had to get in by 
way of the kitchen quarters, and where the present 
writer had to wave the first official-looking card he 
could find in his wallet and push past the queue 
calling out the magic word "Press") can appreciate 
that the hotel method of presentation, with stands 
downstairs and demonstrations in the hotel rooms 
has developed into as efficient a system as the 
economics can allow. There are still those who 
congregate in tight bunches at the doorways to the 
demonstration rooms and prevent other people from 
getting in or out, but this appears to be a hazard 
which will be with us always. 

This year's Fair, held over the period 22nd to 
25th April, had 85 exhibitors, of which nearly one- 
quarter were from overseas. 

Loudspeakers 
After a long period of what might almost be 

looked upon as semi-retirement, the lonophone 
reappeared on the scene this year, taking the form 
of a high frequency unit known as the lonofane 
Model 601 in two complete reproducers marked by 
Fane Acoustics, Ltd. The first of these is the 
lonofane Model 602, a medium and high frequency 
reproducer whose range is quoted as 800 c/s to 
50 kc/s and which is designed to work with an 
existing bass unit. The second is the lonofane 
Model 603 full range reproducer, quoted as covering 

t0 ^ k-c/s. The 602 has the lonofane Model 601 and a mid-range moving-coil speaker, whilst the 
603 has the lonofane Model 601, a moving-coil 
mid-range unit and a I5in moving-coil bass unit. 
Both the 602 and 603 have cross-over networks, of 
course, and in each case the lonofane 601 comes In 
a* ah0."? 3-5 kc/s. The lonophone principle consists of ionising a small volume of air in a quartz cell by 
means of a high voltage r.f. signal. When the r.f. 
signal is amplitude modulated at an audio frequency, 
the degree of ionisation varies correspondingly, and 
pressure waves are formed which produce sound 
These pressure waves have to be coupled to the 
outside air by way of a horn. The system is com- 
pletely aperiodic and is affected only by the 
characteristics of the horn itself. Present develop- 
ment prevents the use of the lonophone at anything 
except the higher audio frequencies, where it is free 
from resonances and can handle transients without 
distortion. The Fane version of the lonophone—the 
lonofane Model 601 just referred to—uses a single 
pentode r.f. oscillator running at 27 Mc/s to ionise 
the air, this pentode being screen-grid modulated. 
The unit is quite small, the rectangular mouth of 

the horn measuring 6 x 1-jin, with the larger dimen- 
sion vertical. A wide angle (160°) of horizontal 
dispersion is given. The writer was soon able to 
locate the lonofane Model 601 in the full range 603 
reproducer demonstrated at the Fair by looking 
carefully through the front of the cabinet. The 601 
gives a blue glow at the neck of its horn which is 
quite visible through the front grille! 

Another new development is the addition of an 
"acoustic lens" to the Kelly Ribbon Speaker. This 
offers considerable improvement in high frequency 
diffusion, and the model is backed by Decca Radio 
and Television, who market Kelly loudspeakers. 
(Decca, incidentally, have also introduced a magnetic 
bias compensator for pick-up arms—i.e. to com- 
pensate for the small force towards the centre of the 
record as an alternative to the pulleys, weights 
and threads which have hitherto been the order of 
the day for this particular function.) 

Making its appearance during the last 12 months, 
and representing another change in loudspeaker 
outlook, is the "Maxim" reproducer manufactured 
by Goodmans Industries Ltd. Although measuring 
only 10) x 5) x 7|-in deep, this offers a response 
from 45 to 20,000 c/s and is capable of handling 
8 watts. Incorporated are a special bass and treble 
unit, the whole being enclosed in a thick timber 
cabinet with heavy internal acoustic damping to 
provide an infinite baffle. Another newcomer to 
the small high fidelity range is the "Ditton 10", this 
being exhibited, for the first time, by Celestion Ltd. 
The "Ditton 10" measures 12| x 6| x S-jin, and has 
an overall frequency range of 35 to 15,000 c/s with 
a power handling capacity of 10 watts r.m.s. This 
also employs separate bass and high frequency 
units in a totally enclosed and heavily damped 
cabinet. At the Fair, Celestion took advantage of 
the hotel room decor to mount a homely-looking 
assembly of shelves, complete with vases and a set 
of Dickens, against one wall. This showed very 
effectively the small amount of space taken up by 
the "Ditton 10" loudspeaker in typical domestic 
surroundings. The two units being demonstrated 
reproduced stereo at a level which was more than 
adequate for home listening. 

Modular Design 
Also capable of working in a small enclosure but, 

otherwise, showing a complete breakaway from 
traditional loudspeaker construction is the Jordon- 
Watts Modular high fidelity loudspeaker, which is 
distributed by Boosey & Hawkes (Sales) Ltd. This 
unit was introduced at last year's Fair, and a 
number of complete reproducers incorporating one 
or more of the Modular speakers are now in 
production. A 12 watt speaker system incorporates 
1 speaker, a 25 watt system 2 speakers, a 50 watt 
system 4 speakers, and a 100 watt system 8 speakers. 
The speakers are simply added to suit the power 
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required and the enclosure designed accordingly. 
The Jordon-Watts 12 watt "Mini-12" unit has an 
infinite baffle cabinet measuring 16^ x 8 x 3^in 
deep, but 12, 25, 50 and 100 watt reproducers are 
also available in reflex cabinets. The important 
feature of the Jordon-Watts module speaker is that 
it breaks away completely from the rigid mass-less 
piston concept and employs a cone whose shape 
and material deliberately allow flexure and provide, 
in consequence, an effective cone area that auto- 
matically adjusts to the frequency being reproduced. 
A 4in metal cone is employed with considerable 
axial movement to provide the necessary bass 
response, and the coil is centred by three silvered 
beryllium copper cantilevers, two of which carry the 
voice-coil current. The absence of conventional 
materials was aptly demonstrated by the fact that 
one unit at the Fair was operating completely 
immersed in water! Completely new was the 
Jordon-Watts stereo reproducer model DPS100. 
This has four Modular speakers per channel, these 
being progressively phase-delayed to cause the 
wave-front of sound directed at the listener to be 
tilted inwards. The listening position is, in con- 
sequence, considerably less critical than occurs with 
the more conventional set-up. 

Transistors 
Although transistors are overtaking valves in most 

audio equipment, notably tape recorders and tuners, 
the valve is still by no means entirely dismissed from 
the field. Acoustical Manufacturing Co., for 
instance, continue with their "Quad" valve equip- 
ment without change, apart from the fact that their 
f.m. tuner now incorporates a switch on the chassis 
which enables the addition of a multiplex decoder 
to be carried out without modifying the wiring or 
components of the tuner. Acoustical maintain that 
a transistor amplifier of the same performance in the 

15 watt class compares very unfavourably as to 
price with their valve amplifier. Nevertheless, 
transistor high fidelity amplifiers were well in 
evidence, including the "Stereo 30" transistor 
integrated amplifier manufactured by H. J. Leak 
& Co. 

Mullard were well in evidence and exhibited their 
"Harmonious Range of Audio Transistors". The 
range consists of complementary n.p.n./p.n.p. types 
for use in transformerless output stages with output 
powers from 40mW to 40W. Typical of the tran- 
sistors in the range is the LFK4 package consisting 
of AC 127 pre-amplifier, OC81D driver and a 
complementary pair of OC81 and AC127. This 
package offers 700mW from a 9 volt supply, or 
1 watt from a 12 volt supply. There is also the 
AD161/AD162 complementary pair which requires 
only small heat sinks but can offer 3 to 6 watts 
output. As always, Mullard looked after the 
interests of home-constructors and had a number 
of transistor designs available, these including a 
10 watt pi-mode amplifier, a 5 watt Class-A amplifier 
and a v.h.f. tuner unit. 

Similarly of interest to the home-constructor was 
the introduction this year of the Model AA-22U 
all-transistor "20 +20 Watt Stereo Amplifier" by 
Daystrom Ltd. This amplifier (shown during the 
Fair period at the nearby Grand Hotel and not at 
the Hotel Russell) is available as a kit in the Heathkit 
range and incorporates 20 transistors and 10 diodes. 
There is a very comprehensive specification including 
a frequency response which is flat within ±ldB 
from 15 to 30,000 c/s and within ±3dB from 10 to 
60,000 c/s. Output impedances are 40, 80 and 
160, and distortion is 0.3% or less at 1,000 c/s. 
The amplifier has a sensitivity of 6mV on gram and 
250mV on tuner, tape recorder and two auxiliary 
inputs, and it is housed in a fully finished walnut 
veneered cabinet with a gold anodised front panel. 

Cover feature 
AMMAM 

Variable HLT. Supply 

By J. Thornton Lawrence 

A power unit which offers variable h.t. voltage with good regulation, together with a 6.3 volt 
a.c. output at 3 amps. Despite its relatively low cost, the power supply employs new components 

which are run well within their ratings 

The design of the power supply to be described 
resulted from the need for a variable source of 
direct voltage suitable for feeding experimental 

valve circuits in a school or technical college lab- 
oratory. The components required needed to be 
both inexpensive and readily available. 

The main requirements were a continuously 
variable d.c. output of 0-250 volts at 0-75mA, the 
source having reasonably low output impedance, 
and a 6.3 volt a.c. supply suitable for feeding valve 
heaters. It is impractical to use a potential divider 

or potentiometer to provide a variable d.c. supply 
due to the relatively high output resistance, so a 
simple cathode follower circuit was chosen using two 
EL84 pentode valves strapped as triodes and con- 
nected in parallel. The output impedance of a 
cathode follower stage (see Fig. 1) is given by the 
expression: 

For two EL84 valves triode-connected and paral- 
leled, the output impedance is approximately 50H. 

774 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



Above-chassis view, showing the clean, uncluttered 
layout 

However this only holds good providing the grid, 
anode and screen voltages do not vary with the 
current drawn from the cathodes.1 

Due to the internal resistance of the mains trans- 
former, rectifier and smoothing circuits supplying the 
cathode follower stage, the anode and screen supply 
voltage does vary with the current drawn, and this 
results in an increase in the effective output im- 
pedance. 

Fig. 1. Basic cathode follower 

Circuit Description 
The complete circuit of the power supply is shown 

in Fig. 2. The control grid voltage for V2 and V3 is 
fed from a variable potentiometer VRj. In order 
that the voltage across this potentiometer be main- 

1 The equation Zouj=_1_ is approximate, but is quite adequate 
gm 

for practical work. The output impedance of a cathode follower 
may be expressed as Zoat=where m is gain (and is, normally, 

gm 
close to unity).—Editor. 
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Fig. 2. The circuit of the power supply. R12 connects to pin 3 of V, and Rj to pin 3 of V} 
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VOLTS 

260 
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(6O 
140 
I20 

SO- 
SO 
40 
20 

20 SO 

LOAD CURRENT mA 
Fig. 3. Output voltage/current curves, illustrating the 

regulation provided 
tained as constant as possible, the negative supply 
to the lower end of VR, is shunt stabilised by a 
neon tube Ng, whilst the positive supply to the 
junction of R4, R5 is stabilised by neon tubes Nj- 
N5. As no current is drawn by the grids of V2 and 
V3 the grid voltage is determined purely by the 
setting of VRj.2 

This voltage is decoupled by R9 and C4 to ensure 
there is negligible ripple present. 

The total range of VRj is from approximately 
—50 volts to +260 volts with respect to the negative 
output terminal; this enables V2 and V3 to be com- 
pletely cut off under no-load conditions and to give 
250 volts output under maximum load (75mA). 

The change of output voltage with load current 
is shown in Fig. 3. The output impedance repre- 
sented by the slope of the graph indicates that, even 

2 It might appear that, on striking, neon Ng could pass a relatively 
nigh current until the voltage across C3 was brought down to burning 
level. This point has been checked in practice, however, and it has 
been found that the value and duration of the initial current in N6 after switching on is such as to have negligible effect on the life of 
this neon.—Editor. 

IOO m A Shunt 
AA/W- 

Q O-l 
Milliameter 

220 kn 
bw 

Discharge 
resistor 

Meter series 
resistor for 
250V f.s.d. 

under the worst conditions, the output impedance 
is less than 2500. This is considered quite satis- 
factory for most purposes. 

The output is shunted with a 16fxF capacitor, C5, 
which provides a low dynamic output impedance 
from audio frequencies upwards. A lOMfi resistor, 
Re, is connected across two of the neon tubes to 
reduce the striking voltage of the whole chain. 

The h.t. circuits and l.t. supply are completely 
floating and are not connected to chassis in any 
way, but the mains transformer screen is connected 
to chassis and this is earthed through the mains 
lead and plug. 

Two separate meters are used to indicate output 
voltage and current, but this is not absolutely 
necessary and a suitably scaled milliammeter could 
be switched to perform as a volt or current meter 
as shown in Fig. 4. In this case it would be advisable 
to fit a 220kfi i watt resistor to discharge C5 when 
the unit is switched off. 

The testing of the unit was carried out by con- 
necting various values of high wattage wirewound 
resistors across the output terminals and noting the 
change of output voltage for various load currents. 

Fig. 4. Using a single meter instead of the two shown 
in Fig. 2 

The wiring below the chassis. Lacing the connecting 
wires gives a very neat overall finish 

Construction 
The power supply is built on a 16 s.w.g. aluminium 

chassis 10 x 7-j x 2in deep. The valveholder holes 
were cut with the aid of a chassis punch, and the 
transformer and meter cut-outs were made using an 
Abrafile. 

The front panel of the prototype was of Jin 
aluminium, but 16 s.w.g. with a Jin lip all round 
would have been quite strong enough. 

The chassis normally has a cover of perforated 
aluminium. The component layout is not critical 
and could be changed from that shown in Fig. 5 
to suit a cabinet of different dimensions. Chassis 
and panel dimensions are shown in Figs. 6 and 7. 

Cost 
Using new components throughout purchased at 

normal retail prices, except for the meters which 
were ex-Government surplus, the total cost of the 
prototype amounted to £12. 
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Fig. 5. Component positioning below the chassis 
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Fig. 6. Top view of the chassis, showing drilling dimensions. Holes D are for grommets. Holes F may require different 
diameters for some electrolytic capacitors 
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o 
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11/2" |l/2* Iv2 
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Fig. 7. Dimensions of the front panel 

Components List 
Transformers 

Ri lOOkO 
Ra 47k 2 watt 
Ra 15kO 1 watt 
R4 100kn 
Rs 220k n 
Rfi lOMH 
R? ioon 
Rs loon 
R? lookn 
Rio 4.7kn 
Rn 4.7kn 
Ria lookn 
VRi 2Mn 1 watt carbon, linear 

Capacitors 
Q 16fiF electrolytic 500V wkg. 
Ca 16(jlF electrolytic 500V wkg. 
Cs 40(j.F electrolytic 150V wkg. 
C4 0.5(iF paper 350V wkg. 
Cs 16[xF electrolytic 350V wkg. 

Valves 
Vj EZ81 
Va EL84 
Vj EL84 

Neons 
Ni-Ng Miniature neons—wire ended (Radio- 

spares)* 

Pri. 200-250V; Sec. 300-0-300V 120mA; 
6.3V 3A; 6.3V 1A 
(Radiospares "Hygrade" Mains Trans- 
former*) 

Ta Pri. 200-250V; Sec. 6.3V 1.8A; 6.3V 1.8A 
(Radiospares "Hygrade" Filament 
Transformer*) 

Inductors 
Li 10H 90mA choke 

(Radiospares "Hygrade" Choke*) 
Meters 

Mi 0-100mA f.s.d. 
Ma 0-250V f.s.d. 

Other Components 
Si Single pole on/off toggle switch 
Fi 150mA fuse 
PLi Pilot lamp, 6.3V 0.3A M.E.S. 
Di Silicon rectifier RFC 50A (Radiospares*) 
3 B9A valveholders 
1 fuseholder 
1 pilot lampholder 
4 heavy-duty insulated terminals. 
Tagstrips, etc. 

♦Radiospares components are available only through retailers. 
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The New Duol-Stondoril TV Sets 

PART 13 

Gordon J. King 
Assoc. Brit. I.R.E., M.T.S., M.l.P.R.E. 

In this, the concluding article in our series on 405-625 line 
receivers, the author discusses the latest developments in the 
field of transistorised u.h.f. half-wave and quarter-wave tuners. 
Also described are hybrid receiver principles and u.h.f. aerial 

signal boosters 

IN PART 3 OF THIS SERIES, PUBLISHED 
in the July, 1964 issue, details 
were given of both v.h.f. and 

u.h.f. tuners as found in dual- 
standard sets of that date. Since 
that item there has been considerable 
development in the field of u.h.f. 
transistors. Before the advent of 
u.h.f. television in Great Britain, 
transistors were sometimes found 
in the tuners of 405-line-only re- 
ceivers, particularly in the "all- 
transistor" set of this type. Indeed, 
transistor v.h.f. tuners were des- 
scribed in Part 1 of "Transistorised 
Television Circuits," by the present 
author, published in the November, 
1963 issue of The Radio Constructor. 

Transistors suitable for operation 
up to 1,000 Mc/s are comparatively 
recent additions to the semiconductor 
lists and it is this type of device 
that is now in use in many u.h.f. 
front-ends. Moreover, the v.h.f. 
all-transistor teletuner has under- 
gone a face lift, and circuits some- 
what more advanced than that 
described in the November, 1963, 
article referred to above are now in 
use. In addition, the trend is now 
towards the hybrid dual-standard 
set which features a mixture of 
transistors and valves, with the 
transistors in the tuners and low- 
level signal stages and the valves 
in the power circuits. We shall 
have more to say about these 
receivers later on. 

Firstly, let us look at the new 
transistor v.h.f. and u.h.f. tuners. 
Circuits of these are given in Fig. 
41. These are from a design of a 
hybrid dual-standard receiver by 
Mullard Ltd., and they are shown 
along with the first i.f. amplifier 
stage, so that the switching and 
filter circuits can be appreciated. 

Transistor U.H.F. Tuner 
The u.h.f. tuner employs two 

Mullard AF186 u.h.f. transistors. 
The first of these, TRi, is the r.f. 
amplifier and the second, TRa, 
the self-oscillating mixer (frequency 
changer). This tuner employs tuned 
or resonant half-wave lines instead 
of the more conventional coil 
used in low frequency tuners. 
This kind of tuning was introduced 
in the July, 1964 (Part 3) article 
with reference to valve u.h.f. tuners. 
It may be recalled that short rods 
located in troughs in the tuner 
case serve as half-wave resonators, 
and that tuning over the u.h.f. 
channels is achieved by variable 
capacitors. 

The same basic principle is 
adopted in the new u.h.f. transistor 
tuners, but here the fines or resona- 
tors are sometimes designed for 
quarter-wave working. The rods 
and their tuning capacitors are 
clearly revealed in Fig. 42, which 
shows the inside of the R.G.D. 
u.h.f. teletuner. The quarter-wave 
versions of u.h.f. tuners are remark- 
ably small in size, measuring only 
about 4 x 2| x 1 Jtin. 

Let us now further examine the 
use of lines and resonators. The 
rod in the trough in the u.h.f. 
tuners possesses the characteristics 
of a transmission fine, such as 
coaxial cable. Indeed, coaxial cable 
could be employed for the resonant 
elements, but this is never done 
because it is so easy to produce a 
much more stable and convenient 
line in the tuner proper, as is 
demonstrated by Fig. 42. 

Transmission Lines 
A transmission fine which is 

adjusted in length to suit the fre- 

quency it is required to tune can 
be made to appear electrically 
to the circuit as an ordinary parallel 
tuned circuit, comprising an in- 
ductor and capacitor. With the 
line open-circuit at one end it is 
resonant at J, |, g, and so on, wave- 
length. When one end is short- 
circuited, then it is resonant at 
h i, f, and so on, wavelength. 
Thus, in half-wave tuners of the 
valve or transistor type, the line is 
open-circuit, while in quarter-wave 
transistor tuners it is short-circuited. 

Now, on Channel 33, for example, 
the physical halfwave length is 
in the order of 28 cm. (about 1 lin). 
Obviously, a fine this length could 
never be used in a tuner. Fortunate- 
ly, the fine can be shortened a 
great deal to exhibit an electrical 
halfwave length. This is possible 
because a length of open-circuit 
fine which is less than one-quarter 
wavelength is equivalent to a capaci- 
tor. Thus, if a length is cut off 
each end of a physical halfwave 
line it can be made up by a capaci- 
tance. Of course, the end bits cut 
off must be less than one-quarter 
wavelength, since the whole fine 
is only half a wavelength! 

This is what is done in resonant- 
line tuners. The capacitance at one 
end of the cut-down fine is formed 
by the variable capacitor and that 
at the other end is formed by the 
collector capacitance of the tran- 
sistor (or valve anode capacitance), 
plus a trimming capacitor. Although 
the electrical length of the fine 
remains half a wavelength, the 
physical length is reduced to some- 
thing like 5 cm. 

This method of line loading makes 
it easily possible to vary the electrical 
length of the line simply by making 
the end loading capacitance variable. 
This, of course, is what is done in 
commercial tuners, each section of 
the tuning gang representing the 
far end loading of the line. 

Quarter-Wave Resonant Line 
A quarter-wave resonant fine 

can be handled in a similar manner. 
In this case, however, one end of 
the fine must be short-circuited. 
This is accomplished in practice 
by the inner conductor of the fine 
being electrically connected to the 
trough, or effective outer conductor 
of the fine. In effect, then, the 
"hot" end of the fine is cut down 
and replaced by capacitance. The 
capacitance here is composed of 
the collector capacitance of the 
transistor, plus the capacitance of 
the tuning gang and trimmer capaci- 
tance (along, of course, with circuit 
strays). 

In a practical quarter-wave tran- 
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standard receiver 

sistor tuner the physical length of 
the lines is reduced to something 
like 3 cm. It should now be made 
clear that although transistor u.h.f. 
tuners are designed around both 
half-wave and quarter-wave lines, 
the counterpart using valves is 
always designed around the half- 
wave line. 

It is not feasible with valve 
circuits to adopt the quarter-wave 
line principle because the line must 
include the lead in the valve con- 

necting to the anode electrode, 
and the substantial length here 
generally means that the line proper 
is too short! The much smaller 
dimension of the transistor electrode 
and the fact that the collector 
connecting lead can be made very 
short means that the actual line 
section in quarter-wave transistor 
tuners predominates. The quarter- 
wave design thus becomes possible. 

The u.h.f. tuner in Fig. 41 is 
of the half-wave type. Here it 

will be seen that the four main 
lines are tuned by four sections of 
a ganged tuning capacitor. The 
gang sections load the far ends 
of the lines, while the ends nearer 
to the collector circuits are loaded 
mainly by trimming capacitances. 

Both transistors in Fig. 41 are 
arranged in the common-base con- 
figuration, with the signal applied 
to the emitter circuit and taken 
from the collector circuit. The 
bases are earthed for r.f. by C10 
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and C21. From the signal point of 
view, this tuner is equivalent to the 
valve half-wave tuner described in 
Part 3 of this series (July, 1964, 
issue) and illustrated in Fig. 11 
on page 844. It is interesting to 
compare the two circuits and see 
how the transistors are used to 
replace the valves. Indeed, one 
early experimental transistor half- 
wave tuner was based on an existing 
valve tuner, the valves simply being 
replaced by transistors and the 
component values altered according- 
ly. Thus, the functioning of the 
signal path and coupling arrange- 
ments can be gleaned from the 
earlier article, it not being intended 
here to describe the whole process 
all over again. Further information 
can be obtained from the "In Your 
Workshop" article in the December, 
1964 issue of The Radio Constructor, 
pages 327 to 333. 

For the sake of completeness, 
the circuit of a quarter-wave tran- 
sistor tuner is shown in Fig, 43. 
This is a tuner designed by the 
German R. E. Hopt Company and 
incorporating Siemen AF139 u.h.f. 
transistors. It will be seen that 
the lines are short-circuited at one 
end and that, at the other end, 
they are loaded by the tuning 
capacitors and trimmers. 

Image Rejection 
A difference between the quarter- 

wave and the half-wave tuner is 
that in the latter a four-gang tuning 
capacitor is employed, while only 
three tuned sections are used in 
the quarter-wave tuner. Some quar- 
ter-wave tuners however do employ 
four-gang tuning. Half-wave valve 
tuners started off with three tuned 
sections, but in view of possible 
second channel (image) interference 
problems, the design was changed 
to four tuned sections to give an 
image rejection ratio in the order 
of 53dB minimum. With half-wave 
tuners it was found necessary to 
use four tuned circuits, as with 
three the image rejection ratio 
was below the recommended mini- 
mum value. 

With quarter-wave transistor 
tuners, however, it was found that 
the minimum 53dB rejection ratio 
could be achieved with three tuned 
circuits only. In the u.h.f. bands 
image rejection is an important 
consideration, as was explained in 
Part 3 of this series, on page 844. 

A typical laboratory specification 
for a quarter-wave u.h.f. transistor 
tuner is as follows. Power supply 
12V and 6mA, coverage Channels 
21 to 68 inclusive (470 to 854 
Mc/s) for 180° spindle rotation. 

power gain 19.5dB at 470 Mc/s 
and 21dB at 854 Mc/s, average 
voltage gain 34dB, average noise 
7.5dB at 470 Mc/s and lldB at 
854 Mc/s, rejection i.f. and image 
respectively 50dB and 55dB, and 
oscillator radiation (i.e., oscillator 
signal at aerial terminals) 45(fV 
at 470 Mc/s and 200[j-V at 854 
Mc/s. 

In the circuit of Fig. 43 the 
transistors are arranged in the 
common-base mode, with Cu and 
C7 "earthing" the bases. The 
aerial signal is applied to the 
emitter of the r.f. amplifier, TRj, 
and the collector of this transistor 
is loaded by the first tuned line. 
A second tuned line is bandpass- 
coupled to the first and, from this, 
the signal is coupled to the flatly 
tuned loop in the emitter circuit 
of the frequency changer transistor, 
TR2. The third tuned line is as- 
sociated with the local oscillator. 

_ 

. 

mm 

-5 

Fig. 42. Insidef view of the 
transistor u.h.f. tuner used in 
R.G.D. receivers. Note the 
tuned lines located in troughs 

Signal at i.f. is extracted from the 
collector of the frequency changer 
via L7, and is tuned by 1,6, at 

+ R.F Oscillator + E- 
Amplrfier 
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Fig. 43. Circuit diagram of the quarter-wave tuner by R. E. Hopt of West 
Germany. This firm also produces a composite v.h.f. u.h.f. transistor tuner 
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Fig. 44. The 625-line "Tele- 
booster" by Gordon J. King, 
This uses a totally enclosed 
cavity in which is loaded a 
quarter-wave resonator. The 
model shown is for set-top 
mounting and is complete with 
battery. Consumption is about 

1.5mA 

which point it is coupled to the 
i.f. amplifier strip in the set, via 
filter Lg. 

Composite Tuners 
Tuners employed in British dual- 

standard receivers differ a little in 
detail from the continental version 
shown in Fig. 43, but the basic 
principles as outlined are the same. 
It is interesting to note that Messrs. 
R. E. Hopt (KG, Rottweil, West 
Germany) have now developed a 
composite v.h.f./u.h.f. tuner. Model 
260-50, which embraces Bands I, 
III, IV and V; so it is likely that at 
a later date we may see tuners of 
this nature in British sets, for at 
the time of writing the British 
composite tuner has not been 
officially announced. 

The v.h.f. tuner in the Mullard 
hybrid circuit of Fig. 41 is of 
conventional design. Use is made 
of the latest Mullard v.h.f. tran- 
sistors, the AF180 and the AF178. 
The first transistor, TRs, is the 
r.f. amplifier, the second, TR4, 
the mixer and the third, TR5, the 
local oscillator. 

Tuners of this nature were dealt 
with in the November, 1963 issue of 
The Radio Constructor, in the 
reference already given. They can 
be either of the switch-type or of 
turret design. Both types are 
currently employed. 

After filtering, in the manner 
described earlier in this series, the 
tuners of Fig. 41 are terminated 
at changeover switch section Sib, 

the selected tuner being then coupled 
to the base of the first i.f. amplifier, 
which employs fixed neutralisation. 
The various tuned circuits here 
have their resonant frequencies in- 
dicated alongside them. They can 
thus be related to the response 
characteristics detailed in Part 4 
of this series (August, 1964, issue). 

While a number of sets at the 
time of writing employ the hybrid 
principle to the extent of using a 
transistorised u.h.f. tuner, the true 
TV hybrid is not yet in the shops. 

Before concluding this series, 
mention must be made of the desir- 
ability of using transistors in the 
first stages of the receiver. A well 
designed transistor front-end, par- 
ticularly on the u.h.f. channels, 
has a noise figure several decibels 
below that of a valve tuner. From 
the practical aspect, this means that, 
for a given noise level on the picture, 
a set with a transistor tuner will 
work on about 20 to 30% reduced 
signal level. This is highly desirable 
on the u.h.f. channels where the 
signal can be greatly attenuated 
by buildings, trees and so forth, 
even relatively close to a station. 
In other words, a transistor u.h.f. 
tuner endows the set with an 
improved value of usable sensitivity. 
All this, because a good u.h.f. 
transistor in a well designed circuit 
produces less noise than a valve. 

Signal Boosters 
The noise advantage of v.h.f. 

and u.h.f. transistors has been 
exploited in recent months in terms 
of aerial signal boosters, both for 
the v.h.f. and u.h.f. channels. 
Boosters for set-top and mast-head 
mounting are commercially available. 
The author has had a great deal 
to do with the development of this 
type of unit, and one of his designs, 
which may interest readers, is 
shown in Fig. 44. This differs a 
little from conventional boosters 
in that it employs a fully-enclosed 
cavity in which is loaded a quarter- 
wave resonator. The booster can 
be mounted either at the masthead 
(for which special clips and powering 
facilities are available) or at the 
set-end of the downlead. The boost 
is around 12 to 14dB on any required 
channel. 

Other boosters are made by 
Belling & Lee Limited. Indeed, 
this was one of the first firms to 
make a commercial masthead v.h.f. 
transistor amplifier. Teleng Limited 
was also early in the field. Labgear 
Limited is another firm manu- 
facturing boosters, and most of the 
firms originally specialising in valve 
amplifiers (and others) are now 

marketing transistor boosters of one 
kind or another. 

The i.f. channel of the Mullard 
design for a hybrid receiver uses 
two Mullard AF181 and one Mullard 
AF179 transistor. The first AF181 
is, in fact, TRg in Fig. 41. This 
has a negative-going a.g.c. potential 
applied to its base. The final 
transistor in this channel operates 
into a switched (405/625) vision 
detector circuit. 

The sound i.f. channel (switchable 
to 6 Mc/s intercarrier, or the 38.15 
Mc/s 405-line i.f.) also uses tran- 
sistors—a pair of AF115's. This 
section is switched into a ratio 
detector (for 625 lines) or an ordin- 
ary a.m. diode and noise limiter 
(for 405 lines). The sound amplifier 
also uses transistors. There are 
four in a transformerless comple- 
mentary output stage, using two 
p-n-p type and two n-p-n type. 
This follows conventional design 
and feeds into a 25 fl speaker. 

A transistor is also used in the 
a.g.c. circuit, and to ensure that the 
sound comes on immediately the 
set is switched on, the a.g.c. control 
potential is derived from a point 
preceding the video amplifier. If 
it were derived after the video 
amplifier, the sound channel would 
be overloaded until the video valve 
warmed up. 

The output from the final i.f. 
stage is rectified by a semiconductor 
diode and the mean level of the 
resulting positive-going output is 
coupled to the base of the a.g.c. 
amplifier. Under zero signal condi- 
tions this transistor is bottomed. 
On signal, however, the transistor 
swings from its bottomed state and 
thus provides a suitable output 
for the controlled stages. 

The receiver circuit uses valves 
in the video amplifier (as already 
intimated), the black-level correction 
circuit, the sync pulse detector 
circuit, the phase detector for 
the line sync, line oscillator, the 
line output, the booster diode, 
the e.h.t. rectifier, the vertical 
oscillator and the vertical output 
stages. Silicon diodes are employed 
for valve and transistor power 
supplies. 

By using valves and transistors 
in a hybrid circuit, the total power 
consumption of the receiver is 
reduced from an all-valve typical 
value of about 160 watts to about 
95 watts. Instead of a mains 
dropper, the heaters are fed from 
tappings on an autotransformer, 
from which source suitable voltages 
are derived for the transistors. 

( Conclusion) 
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TRADE REVIEW . . . 

The Goldenoir "Thirty" High Fidelity Amplitier 

The Goldenair range of amplifiers marketed by Sona 
Electronics Company of Briggate House, 13/14 Albion 
Place, Leeds, 1, includes the "Thirty" high fidelity 
amplifier shown herewith. This particular equipment has 
been specially designed for use in large halls, theatres, 
schools and clubs, and for public address work or home 
hi-fi applications. 

Independent bass and treble controls provide adequate 
lift and cut, making the unit suitable for long-playing 
records. Negative feedback is employed with 20dB feed- 
back in the main loop. 

Six Mullard valves are employed in the circuit, these 
being two EF86 low noise a.f. voltage amplifying pentodes, 
one ECC83 double-triode phase splitter, two EL34 
output pentodes and a GZ34 full-wave rectifier. 

A specially wound output transformer is used with the 
two EL34 push-pull output pentodes. 

A heavy duty double-wound mains transformer is 
employed with the GZ34 rectifier, this giving complete 
isolation from the a.c. mains supply. A very high level 
of smoothing is given, the output of the power supply 
being virtually ripple-free. 

A well ventilated protective cover can be provided 
for the unit if required, this being available at 21s. The 
approximate size of the amplifier is 12 x 9 x Sin. 

A polished black control panel is fitted to the amplifier, 
the panel being distinctively marked with control 
indications set in gold relief. 

The performance figures given by the manufacturers 
are as follows: frequency response ±2dB from 25 to 
20,000 c/s; bass control i^dB at 50 c/s; treble control 
J-^dB to ibdB at 12,000 c/s; hum and noise level 70dB 
down; sensitivity 12 millivolts for full output, thus 
making the amplifier suitable for use with any type of 

il? 

i 

microphone or pick-up. It is intended for a.c. mains 
operation at 200-230-250V, 50 c/s, power consumption 
being ISO watts approx. 

The Goldenair "Thirty" amplifier is covered by the 
usual Goldenair full guarantee for 12 months. Suitable 
loudspeakers can be provided. The amplifier, less cover 
and speaker, is priced at 16 gns., hire purchase terms 
being available if required. Carriage anywhere in the 
U.K. is 15s. 

THE FRIENDLY BAND 
Our heading refers not only to a well known aspect of the 160 metre amateur band but also to the many bands (nets) 

of amateur transmitting stations which habitually transmit over these frequencies. Many of these nets operate to time 
schedules known to the local listeners who include SWL's, local club members, the Dads, the Mums, the Aunts, the Uncles 
(including Naughty Uncle!), the relatives, the friends and the elderly. Additionally, of course, there are the lonely 
and the sick always, alas, amongst us. 

Many of the transmitting fraternity, when joining the net, often refer by name or implication to such people, 
proffering cheerful advice or comfort and thereby bringing in, as it were, the "outsiders" into the contact—often 
making their day and their lot just that much easier to bear. 

One of the many groups currently operating is that in the Medway area of Kent and, during a recent listening 
session, our General Editor heard GSVZ (W. Birchall) read out an ode sent to him by an unknown SWL. We thought 
it so typical of the atmosphere surrounding Top Band that we reproduce it herewith. 

ODE TO THE AMATEUR TRANSMITTERS 
Each morn at ten you'll find 'em, In fact it does a power of good. 
Calling on Top Band. To all the sick and lonely. 
They are a jolly bunch of lads. So carry on—you Bills, 
The best that's in the land. Don't think its all baloney. 
"The Bills", there's Six, Five. Four and Zero. There's L.U.G. and R.Z.U. and T.X.S. and "you know who". 
All with time to spare, There's George's clock that goes tick-tock, 
To think of all the listeners. But never goes cuckoo. 
You wouldn't think they'd care. 

We also hear from Basil and Alan T.C.I., But no! Each day they read a list. There's S.K.E. and Dot and Vernon and Ray that's T.S.I.. 
As long as any arm, There's "Reggie-Boy"—old E.G.J. of Little Thurrock Fair, 
Of cheery greetings to all and sundry. And lots of others you will find. 
It can't do any harm. If you just listen on the air. 
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RADIO TOPICS . . . 

Recorder 

IT WAS IN 1948 THAT THE BELL 
Telephone Laboratories in 
America announced the appear- 

ance of the first point-contact tran- 
sistor. And what fantastic changes 
have occurred in the world of 
electronics since that now-ubiquitous 
little device first saw the light of day! 

Some years were to pass, after 
1948, before transistors came to be 
generally used by home-constructors 
in this country, and it wasn't until 
1953 or so that the first amateur 
designs began to filter through into 
the pages of the technical press. 
Including, notably, this journal. 

Early Days 
An early transistor loudspeaker 

receiver featured by The Radio 
Constructor was the "Transistor- 
ette". This was designed by the 
redoubtable G. A. French of Sug- 
gested Circuit fame (and who, at 
that time, had only reached Sug- 
gested Circuit No. 63!) and it was 
described in the February 1956 and 
subsequent issues. This receiver 
employed three early S.T.C. junction 
transistors, two type TJ2 and one 
type TJ3, and even these were 
superseded by types TS2 and TS3 as 
the articles went through the process 
of preparation for the printer. The 
prototype of the receiver was just 
finished in time for the 1955 Radio 
Show at Earl's Court and it was 
exhibited on the Standard Tele- 
phones and Cables stand. It was the 
only transistor loudspeaker receiver 
at the Show! 

For those of us who cut our teeth 
on 2-volt filament valves like the 
HL2 and PM2, the first transistors 
opened up fantastic new visions. 
To obtain one of these tiny little 
devices and get it to amplify or 
oscillate without even thinking about 
a heater or filament supply was, to 
us, an amazing experience. Tran- 
sistors are, of course, completely 
commonplace these days but they 
were like little bits of magic when we 
first got our hands on to them. I 
remember my own very first experi- 
ments, these being also with some of 
those early S.T.C. transistors. To 
get the "feel" of the manner in 
which they operated I inserted a 
meter and series resistor in the 
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collector circuit and watched, almost 
disbelievingly, the collector current 
increase as the base current went up. 
It sounds a trifling enough effect 
now, but at the time it had me 
completely absorbed. 

Nowadays, like most other people 
in the radio game, my outlook has 
shifted through 180° and I look upon 
the transistor as the first choice for 
any job that requires doing, and the 
valve as second choice. Whenever 
I have to knock up an electronic 
gadget my immediate reaction is to 
see what transistors I have in stock 
or can buy cheaply, and to check 
with the manufacturer's information 
to see if they'll cope at the voltages 
and currents involved. If they do, 
all well and good, and that's another 
job sorted out. If they don't and I 
have to use valves, I give a mental 
groan as I visualise the business of 
having to hack out chassis holes for 
the valveholders, wire up all the 
heaters, think about 200-volt h.t. 
supplies instead of a nice convenient 
PP9 battery, and finally end up with 
a bit of gear which needs great bulky 
valves all dissipating heat like 
miniature electric fires. 

I'm beginning to feel that we 
should stop employing the term 
"transistorised" to describe equip- 

J. 

The Vitavox Multi-Zed Ml 00 
microphone complete with its 
flexible stem. An in-built 
transformer provides four output 

impedances 

ment which uses transistors instead 
of valves. Instead, it should be 
"valvised" to define equipment 
which differs from the norm by not 
using transistors. On second 
thoughts, though, it may be better 
to leave the term in circulation if 
only for those people who, like 
myself, have become fully converted 
from valves to transistors. It's us 
who are transistorised! 

Multi-Impedance Microphone 
One way of overcoming micro- 

phone matching problems is solved 
very neatly in the new Vitavox 
multi-impedance microphone which 
appears in the accompanying photo- 
graph. This incorporates its own 
line matching transformer, and a 
simple screw adjustment enables one 
of four output impedances to be 
selected. These are 250, 2000, 
lOktl and "High", and this wide 
range provides accurate matching 
with any normal valve or transistor 
input circuit. 

The microphone, which is known 
as the Multi-Zed model Ml00, is a 
dynamic (i.e. moving-coil) unit, and 
is finished in black satin with a 
flexible stem in chromium plate. 
The complete weight is 17 oz. A 
frequency response of 50 to 15,000 
c/s±3dB is claimed, and the micro- 
phone is supphed with 9ft of screened 
cable in a container which offers full 
protection. 

The Multi-Zed Ml00 is manu- 
factured by Vitavox Ltd., Westmore- 
land Road, London, N.W.9 (COLin- 
dale 8671), from whom any further 
information may be obtained. 

Political Colour 
It's a pity that the choice of 

European colour television systems 
went political. France and the 
U.S.S.R. have, of course, agreed to 
use the French SECAM system, 
their decision being taken in advance 
of the Vienna meeting of the Inter- 
national Radio Consultative Com- 
mittee (C.C.I.R.) which was called to 
discuss the question of which colour 
system should be adopted as a 
standard in Europe. 

It is ironical that two of the three 
competing systems, SECAM and 
PAL, are developments of the 
original American N.T.S.C. system. 
Since the N.T.S.C. system sends out 
hue information by phase modulating 
the chrominance sub-carrier, shifts in 
phase throughout the system from 
studio camera to receiver can result 
in a change in hue in the reproduced 
picture. To overcome this problem 
phase shifts at the transmitting end, 
including long distance links for 
network operation, have by now 
been reduced to very low propor- 
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tions, but it is still necessary for an 
N.T.S.C. receiver to have a hue 
control to take up any remanent 
phase shifts which may occur in the 
system. This control shifts the phase 
of the colour burst frequency fed to 
the receiver phase discriminators and, 
therefore, counteracts any phase 
shift which may occur in the signal 
after it leaves the studio. The hue 
control in current American N.T.S.C. 
receivers appears to offer a fairly 
wide range. It is most convenient 
to adjust it so that flesh colours 
(peoples' faces) appear natural, and 
present-day hue controls have a 
range which can cause flesh tones to 
have a greenish shade at one extreme 
and a purplish shade at the other. 
It is possible that a change in trans- 
mitter networking, or a change in 
receiver channel, may necessitate a 
readjustment of this hue control. 

With SECAM the colour informa- 
tion is sent sequentially, one line 
carrying one set of information 
(actually the R-Y red colour- 
difference signal) and the other 
carrying the complementary set of 
information (the B-Y blue colour- 
difference signal). Errors in hue 
presentation due to phase shift in 
the transmission and reception sys- 
tem cannot therefore occur, and a 
SECAM receiver does not require a 

Full protection for the Multi-Zed 
microphone is provided by a 

carefully designed container 
hue control. Nor, also, does a PAL 
receiver. The PAL system is rather 
similar to the N.T.S.C. system 
except that the phase of the colour 
signal is reversed on alternate lines. 
In consequence, errors in phase 
move in opposite directions on 
alternate lines, and may be averaged 
out at the receiver. 

Great play has been made of the 
advantages incurred by the lack of 
a hue control in SECAM and PAL 
receivers, and it certainly has to be 
admitted that this is a most im- 
portant point. However, quite a 
little bitterness has crept into the 
controversy recently, as was exem- 
plified by a series of SECAM 
advertisements in New Scientist 
showing, in grossly exaggerated 

form, a frantic colour television 
viewer with hands gyrating frenzied- 
ly. The inference is that this is a 
result of continual adjustments of 
the hue control of his N.T.S.C. 
receiver. It does seem a shame that 
what should be an objective ap- 
proach to the colour TV problem is 
beset with extravagances of this 
nature. 

One has to have a wry chuckle, 
nevertheless, over the sarcastic inter- 
pretations which have been going the 
rounds for the initials which make 
up the system names. (Such inter- 
pretations always seem to arise when 
letter-initial names are coined, and 
it was only the other day that I was 
told that LASER stands for "Lolly 
Acquisition Scheme for Expensive 
Research"!) The meaning of PAL 
is (somewhat cornily) "Pray And 
Learn", whilst that of N.T.S.C. 
(bashing away once more at that hue 
control) is "Never the Same 
Colour" or "Never Twice the Same 
Colour". The one for SECAM is, 
I think the wittiest. SECAM stands 
for "Supreme Effort Contre les 
Americains" i.e. "Supreme endea- 
vour against the Americans". 

At the time of writing I don't 
know the final outcome of the colour 
battle. But I still think it's a pity 
that the politics crept in. 

NEW PLUMBICON/VIDICON TV CAMERA 
A new all-transistor television camera which uses a Plumbicon or a vidicon pick-up tube is announced by EMI 

Electronics Ltd. 
Weighing only 401b (18kg), camera type 208 is fitted with an integrated 10:1 zoom lens and produces broadcast 

quality television signals on 405, 525 and 625 line standards. The standard in use can be changed simply by pressing 
a switch on the control panel A 7in electronic viewfmder is fitted. Camera type 208/1 is an alternative version 
designed for fully remote operation. 

Maintenance and accessibility are facilitated by the extensive use of plug-in printed circuit sub-units. 
One version of the camera control unit is mounted in a standard 19in rack for studio use. Another is fitted into 

a portable case for outside broadcasts. 

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 
0 VALVE EXPERIMENTS 0 SQUARE WAVE GENERATOR 0 SIGNAL TRACER 
0 BASIC AMPLIFIER 0 SIMPLE TRANSMITTER 0 BASIC COMPUTER CIRCUIT 
0 BASIC RECTIFIER 0 TRANSISTOR EXPERIMENTS 0 BASIC RADIO RECEIVER 
0 PHOTO ELECTRIC CIRCUIT 0 BASIC OSCILLATOR 0 MORSE CODE OSCILLATOR 
9 TIME DELAY CIRCUIT 0 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, for Free Detoi/s without obligation, to address below 

POST 

NOW ♦ 

To RADIOSTRUCTOR, Dept. K3, READING, BERKS. Please send free details of your electronics kit set to: 
NAME          
ADDRESS    

 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.R.E. Official Journal 2s. post free.—Secretary, 
Dept. D, 32 Kidmore Road, Caversham, Reading, 
Berkshire. 

SERVICE 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 modem finish for 
electronics. Can be BRUSHED or sprayed. Blue 
or Silver. 2i oz tins 3s. 6d., post 8d., J 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, Stocksfleld, 
Northumberland. 

LAFAYETTE "INTERNATIONAL" TAPE. Example: 
7" 2,400ft Polyester, 22s. 6d. P. & P. 2s. Wide 
range. S.A.E. list.—Leda Tapes, 27 Baker Street, 
London, W.l. 

FOR SALE. Teleprinters 7B complete from £5. Also 
auto-transmitters, reperforators, signalling rectifiers, 
etc. from—Wilham Batey & Co. (Exports) Ltd., 
77 Akeman Street, Tring, Herts. Please ring Tring 
3476. 

TO CLEAR. VT62 (VHP triodes), 807, 830B, 801, 
5R4GY, 6B4G, 12AT7, 6AT6, 6AG5, EB91, DL92, 
ECC82, DK81, IS5, 1625, EF40, EF92, 114, FT .91. 
All at 3s. 6d. post paid. Labgear DSL/4 push-pull 
P.A. coils for 80 and 20 metres, plug-in, with base 
and link and split-stator variable capacitor to match. 
30s. plus postage.—Box No. F231. 

MULLARD TRANSISTORS & DIODES. OC45, 
OC7I, OC76, OC81, OC81D, OC84, 3s. OC75, 
3s. 6d. OC81, OC84 pairs, 6s. OC35, 7s. 6d. OA70, 
OA79, OA81, OA96, Is. 3d. Texas 2G344a, 3s. 
MA393, 3s. 6d. 1S100, 2s. 3d. G75D, 2s. 3d. ZR31C, 
ZR31CR, 15s. All post paid.—Radio Constructor's 
Centre, 363 Westborough Road, Westcliff-on-Sea, 
Essex. 

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. 
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BENTLEY ACOUSTIC 

CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
IL4 2/3 6X5 5/3 IRS 4/- 6/30L2 9/- IS4 5/- 9BW6 9/6 IS5 3/3 I0CI 9/9 IT4 2/3 I0C2 12/- 2D2I 51- I0FI 10/- 3D6 3/9 I0FI8 9/9 3Q4 5/3 I0LDI 1 9/6 3Q5 6/9 I0PI3 8/3 3S4 4/9 I0PI4 11/6 3V4 51- I2AH8 10/9 5Y3GT 4/9 I2AT6 4/6 5Z4 7/6 I2AU6 5/9 6AQ5 5/9 I2AV6 5/9 6AT6 3/9 I2BA6 5/3 6AU6 5/9 I2BE6 4/9 6AV6 5/6 I2BH7 6/- 6BA6 4/6 I9AQ5 7/3 6BE6 4/3 20DI 10/- 6BH6 5/3 20F2 11/6 6BJ6 5/6 20LI 12/6 6BQ7A 7/6 20PI 12/6 6BR7 8/3 20P3 12/- 6BR8 8/- 20P4 13/3 6BW6 7/6 20P5 12/3 6CD6G 18/- 30CI8 8/9 6CH6 51- 30F5 7/3 6FI 9/6 30FLI 9/3 6J7G 4/6 30LI5 9/6 6K7G 1/3 30P4 12/- 6K8G 3/3 30PI2 7/6 6LI 10/- 30PI9 12/- 6L6GT 7/3 30PLI 9/3 6Lt 8 10/- 30PLI3 10/6 6LD20 5/6 35W4 4/6 6Q7G 4/- 85A2 6/6 6SL7 5/3 5763 7/6 6SN7 4/- AZ3I 6/6 6V6G 3/6 DAF96 6/- 6X4 3/9 DF96 6/- 

DK92 DK96 DL96 DM70 DY86 DY87 E88CC EABC80 EAF42 EB9I EBC33 EBC4I EBC8I EBF80 EBF83 EBF89 EBL2I EC92 ECC40 ECC8I ECC82 ECC83 ECC84 ECC85 ECC88 ECCI89 ECF80 ECF82 ECF86 ECH2I ECH35 ECH42 ECH8I ECH83 ECH84 ECL80 ECL82 ECL83 ECL86 EF37A 

8/- 6/6 61- 51- 6/6 7/6 10/- 5/9 7/9 2/3 61- 71- 5/9 5/9 7/3 61- 10/3 6/6 71- 3/6 4/6 4/6 5/6 5/9 8/9 11/6 7/3 6/3 11/6 91- 61- 8/- 5/9 6/6 9/6 5/9 6/6 8/9 8/- 7/- 

EF40 EF4I EF80 EF83 EF85 EF86 EF89 EF9I EF92 EF97 EF98 EFI83 EF184 EL33 EL34 EL36 EL4I EL42 EL83 EL84 EL85 EL86 EL95 ELL80 EM34 EM7I EM80 EM8I EM84 EM85 EM87 EY5I EY8I EY83 EY84 EY86 EY88 EZ40 EZ4I EZ80 

8/9 6/6 41- 9/9 4/6 6/6 41- *1- 2/6 10/- 9/9 7/3 7/9 6/6 9/9 8/9 71- 7/9 6/9 4/6 7/6 7/3 5/6 13/6 11/6 15/6 6/3 
71- 6/9 8/9 7/6 5/6 7/3 9/3 9/6 5/6 8/9 5/3 6/3 3/9 

EZ8I 4/3 HABC80 9/3 KT66 12/3 N339 25/- PABC80 6/9 PC86 10/3 PC88 9/6 PC95 6/9 PC97 6/9 PCC84 5/6 PCC85 6/9 PCC88 10/6 PCC89 8/6 PCCI89 10/6 PCF80 6/6 PCF82 61- PCF84 8/6 PCF86 8/9 PCF80I 10/- PCF802 10/- PCL82 6/6 PCL83 9/6 PCL84 7/6 PCL85 8/6 PCL86 PL36 

U25 U26 U31 U191 U282 U30I U329 U404 U80I 

PL38 PL8I PL82 PL83 PL84 PM84 PY33 PY80 PY8I PY82 PY83 PY88 PY800 PY80I 

8/9 91- 16/- 6/9 51- 61- 6/3 9/3 8/9 4/9 51- 4/9 5/6 7/3 5/9 7/6 

8/6 7/6 6/6 9/6 12/3 
II/- 91- 61- 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 UL4I UL84 UM80 UY2I UY4I UY85 

6/9 4/9 6/3 6/9 91- 5/6 71- 5/6 8/3 7/9 51- 4/9 VP4B 12/- X4I 10/- X78 20/6 
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 of 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. 

SOLON 

GETS THINGS 

TOGETHER 

FOR 

GOOD 

i 
b/ 

SOLON ELECTRIC SOLDERING 
IRONS are made by AEI. Seven models 
suitable for all soldering jobs. The 15 
and 25 watt for radio work, the 65 watt 
for heavier duties. All parts are replace- 
able. Prices from 24/8, 

SOLOli 
TRADE MARK 

from your radio or 
electrical supplier. 
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 Design   

and Construction of 

Transistor Superhets 

  R. H. WARRING   

Essentially this book is intended for those 
who want to make their own superhets 
rather than just read about them, although 
it contains a wealth of information to interest 
all radio enthusiasts. It deals with the 
construction of typical proven designs and 
is based on the latest available data, including 
the use of transfilters, transistors, and 
printed circuits. 

Illustrated 17/6 

MUSEUM PRESS 
26 Old Brompton Road London SW7 

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. 
TRANSISTORS 
ACY20 6/6 ASY50 2/4 OC26 25/- 2N320 4/8 ACY22 6/- ASZ2I 19/6 OC44 8/3 2N508 5/4 ACY27 3/9 AUYI0 471- OC7I 6/6 2N525 6/0 ACY30 5/9 BFYI7 19/- OC8I 8/- 2N696 15/3 ACY34 3/9 BSY95 9/9 OCI39 12/- 2N706 13/6 ACY35 41- BUYI0 42/- OCI4I 31/- 2N708 19/3 ACY36 4/9 C1 1 1 18/9 OCI7I 91- 2NI304 6/9 AFI02 27/6 GET872 5/- PT887 65/3 2NI305 6/9 AFI14 II/- NKT72 8/3 2G302 5/8 2N1395 23/3 AFI39 28/11 NKT73 8/- 2G37I 41- 2N26I3 6/5 AFYI9 42/6 OC24 29/- 2G38I 41- 2N2711 7/7 AFZI2 26/6 2N395 3/10 2G4I4 7/3 2N2926 6/5 2N3053 13/6 Data will be supplied with devices, on request. OC45M 5/- 
DIODES AND RECTIFIERS 
(Tunnel Diodes—To Order. Quote Type.) AAZI5 41- GEX66 15/- OAZ205 9/6 IN65 2/2 AAZI7 3/6 GEX9-46 5/10 OAZ207 10/6 IN536 4/9 BY 100 11/6 OA9I 2/6 SXI I 12/6 IN2858 4/- BYZI3 i 1/6 OA95 2/10 MGD40 2/2 
POWER TRANSISTOR SOCKETS 
Ideal for experimental circuits, or for transistor testers. TO-3 type, l/l I 
TRANSISTOR HEAT SINKS 
TO-5 type 5/6 each. TO-18 type 5/6 each. 
RESISTORS 
i- Watt Tolerance 10%. Normal Preferred Values. 5 ohms to 22M ohms, i Watt Tolerance 10%. 6d. each. 
MAIL ORDER ONLY. TERMS: C.W.O. 
6d. stamps with all enquiries please. 
Please add 9d. to cover Postage and Packing, on all orders less than £2. 

M. R. CLIFFORD & CO. 
66 OLD OSCOTT LANE, BIRMINGHAM, 22A 

THE DUCHESS OF KENT 

PEBMMEMT 

BUILDING SOCIETY 

Member of the Building Societies Association 

ESTABLISHED 1865 

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

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

Shares—all interest accrues monthly 
WITHDRAWALS AT SHORT NOTICE 

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

this is paid by the Society) 

FOR FURTHER INFORMATION APPLY TO 

DUCHESS OF KENT 
PERMANENT BUILDING SOCIETY 

103 Cannon Street London EC4 
Telephone MANtion House 8011 

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

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

Address    

(Please use Block Capitals for both name and address) 
■■ R.C. 
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SMALL ADVERTISEMENTS 

continued from page 787 

FOR SALE. Small 4 watt amplifier for mic. or record 
player. 230V ax. 5 x 5 x 6in, £3 plus carriage. E.D. 
single channel R/C transmitter, 27 Mc/s, £3 plus 
carriage. Co-ax. switch, type 10FB-1363, 15s.— 
Box No. F233. 

FOR SALE. AF186, 27s. 6d. each and other components 
for B.B.C.2 pre-amplifier. 3d. stamp for details.— 
John Williams Electronics Ltd., 176 Hagley Road, 
Halesowen, Birmingham. 

SALE OR EXCHANGE. Cine film photographic 
equipment. Homelab generator. Hunts bridge. 
Radio & TV Servicing—12 volumes. Scantest.—Petts, 
7 Chedworth House, Clapton, London E.5. 

FOR SALE. Labgear transmitting low pass filter 
E.5034, £3. Heathkit Balun coil unit Model B-1U, 
£3. Postage on each extra.—Box No. F236. 

FOR SALE. FSY1, AP.100386 RTTY T.U. plus power 
unit to match. As new £10 plus carriage. Also 
AP.66863 model, £5 plus carriage.—Box No. F237. 

WANTED. Back issues of Radio Constructor, Practical 
Wireless, etc. All letters answered.—Manners, 7 
Neeld Crescent, Chippenham, Wilts. 

FOR SALE. Heathkit Mohican receiver. Factory 
serviced, £25.—Dear, 198 Drake Avenue, Minster, 
Sheppey, Kent. 

BOOKS TO CLEAR: Frequency Modulated Radio, 
1956 (Sturley), 5s.; Practical Television Circuits, 1954 
(Camm), 5s.; Testing Radio Sets, 5th edition (Reyner), 
7s. 6d.; First Course in Television, 1958 (Decibel), 6s.; 
Transmitting Valves, 1951 (Heyboer & Zijlstra), 10s.; 
High Fidelity Sound Reproduction, (Molloy), 7s. 6d.; 
How to Install & Service Auto Radios, 1959 (Darr), 
7s. 6d.; Television Today, 1947 (Norris), 5s.; Introduc- 
tion to TV Servicing, (Swalum & Van der Woerd), 
10s.; Television Receiver Design, 1953 (Neeteson), 
7s. 6d.; Low Frequency Amplification, 1953 (Voor- 
hoeve), 10s. All at less than half price.—Box No. 
F238. 

FOR SALE. Cossor double beam oscilloscope, model 
1049 Mk. IIIA with intensity modulation. Also 
instruction book and service manual. Excellent 
condition. £30—Everest, 61 Oliver Crescent, Faming- 
ham, Nr. Dartford, Kent. 

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., 21s. per annum.—Secretary, 
ISWL, 12 Gladwell Road, London, N.8. 

continued on page 791 

EXCLUSIVE OFFER - V.H.F. RECEIVERS 
Rye RICH 4, 65-100Mc/s, 12 volts D.C. supply 

m 
* 

This is an 11 Valve Double Superhet Receiver, operating on one 
fixed frequency between 65-100 Mc/s, crystal controlled, speaker 
output (housed in control box) using midget valves throughout. 
Supplied in first>class condition with tuning data, circuit diagram, 
and complete crystal formula. Ideal for the 4 meter band (70.2 
Mc/s) offered at only 70/-, post 5/-, or tuned to any requested 
frequency in the above band. Complete with crystal, air tested, 
45/- extra. Control boxes (not necessary), 9/6. 

Rye PTC704, 10(M85Mc/s, 100-250 volts A.C. 

This set uses 14 valves, featuring muting, noise limiter, A.V.C., 
double superhet, speaker output. Operating on one fixed 
frequency between 100-185 Mc/s, crystal controlled, midget 
valves throughout, case front coloured in a very attractive Diminso 
blue. These sets are sold in first-class condition with tuning data, 
circuit, full crystal formula. Few only at 150/-, carr. 10/-, or tuned 
to any requested frequency in the above range, supplied with 
crystal, air tested, 55/- extra. 

J. T. SUPPLY (Dept. F), 38 MEADOW LANE, LEEDS 11 

TO DESIGNERS & CHIEF ENGINEERS 

OSMOR 

SPECIALISE IN WINDING MINIATURE COILS, 
TRANSFORMERS, ETC. OF INTEREST TO BULK 
MANUFACTURERS IN THE INDUSTRIAL FIELD. 

MANUFACTURERS USING UP TO 50 S.W.G. 
WOULD FIND OUR SERVICE ECONOMICAL 
AND RELIABLE. ENQUIRIES APPRECIATED. 

LARGE CAPACITY AVAILABLE 

PLEASE TELEPHONE CRO 5148 
FOR SWIFT ACTION 

OSMOR RADIO PRODUCTS LTD. 
540 PURLEY WAY (£»Gs) 

(Nr. AIRPORT) CROYDON 
CRO 5148/9 
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RADIO 
CONTROL FOR 
MODELS RADIO 

CONTROL FOR 

mohpi Q SHIPS'B0ATS 

lYIV^L^CL-O AND aircraft 

BY F. C. JUDD With sections on 
servo-mechanisms fay RAYMOND F, STOCK 

More than 200 illustrations —circuits, working diagrams, 

photographs & tables. Each page is packed with information 

mm 

192 Pages 

15s. 

This book is basically an amalgamation of "Radio Control for Model Ships, Boats and Aircraft" 
and "Radio Control Mechanisms". Additional material has been added on Multi-Channel 
Operation; Transistorised Radio Control Receivers—Simple and Three-Channel; A Compact 
Efficiency Aerial; Deac Battery Information; Licence Conditions, etc. 

To Data Publications Ltd., 57 Maida Vale, London, W.9 

Please supply  copy (ies) of your publication 
"RADIO CONTROL FOR MODELS" DATA BOOK No. 16 at 15s. 
each, postage 9d. 

RADIO 
CONTROL FOR 
MODELS 

SSI 

NAME   

ADDRESS 

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 

continued from page 789 

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 organisation 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. 

SITUATIONS VACANT 
RADIO OFFICERS (M.N.) COURSES: Full time 

courses for the P.M.G. Certificates of Competence 
in Radiotelegraphy and the Board of Trade Certificate 
in Radar Maintenance will begin in September, 1965. 
Apply to the Principal of the College for full details. 
—Lowestoft College of Further Education, St. 
Peter's Street, Lowestoft, Suffolk East. 

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, AF115, 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, OC35, ORP12, AFY19, 
GET571, BFY17, BSY26, BSY29. 

ZENER DIODES 4.7 volt to 30 volt J watt: 3/6 each, 
1.5 watt, S/- 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 

-|| 

a 

Engineers: could yiy 
you know your way I I 

round a computer? 

An IBM Data Processing Customer Engineer does. 
It's his job to keep data processing installations 
working smoothly. He works with his own custo- 
mers in their offices, yet within daily reach of his 
home. His job is stimulating and rewarding; it is 
never dull. As well as maintaining a wide range of 
electronic and associated electro-mechanical 
machines, he applies his engineering knowledge 
and skill and develops a real understanding of his 
customer's needs. As customer management 
moves towards a more effective use of highly com- 
plex equipment, new problems may arise. The IBM 
Customer Engineer has the ability to produce new 
ideas and has confidence in his own judgement. 
He is a responsible man on whom all customer 
staff rely. 
We provide a thorough training for a worthwhile 
career. You should be between 21 and 29 and have 
a basic knowledge of Electronics. An acceptable 
standard would be a Radar/Radio/Control Equip- 
ment Fitters Course, Telecommunications exper- 
ience or ONC/HNC Electrical or Electronic. 
Starting salaries are in the region of £1,000 a year, 
with more for men with special aptitude or specific 
experience. Increases are on individual merit. As a 
Customer Engineer you could be earning between 
£1,250 and £1,700 in three years. Promotion is also 
on merit and from within the company. 
If you're not quite old enough to have reached the 
standards we've indicated we'd still like to hear 
from you. If you've just left school with 'A' level 
Maths and English or are studying for ONC Elec- 
trical Engineering, there could be a place for you. 
Please write briefly, summarising details of age, 
experience, training and background to Mr. I. F. 
Bush, IBM United Kingdom Limited, 101 Wigmore 
St,, London: W.I, quote ref. — —t 
CE/RC/224, TP Ml 

You can grow with IDtfl 
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CHASSIS 
and 

CASES by 

287/9 Edgware Road 
London W2 

TELEPHONE 
PADdington 5891/7595 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH 

Type Size Price Type Size 
U 4x4x4//» 10/- Y 8x6x6" 
U 5ix4ix4i" 15/- Y 12x7x7" 
U 8x6x6" 21/- Y 13x7x9" 
U 15x9x9" 44/6 Y 15x9x7" 
W 8x6x6" 21/- Z 17x10x9" 
W 12x7x7" 34/- Z 19x10x8±" 
W 15x9x8" 44/- * Height 

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

Type W ■Type Y 
Type Z 

Type U 
Price 
26/6 
41/- 46/- 
48/6 
66/- 
71/- 

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 

208 sq. in. 10/-  * 
240sq. in. 11/3 
272 sq. in. 12/6 

P. & P. 2/9 

336 sq. in. 14/9 
368 sq. in. 15/9 
and pro rata 

P. & P. 3/- 

80 sq. in. 5/6 
112sq. in. 6/6 
144sq. in. 7/9 

P. & P. 2/6 
Discounts for quantities. More than 20 different 

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

P/us postage and packing (orders over £2 Post Free). 

BRASS • COPPER • LIGHT ALLOYS • ALUMINIUM 
BRONZE • STAINLESS STEEL 

ROD, BAR, SHEET, TUBE, STRIP, WIRE. 3,000 STANDARD STOCK SIZES 
No Quantity too small List on application 

H. ROLLET & CO LTD 
HOWIE ST. LONDON SW11 BATtersea 7872 
 Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow _ 

the unique PAN L black crackle paint 
4/-d. per 1/8 pt. Can 

(We regret we can only supply on cash with order basis J 
BRUCE MILLER LTD., 
219 Coastal Chambers, 
Buckingham Palace Road, S.W.1. 

YOIIR 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. l.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 

SPECIALISE 

in Quality Transistors & Components 

UHF AMPLIFIER TRANSISTORS 
AF139, 29/6. AF186, 27/6. GM0290, 30/6. 

Please send 3d, stamp for component lists of any of the constructional 
articles in this or any other magazine. In particular; B.B.C.2 pre-amplifier, 
S. Tooth Generator, Inexpensive Transistor Superhet, Super-Regen, 
L. & M. Circuit, Transistor, Public Address Amplifier, 2 Transistor A.F. 
Amp., Dynamic Gain Transistor Tester. 
Please send one shilling (stamps) for Reference Catalogue—sixpence for 
March Supplement. 

Please remember our new address: 
(Callers welcome all day Saturdays) 

176 HAGLEY ROAD, HALESOWEN, BIRMINGHAM 

John Williams Electronics Ltd. <J-&
wSms 

KEY BOOK paperbacks 
HI-FI AND AUDIO 
By A. T. Collins 
Modern Designs for the Amateur Constructor. High Sensitivity Amplifier, Two-valve Pre-amp and Equaliser, Mains Gramophone Amplifier, Output Transformers and Loudspeakers, Crossover Networks for Loudspeakers, Seven-watt Quality Amplifier, Five-valve Stereo Amplifier, Bass Reflex Cabinet and Radiogram Cabinet Design. 
SIMPLE RADIO CIRCUITS 
By A. T. Collins 
A Complete 'Build Your Own Radio' Guide. Simple Mains Short Wave Receiver, Medium Wave Transistor Receiver, Dual Wave One-valver, Broadcast Bands Receiver, Two- valve Short Waver, Amateur Bands Hybrid, Transistor Superhet Tuner, Battery-operated Short Wave Converter, Five-transistor T.R.F. Receiver, Four-valve Portable. 

3s. 6d. EACH FROM ALL BOOKSELLERS 
or, in case of difficulty, 4s. each by post from George Newnes 

mm Ltd., Tower House, Southampton Street, London, W.C.2. 

HifHWDK) 

THE RADIO CONSTRUCTOR-BOUND VOLUMES 

LIMITED NUMBER ONLY: 

Volume 17, August 1963 to July 1964 Price £1 10s Od Postage 3s Od 
Where all issues are returned : Price £1 Postage 3s Od 

We regret Volumes 13, 14, IS and 16 are 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 FOR! VI 

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/- 

DATA BOOKS SERIES 
DB5 TV Fault Finding 

96 pages. Price 6/-, postage 6d. 
DBG 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 4d. 
DB16 Radio Control for Models 

192 pages. Price 15/-, postage 9d. 
DB17 Understanding Television 

512 pages. Price 37/6, postage 2/- 

FANEL-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 \V9 
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FULLY DETAILED AND ILLUSTRATED 
CATALOGUE 

Over 90 big pages. The largest ppicE 
range available in the country. -/a 
All types of components and jjt 
equipment at competitive prices, w ) 

PROVED & TESTED DESIGNS 
FULL AFTER SALES SERVICE AND GUARANTEE 

★ CALL IN FOR DEMONSTRATIONS ★ 
DETAILED LEAFLETS FREE ON REQUEST 

m 

MW/LW POCKET SUPERHET 
RADIO 

TOTAL COST 
TO BUILD 

85/— P.pi/- 
(Battery 2/6 
Phone 5/-) 
All parts sold 
separately. 

6-Transistor design. Push-pull output. 
2£" Cleartone speaker. Printed circuit. 

£ Attractive moulded cabinet. ■jlf Slow motion tuning. 
Full medium and long waves. 

* Size: 5" x 3" x U". 
• AMAZING SENSITIVITY AND SELECTIVITY • 

•^r 6-Transistor push-pull design. ★ Uses factory built panels. it Permeability geared tuning. Tlr 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 4,, 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—Collaro 
Studio Decks— 

Portable Cabinets 
with Speakers. 

Complete record 
and playback. 

-ft 2-track deck 
10 gns. P.P. 5/-. Amplifier 
11 gns. Cabinet with speaker 5 gns. 
OR SPECIAL PRICE MZ P.P. TWO "O 8/6 TRACK 

4-track deck £13.19.6. P.P. 5/-. Amplifier 
12 gns. Cabinet with speaker 5 gns. 

OR SPECIAL PRICE /"*A P.P. FOUR "V 8/6 TRACK 
Prebuilt and 
tested units. 
Low distor- 
tion, low 

noise. 

I0W & 20W HI-FI AMPLIFIERS 

UNITS 

UNIT 5 

FIITER 
UNIT 3 

THE FINEST QUALITY HI-FI 
AT UNBEATABLE PRICES 

* POWER AMPLIFIERS. 10 
watts R.M.S. music power. 20 
watts peak. 6-Transistor design. 
Panel size 4" x 25" x f,,. Response 
40 c/s to 20 kc/s. 100mV into 
33kCi input. 

UNIT 1. For 12/15 ohm 
speakers. 40 volt supply. 

£5.19.6 p.P. 116 
UNIT 2. For 3 to 5 ohm 
speakers. 24/28 volt supply. 

£5.10.0 p.P. He 
it 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. 
UNIT 3. Mono full-function pre- 
amplifier. Size 9?" x 2?" x 2/,. 

£5.10.0 p.p. 1,- 
(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 Sf1 £10.19.6 p.p. w (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 

SINCLAIR 
DESIGNS 

it Micro-6 MW/ radio 59/6 
* TR750 "Addon" 

power amp. 39/6 
it Micro injector 27/6 
it 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 

it 6-Transistor push- pull printed cir- 
cuit designs 

it Size only 25" x 7/, x 
it 4 watt 12/18 volt, 1^ watt 

9/12 volt 
it For 3 to5 ohm speakers 
it 7mV into 1 kQ 4 kc/s to 15 kc/s 
PRICES BUILT 
Uw 65/- P.P. 1/6 4w 79/6 P.P. 1/6 
4-CHANNEL MICROPHONE 
MIXER Transistorised, 4| 

inputs up to 1001 
kQ. Full mixing.s 

PRICE49/6P^ 
*• 

VALUE FOR MONEY DESIGNS 
TRANSISTOR 

PORTABLE 
TEST 

EQUIPMENT 
All units size 61" 
x 4|" x 21". 
it 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 
it Resistance/capacitance bridge. £8.5.0. 

P.P. 2/6. 
it Audio generator 10 c/s-100 kc/s. 4 ranges. £16.15.0. P.P. 2/6.  

* Size: 9i" x 3*" x 4" 
it 88 to 108 mc/s tuning. 
it 100mV to 100kQ cut-out 

VHF/FM 
TUNER 

TO 
ASSEMBLE 
it Two pre- built plus 
metal work 

and front panel. 
Total Cost 

£12.17.6 
P.P. 2/6 

it 6-Transistor printed cct. superhet design 

TWO WAVE BAND PUSH-BUTTON 
TRANSISTOR PORTABLE TO BUILD 

TOTAL 
COST 

£7.19.6 
P.P. 3/6 

(Batteries 
★ S"6'"' speaker. 
it 6-Transis- 

tor push- 
pull design 

it Easy to follow printed circuit. 
it 8" ferrite aerial. D/T IFT's. 
it Push button wave change. 
it Geared tuning. Full Med./L.W. 
•^■Attractive sturdy cabinet with handle. 

Size; 10" x 7" x 3*". 
SENSITIVE SUPERHET RADIO 

Let us quote for parts for your circuit. 
Send a list for quick reply. Quality 

components at realistic prices. 

VHF/FM TRANSISTOR TUNER TO BUILD 
TOTAL 
COST 

£6.19.6 
P.P. 2/6 

(complete 
with 

frontplate) 
(Gold sprayed | 
cabinet 20/- 1 
extra). 
it 5-Transistor 4 diodes. 
it Printed circuit superhet. 
it Geared tuning 87 to 105 Mc/s FM it RF stage and double tuned IFT's. 
it Output up to 1 volt peak up to 100kiQ. 
it 9 volt 9mA supply. 
it Size in cabinet 4" x 3^" x 2i". it All parts sold separately. 

M 

HENRY'S RADIO LTD. 
303 EDGWARE ROAD. LONDON, W2 

PADdington 1008/9 
Open Mon. to Sat. 9-6. Thurs. 1 p.m. 

Open all day Saturday 
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