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RUGGED, LIGHT AND COMPACT 

FOR PROFESSIONAL AND AMATEUR USE 

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

Self-contained battery unit holds long-life cells. Alternative aerial inputs 
for dipole, long wire and short wire aerials. Selective audio filter improves 
c.w. reception. Robust construction, modern styling, attractive two-tone 
grey finish. Dimensions are 12 \ inches wide, 6| inches high, 8 inches 
deep. Weight with batteries 14 lb. 

List Price (in U.K.) £48. 0s. Od. 

STRATTON & CO.LTD. BIRMINGHAM ■ England 



Laskys 

radio 

FOR THE FINEST RANGE OF 

TRANSISTOR RECEIVERS 

We consider our construction parcels to be the finest value on the home constructor market* If on receipt you feel not competent to build the set, you may return it as received within 7 days, when the sum paid will be refunded, less postage. 

The SKYROVER Range 

i 

GENERAL SPEC. 
7 transistor- 2 diode superhet portables, covering full Mod. plus 6 S.W. bands. 

THE 
SKYROVER MK II Now supplied with redesigned cabinet, edgewise controls, new colour tuning scale and cabinet in Sierra Tan. Controls: Wave- band Selector, Volume Control with On/Off Tuning Control. In plastic cabinet, size 10 x 6y x 3i", with metal trim and carrying handle. 

/- _ — H.P. Terms: 101- 
h RO £ deposit and M be built forKO«l^r«W months at 16/6 

P. & P. 5/- extra 
THE SKYROVER DE LUXE 

Tone Control circuit is incorporated, with separate Tone Control in addition to Volume Control, Tuning Control and Waveband Selector. In a wood cabinet, size I l±" x 6^" x 3", covered with a washable material, with plastic trim and carrying handle. Also car aerial socket fitted. 
Can no. £|0.|9.6 •%# months at 20/- be built for 

P. & P. 5/— extra 
All components available separately. Four U2 batteries 3/4 extra. Data for each receiver, 2/6 extro, refunded if you purchase the parcel. 
LONG WAVEBAND COVERAGE IS NOW AVAILABLE FOR THESE WELL-KNOWN SETS. A simple additional circuit provides coverage of the 1,100-1,950 metre band (including 1,500 metre Light Programme). This is in addition to all existing medium and short wavebands. All necessary components with construction data. This conversion is suitable for both models that have already been constructed. Only 10/- extra Post Free. 

SPEAKER BARGAINS 
12" FANE Type 122/17 Power handling 25 watts—15 ohms imp. Flux density 17,000 gauss. Special anisotropic magnet. Listed at £11.17.6. Limited stock. LASKY'S PRICE £5.19.6 P. & P. 51- 

WHARFDALE WNAI2. 12" ISO imp. Flux densfty 14,000 oer'ds. Max, input 15 watts RMS, 30 watts peak. Frequency range 25-4,000 cp.s. Cone fitted with roll surround. 
WHARFDALE SUPER 5. 5" mid-range and high requency speaker. ISO imp. Frequency range 300-17,000 c.p.s. Aluminium voice coil. These two speakers provide an ideal matched pair for a full range hi-fi speaker system. Both brand new and individually boxed. LASKY'S PRICE £12.19.6 the pair. P. & P. 10/— 

Sub-Miniature Transistorised Amps. British made, these sub-min. transformerless amp- lifierscometo youfully builtand ready for immediate use. Thousands of uses in all branches of electronics: sound and signal amplification—models—electro medico equipment—pre-amps.—radio tuners— tape head amps., etc. All use NPN-PNP circuit powered by 9V battery. PCI, input 50mV, output ISOmW at 40n. size 2 x \" x i". LASKY'S PRICE 29/6 P. & P. |/_ fCl, input ImV, output 400mW at I5n. size 2" x 2i" i". LASKY'S PRICE 37/6 P. & P. |/_ PC3, input 5mV, output 400mW at ISO, size 2* X LASKY'S PRICE 37/6 P. & P. I/- PC4, input 150mV, output 400mW at ISO. size IV'xlY'x}". LASKY'S PRICE 37/6 P. & P. I/- 

BUILD A HIGH QUALITY 
TAPE RECORDER 

Using the famous Collaro "STUDIO" deck and MARTIN pre-assembled amplifiers 2- or 4-track models 
COLLARO STUDIO TAPE DECK. Latest model 3 speed, 3 motors. Take 7" reels. Fitted with half-track heads. LASKY'S PRICE £10.10.0. New and Unused. P. & P. 7/6 
COLLARO STUDIO TAPE DECK. As above but fitted with the latest quarter-track heads. LASKY'S PRICE £13.19.6 P. & P. 7/6 
MARTIN TAPE RECORDER AMPS. De- signed for use with Collaro Studio Tape Deck. In sub-assemblies for immediate installation. 6-valve circuit. Comprehensive instructions make final assembly as simple as possible. Everything supplied including valves, etc. Monitoring facilities. 3-ohm output, equalising, etc. For 200-250V a.c. mains. 
PRICES: i-track Model £11.11.0. i-track Model £12.12.0. P. & P. 2/6. Portable carrying case designed to take the Collaro Studio Tape Deck and the Martin Tape Amplifier. Fitted with 9" x 5" speaker. Price complete with speaker £5.5.0. P. & P. 51- 

HI-FI TAPE RECORDER HEADS High Impedance Record Play. Low impedance erase. Upper or lower track. 
LASKY'S Post free per pair. State PRICE AT/O track required. 

MARRIOTT "X" Type i track heads. Record/ Play and Erase. LASKY'S PRICE 4 gns. pair j-Track heads Record/Play and Erase 59/6 pair 
TAPE DECK MOTORS 

Motors for the Collaro Studio Deck — new and unused. 200—250V A.C. Take-up and rewind. Listed at £2 5s. each. LASKY'S PRICE 14/11 each. P. & P. 2/6. State motor required when ordering. 
High quality tape deck capstan motor made by E.M.I. Holland. Bi-directional. Size: 4" dia., x 2" high. I" x i" spindle. LASKY'S PRICE 19/11. P. & P. 3/6. 

TAPE POSITION INDICATOR Open type — as used by most makers. With re-set knob: 3 DIGIT 7/6; 4 DIGIT 10/6. P. & P. 9d. on each. 
INTERNATIONAL TAPE Famous American Brand — Fully Guaran- teed at record low prices. In sealed cartons. Sin double play, 1,200ft. Mylar base ... 15/- 5in long play, 900ft. Acetate base ... 10/- 5in standard play, 600ft. PVC base ... 8/6 5Jin long play, 1,200ft. Mylar base ... 15/- SJin double play, 1,800ft. Mylar base ... 22/6 Sfin long play, 1,200ft. Acetate base ... 12/6 5Jin standard play, 850ft. PVC base ... 11/6 

7in standard play, 1,200ft. Mylar base ... 12/6 7in long play, 1,800ft. Mylar base ... 19/6 7in double play, 2,400ft. Mylar base ... 25/- 7in long play, 1,800ft. Acetate base ... 15/- 3in message tape, 150ft   3/6 3in message tape, 225ft   4/|| 3in message tape, 300ft   7/6 3in triple play, 450ft. Mylar base  12/6 4in triple play, 900ft. Mylar base  22/6 Sin triple play, 1,800ft. Mylar base ... 42/6 5Jin triple play, 2,400ft. Mylar base ... 55/- 7in triple play, 3,600ft. Mylar base. ... 75/- P. & P. I /- extra per reel; 4 reels and over Post Free. 
TRANSISTORS New and Guaranteed GET.S I, GET.S5, GET.S6—2/6; 873A, 874P—3/6: OC.45, OC.7I, OC.8I D—4/6; OC.44, OC.70, OC.76, OC,8l—5/6 (matched pair 10/6); AF.II7, OC.75, OC.I7I, OC.200—6/6; OC.42, OC.43. OC.73, OC.82D—7/6; OCP.7I—9/6; OC.28, OC.20I, OC.204—15/-; OC.205. OC.206—19/6; OC.28—24/6. 

REALISTIC SEVEN 
★ 7-transistor Superhet. ★ 350 milliwatt output into 4" high flux speaker, ic All com- ponents mounteo on a single printed circuit board, size 5^" x Si" in one com- plete assembly. ★ Plastic cabinet with carrying handle, size 7" x I0"x3i", available in Blue/Grey. Full L. & M.coverage"A* Easy to read Dial. ★ External socket for car aerial. ★ I.F. frequency   470 kc/s. Ferrite rod internal aerial, uper- ates from PP9 or similar battery. Full comprehensive data supplied with each re- ceiver. All coils and I.F.s, etc., fully wound ready for immediate assembly. 
An Outstanding Receiver. LASKY'S PRICE for the complete parcel including Transistors, Cabinet, Speaker, etc., and Full Construction Data. Can be built for: IA gt 
P. and P. 4/6 
PP9 Battery, 3/9. Data and instructions separately, 2/6. Refunded if you purchase the parcel. All parts sold separately. 
REALISTIC 'Seven' De Luxe 
With the same specification as standard model —PLUS a superior wood cabinet in contempor- ary styling. ALSO a full vision circular dial 

FOR ONLY X«f P. & P. as std. model L, I EXTRA 

SINCLAIR s
M^A

RruREs 
THE SINCLAIR SLIMLINE 

The new 2-transistor pocket radio, size only 2 3/4" x I 5/8" x I 5/g". Micro alloy transistors 
and printed circuit. Easy to assemble. CAN BE AQ/A BUILT FOR ^T/O 

THE SINCLAIR MICRO-6 
Self-contained pocket radio. Size only |4/5"x 13/io"x-i-"-truly amazing performance. Without doubt the most advanced transistor circuit ever offered to home constructors—yet may be built in an evening. Complete with earphone and detailed construction data. Mercury cell CAN BE GO/A I/I I extra (2 BUILT FOR OT/O required). 

THE SINCLAIR X10 
10 watt power amplifier fitted with integrated pre-amp. Requires only ImV for an output of 10 watts undistorted. Frequency response is flat, ^dB from 5 c/s to 10 kc/s. Size only 6" x 3" x weight 5 oz., built on printed circuit. Operates from 12V d.c. at 75uA quiescent. Circuit uses 7 MATs and 4 r.f. power transistors. 

&TcE £5.19.6 g^Dv £6.! 9.6 3 pots, tor volume, bass & treble, 7/6 the 3 extra. 
TRANSFILTERS by BRUSH CRYSTAL CO. 

TO-OIB 465 kc/s ± 2 kc/s TO-OI D 470 kc/s ± 2 kc/s TO-02B 465 kc/s ± I kc/s TO-02D 470 kc/s ± I kc/s TF-0IB 465 kc/s ± 2 kc/s TF-0ID 470 kc/s ± 2 kc/s 

6/6 each 
P. & P. 6d. 

PICK-UP CARTRIDGES 
Crystal P.U. Cartridges complete with stylii—at lowest prices ever! Mono C.T.I. ... ... ... ... 4/11 Collaro Type C, stereo, 2 sapphires. ... 15/- Collel S.C.I. Stereo Diamond LP Sappl. 17/6 19/11 15/- 
Sonotone 8T, stereo, 2 sapphires Sonotone 2TA, mono, 2 sapphires Postage 11- each extra. 

33 TOTTENHAM COURT ROAD • W1 
2 mins. Oxford St. Nearest Station; Goodge St. 

MUSeum 2605 
207 EDGWARE ROAD • W2 

Few yards from Praed St. 
PADdington 3271/2 

152/3 FLEET STREET • EC4 
(ELECTRONICS Fleet St. Ltd) FLEet 2833. 
Open all day Thurs. Closed 1 p.m. Sat. _ . . _ , _ . ■ •»—' ■ /N-/pcii a11 udy i 11uis, v_iu3uu i p.m. oat. ^ottenham^t^Rd. & Edgware Rd. addresses open all day Sat. Close f Thur. Please address all Mail Orders to Dept. W at above Edgware Road address 
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HI-FI AMPLIFIERS RECORD PLAYERS 

.4> 

GOLDRING LENCO TRANSCRIPTION PLAYER. Model 
GL-58. With G-60 pick-up arm and Ronette 105 cartridge. £20*1*3 incl. P.T. 
GARRARD AUTO/RECORD PLAYER. Model AT-6. With 
R 105 cartridge. 3£l3.12.1 Decca Deram pick-up £14.6.1 incl. P.T. 
HI-FI MONO AMPLIFIER. Model MA-5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Presentation similar to S-33. 

Kit £10.19.6 Assembled £15.10.0 
HI-FI MONO AMPLIFIER. Model MA-12. 12W 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) £8.10.9 

RADIO TUNERS 

S S-99 

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, 
Stereo or Monaural, ganged controls. 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. 18W 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-1. Input 100/120V, 200/250V. 
40-60 els. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max. D.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. 

Mate the most of the winter evenings.. 

IO-I2U 
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S-3U 

INSTRUMENTS 
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) 

£34.18.0 Kit 
£44.10.0 Assembled HFW-1 
5" GENERAL-PURPOSE LABORATORY OSCIL- LOSCOPE. Model IO-12U. This outstanding oscil- 
loscope, with its professional specification and styling, 
fulfills most laboratory and service requirements. Vertical 
frequency response 3 c/s to over 4.5Mc/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-1. This 
is a light, compact oscilloscope, ideal for servicing, etc. 
Dimensions 5" x K" x 14^" long. Wt. lOilb. Fitted mu- 
metal CRT shield. Kit £22.18.0 Assembled £30.8.0 

ELECTRONIC SWITCH. Model S-3U (Oscilloscope 
Trace Doubler). Enables a single beam oscilloscope to 
give simultaneous traces of two separate and independent 
signals. Switching rates approx. 150, 500, 1,500, 5,000 
and 15,000 c/s. Sig. freq. response 0-100 kc/s. ±ldB- 
Separate gain controls and sync, output. Sig. input range 
0.1-1.8V r.m.s. Kit £12.18.0 Assembled £18.10.0 

DE LUXE LARGE-SCALE VALVE VOLT- 
METER. Model IM-13U. 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 1,000MQ with internal battery. 
D.c. input impedance 11MQ. dB measurement, has 
centre-zero scale. Complete with test prods, lead 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.; 150m.A to 15A d.c.; 0.2Q to 20MG. 
4V SOptA 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 RF-1U 
100 mV output. Kit £13.8.0 Assembled £19.18.0 
A WIDE RANGE OF BOOKS ON ELECTRONICS AND RADIO 

AVAILABLE. SEND FOR LISTS OF PRICES 

rr - . r , i 
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FOR THE MUSIC MAKER 
PA AMPLIFIER PA-1. The 
ideal compact unit for VOCAL- 
ISTS, INSTRUMENTALISTS, 
RECORDS, with 50 Watt out- 
put, 2 Heavy Duty Speakers. 
Variable TREMOLO. Elegant 
modern cabinet. Kit £51.15.0 

Assembled £74.0.0 
Legs optional extra 17/6 set of 4 
POWER AMPLIFIER MA-50 
SOW output. Kit £19.18.0 

Assembled £27.18.0 

ELECTRONIC ORGAN 
(Transistorised). Ideal for Soloists, Home use, Groups. FULL 20 
WATTS VOLUME. £187.10.0 Matching bench £14.10.0 extra. 

PA-1 

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 ingl. P.T. 

TRANSISTOR PORTABLE. Model UXR- 
1. Pre-aligned I.F. transformers, printed 
circuit. Covers L.W. and M.W. Has 7" 
x 4" loudspeaker. Real hide case. 

Kit £12.11.0 incl. P.T. 

JUNIOR EXPERIMENTAL WORKSHOP. 
Model EW-1. More than a toy! Will make 
over 20 exciting electronic devices, incl: 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present! Kit £7.13.6 incl. P.T. 

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

s 

UXR-2 

UXR-1 

UJR-1 

Money-back Guarantee 
Daystrom Limited unconditionally guarantees that each Heathkit 
product assembled in accordance with our easy-to-understand 
instruction manual must meet our published specifications 
for performance or the purchase price will be cheerfully 
refunded. 

362 THE RADIO CONSTRUCTOR 



"TAPE AMPLIFIERS TAPE DECKS 

MAGNAVOX 

• ma >' 
HI-FI FM TUNER. Model FM-4U. Also available in two units. R F 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and 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 ±ldB. Rumble and variable low- 
pass filters. Printed circuit boards. Kit £19.10.0 Assembled £26.10.0 

CONTROL UNITS 

AM/FM 

MAGNAVOX "STUDIO" TAPE DECK. The hnest buy" in its price 
range. Operating speeds; If, 3}" and 7f p.s. Two tracks, "wow" 
and "flutter" not greater than 0.15% at 7f p.s; £14.19.6 

TRUVOX D93 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-T1—£4.13.6 incl. P.T.) and I.F. amplifier (AFM-A1— 
£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 

injoy yourself building a Heatfikit mode! 

Illlllllllllllllllllllllllllllllllllllllllllllllli 

SPEAKER SYSTEMS 
ovjiSWOLD "MFS" SYSTEM. Specially 
developed to give best possible results in 
small rooms. VThis minimum floor space 
model is based on standard Gotswold. Size: 
36" high x lef wide x 14i" deep. 

Kit £23.4.0 Assembled £30.15.0 

THE "COTSWOLD". This is an acoustic- 
ally designed enclosure 26" x 23" x 15f 
housing a 12" bass speaker with 2" speech 
coil, elliptical middle speaker together with 
a pressure unit to cover the full frequency 
range of 32-20,000 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 

HI-FI SPEAKER SYSTEM. Model SSU-l.- 
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 incl. P.T. 

MFS 

SSU-1 

r 

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 £7.7.0 to £37.16.0 
incl. 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. 

"AMATEUR" EQUIPMENT 
AMATEUR BANDS RECEIVER. Model 
RA-1. To cover all the Amateur Bands 
from 160—10 metres. Many special features, 
including: half-lattice crystal filter; 8 valves; 
signal strength "S" meter; tuned R.F. 
Amp. stage. 

Kit £39.6.6 Assembled £52.10.0 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC-1U. With 
4 piezo-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose receiver for Amateur and Short 
waye listeners. Printed circuits, telescopic 
aerials, 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 

RA-1 

RG-1 

SB-10U 

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

Kit £39.16.0 Assembled £53.0.0 
SINGLE SIDEBAND ADAPTOR. Model SB-10U. 
May be used with most A.M. transmitters. Less than 
3W R.F. input power required for I0W output. Operation 
on 80, 40, 20, 15 and 10m bands on U.S.B., L.S.B. or 
D.S.B. Ktt £39.5.0 Assembled £54.18.0 
Many other British 'Amateur' models. Send for Catalogue. 

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

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- 15% import levy. SB-300E 

DAYSTR0M LTD 
DEPT. RC. 1 
GLOUCESTER 

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

(Tick here) 

|[_   —.•  - —    — DEPT. RC.1 
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7 VALVE AM/FM RADIOGRAM CHASSIS 
Valve line-up ECC85, ECH8I EF89, EABC80, EL84 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 7i". Edge illuminated glass dial I Ii-"x3-i-". Vert, pointer Horiz. station names. Gold on brown background. A.C. 200/250V operation. Magic-eye tuning. Circuit diag. now available. 

Comp. with 4 knobs—walnut or ivory to choice. Indoor FM aerial 3/6 ex. 3Q P.M. Speaker only required. Recommended Quality Speakers 10" Rola, 27/6. 
13^" x 8" E.M.I. Fidelity, 37/6. 12" R.A. with conc. Tweeter, 42/6. Carr. 2/6. 

EMS I, EZ80 

Aligned Carr. & and tested ready for £13,10.0 Ins. 7/6. 

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. 
Completed Kit comprising items below 

- - - + 10/. Carr. BARGAIN PRICE 15 GlIS. t""~ 
2-tone Cabinet and 8" x 5" Speaker. Size 14" x I0i" x 7i"  Wired Amplifier complete with 4 Valves, front Panel, Knobs, etc. ... ... ... ... £5 15 B.S.R. Monardeck Type TD2 ... ... ... £7 7 Accessories: Mike, Tape, empty Reel, screen- ed Lead and Plugs, Instructions, etc.... ... £1 0 

£3 10 0+5/- Carr. 
0 + 3/6 Carr. 0 + 4/6 Carr. 
0 + II- Carr. 

Jack Plugs. Standard 2i" 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, 4/6. Bits, 1/- 
65 watt, 27/6 etc. 
Alumin. Chassis. 18g. Plain 
Undrilled, folded 4 sides, 2" deep, 
6" x 4", 4/6, 8" x 6". 5/9, 10"x 7". 
6/9, 12" x 6", 7/6, 12" x 8", 8/- etc, 
Alumin. 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. 

Standard Double Play Long Play 5" 600' 13/- 1,200' 31/6 900' 17/6 5i" 900' 16/- 1,800' 37/6 1,200' 19/6 7" 1,200' 21/- 2,400' 47/6 1,800' 28/6 
Post & Package per reel, additional reels. I/- plus 6d. each for 

SPECIAL OFFER. 3" Mes- sage tape 150', 3/9; 3" L.P. 225', 4/9; 3" D.P. 300', 1/6. P. & P. per reel 6d. 
TAPE REELS. Mnfrs. sur- plus 7", 2/3; 5i", 2/-; 5", 2/-; 3", 1/3; Plastic spool contain- ers. 5", 1/9; 5i", 2/-: 7". 2/3. 

"f". VALVES Reduced Bargain Prices Boxed *' 
IT4 3/6 PCF80 8/- EF80 7/6 8/6 PCL83 10/6 IRS 6/- EF86 PCL84 10/- 61- EL33 12/6 IS5 12/6 PCL85 3S4 71- EL34 10/6 3V4 EL84 71- PL36 EY5I PL8I PL83 PY33 PY82 U25 UL84 

9/6 B/- EY86 EZ80 10/6 
71- EZ81 10/6 GZ32 9/6 PCC84 

ECC8I 71- ECC82 71- ECC83 71- ECL80 91- ECL82 10/- ECL86 10/6 

TUBULAR 25/25V 50/12V 50150V I00/25V 8/450V 4/350V 16 + 16/450V 5/6 32 + 32/450V 6/6 1000125V 3/9 

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

DE LUXE R/PLAYER KIT 
Incorporating 4 Speed Garrard Auto-Slim unit and Mullard latest 3 watt printed circuit amplifier (ECL 86 and EZ 80), volume, bass and treble controls, with 8" x 5" 10,000 line speaker. Superb quality repro- duction. Contemporary styled two-tone cabinet, charcoal grey and off-white with matching blue relief. Size: 17+'x 16' v B"- 

COMPLETE KIT £13.19.6 Carr. & ins. 10/-. 
Illuminated Perspex escutcheon, 7/6 extra. 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 I5|-" x I4J" x 8+' with ail accessories plus uncut record player mounting board 14" x 13", 59/6, carr. & ins. 5/-. 

6 VALVE AM-FM TUNER UNIT 
Med. and VHF I90m-550m, 86 Mc/s-103 Mc/s, 6 valves and metal rectifier. Self-contained power unit, A.C. 2001250V operation. Magic-eye indicator, 3 push-button controls, on/off, Med., VHF. Diodes and high output Sockets with gain control. Illuminated 2-colour perspex dial I Ii"x4", chassis size I lf"x 4" x5i". 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/-. We hope to produce this popular unit in kit form very shortly. 

Volume Controls—5K-2 Meg- ohms, 3" Spindles Morganite Midget Type, l+'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), i Meg. VOL Controls D.P. Sw. +' 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. 

ENAMELLED COPPER WIRE— ilb reels, I4g-20g. 2/6; 22g-28g, I/-; 36g-38g, 4/3; 39g-40g, 4/6, etc. 
TINNED COPPER WIRE—l4-22g. 2/6 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 tvpes: BrOWn C*" rt r* IH R I r» <r I" Aim 9d. each Brown or Ivory with Gold Ring, I' dia., ; li", I/- each; Brown or Ivory with Gold Centre, I" dia., lOd. each; If , 

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. IO0pF-50OpF lid. 575pF-5,OOOpF 1/6. Resistors—Full Range lOohms- 10 megohms 20% i and -^W 3d., ditto 10% 4d., iW 5d. (Midget type modern rating) IW 6d., 2W 9d. Hi-Stab 5% 4-4-W 100 ohms I megohm 6d. Other values9d. l%iWI/6. W/W Resistors 25 ohms to 10K 5W 1/3, lOW 1/6, I5VV 21-. Pre-set T/V Pots. W/W 25 ohms-50K 3/-. 50K-2 Meg. (Carbon) 3/-. 
Speaker Fret—Expanded gilt ano- dised metal +' x +' 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, 12" wide, any length cut 1/6 per ft, 41- per yd. 

1/3 each. LARGE SELECTION AVAILABLE 
TRANSISTOR COMPONENTS 

Midget I.F.'s—465 kc/s iV' diam. 5/6 Osc. Coil—iV' diam. M/W. 5/1 Osc. coil M. & L.W. 5/9 Midget Driver Trans. 3.5:1 6/9 Ditto O/Put Push-pull 3 ohms 6/9 
Elect. Condensers—Midget Type 15V lmfd-50mfd, ea. 1/9. lOOmfd. 21—. 
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, 5kJ2 with switch, 4/9, ditto less switch, 3/9. 
Speakers P,M.—2" Plessey 75 ohms, 15/6. 2+' Continental 8 ohms, 11/6. 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 gns. 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. 

Electrolytics All Types New Stock 
CAN TYPES 8 +8/450V 4/6 16 + I6/450V 5/6 32 +32/275V 4/6 50+50/350V 6/6 60 +250/275V 12/6 100+300/275V 12/6 2000 +4000/6V 3/6 

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

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

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

Mullard's famous circuit with heavy duty ultra-linear quality output tfr. 
Basic amplifier kit price £9.19.6. Carr. 7/6. Ready built 11^- gns. 
CONTROL PANEL KIT . • u, Bass, Treble and Volume controls with 4-position selector switch for radio, tape and pick-up and 11" 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-vaIve (2 x EF86) circuit with full equalisation with volume, bass, treble, and 5-position selector switch. Size 9 x 6 x At . 
Complete Kit £5.19.6. Carr. 3/6. Ready built £7.19.6.  

: > 

Est 
1946 

Send for detailed bargain lists, 3d. stamp. We manu- facture all types Radio Mains Transf. Chokes, Quality O/P Trans., etc. Enquiries invited for Specials, Proto- types for small production runs. Quotation by return. 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Road, Thornton Heath, Surrey THO 2188. Hours; 9 a.m.-6.m., I p.m. Wed. Terms C.W.O. or C.O.D. Post and Packing up to i lb. 9d., I lb. 113,31b. 213,51b. 2/9, 81b. 316. 
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Pioneers in 

build it yourself 

tuners and test 

equipment 

jasnn 
mm mi^mmmmmmmm K§ts 

Jason were first to produce a stable 
switched f.m. tuner for reception of 
BBC transmissions and an outstanding 
success has been achieved with the 
introduction of simple-to-operate 
switched tuners to receive both f.m. 
and TV sound transmissions. Jason 
tuners and test equipment offer a wide 
choice of models designed to meet 
present-day requirements and are a 
delight to build. 

fc ! 
m ' * 

JTV2 SWITCHED TUNER for the reception of all BBC f.m. transmissions and BBC-1 and ITV television sound channels at the turn of a switch. Foster-Seeley discriminator. Built-in power supply. Sensitivity IO|iV for 40dB quieting. Audio output 0.4V approx. All components, including turret and coil plate but less four valves—£14.0.4. 

FMT2 FM TUNER covering 88—108 Mc/s. Built-in power supply sensitivity better than I00j.iV for 40dB quieting. All components, less four valves, £9.9.0, less power supply components, £7.15.0. 
FMT3 TUNER similar appearance to above, but for fringe area reception. All components, less valves, £10.9.0, less power supply components, £8.15.0. 

* .mm: m 

JTL TAPE PREAMPLIFIER designed to suit any tape deck or head. Will simultaneously record and play back stereo or mono using two or four-track heads. Especially recommended for use with the Lorlin SB26 tape deck. (Send for details.) All components including valves, £22.1.0. Ready built and tested £30.9.0. 

OTHER JASON KITS 
FMT1 F.M. Tuner, less valves £5.19.0 
MERCURY It Switched Tuner, less valves, £9.15.4 
ARGUS Transistor M.W. Tuner, complete £7.10.0 
OGIO Oscilloscope, less c.r.t. £18.10.0 
W11 Wobbulator, complete £14.19.0 
EM10 Valve Voltmeter, complete £23 
SB26 Tape Deck (built only) ^-track mono 31 gns. 

4-track stereo 39 gns. 

AGIO AUDIO GENERATOR. Excellent stability with constant output over entire range. Tunes from 10 c/s to 100 kc/s in four switched ranges. Square wave or sine wave outputs. Square wave rise time less than 2usec. at all frequencies. Minimum calibrated output lOOmV. Self- powered. All components, including valves, £15.19.0. 

Write for descriptive leaflets and name of nearest stockist 

jasnn 
kits 

VISIT OUR 

NEW WEST END 
SHOWROOM 

18 TUDOR PLACE, TOTTENHAM COURT ROAD, LONDON, W.I 
Telephone: MUSEUM 4666/8 

JANUARY 1965 365 



MAKE IT 

r 

SINCLAIR 

O MICRO-6 
SIX-STAGE POCKET RECEIVER 

The smallest set in the world! 

Easily built in an evening I 

THE 100% BRITISH DESIGNED SINCLAIR MICRO-6 continues 
unchallenged as the most remarkable receiver of its kind ever 
made available to the public anywhere in the world. It has special 
6-stage circuitry and is, at the same time, the smallest set on earth. 
Everything except the lightweight earpiece is contained in the 
smart, minute white, gold and black case which is appreciably 
smaller than a matchbox, as the illustration shows. With vernier- 
type tuning control, bandspread over the higher frequency end of 
the medium waveband and powerful A.G.C. to ensure fade-free 
reception of the most distant stations, the Micro-6 provides re- 
markable standards of performance. Quality of reproduction is 
outstandingly good, and again and again the set is reported to give 
excellent results where other sets cannot be used at all. Order 
yours now and you will at once see why the Micro-6 cannot^be 
too highly recommended, both as an intriguing design to build, 
and a most practical radio to use. 

i 

# SIZE 14/5" X 13/10" X l/2" 
# WEIGHS UNDER 1 OZ 
# BAND SPREAD TUNING FOR EASY RECEPTION FROM 

LUXEMBOURG 
# VERNIER-TYPE TUNING OVER MEDIUM WAVE BAND 
# CHOICE OF MANY STATIONS 
# BATTERIES AND FERRITE ROD AERIAL CONTAINED 

IN CASE 

A.G.C. 

D 

1st R.F. 
Amp. - 

2nd R.F. 
Amp. Detector 

O 

1st A.F. 2nd A.F. 3rd A.F. 
Amp. Amp. Amp. 

D 

SIX-STAGE POWER 
AND SELECTIVITY 
The Micro-6 uses only three Micro-Alloy 
Transistors in a unique and very efficient 
circuit as follows: Two stages of R.F. ampli- 
fication are followed by an efficient double- 
diode detector which drives a high-gain 
3-stage A.F. amplifier. Powerful A.G.C. 
applied to the first R.F. stage ensures iade- 
free reception from the most distant stations 
tuned in. Everything including ferrite-rod 
aerial and batteries is contained within the 
elegant tiny case. 

Building is simple. All parts 
including lightweight earpiece, 
case and dial, and 8-page instruc- 
tions manual come to 

59'6 
Sinclair " Transrista " aqy f well-styled, strong black # f nylon wrist strap * W 
Mallory Mercury - ^ Pack of6 

10/6 

© 

SIZE 
x 2 

Sinclair fpyjo POWER AMPLIFIER 

Designed specially for use with the Micro-6 
THE TR750 enables the Sinclair Micro-6 Receiver to 
be used as a powerful car, domestic or portable loud- 
speaker set. A connecting plug is provided for this. The 
TR750 also has many other applications such as a record 
reproducer, intercom or baby alarm. An output of 750 
milliwatts for feeding into a standard 25-30f2 loudspeaker 
requires only a lOmV input into 2kfi. Frequency response 
30-20,000 c/s ±1dB. Power required—9 to 12 volts. 

All parts with in- 
structions come to 

39'6 

Ready built and tested 
with instructions 

45'- 

iinczlsir- 
SINCLAIR RADIONICS LTD 

COMBERTON, CAMBRIDGE Telephone: COMBERTON 682 
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SINCLAIR 

0 SINCLAIR X-IO 

INTEGRATED IO-WATT 

HI-FI AMPLIFIER 

AND PRE-AMP 

WITH P.W.M. 

Cost of all parts together with In- struction Manual 

£5.19.6 
Ready built and tested together with Instruction Manual 
Mains power sup- ply unit (A.C. 200-240 volt) to drive one or two X-IO amps. 

SQUARE WAVE 
GENERATOR 

r\j 

m 
V 

£6.19.6 
v 

m 
£2.14.0 ■ 

ruL NFN/PNr omplam«ntarv 
FEED BACK 

INTEGRATOR 

INPUT TWO STAGE 
PRE AMP 

The 
only design 

of its kind in 
the world 

NPN/RNR 
complementary 

Pulse-width modulation for 
superb performance standards 

The principle of P.W.M., used in this remark- 
able amplifier which is complete with its own 
pre-amp stage and unique output stage, is 
briefly as follows: A square wave of constant 
voltage amplitude and with a frequency well 
above the highest audio-frequency to be 
reproduced, is applied to the terminals of the 
load. As the load has a high impedance at 
this frequency, negligible current flows 
through the voice coil of the speaker. 

When an input signal is applied, the mark- 
space ratio changes with the result that there 

is a net current flowing through the voice 
coil which deflects the cone. When the input 
signal is at any frequency up to 20 kc/s the 
net current is an exact replica of the input 
signal and is independent of the transfer 
characteristics of the output transistors, 
making the distortion figures incredibly low. 
The output transistors act as switches and so 
dissipate negligible power. This enables us 
to use 5 Mc/s transistors for this with great 
savings in space, current consumption and 
costs. No heat sink is required. 

THE GREATEST ADVANCE 
IN AMPLIFIER DESIGN 
IN YEARS 

-^-11 Transistors and no heat sink 
if Unique output stage 

Add your own choice of tone con- 
trol circuit 

ic Input sensitivity 1 mV into IkQ 
if Can be used with all types of inputs 

including low-output pick-ups and 
microphones 

if Total harmonic distortion <0.1% 
if Output power up to 10 watts 
if Frequency response 5-20,000 c/s 

±0.5dB 
if Speaker impedance 15Q 
if Damping factor—greater than 100 
ic Supply voltage 12 volts from bat- 

teries or mains supply unit 
* Size fi7' x 3" 

SINCLAIR X-10 MANUAL 
Explains how the amplifier functions and how you can add the correct tone and volume con- trol system to suit your precise requirements. A variety of systems is shown, none of which will add more than a few shillings to the original cost of your Sinclair X-10, be it for MONO or STEREO. Available separately. Price //-. 

rro-mcLAir radTonicT ltd"" c~^e,rtoh~amb~i,dg~ " ■ ■ 
| Please send items detailed below £ s d | 1 NAME  . 5 nci Bl ir" 

ADDRESS... 
I 

TOTAL £ 
^jorjvh/c/W endose^cashjcheque/money order I RCI-65J 

If you are not completely satisfieddpith your purchase {and we are confident that you will be) your money will be refunded in full at once and without question. 
Full Service Facilities always avail- able to Sinclair Customers. 
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(MANCHESTER) LTD. 
MAIL ORDERS 

TO: 
13 POST HOUSE, WYND, DARLINGTON 
Terms C.W.O. or C.O.D. No C.O.D. 
under £1. Postage 2/9 extra under £2. 
4/6 extra under £5. Trade Supplied. 
S.A.E. with all enquiries, please. Personal 
shoppers welcomed at any of the branches 
below. Open all day Saturday. 
BRADFORD 54 Morley street, DIVHL/rVsVXL/ Nr. Alhambra Theatre 
(Half-day Wednesday) 
RRKTOI H Lower Castle Street I WL Half-day Wednesday 

BIRMINGHAM 
(No half-day) Snow Hill Station 
DFRRY 26 Osmaston Rd., The Spot ' (Half-day Wednesday) 

DARLINGTON 
Wednesday) 

EDINBURGH 133 Leith Street 
CLrmDUIXUn (Half-day Wed.) 
GLASGOW 326 Arsy,e Street UUMJUUfT (Half-day Tuesday) 

41111 51 Savile Street lULI- (Half-day Thursday) 
LEICESTER 32 High Street Ltl Vf 1 CIV (Half-day Thursday) 
I FFD^ 5-7 County (Mecca) Arcade L.tC.K/J (No ha|f.day c|oSing) 
LIVERPOOL 73 Dale Street l-IYCIXrVUL (No half-day closing) 
I ON DON 238 Edgware Road LVEIL/Vn (Half-day Thursday) 

MANCHESTER 
Callers welcome at our extensive new 
premises at 60A/60B Oldham Street 

(No half-day) 
MIDDLESBROUGH 
106 Newport Road (Half-day Wed.) 

SHEFFIELD 13 Exchange Street Castle Market Bldgs. 
(Half-day Thursday) 

Fane Heavy Duty Hi-Fi Speakers 
12" 15 ohms. Cast chassis. Exceptionally robust 2" diam. Voice Coil Assemblies. 122/10 20 watt, 5 gns.; 122/1 OA 20 watt, 6 gns.; 122/12 20 watt, 7 gns.; i22/l2A 20 watt, 8 gns.; 122/14 22 watt, 9 gns.; 122/14A 22 watt, 10 gns.; 122/17 25 watt, £11.17.6.; I22/17A 25 watt, £12.17.6. 15" 15 ohms. Cast chassis. Exceptionally robust 2" diam. Voice Coil Assemblies. 152/12 20 watt, 12 gns.; I52/I2A 20 watt, 13 gns.; 152/14 27 watt, 14 gns.; I52/I4A 27 watt, 15 gns.; 152/17 35 watt, 16 gns.; I52/I7A 35 watt, 17 gns. "A" indicates duel cone type. 30-17,000 c.p.s. Send S.A.E. for leaflets. Terms available. FANE EXTRA HEAVY DUTY LOUD- SPEAKER 15" TYPE 153. 40 watts. Total flux 375,000 lines. Extremely high sensitivity. 15 ohm voice coil. Only 18 gns. or Deposit 37/6 and 12 monthly payments of 31/6. 

BASS-MAJOR 30 WATT AMPLIFIER 
A MULTI-PURPOSE HIGH FIDELITY, HIGH OUTPUT UNIT FOR VOCAL AND INSTRUMENTALIST GROUPS 

Eminently suitable for bass, lead or rhythm guitar 
and all other musical instruments 

it Incorporating two 12" heavy duty 2S-watt high flux (17,000 lines) loud- speakers with 2" diameter speech coils. Designed for efficiency hand- ling full output of amplifier at fre- quencies down to 25 c.p.s. 
it Dual Cone in 2nd speaker repro- duces frequencies up to 17,000 c.p.s. 
it Heavily made cabinet of con- venient size 24"x2^'xl4,, has an exceptionally attractive covering in two contrasting tones of Vynair. ★ For 200-250V, 50 c.p.s., A.C. Mains operation. 
it Four jack socket inputs and two independent volume controls for 

simultaneous connection of up to four ' instrument pick-ups or microphones. 
it Separate bass and treble controls providing more than adequate "Boost" or "Cut". 
★ LEVEL frequency response throughout the audible range. 
★ SUPERIOR TO UNITS AT TWICE THE COST. 
Send S.A.E. for leaflet OR DEPOSIT -| _ of £4.3.0 and 12 CwJL (Zmc monthly pay- J Z O VJllb. ments of £3.9.11 

^ Carr. 17/6. 
HIGH FIDELITY 12-14 WATT AMPLIFIER TYPE All 

PUSH-PULL ULTRA LINEAR OUTPUT "BUILT-IN" 
TONE CONTROL PRE-AMP STAGES 

Two input sockets with associated controls allow mixing of "mike" and gram., as in A10. High sensitivity. Includes 5 valves, ECC83, ECC83, EL84, EL84, EZ8I. High Quality sectionally wound output transformer specially designed for Ultra Linear operation and reliable small condensers of current manufacture. INDIVIDUAL CONTROLS FOR BASS AND TREBLE "Lift" and "Cut". Frequency response—3dB 30-30,000 c/s. Six negative feedback loops. Hum level 60dB down. ONLY 23 millivolts INPUT required for FULL OUTPUT. Suitable for use with all makes and types of pick-ups and microphones. Comparable with the very best designs for STANDARD or LONG PLAYING RECORDS. For MUSICAL INSTRUMENTS such as STRING BASS, LEAD OR RHYTHM GUITARS, etc. OUTPUT SOCKET with plug provides 300V 30mA, and 6.3V 1.5A for supply of a Radio Feeder Unit.A Size approx. 12" x 9" x 7". For A.C. mains 200-250V 50 c.p.s. Output for 3 & 15Q speaker. Kit is complete ft figee to last nut. Chassis is fully punched. Full instructions and point-to-point wiring diagram supplied. Only v 

(Or factory built 51/- extra) Carr. 10/- If required louvred metal cover with 2 carrying handles can be supplied for 18/9. TERMS ON ASSEMBLED UNITS. DEPOSIT 24/9 and 9 monthly payments of 24/9. Send S.A.E. for illustrated leaflet detailing Cabinets, Speakers, Microphones, etc., with cash and credit terms. 
R.S.C. G5 AMPLIFIER For "mike", 
gram, lead or rhythm guitar, etc. 
5-watt high quality output. Incorporating high flux 12" 10 watt 12,000 line speaker. Sen- sitivity 50mV. High impedance jack input. Handsome strongly made cabinet (size 14" x 14" x 7" approx.) finished in complementary shades of Rexine/Tygan. 200-250 A.C. mains. 
/O 10 A 0r DEPOSIT 22/3 and 9 monthly fcT* I #«0 payments of 22/3. Carr. 7/6. 

LINEAR TREMOLO/PRE-AMP. UNIT 
Designed for introducing the Tremolo effect to any amplifier which is fitted with a reserve power supply point for smoothed H.T. and 6.3V A.C. L.T. This applies to practically all amplifiers of our manufacture, and to those of several other manufacturers. The unit plugs into power supply point and any input socket or amplifier. Controls are Speed (frequency of interruptions), Depth (for heavy or light effect), Volume and Switch. Three A sockets are for two inputs and Foot Switch. ONLY " Olli* 

R.S.C. CORNER CONSOLE CABINETS Polished walnut veneer finish. JUNIOR MODEL. Size 20" x I I" x 8" for 8"x 5" or 10"x 6" speakers, £2.9.9. STANDARD MODEL. Size 27" x 18"x 12" for 8" or 10" speakers, £4.1 1.9. SENIOR MODEL. Size 30" x 20" x 15" for 12" Speaker. Suitable Speaker systems below. Only 7 gns. R.S.C. BASS REFLEX CABINETS, JUNIOR MODEL. Specially de- signed for W.B. HFI0I2 Speaker, but suitable for any good quality 10" speaker. Acoustically lined and por- ted. Polished walnut veneer finish. Size 18" x 12" x 10". Handsome appearance. Ensures superb reproduc- .tion for only £3.19.6 STANDARD MODEL. As above but for 12" speakers. Size 20" x 15" x 13". For vertical or horizontal use. £5.19.6. Set of legs with brass ferrules, 19/6. 
AUDIOTRINE HI-FI SPEAKER SYSTEMS. Consisting of matched 12" J 2,000 line, 15 ohm high quality speaker, crossover unit (consisting of choke, condenser, etc.) and Tweeter. The smooth response and extended frequency range ensure sur- prisingly realistic reproduction. Standard 10 watt rating £4.19.9. Carr. 5/-. Or Senior 15 watt, £6.19.9. Carr. 7/6. HEAVY DUTY LOUDSPEAKERS in substantial Rexine cov. Cabinets. TypeBGI. Suitable for Bass Guitar. Speaker Unit 15", High Flux, I5f2,30 W. Cabinet approx. 24"x2l"x 13". Only 19^ gns. Or Deposit 43/- & 12 monthly payments of 34/-. 

R.S.C. 30-WATT ULTRA LINEAR 
HIGH FIDELITY AMPLIFIER A10 A highly sensitive Push-Pull high output unit with self- contained Pre-amp. Tone Control Stages. Certified performance figures compare equally with most expensive amplifiers available. Hum level 70dB down. Frequency response ±3dB 30-20,000 c/s. A specially designed sectionally wound ultra linear output trans- former is used with 807 output valves. All compon- ents are chosen for reliability. Six valves are used, EF86, EF86, ECC83, 807, 807, GZ34. Separate Bass and Treble Controls are provided. Minimum input required for full output is only 12 millivolts so that any kind of microphone or pick-up is suitable. The unit is designed for Clubs, Schools, Theatres, Dance Halls or Outdoor Functions, etc. For use with Electronic Organ, Guitar, String Bass, etc. For standard or long-playing records. Output Socket provides L.T. and H.T. for Radio Feeder Unit. An extra input with associated vol. control is provided so that two separate inputs such as Gram and "Mike" can be mixed. Amplifier operates on 200-250V 50 c/s. A.C. mains and has output for 3 and 15 ohm speakers. Complete Kit of parts with fully punched chassis and point-to-point wiring diagrams - _ ~ and instructions. If required, perfor- | | GVIS* ated cover with carrying handles can _ In, be supplied for 19/9. The amplifier can IU/- be supplied, factory built with EL34 

output valves and 12 months' guarantee, for 14 gns. Send S.A.E. for leaflet. TERMS; DEPOSIT 33/9 and 9 monthly payments of 33/9. Suitable mikes and speakers available at competitive prices. 
R.S.C. G15 IS WATT AMPLIFIER 

Suitable lead or rhythm guitar, gram, tape, 
"mike" or radio High-fidelity push-pull output. Separate bass and treble "cut" and "boost" controls. Twin separately controlled mputs^ so that two instruments or "mike" and pick-ups can be used at the same time. Loudspeaker is a heavy duty high flux 12" 20 watt mode! with cast chassis. Cabinet is well made and finished as Junior Model. Size approx. 18" x 18" x 8" Carr. 10/-. Send S.A.E. Only for leaflet. Or DEPOSIT 

IO GVIC 39/'l and twelve monthly MW payments of 33/4. 

R.S.C. BASS/20 AMPLIFIER 
A multi-purpose unit, ideal for bass guitar 

A highly efficient unit incorporating a massive 15" high flux loudspeaker specially constructed to withstand heaviest load conditions. Rating 25 watts. Individual bass and treble controls give ample "boost" and "cut". Two high impedance jack socket inputs are separately controlled. All controls are conveniently posi- tioned in a recess on top of the cabinet. Cabinet is of substantial construction and attractively finished in two contrasting tones of Rexine and Vynair. Size approx. 24" x 21" x 13". Operation from 200-250V 50 c.p.s. A.C. mains. Send S.A.E. for leaflet. Or Deposit 
I fSnc £3.2.0 and 12 monthly payments of 51/8. Carr 17/6. 

12 in. 10-WATT HIGH QUALITY 
LOUDSPEAKER 

m 

In walnut veneered cabinet. Gauss 12,000 lines. Speech coil 3 ohms or 15 ohms. 
Only £4. I 9.6 ^ 
Terms: Deposit 11/3 and 9 monthly payments of i 1/3. 
12m. 20-WATr HI-FI 
LOU DSPiEAKERS IN CABINETS. Size 18" x 13" x 10" Finish as above. Terms: Deposit 17/9 and 9 monthly payments of 17/9. 

Only £7.19.6 Carriage 8/6 
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COMPONENTS FOR THE 

"ALL BAND 
COMMUNICATION RECEIVER" 
as featured on page 699 in the May issue 

COIL TURRET CT.7/B 
This turret is the basic portion of the CT.7. it comprises cadmium 
plated steel frame (5i,, deep x 4±" high x 3$" wide), silver plated 
contacts, polystyrene insulation and rotary turret movement, 
incorporating Aerial, Mixer and Oscillator Coils for the three 
bands 1.5-4 Mc/s, 4-12 Mc/s and 10-30 Mc/s. Price 75/- 
Coil strips for the long and medium wavebands may be purchased 
separately for incorporation in the turret. Price 10/6 each 
The turret requires a 315pF tuning capacitor. A suitable 3-gang 
component with ceramic insulation is available. Price 19/- 
Air spaced concentric trimmers 3-30pF Price 3/6 each 

I.F. TRANSFORMER IFT.11/465 kc/s 
A miniature I.F. Transformer for 465 kc/s giving exceilent per- 
formance at low cost. Coils are litz wound and permeability 
tuned with high-grade iron-dust cores and silver mica capacitors. 
Screening Can 1J" x -ff" square. priCe 6/6 each 
Also available for 1.6 and 10.7 Mc/s. 

BEAT FREQUENCY OSCILLATOR COIL 
BFO.2/465 kc/s 

These compact coils are wound on a bakelite former complete 
with adjustable iron-dust dores enclosed in an aluminium screening 
can measuring If' x -fl" square. Price 5/- each 
Also available for frequencies of 85 kc/s, 100 kc/s and 1.6 Mc/s. 

m-o "BASIC SUPERHET 

FOR BEGINNERS" 
as featured on page 688 in the May issue 

COIL PACK CP.3/F 
This 4-waveband coil pack is for use with a 500pF 2-gang condenser 
and covers the standard Long, Medium and Short Wavebands 
with the addition of the band 50-160 metres (1.85-6 Mc/s). It 
comprises of Aerial and Oscillator coils with iron-dust tuning 
cores, wavechange switch and mica compression trimmers mounted 
on an aluminium plate measuring 4^" x 2±" x 1" (not including 
spindle). Price 49/- plus 8/2 P.T. = Total ST/l 

Two-gang 315pF Tuning Condenser Price 14/8 

General Catalogue covering full range 
of components, send 1 /6 in stamps 

STOP PRESS 3 Pole 3 way Bank Switch 7/6 each. 1 Pole 8 way 
4/3 each. 

PLEASE SEND S.A.E. WITH ALL ENQUIRIES 

DENCO (Clacton) LTD 

(DEPT. RC), 3S7/9 OLD ROAD 

CLACTON-ON-SEA, ESSEX 

AmateuiTi?^ DIG 
CHAS. H. YOUNG LTD. 

MIDLAND AGENTS 

FOR 

* EDDYSTONE 

RECEIVERS & COMPONENTS 

* NATIONAL 

RECEIVERS & TRANSCEIVERS 

* GREEN & DAVIS EQUIPMENT 

* KW EQUIPMENT 

* M0SLEY AERIALS 

* WITHERS 

* H.P. FACILITIES AVAILABLE 

* PART EXCHANGES 

AERIAL 
EQUIPMENT 

TWIN FEEDER. 300 ohm twin 
ribbon feeder similar K25, 6d. per 
yard. K35B Telecon (round), 1/6 per 
yard. 75 ohm twin feeder, 6d. per 
yard. Post on above feeders and 
cable, 1/6 any length. 
COPPER WIRE, 14G, H/D, 140ft. 
22/6; 70ft, 11/6. Post and packing 2/6. 
Other lengths pro rata. 
FEEDER SPREADERS. 6" Ceramic 
type F.S., lOd. each. Postage 1/6 
up to 12. 
CERAMIC CENTRE PIECE for 
dipoles, Type AT, 1/6 each. P. & P. 1 /-. 
2 METRE BEAM, 5 ELEMENT 
W.S. YAGI. Complete in box 
with 1" to 2i,, masthead bracket. 
Price 49/-. P. & P. 3/6. 
SUPER AERAXIAL, 70/80 ohm 
coax, 300 watt very low loss, 1/8 per 
yard. P. & P. 2/-. 
TOUGH POLYTHENE LINE, 
type MLI (1001b), 2d. per yd. or 
12/6 per 100 yds. Type ML2 (220lb), 
4d. per yd. or 25/- per 100 yds., ML4 
(400lb), 6d. per yd., post free. 
Ideal for Guys, L.W. Supports, 
Halyards, etc. 

ABSORPTION WAVEMETERS. 
3.00 to 35.00 Mc/s in 3 Switched 
Bands. 3.5, 7, 14, 21 and 28 Mc/s. 
Ham Bands marked on scale. Com- 
plete with indicator bulb. A MUST 
for any Ham Shack. ONLY 22/6 
EACH. Post free. 
BANDCHECKER MONITOR. 
3.00-35.00 Mc/s in 3 switched Bands. 
0-1 mA Indicator. Monitor Socket. 
Very sensitive, £3.13.6. P. & P. 2/6. 
VARIABLE CONDENSERS. All 
brass with ceramic end plates and 
ball race bearings. 50pF, 5/9; 100, 6/6; 
160, 7/6; 240, 8/6; and 300pF. 9/6. 
Extension for ganging. P. & P. 1/-. 
RACK MOUNTING PANELS: 
19" x 5i", 7", SJ". or 10*". black 
crackle finish, 5/9, 6/6, 7/6, 9/- 
respectively. P. & P. 2/-. 
GELOSO VFO UNITS. 4/102 with 
new dial and escutcheon. Outputs on 
80, 40. 20, 15 and 10. For 2-807 or 
6146 Tubes. Only £8.15.3, valves 
to suit, 24/-. ALL POST FREE. 
SHADED POLE MOTORS, 230V 
or 110V operation, ideal for fans, 
blowers or models. Single Unit 12/6, 
plus 2/- P. & P., or Pair £1, plus 
2/6 P. & P. 
PARMEKO TRANS. 200/200 
40mA, 6,3V, 3A. New, not ex-W.D. 
Only 12/6. P. & P. 2/6. 

CHAS. H. YOUNG LTD 
170-172 Corporation St., Birmingham 4 
Please print your address. No C.O.D. under £1. 'phone CEN 1635 
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HOME RADIO of MITCH AM 

Dept. RC, 187 London Road, Hitcham, Surrey. Phone: MIT 3282 

Pill®"1""""""''  
This is a page from our Catalogue 

If you think that the other 

199 pages would interest 

you, send Coupon 

below, with 6/- RO. 
RAOIO (MITCHAM) I*- CONDENSERS'^—^ 

non 
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The 

■ 

"Mint with the Hole" 

Tminimr Monitor 

6/ F. C. JUDD, A. Inst. E., G2BCX 

During the course of recent development 
work on transistor transmitters, the need 
arose for a rather specialised c.r.t. monitor. 

This had to display the amplitude of the r.f. carrier 
at the aerial terminal, the waveform of the r.f. 
carrier, and modulation amplitude. The usual 
trapezoidal display produced by feeding the r.f. 
and audio signals to X and Y plates was found to be 
unsuitable. 

The "Mint with the Hole" monitor, so called 
because of the display form, provided the answer. 

approx. MR| 
I 30mA p- 

This is simple to build and could in fact be quite 
portable if operated from a 6 volt dry battery. 
The original, shown in the photograph, was ar- 
ranged to operate from a 12 volt supply provided 
by a car battery. 

Circular Display 
The basic principle of the device, the circuit of 

which is shown in Fig. 1, is to display the waveform 
of one cycle of the carrier as a complete circle. 
The diameter of the circle represents amplitude 

--I2V 

©Aerial In 

Com. 

TR, 
OC82 C3 Yo Y 2 'I 

C6 
DH3-9I 

tu 13 ov tap 
amp or 

current Pri. 
winding 20°^ meter if 

E 
C2 Brilliance fitted tap 

Aerial 
out c5 

Fig. 1. The circuit of the 
transmitter monitor 
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and can be set to any predetermined level. The 
circle will not appear as a circle if the r.f. waveform 
is distorted in any way. 

To obtain the circle is quite simple, and requires 
only a coil and capacitor tuned to the frequency 
of operation and connected between the X and Y 
plates of a small cathode ray tube. Since the r.f. 
voltage will be in opposite phase at each end of 
the coil a circle composed of two half cycles will be 
displayed.* 

Under modulation the circle will expand outwards 
and the area of the carrier being modulated will 
appear shaded. When modulation is 100% a 
bright green dot will just start to appear at the 
centre. Fig. 2 shows the result of modulation 
between at 0, 50 and 100%, as well as overmodula- 
tion. 

* To obtain a circular display under normal conditions, it is 
necessary to have 90° phase difference between the signals applied 
to the X and Y plates. In this respect the author states; "The voltage 
at each end of the tuned circuit is in complete phase opposition, 
i.e. when the voltage at one end is going positive the voltage at the 
other is going negative. If the two voltages are applied to the X 
and Y plates respectively, the resultant display would be a straight 
line. However, when the tuning of the circuit is adjusted, phase 
shift through 360° can occur. At 90° the resultant display is a 
circle."—Editor. 

Components List 
Resistors 
(All fixed values i watt 10%) 

Ri 27kn 
R2 10kn 
R3 3Mn 
R4 500k U potentiometer, linear track 
R5,6,7 470kn 

Capacitors 
Ci 100(jiF electrolytic, 12V wkg. 
€'2,3 0.01 uF paper 
C4 0.1 (aF paper, 500V wkg. 
C5 200pF silver-mica 
Q 50pF variable 

Inductors 
Ti Radiospares c.r.t. heater transformer (see 

text) 
Lj Denco "Maxi-Q" Range 3 Blue coil 

(coupling winding not used) 

Cathode Ray Tube 
lin oscilloscope tube type DH3-91 (Mullard) 

Transistor 
TRi OC82 

Rectifier 
MRi 500V silicon rectifier 

Carrier only no mod. 
(a) 

50% mod. 
(b) 

: 

100% mod 
(c) 

owr I000/o mod. 
(d) 

fig. 1. Cathode ray tube displays for various degrees 
of modulation 

A ringing oscillator, incorporating an OC82 
transistor, provides approximately 500 volts h.t. 
for the tube. 

The original circuit was designed for the 160 
metre band and employed a Denco Range 3 coil 
with the grid winding shunted by a 200pF mica 
capacitor. The coil can be tuned over the whole 
band by means of the dust iron slug. This is quite 
easily controlled by fitting a small knob or disc 
on the protruding end of the threaded brass end 
that moves the iron core. The coil is, of course, 
mounted on the front panel. 

Components 
Any lin or l^in c.r.t. could be used, but in the 

model shown in the photograph a Mullard type 
DF13-91 lin tube was employed. This has fixed 

approx. 
3Kc/s~ [ 3Kc/5 

Bulb 
Bj 6.3V 0.5A, or equivalent resistor (see text) 

Fig. 3. The waveform on the secondary of Tj, the 
ringing oscillator transformer 
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focus which simplifies things a little and necessitates 
only a control for brilliance. The ringing oscillator 
h.t. supply can be devised from a Radiospares 
13 volt TV c.r.t. mains transformer with a 20% 
tap connected as shown in the circuit. The wave- 
form produced by this is shown in Fig. 3. 

The heater requirement of the DH3-91 is 6.3 
vqlts at 550mA. In the prototype, the 12 volt 
supply was dropped to a suitable potential by 
inserting a 6.3 volt 0.5 amp bulb, Bj, in series, as 
shown in Fig. 1. Alternatively, a dropping resistor 
of suitable value and wattage could be employed 
in place of the bulb. The bulb (or resistor) is not 

required with a 6 volt supply. 
The circuit shown is exactly that being used by 

the writer, but it could be modified in various ways 
to suit individual requirements. The size of the 
carrier circle is set by means of the small variable 
capacitor, Cg, which also isolates the tube h.t. 
and deflection plates from the aerial terminals. 

In use, tune the transmitter up and adjust the 
tuning coil slug until the circle appears. Set the 
diameter as required. Modulation at 100% will 
expand the circle to about twice the diameter and 
shade the area within as shown in Fig. 2 (c). 

Recent Publications . . . 

■TRSSfc £ i & ssr.Egw Dl-C ■MIEE" 
ThP hnoVSH«re K e1ltl0n a

k
book

f
which flrst appeared in 1940, and a new chapter on transistors has been added. 

Lrhnir^l r^l V ^ number of experiments suitable for a three or four year course in radio engineering at a echmcal college. Experiments are presented in the following form: Purpose. Procedure, Results, and Conclusions 

student sTnre'u Tk 'llustrated ^"th clear diagrams. The presentation does not confine the book's usefulness to the 
experiments ^nclude such^ide-rangtng'subj^erts'as^ndtng ^e^ynrmtc^mped^ce' oTTtun^^c^rcu^t ^mTasuring the 
re verb e rat chtmacteir i s t Rs of ^ 'room 6determining the resP°nse a loudspeaker, and finding the 

FUN WWard|pRutlS) ?td.S- Prl'eUs'd.03^' ^ JaCk ^ 64 PageS' 11 X 10in- Published ^ Edmund 

This book has been written for the boy reader (Jack Cox is the Editor of Boy's Own Paper) and so no pretence is 

sets are v^rv efferHv! TI u Stylu °f ,writing i5 direct and down to earth. "These small two-transistor earphone sets are very effective. I took one on holiday to North Wales in 1963 and Radio Luxembourg came in regularly at fine 
olume. expect the signals bounced down from the Heaviside layer conveniently at that point!" The book describes 

^™Ct,0n i amplifler and receiver and there are some further notes l other aspects 
rlncf f S' lnclud.lng th^r us? In commercially made receivers. Your reviewer was chagrined to find that The Radio 
around ^rwasT 'n periodicals at the end of the book whereas Popular Wireless, which ceased publication 

OIRECT CURRENT AND MAGNET1SM. Etfited by Edgar J. Black. 119 pages, S| x 8iin. Published in Philips 
xu- PaPerback senes. Distributors (outside Benelux countries) lliffe Books, Ltd. Price 10s. 6d. I his book, printed in the Netherlands, offers a very simple introduction to direct current and magnetism It is 

strictly for the beginner and takes electricity through Ohm's Law to the influence of temperature on resistance- resistors 

maintenance mTfferS \ "fh ^ Para"el connection; batteries and accumulators through types, construction and 
mfivers^t voltage ande,current0meterCOnneCtl0n' magnetism UP to the relay and the ele"ric belli and meters up to the 

Further titles in the Philips Paperback series, and ail having the same format and distributors, are: 

AL7hkTakN
f
G,CUR

f
RErV1T^ND|.AFOUSTICS- "ited by Edgar J. Black. 116 pages. Price 10s. 6d. 

which ore e elementary level with alternating current, inductance, capacitance and acoustics. The latter section 
movinc coh oMH u pages, briefly discusses sound waves; carbon, dynamic, capacitor and crystal microphones; the moving-coil loudspeaker; and the magnetic earphone. 

AERIALS. By D. J. W. Sjobbema. 110 pages. Price 10s 6d 

thanTdoStbh0e
0tkwn nrcccH3'5 witb TV and f m- aerials, goes very much more deeply into its subject 

well rlfnok P. ^ g Publlcati°ns, and it contains a wealth of useful practical and theoretical information. As 
osis to enahk T f

arrhys' euthor covers the V-reflector and the helical aerial, giving sufficient formulae in all 
romnrlhon to be constructed. Also described are attenuators and distribution networks. Aerials is comprehensive, concise and full of information. 

THE TAPE RECORDER. By C. G. Nijsen. 142 pages. Price 13s. 6d. 
The Tape Recorder is aimed at the general enthusiast, and takes technicalities up to simple block diagram level. It 

o ers a great deal of sensible practical advice, together with a description of fault location. There is much useful 
information on sound effects and studio techniques. 
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Low cost 

LEAKAGE and 

INSULATION 

TESTER 

^ \ lO^n- / 

1 Sl„5F2r^utnCY \ / 1 Coors®, \ / 

SUGGESTED 
CIRCUIT No. 170 

w 

Although this series of 
articles is mainly intended t» 
present unusual circuits or 

unusual applications for familiar 
components, the writer finds that 
there is a surprisingly high demand 
from readers for circuits of very 
simple and inexpensive test equip- 
ment. Two previous articles have 
been included in the series to meet 
this requirement, these being a 
"Pocket 'Valve Voltmeter' " in the 
February 1963 issue and a " 'Spares- 
Box' Voltage Measuring Instrument" 
in the December 1963 issue. The 
first device employed a DM70 
tuning indicator as a voltage indica- 
tor having a very high input im- 
pedance, whilst the second used a 
potentiometer calibrated in terms 
of voltage and coupled to a neon 
bulb. The potentiometer was ad- 
justed until the neon became il- 
luminated, whereupon the voltage 
applied across the potentiometer 
track could be read from its scale. 
Despite their considerable simplicity, 
both these circuits were commented 
on favourably in subsequent cor- 
respondence. 

In consequence the writer discus- 
ses, this month, another simple 
testing device, this being a neon 
leakage and insulation checker. 

Neon lamps have been used by 
amateurs for leakage and insulation 
tests for many years now, but the 
present circuit employs a somewhat 
unorthodox method of supply which 
is not normally encountered. The 
components required are inexpensive 

and few in number and many may 
already be available in the spares- 
box. 

Operation 
The basic circuit for testing 

insulation and leakage with the 
aid of a neon lamp is shown in 
Fig. 1. In this diagram, the d.c. 
supply potential and the series 
resistor have values such that the 
neon lights in normal fashion when 
the test leads are short-circuited. 

When the test leads are open- 
circuit, the neon will not, of course, 
be illuminated. If, however, a very 
high resistance is connected across 
the test terminals and is then reduced 
in value, a point will be reached 
at which the neon will commence 
to glow. The glow will be at reduced 
brilliance and may be confined 
to part of the electrode structure 
only. By choice of a suitable neon 
bulb it is readily possible to obtain 
a glow of this nature when resistances 
of the order of tens of megohms 
are presented to the test terminals. 
The circuit may therefore be em- 
ployed as a sensitive and inexpensive 
insulation tester, a very rough idea 
of the resistance existing between 
the test points being given by the 
brilliance and position of the glow 
discharge in the neon. If there is no 
illumination when the test leads are 
applied to a component, the insula- 
tion between them is of a high level 
since too great a resistance is 
present to cause a glow in the 
neon. 

By G. A. FRENCH 

If the test leads are applied to a 
capacitor of sufficient value the 
neon will strike momentarily as 
the initial charging current flows 
through it, after which it will 
extinguish. If the capacitor has a 
very high leakage resistance it will 
retain its charge for a long period, 
with the result that the potential 
across the neon does not rise 
sufficiently high to enable it to 
strike again, and it remains ex- 
tinguished. A capacitor with a lower 
leakage resistance will discharge 
more rapidly after the initial charging 
pulse, whereupon the potential across 
the neon rises after a period and 
causes it to strike once more. 
This process repeats continually 
whilst the capacitor is connected. 
A capacitor with a lower leakage 
resistance again will cause the neon 
to remain continually illuminated 
at a brilliance level corresponding to 

Series ; 
resistor : 

1 

ml 
SlNcon 

1 Jbulb supply 

C 
] , [ 

Fig. 1. The basic neon insulation 
tester 
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Fig. 2. A circuit which enables the tester to be powered from the mains 
supply. The components are discussed in the text 

the leakage resistance in the capaci- 
tor. In this instance the discharge 
current through the leakage resist- 
ance is too high to enable the 
capacitor to retain a charge. If 
the capacitor is short-circuited the 
neon will glow at full brilliance and, 
if the capacitor is open-circuit it 
will not flash at all. 

Thus, a "good" capacitor will 
cause a single flash in the neon. A 
capacitor with significant leakage 
will cause the neon to flash re- 
peatedly at a regular rate dependent 
upon the leakage resistance (and the 
capacitance) of the capacitor. Lower 
leakage resistance will cause con- 
tinual illumination, whilst an open- 
circuit capacitor results in no initial 
flash. 

It should be noted that the 
initial flash is only given by capacitors 
above a certain value which depends 
upon the type of neon employed. 
The charging current in capacitors 
of lower values will not be sufficient 
to cause the flash. Leakiness in 
such capacitors will still, neverthe- 
less, be indicated, if this is below 
the insulation level which can be 
detected by the neon. 

The Present Circuit 
The only requirements for a 

neon insulation and leakage tester 
are, therefore, a d.c. supply, a 
series resistor and the neon lamp 
itself. However, the d.c. supply 
needs to be of the order of 200 to 
350 volts and the provision of 
such a voltage argues the construc- 
tion of a mains power unit with a 
double-wound mains transformer 
to provide isolation. Such a power 
pack is unjustifiably expensive for 
use with a device as simple as a 
neon tester. 

This month's circuit, which is 
shown in Fig. 2, employs a mains- 
derived power supply which does 
not incorporate a mains trans- 
former. Nevertheless, it still offers 
a d.c. voltage which is equivalent, 
from the point of view of isolation, 

to that appearing on the h.t. positive 
rail of valve equipment whose 
chassis is connected to earth. A 
single connection is made to the 
live side of the mains, this being 
applied, via switch Si and rectifier 
MRi, to reservoir capacitor C2. 
The negative plate of C2 is con- 
nected, not to the neutral side of 
the mains, but to earth. A rectified 
voltage, corresponding in value to 
the alternating voltage between the 
live side of the mains and earth, 
then appears across C2. As may be 
seen, the d.c. voltage on the positive 
plate of C2 is similar to the h.t. 
positive voltage in equipment having 
an earthed chassis. 

The voltage across C2 is passed, 
via the smoothing circuit, R2, Q, 
to the series resistor Ri and the 
neon. The other terminal of the 
neon connects to test lead A. An- 
other series resistor, R3, appears 
between the negative rail and test 
lead B. The reason for the inclusion 
of R3 is discussed later. The 
combination of neon bulb,. Ri and 
R3 functions in the same manner 
as did the neon bulb and series 
resistor of Fig. 1. Components 
and capacitors can then be tested 
for insulation and leakage by apply- 
ing the test leads and observing the 
neon. 

Circuit Details 
Before proceeding further it must 

be emphasised that the process of 
obtaining a rectified voltage from the 
live side of the mains and earth should 
only be carried out if the current 
drawn is very small. In this instance, 
the currents involved are of the order 
of a milliamp or less. The scheme 
should not be used for powering 
receivers and the tike, as the current 
drawn will be too great and there is 
a risk of shock if the earth connection 
is broken. Obviously, a reliable 
earth connection must be employed. 

In the present instance, and 
bearing in mind the fact that no 
isolating transformer is employed, 

it was felt that it would be of interest 
to examine the question of shock 
from the test leads in the light of 
the recommendations in British 
Standard 415.1 This states that the 
leakage current which may flow 
to earth from the whole group of 
terminals in a piece of reproducing 
equipment to which modulating 
apparatus is applied (e.g. the ter- 
minals by means of which a micro- 
phone is connected to an a.f. 
amplifier) should not exceed 2mA. 
In many commercially produced 
radiograms and record players hav- 
ing a.c./d.c. chassis, this requirement 
is met by completely insulating the 
pick-up connections and by con- 
necting the gram deck to the chassis 
via a 0.02iiF capacitor. The reactance 
of this capacitor (I59kfl at 50 c/s) 
ensures that the leakage current to 
earth from any exposed metalwork 
of the gram deck cannot exceed 
about 1.5mA. 

In the circuit of Fig. 2, the leakage 
current flowing to earth from test 
lead A cannot exceed some 0.65mA. 
If, due to mischance, the supply 
connection to earth is broken, the 
current flowing from test lead B 
is limited, mainly because of the 
presence of R3, to less than 1mA. 
If it is felt that the connection to 
earth is completely reliable, R3 
may be omitted and test lead B 
connected direct to the negative 
line. 

It is desirable to keep connections 
to mains isolating components spaced 
apart by greater than 0.5in.2 In 
consequence it would be preferable 
to employ resistors in the Ri and 
R3 positions whose lead-out wires 
are greater than 0.5in apart and to 
ensure that they do not connect 
to tags or other anchor points 
having spacing less than 0.5in. 
Suitable resistors here would, for 
instance, be the 1 watt Erie type 
8, which has a body length of 
0.71in. 

Components And Construction 
Apart from the points just made 

with respect to Ri and R3, the 
components are not in any way 
critical. 

The recifier MRi may be any 
"metal" or contact-cooled rectifier 
rated at 250 volts. Since the current 
drain is very small, an inexpensive 
30mA component will be more than 
adequate. Capacitors Q and C2 
are shown as 2[iF, although any 

1 B.S.415. Safety Requirements for 
Radio and other Electronic Apparatus. 

2 This is according to BS415 and is recom- 
mended unless some means of preventing 
accidental "bridging" (say by stray pieces 
of wire) is provided. 
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value between 1 and 8(j.F would be 
quite satisfactory in practice. 

It may be thought that the 
provision of the smoothing compo- 
nents Rz and Ci is over-generous, 
and that the neon circuit could 
obtain its supply directly from Cj. 
Tests with a prototype showed, 
however, that the small ripple 
across Cz gave slightly misleading 
results when checking some capaci- 
tors, and so Rz and Ci were added. 

The neon bulb used in the proto- 
type was a Hivac type 16L, obtain- 
able from Henry's Radio Ltd. 
A Hivac type 34L would also be 
suitable. These neons are very 
sensitive and that employed with the 
prototype gave a glow with test 
resistances in excess of 20Mfi. 
It also provided an initial charging 
flash with test capacitors as low in 
value as 300pF. 

A suitable method of construction 

for the unit would consist of mount- 
ing all the components in an insulated 
case, the test leads, mains lead and 
earth lead passing out through 
suitable grommets. A small aperture 
will be needed for the neon lamp, 
which could be mounted below the 
surface of the front panel. It will 
then be shadowed from room 
lighting and other sources of il- 
lumination, and its glow will be 
more readily observed. 

A. J. Ley 

MIDGET 

Transistor Economiser 

The writer recently constructed a 6-tran- 
sistor superhet of small dimensions. This 
worked very well and proved ideal for portable 

use but, because of the small size of the internal 
battery, prolonged use was expensive. The simple 
device shown in the diagram was employed to 
enable a PP9, or a similar large battery, to be 
employed. As can be seen, the internal battery is 
disconnected by the insertion of a miniature jack 
plug, the larger external battery then powering 
the receiver. 

In the writer's instance, the most convenient 
method of obtaining a jack socket for the external 
supply consisted of sacrificing the personal earphone 
facility. The internal wiring to the personal ear- 
phone socket was disconnected and the supply 
wiring shown in the diagram substituted. Since 
the socket had a contact which broke when the 
plug was inserted, the internal battery was auto- 
matically disconnected when an external supply 
was applied. The two original earphone socket 
wires which connected to the breaking contacts 
(A and B in the diagram) were joined together to 
enable the receiver to provide normal reproduction 
over its loudspeaker. 

Alternatively, the power supply socket may be 
an additional item, it being mounted at a convenient 
point on the case of the receiver. Any earphone 
wiring which may be in existence need not then be 
disturbed. Arrangements should be made, in this 
case, to ensure that the battery plug is not fitted 
to the existing earphone socket, and vice versa. 

As with all transistor work, correct polarity 
of the supply must be observed. This necessitates 
ensuring correct polarity of the connections to 
the jack plug. It is possible for the tip and sleeve 
of the jack plug to short-circuit momentarily 
via the bush of the socket when the plug is inserted 
and removed. Because of this, it might be preferable 
to connect the external battery to the jack plug 
leads after the plug has been inserted and to dis- 
connect it before the plug is removed. 

This simple alternative supply system turns a 
miniature transistor receiver from a fascinating 
toy, which is liable to pack up on one just when 
needed, to a receiver which may be powered from 
a battery for a long time, and which reverts to 
full portability by merely removing a jack plug. 

lb reccivcrl _ 
circuits 

Jack 
A (fitted In 
\ receiver) 

■Vj = 

V B 

+ - 
10 sxttrnal 

battery 
1b internal 

battery 

A simple modification which enables a small 
transistor receiver to operate from an external 
battery. The jack is a miniature type and, together 
with the associated wiring, is fitted in the receiver. 
When the jack plug is inserted, the internal battery 

is disconnected and the external battery applied 
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L. F. Sine Wave 

Generator 

By I. M. Rees 

Bracket 

IIIIIIIIIIIIIMI 

Suitable diameter 
gear wheels 

Fig. 2. A suggested method of ganging the three potentiometers 

An Inexpensive Low-Cost Unit 
This simple little unit was 

originally designed to investi- 
gate resonances and rattles in 

speakers and cabinets at the lower 
audio frequencies. Since being built, 
however, other uses have been found, 
these including the provision of a.f. 
for bridge energisation, morse code 
practice, signal tracing and distortion 
checks in audio amphfier circuits. 

Circuit 
Fig. 1 shows the oscillator which, 

as can be seen, is a straightforward 
phase shift circuit. This gives an 
average of 3.25 volts peak-to-peak 
sinusoidal output which is continu- 
ously variable between 20 and 1,000 
c/s in two overlapping ranges 
(Range 1 froffi 20 to 150 c/s. Range 2 
from 150 to 1,000 c/s) switched by 
Si, which also serves as the on/off 
control. 

Oscillation in this type of circuit 
is obtained by feeding a proportion 

S| positions 
Off 
Range I 20c/5- ISOc/s 
Range 2 lOOc/s-IKc 

of the amplified signal at the collector 
back via the CR ladder network to 
the base. Oscillation occurs at the 
frequency which corresponds to 
180° phase shift between collector 
and base. The frequency of oscilla- 
tion is governed by the time constant 
of the CR network. 

The time constant of the ladder 
network is changed by selecting 
different values of C, as is done for 
the range switching, and of R, by 
employing three potentiometers for 
fine frequency control. In practice, 
if oscillation is to be maintained the 
three potentiometers should not be 
adjusted too far out of step. Fig. 2 
shows a method by which means they 
may be ganged together. If this 
system is used it should be noted that 
the direction of rotation of the 
wipers of the outer potentiometers 
will be reversed in relation to that of 
the centre one. This point will have 
to be remembered at the time of 
assembly and wiring. The prototype 

Off cl Ca C3 C4 9v 
■ b 2 +ve 

TR 
^Output 

-I I 

employed three separate potentio- 
meters which were kept approxi- 
mately in step so as to maintain 
oscillation at the required frequency. 

Stabilisation of the base bias of 
TRi has been omitted mainly for 
economy, but it may be included if 
so desired. 

General 
The construction is by no means 

critical and any suitable layout may 
be employed. 

Other transistors than that speci- 
fied can be used, with slight varia- 
tions of R7 and Rg for optimum 
performance. Types OC71, OC72, 

Components List 

Resistors 
Ri 
Rz 
R3 
R4 1 
Rs VlkUiW, 20 
Rs J 
R7 470kQ JW, 20% carbon 
Rs 3.9kn JW, 20% carbon 

10kn potentiometer (prefer- 
ably wirewound) 

] carbon 

Capacitors 
Ci 
C2 
C3 
C4 
C5 
Cfi 
C7 
Cg 
C, 

0.5(i,F 150V wkg. 

0.1 [lF 150V wkg. 

0.01 [xF 500V wkg. 

Fig. 1. The circuit of the sine wave generator 

Miscellaneous 
TRi Mullard OC84 (or see text) 
Si 3-pole 3-way switch 
9 volt battery and connections 
Coaxial plug and socket 

378 THE RADIO CONSTRUCTOR 



OC76, and OC201 have all been 
tried successfully, the only qualifica- 
tion being that they must have a 
current gain of greater than 56. 

The output is terminated in a 
coaxial socket and the output lead 
should be screened if it is to be 
connected to the high impedance 
input of an amplifier. 

It should be noted that the output 

of the unit varies in amplitude 
according to frequency, and therefore 
should be monitored if response 
curves are to be measured. For 
example, at 20 c/s the prototype gave 
2.74 volts and at 1 kc/s it gave 3.8 
volts peak-to-peak. 

The current drawn by the unit is 
in the order of a few milliamps and 

this should enable the battery to have 
a long life. 

If other ranges than the ones 
embodied in this circuit are required 
the easiest way of obtaining them is 
by altering the capacitors of the 
ladder network. Increasing their 
value decreases the oscillator fre- 
quency. Decreasing their value has 
the opposite effect. 

Experimental Metal Locator 

By C. Morgan 

A simple experimental device for the reader who 

is interested in unusual circuits and applications 

The re-routing of an electrical supply 
system in a very old house gave cause for 
considerable thought when it came to tracing 

the conduit piping, which had been "built in" in 
the walls. After several initial experiments it was 
felt that a metal sensing device was required and, 
with this in mind, the circuit described here was 
devised. 

Search Oscillator 
The circuit eventually employed is shown in the 

diagram, and it may be seen that this includes an 
oscillator (OC44) in combination with the search 
coil L2. The circuit can be set up such that either 
a whistle or a clicking noise may be heard in the 
headphones, the frequency of either varying as the 
search coil approaches a metal object. 

The search coil consists of 46 turns of 30 s.w.g. 
enamelled copper wire random-wound on a wooden 
former having a diameter of Sin. A suitable method 
of construction consists of cutting out three discs 
of iin plywood, two having a diameter of 6in and 
one having a diameter of Sin. The Sin disc may 
then be concentrically "sandwiched" between the 
other two, thereby providing a former of Sin 
diameter, with j-in cheeks given by the two outside 
pieces of plywood. 

The oscillator components may be fitted to a 
tagboard which is then mounted, in a suitable 
housing, on the search coil assembly. A simple 
wooden handle then completes the assembly. 

1 2S0i i pf/ 100 

I 
0C44 

5000pF 
Searc IRn coil 

7 tie circuit of the experimental metal locator. Li is 
a 30mH r.f. choke (Bulgin type SW144). The 
headphones are high impedance, having a total d.c. 

resistance of 4,00017 
Setting Up 

After completion, the unit may be set up and 
checked out. By adjusting the 250pF trimmer, C3, 
it should be possible to obtain either a whistle or a 
continual clicking in the headphones, the frequency 
of which should then alter as the search coil 
approaches a metal object. It may also be necessary 
to adjust the value of Ci to obtain the requisite 
response. With the prototype, it was found possible 
to locate large metal objects, such as tin cans, at 
a depth of about ]2in. Coins, such as pennies and 
shillings, were detectable at about 3in. 
Editor's Note 

We present this circuit purely as an experimental project which 
has been found empirically to work. It will be noted that there is no 
bias on the base of the transistor, and it may be found that improved 
results will be given if a relatively high-value resistor is added between 
the base and the negative terminal of the battery. 
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NEWS   

COM MENT 

Science Fact 
Scientists meeting at a symposium 

held in connection with the 126th 
meeting of the Electro Chemical 
Society in Washington recently out- 
lined a wide range of uses and 
potential uses for the electron 
microprobe—an instrument which 
not only sees objects not normally 
visible to the naked eye but also 
determines their chemical make-up. 

The microprobe can shoot a beam 
of electrons at a target as small as 
1,000 million millionths of a gram 
and scientists can determine its 
make-up by the X-ray it gives off. 

The first working model was built 
in France in 1950 but in its present 
form it incorporates the technical 
features of the scanning electron 
microscope invented in Germany, 
the X-ray spectroscope developed 
in France and Sweden, and radiation 
detectors developed in America. 

Dr. Theodore Flail of the Caven- 
dish Laboratory, Cambridge, speak- 
ing at the symposium, said that 
British scientists use the probe to 
identify weak spots in exotic spaceage 
metals and that biologists hope to 
adapt it to determine the difference 
between normal and cancerous cells. 

Our Contributors on TV 
Within the last few weeks, two 

of our authors have appeared on 
television. 

In the B.B.C.2 programme "Hori- 
zon", on 15th November, four 
amateur scientists were the central 
figures, one of them was Frank W. 
Hyde, who readers will remember 
wrote the popular series of articles 
in this magazine on "Radio Astro- 
nomy". 

The other contributor, who has 
written for us from time to time, 
was Clive Sinclair, now managing 
director of Sinclair Radionics of 
Cambridge. He also appeared in a 
B.B.C. programme where he des- 
cribed the success of his firm 
in the field of miniaturisation. It 
was most heartening to hear of a 
British firm which has, in some 
cases, outshone the Japanese in 
this branch of electronics, where 
they are so often assumed to be the 
leaders. 

A Real Constructor? 
Under the above heading in 

our October issue, we referred to the 
use of a lathe purely to make 
tools for use on the lathe. A doctor, 
resident in Kuala Lumpur, has 
written to say that a couple of years 
ago—"1 might have thought that 
the comment was directed straight 
at ME!" 

We quote further from the letter: 
"A chap who uses his lathe for 
making tools to be used on the 
lathe, does so because he either 
LIKES making things better than 
locomotives or stationary steam 
engines; or, because he feels that 
one day he may suddenly find a 
use for the gadget". 

"Let's face it; the fellow that 
makes a beautiful little stationary 
steam engine must know that, 
once made, the wretched little 
thing can only do one thing; and 
is never going to be of any use. 
1 do not wish to denigrate the model 
engineer one whit; . . ." 

"One day those attachments are 
suddenly needed . . . and usually 
in a hurry". 

"I built myself a high fidelity 
superhet tuner . . . winding my own 
i.f.'s ... on the lathe!" 

The point at which builders or 
assemblers of radio apparatus be- 
come, or cease to be, true radio 
constructors is one that will never be 
resolved, presumably it is rather like 
the proverbial chicken and the egg. 

Balloon v. Anemometer 
Having described in our August 

issue the construction of a transistor 
operated Anemometer for the meas- 
urement of wind forces at 10 metres 
above ground level, we can now 
give some general information on 
the manner in which High Altitude 
winds are measured. 

New radar equipment which will 
enable the Meteorological Office to 
obtain more accurate information 
about high altitude winds—an im- 
portant factor in the production of 
weather forecasts for aviation and the 
public—has recently completed a 
three-month trial at the Radio Sonde 
Station, Crawley, Sussex. 

The Meteorological Service has 
long appreciated the necessity to 

know the strength and direction 
of the wind at altitudes up to 100,000 
feet. In many parts of the world 
wind strengths of 120 knots (132 
m.p.h.) are not uncommon. To 
the Royal Air Force accurate 
knowledge of the upper winds 
has become increasingly important 
with the introduction of high- 
flying planes. It will be equally 
important for operating supersonic 
civil aircraft. 

Wind finding is performed by a 
small balloon carrying a radar 
target or reflector. As the balloon 
ascends it is blown horizontally 
by the wind and the mean wind 
from one height to the next can 
thus be measured by the horizontal 
distance the balloon moves in a 
given peroid of time. A very 
accurate and sensitive radar is 
required- to measure this movement 
at a distance of 100 miles, when the 
total movement might only be a 
mile a minute. 

Since the war, a modified anti- 
aircraft radar (the GL/3) has been 
in use. With a limited range of a 
little over 50 miles, and manual 
tracking, many balloons were lost 
before they reached the desired 
height. The new wind-finding equip- 
ment (made by Cossors) with its 
narrow beam, automatic tracking 
and accuracy, will be a valuable addi- 
tion to meteorological equipment. 

Reith Lectures 1964 
Electronics enthusiasts may very 

well have been more interested than 
usual in the Reith Lectures for 
1964, just concluded, because they 
were on the subject of automation. 

The lecturer. Sir Leon Bagrit, 
believes that the second half of this 
century will be known as the 
Automation Age. One tends to 
think that automation will be 
opposed to cultural interests but, 
in fact, automation should result 
in giving everyone the opportunity 
and the means to lead a full life. 

Sir Leon certainly pursues a 
cultural life despite his responsibili- 
ties in the field of automation—he 
is probably the only industrialist 
to have played the violin in a 
famous symphony orchestra, The 
London Philharmonic. 
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Electronic Locks and 

. Anti-Thief Devices 

Part 2 

by R. M. Marston 

Protect Your Home By Electronics 

This can be accomplished in a number of ways, 
and it can also be arranged that the "key", which 
would be the plug, modifies in a particular way 
the signal or voltage to a particular set of pins, 
which must be able to decode the signal or voltage 
and so further increase the odds. 

The following are a few suggestions along these 
lines. Many other ideas will, no doubt, occur to 
the reader. 

It can be arranged that six pairs of pins are used, 
each pair of pins being connected to a separate 
battery and relay as shown in Fig. 9. The supply 
to the latch operating relay is interrupted by a 
contact from each relay, so that all six relays 

Socket Plug 

I 23456789 KD II (2 
3 Plug 

Socket 

0—ihih 
Relay coil 

f'f- 8. A possible method of using a 12-way plug as 
a key . This circuit is of no great value in practice, 
however, as the relay may be operated by simply 

short-circuiting pins 1 and 12 

Plug And Socket Locks 
A RATHER DIFFERENT APPROACH TO THE SUBJECT 

of electronic locks is given by the plug and 
socket lock. The basic principle here is 

quite simple. If, say, a 12 way plug is used, and 
it is necessary to get a particular two of its pins 
in series to complete a circuit and operate a relay, 
then the chances against finding those two pins 
by systematic trial and error methods are 132 
(12 x II) to I. If three pins are required, the odds 
are 12 x 11 x 10, or 1,320 to 1, and so on. If all 
twelve pins are required then the odds become 
some hundred millions to one against. The circuit 
would be completed by connecting a suitably 
wired plug to a correspondingly wired socket. 
This, then, is the principle. 

The practice, unfortunately, is not quite so 
simple. With reference to Fig. 8, which might at 
first sight correspond to the above requirements, 
it will be seen that the relay can be made to operate 
by simply connecting pin 1 to pin 12 of the socket. 
It is essential in the basic design of this type of 
lock, therefore, that no pin or pins can be effectively 
by-passed. 

4 5 6 7 8 9 KD II 12 
 J 

; 

; Cj "^2 

; 

; 
Delay I To alarm 

circu t 
To latch 
circuit h2 G, 

Relay and delay circuit 

Fig. 9. An alternative arrangement which overcomes 
the disadvantages of Fig. 8. Also incorporates is an 
alarm circuit. The short-circuited pairs of pins in 
the plug need not, of course, be in simple numerical 
order illustrated here. The circuit will still offer a 
considerable obstacle to any would-be thief if fewer 

than six plug-operated relays are used 

must be energised before the latch relay can operate. 
It is essential that separate batteries be used for 
each relay. If desired, only four out of the available 
six pairs of pins need be used, with a resulting 
saving in components and cost. This is at the 
expense of a reduction in the "odds", although 
these will still be at about one million to one, 
which should be sufficient to deter any would-be 
thief. It is a matter of individual choice whether 
delay circuits are fitted, although it would appear 
to be an unnecessary expense. An alarm circuit 
is also shown in Fig. 9. This is recommended, 
but not essential. 

The operation of the alarm circuit is as follows. 
A contact set from each of the six socket relays 
is wired in parallel with the other five, and the 
whole parallel assembly connected in series with 
the alarm relay H/2 and its delay circuit, together 
with contact Gl. If any one or more of the socket 
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Fig. 10. A further safeguard which may be added to 
the plug and socket system of Fig. 9. Relay A/2 will 
only energise if all four pins in the plug are connected 

together 

relays are made, one of the contacts (A2, B2, C2, 
D2, E2 or F2) will switch over and connect the 
supply to relay H/2 and its delay circuit. After a 
short delay the alarm will then sound. Also, contact 
HI will switch over and latch relay H/2 on, so 
that the alarm will continue to ring even if the plug 
is removed. 

If, on inserting the plug, all socket relays are 
energised, the latch relay G/2 will also energise 
and its contact G1 will break the supply line to 
H/2 and prevent the alarm from operating. The 
delay in the alarm circuit need only have a duration 
of about one second, and can be simply provided 
by a large capacitor in parallel with the relay 
coil and a resistor in series. It is fitted purely as 
a precaution against triggering the alarm if the 
"key" is fitted unevenly or in a fumbling fashion. 

Another simple but effective method, which 
can result in a saving in cost, is shown in Fig. 10. 
Here, 4 pins of the 12 way plug are shown. The bat- 
tery and relay A/2 are connected in series to a group 
of three resistors, Rj, Rj and R3. The resistors 
are of fairly high value. For example, if A/2 is 
of the 500n; 6 volt working type, a battery rated 
at 12 volts could be used and the resistors would be 
l,500n each. The relay coil and resistors act as a 
voltage divider. If, say, pins 1 and 4 are connected 
together, only 3 volts will appear across A/2 and 
it will not operate. It is only when all four pins 
are connected together and the three resistors are 
all in parallel that sufficient voltage will appear 
across A/2 to cause it to operate. It is not practical 
to parallel more than three resistors in a circuit 
of this type. 

Further Possibilities 
The ideas described in this article represent 

just a few of the many configurations that may 
be used. 

The variety of electronic locks that can be built 
seems to be almost endless. Types that are activated 
by high frequency coded signals, or by the radio- 
active properties of the key; or by the light refractive 
properties and weight, or even just the resistive 
characteristics of the key, represent but a few. 

f Conclusion ) 

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. 

R107 Receiver.—C. Angell, School House, The 
College, Malvern, Worcs., is in urgent need of the 
handbook. 

RME69 Receiver.—T. Oman, 140 Anns Hill Road, 
Gosport, Hants, wishes to obtain the manual and 
details of any conversions to this (1937) receiver. 

Hallierafters S22R Receiver.—P. Warner, I Dela- 
mere Street, Chesham, Bury, Fanes, wishes to 
purchase the handbook. 

TV Alignment/Pattern Generator.—J. K. Owen, 
II Clyde Road, Redland, Bristol 6, would like to 
obtain the instruction manual or circuit of the 
Cossor Model 1320. 

Canadian Mk. II, No. 19 Set.—P. Richards, 38 
Castle Row, Canterbury, Kent, requires handbook, 
also details of pin connections for power supply 
unit. 

R220 Receiver.—D. Bowers, 95 Grenfell Avenue, 
Saltash, Cornwall, would like to hear from any 
reader who has modified this receiver for 70 and 
144 Mc/s operation. 
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The "TRACOS" Signal Tracer 

and Oscillator 

Sockram Akkal 

Our contributor, who hails from Dutch Guiana and is currently resident 
in Hyderabad, India, describes an inexpensive servicing instrument 

which has many unusual and outstanding features 

This article describes the con- 
struction of a test instrument 
for broadcast sound receivers 

and a.f. amplifiers which combines 
considerable versatility with low 
cost and ease of construction. 
The name "Tracos" stands for 
"tracer-oscillator", but the tracer 
section offers quite a bit more than 
the usual instrument of this type. 
The oscillator section provides a 
sine wave output at 1,000 c/s for 
injection into the stages of an a.f. 
amplifier. The detected signal from 
the local radio station is also avail- 
able for this purpose. This station 
may also be heard through the 
internal speaker of the instrument, 
if desired, thereby providing enter- 
tainment during working hours in 
the workshop or laboratory. 

Components List (Fig. 1) 

Resistors 
Ri 56ka 20% i watt 
Ra 270ka 20% 1 watt 
R3 270k O 20% I watt 

Capacitors 
Ci 500pF variable (see text) 
Ca 50pF silver-mica or ceramic 
C3 0.02;j.F paper 
Q 50pF silver-mica or ceramic 
C5,6 lOOpF silver-mica or ceramic 
C7 50pF silver-mica or ceramic 
Cg lOOpF variable (see text). 
C9 0.01 (jF paper 
Cm 0.05ixF paper, 600V wkg. 

Inductors 
Li,2 Medium or long wave aerial 

coil (see text) 
L3 I.F. coil (see text) 

Valves 
Vi(a) 1638. (Pentode section in 

Switches 
SiCa)-(d) 4-pole 7-way Yaxley (see 

text) 

During signal tracing, indications 
can be given in 3 ways: these being 
aural, by the instrument's speaker; 
visual, by an optional output meter; 
and visual, by a tuning indicator. 

The selector switch offers 7 
functions as follows: 

1. Local radio, 
2. A.F. tracing, 
3. R.F. tracing, 
4. I.F. tracing, 
5. Local oscillator checking, 
6. A.G.C. Checking, 
7. 1,000 c/s sine wave output. 

The writer has no doubt that 
this instrument will be a welcome 
addition to any experimenter's, 
service engineer's or constructor's 
test bench. 

Circuit Description 
The input switching section of 

the instrument is shown in Fig. 1. 
The switch used here is a 4-pole 
7-position typed Pole 1 (Si(a)) 
switches the connections to the 
probe. Pole 2 (Skw) switches the 
input of the a.f. amplifier incorpora- 
ted in the instrument. Pole 3 
(Si(c)) switches in coil L3 on position 
4, this being the "i.f. tracing" 
position. Pole 4 (Si(d)) switches 
the grid of the tuning indicator 
to various sections of the circuit 
to monitor signal or a.g.c. level. 

In position 1 of the switch (local 
radio) the wiper of Sift,) connects 
to the two diodes of Vi(a) (46B8). 
These are coupled via Ca to the 
tuned secondary of the coil Li, 
La, this secondary being tuned to 
the local radio station.2 The local 

17-way switches are not "standard" 
components and it may be necessary to use 
a 4-pole 12-way switch with 5 positions 
blank.—Editor. 

To . 
C2 , ■■ . 

aerial nAlo 
i 

* ► 
H 

To grid of 
6 tuning 
7* indicator 

£ 

Fig. 1. The input switching circuits of the "Tracos" signal tracer-oscillator 
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Fig. 2. The circuit of the a.f. amplifier incorporated in the instrument 

station signal is fed, via Si(b), 
to the diode load and filter given 
by Ri, R2 and Cs, whereupon the 
detected a.f. appears across Rz- 
The detected a.f. is then passed, 
via C9, to the input of the instru- 
ment's amplifier. It is also applied, 
via C3, to contact 1 of Si(a), which 
passes it to the probe so that it 
may be injected into audio equip- 
ment for testing purposes. Accord- 
ing to individual requirements, Ci 
may be either preset or a panel- 
mounted variable component. 

In position 2 (a.f. tracing) the 
probe couples, via Si(a) and isolating 
capacitor C3, to the input of the 

2 Li L2 may be a standard medium or 
long wave aerial coil according to the wave- 
length of the desired local station. In parts 
of the country where the simple tuned circuit shown in Fig. 1 would not be able to 
resolve the local station clear of interference, 
a more comprehensive tuning circmt (say, 
a band-pass pair) may be needed.—Editor, 

HT 
+ 

To Siq 
contact 7 

(fig!) 

-1 vlb 

"I V2 6B8 

Fig. 3. The a.f. oscillator. This 
employs the pentode section of 
the 6B8, the diode section of 
this va/ve appearing in Fig. 1 

instrument's amplifier. At the same 
time, the wiper of Si(b) couples 
the grid of the tuning indicator 
to the shunt diode rectifier given 
by- V2(b) (i6H6). This couples, 
via Cio, to the anode of the output 
valve in the instrument's amplifier. 
Thus, a rectified negative voltage, 
proportional to a.f. amplitude at 
the output anode, is fed to the 
tuning indicator. The tuning indica- 
tor gives a comparative indication 
of the gain provided by each stage 
of the amplifier under test. If, 
for instance, the deflection given 
when the probe is applied to the 
anode of an a.f. amplifying valve 
is less than that its grid, then the 
valve stage is obviously faulty. 
The gain control of the instrument 
a.f. amplifier should, of course, 
remain in the same position for 
both tests. 

Components List (Fig. 3) 

Resistor 
R13 150k O 20% i watt 

Capacitors 
Cn 0.1 (iF paper 
Cis 0.005(zF paper 
C19 0.001 u-F paper 
(Note: the values of Cn and Qg 

may need adjustment to produce the 
desired tone). 

Transformer 
T2 Tone transformer (see text) 

Valve 
Vi(b) 46B8 (Diode section in 

Fig. 1) 

Switch 
S2 s.p.s.t. toggle or rotary 

Components List (Fig. 2) 
Resistors 
(All fixed resistors i watt 20 % unless 
otherwise specified) 

R4 IMD 
Rs 4.7kO 
R6 220k Q 
r7 looka 
Rg IMH, potentiometer, log 

track 
R, 220k.Q 
Rio 4.7k a 
Rn 470k D 
R12 3300 

Capacitors 
Cn lOOirF electrolytic, 6V wkg. 
C12 16nF electrolytic, 350V wkg. 
C13 0.01 [iF paper 
Cu 12U.F electrolytic, 6V wkg. 
C15 0.01 (jF paper 
Cis 0.005ij-F paper 

Valves 
V3 ECC83 
V4 6V6 

Transformer 
Ti 45:1 speaker transformer 

384 

Loudspeaker 
30 impedance 

In position 3 (r.f. tracing) the 
probe connects, via Si(a) and 
capacitor ^4, to contact 3 of Si(b) 
and the anode of V2(a) (i6H6). 
Si(b) then applies the probe input 
to the filter Ri, R2 and Cj. Diode 
V2(a) rectifies, and the detected 
signal across R2 is fed to the instru- 
ment's amplifier. In this position 
of the switch, the tuning indicator 
grid is still coupled, via Si(d), 
to the rectifier circuit connected to 
the output anode of the instrument's 
amplifier, and it provides indications 
of signal strength in the same 
manner as occurred on position 2. 

Position 4 allows for i.f. tracing. 
In this position the probe is coupled, 
via Si(a) and capacitor C5, to the 
tuned circuit L3, Cg. This tuned 
circuit can be adjusted to the 
intermediate frequency of the re- 
ceiver under test by Cg. L3 is the 
secondary of a discarded 465 kc/s 
i.f. transformer with the trimmer 
removed. The signal across LgCg 
is fed, via C7 and Si(c), to contact 
4 of Si(b), where it couples to the 
diode detector V2(a) and the filter 
R!, R2 and C6. Thus the i.f. signal 
on the probe is detected and passed 
to the instrument's amplifier in 
the same manner as was given in 
position 3. Similarly, the tuning 
indicator couples, via Si(d), to 
the rectifier circuit around Vafb)- 
It is possible to fit Cg with a scale 
calibrated in terms of frequency, 
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and this may then be employed as 
an aid in i.f. alignment and test. 

In position 5 (local oscillator 
checking) the probe couples, via 
Si(a), to C4 and the diode Vita). 
The probe is applied to the local 
oscillator of the receiver under test 
and, since this has no a.f. modulation, 
the detected signal from Vita) is 
not fed to the instrument's amplifier. 
Instead, it connects to the grid of 
the tuning indicator which, in the 
presence of oscillation, gives a 
deflection. (The diode load resistor 
for this particular combination does 
not appear in Fig. 1, and it consists, 
as shown in Fig. 4, of a IMU 
resistor between the grid of the 
tuning indicator and chassis). This 
test is very useful as it can eliminate 
a lot of trouble-shooting in the case 
of a defective local oscillator.3 

The wiring to contact 5 of Si(d) 
should be kept well clear of that 
to contacts 2, 3 and 4 to prevent 
the risk of feedback from the 
amplifier output to its input when 
the instrument is switched to posi- 
tions 3 or 4. 

In position 6, (a.g.c. checking) 
the probe connects, via Si(a) and 
Si(d), directly to the grid of the 
tuning indicator. The latter then 
functions in the same manner as 
the tuning indicator of a valve 
radio and shows whether the a.g.c. 
circuit is operative. The probe 
may be applied at any point along 
the a.g.c. line to ensure that all 
stages in the receiver under test 
are being effectively controlled.4 

Position 7 (1,000 c/s sine wave 
output) causes the probe to connect, 
via Si(a), to the anode of an a.f. 
oscillator (not shown in Fig. 1). 
This oscillator consists of the 
pentode section of the 6B8, the 
diodes of which appear as Vi(a) 
in Fig. 1. Thus, a 1,000 c/s signal 
is available on the probe for testing 
a.f. amplifiers. 

The Instrument Amplifier 
The instrument amplifier, shown in 

Fig. 2, is based on a design published 
in the "Suggested Circuit" series.5 

This employs the two triodes of 

3 This will be more true of valve oscillators, 
which give a high r.f. voltage amplitude and 
will cause a considerable change in tuning 
indicator deflection. Transistor oscillators 
normally offer a low r.f. voltage amplitude, 
and tuning indicator deflection will be very 
much smaller.—Editor. 

4 This test applies, again, to valve receivers. 
Conventional transistor receivers have a 
positive-going a.g.c. line and exhibit only 
small positive excursions. It is, nevertheless, 
feasible that changes in a.g.c. voltage in a 
transistor radio could give readable indica- 
tions if the probe earthing clip (see Fig. 5) 
were connected to the a.g.c. line and the tip 
to chassis.—Editor. 

Components List (Fig. 4) 

Resistors 
R14 3Mn 20% ^ watt 
Ris 560ka 20% i watt 

Valve 
V5 EM84 

an ECC83 in cascade, the volume 
control being fitted between them. 
As there is adequate gain without 
it, a cathode bias bypass capacitor 
is not employed for the output 
stage. Any alternative valve offering 
approximately the same output 
may be employed instead of the 
6V6 specified. Alternative valves 
may, however, require altered cath- 
ode bias resistor values or output 
transformer ratios. The speaker 
employed should be at least a 
4in model in order that it may 
comfortably handle the signals pas- 
sed to it. 

The input of the amplifier is 
connected, via screened cable, to 
capacitor C9 of Fig. 1.6 The 
anode of the output valve couples 
to C10 of Fig. 1. 

The Oscillator 
The circuit of the 1,000 c/s 

oscillator is given in Fig. 3. This 
employs the pentode section of 
the 6B8, the diodes of which 
provided Vi(a) in Fig. 1. The 
pentode section is triode-connected. 

As will be noted, the oscillator 
circuit is perfectly straightforward. 
The prototype employed a tone 
oscillator transformer taken from 
a surplus ALS230 transmitter, but 
such a component may not be 
generally available. Almost any 
intervalve transformer could be 
employed in the circuit, but it may 
be necessary to change the values 
of C17 and/or Cig to obtain a good 
tone at the desired frequency. 

Switch S2 was found to be 
necessary as the oscillator frequency 
tended to break through on switch 

5 G. A. French, "Suggested Circuit No. 136. A High Gain R.F.-A.F. Signal 
Tracer", The Radio Constructor, March 1962. 

6 It is possible for hum to be picked up 
by any wiring connecting directly, or via 
the switches, to Rj or Cg in Fig. I. Leads 
carrying a.c. should be kept well clear of 
this wiring —Editor. 

Fig. 5. Details of the probe 
employed with the prototype. 
The parts designated A, B and 
C are discussed in the text 

To wlp«r 
of Sid 

HT+ 

EM 84 

Fig. 4. The tuning indicator 
section 

positions I to 4. The oscillator is, 
then, only switched on when it is 
actually needed. 

Tuning Indicator 
The tuning indicator circuit is 

given in Fig. 4. This is qu-te 
conventional and requires no further 
explanation here. 

The 3Ma grid leak, R14, provides 
a grid-cathode circuit when Si(d) 
of Fig. 1 is set to positions 1 and 
V. As was explained earlier, it 
also functions as a diode load for 
V2(a) when the selector switch is 
on position 5. 

The Probe 
Details of the probe employed 

by the writer are shown in Fig. 5. 
Part A consists of a length of 
threaded studding taken from a 
mains dropping resistor, one end 
being filed down to a point. It 
is secured to part B, a fibre disc, 
by a nut on either side of the disc. 
The studding is covered with sleeving 
over nearly all its length, the tip 
being left uncovered. The body 
of the probe, part C, consisted of a 
cylindrical screening can taken from 
an i.f. transformer, but any similar 
metal item of the requisite size 
and shape could be used instead. 
This part of the probe should be 
completely covered with an insulat- 
ing material to reduce the risk of 
accidental shock whilst working 
with mains-driven equipment. Alter- 
natively, a handle made of insulating 
material could be used. A fly-lead 
terminated in a crocodile clip 
enables connection to be made to 
the chassis of the equipment under 
test. 

The probe is coupled to the main 

Geommct 

ocodllc clip on flying lead 

JANUARY 1965 385 



To «g«it«r terminals 

OOIJJF 
—II- 

I© O-SOOjjA 
(see text) 

Fig. 6. An optional meter 
circuit for monitoring the a.f. 
output from the amplifier in the 
instrument. The crystal diode 
may be an OA70 or equivalent 

Components List (Fig. 7) 

in Fig. 6, and it consists, quite 
simply, of a meter and a series 
crystal diode. The circuit connects 
to the speech coil terminals of the 
instrument's loudspeaker. The pro- 
totype employed a 0-500jjA meter, 
which happened to be to hand, but 
a O-lmA meter could be used in 
its place. A switch, S3, is incorpora- 
ted to enable the meter to be 
switched out of circuit when not 
required. The crystal diode may 
be an OA70, or equivalent. 

Power Supply 
The power supply circuit appears 

in Fig. 7. This is quite conventional 
and employs standard components. 
A double-wound mains transformer 
is used, this being essential for an 
instrument of this nature in order 

tuning the i.f. coil. On the left hand 
side is a variable inductor and dial, 
which, if removed, leave a round 
hole of SJin. diameter for a loud- 
speaker aperture. New holes are 
required for other panel-mounting 
components, and it is necessary to 
provide a new chassis. 

Operation 
The operation of the "Tracos" 

follows standard practice. 
When tracing a.f. circuits, a 

suitable audio signal is applied 
to the equipment under test, and 
the probe, with the instrument 
switched to position 2, is then 
applied to each stage in the amplifier 
in the normal manner. The output 
amplitude of the "Tracos" amplifier 
is indicated by the tuning indicator 

Power transformer 

Fig. 7. The power supply circuit 

HT 
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i 250 
T 20 

On-Oft 5Y3 
6'3V 6-3 V 

Pilot 
lamp 

To valve 
heaters 

Resistor 
Rip IkO 5 watts 

Capacitors 
€20,21 16p,F electrolytic 350V 

wkg. 

Transformer 
T3 Mains transformer. Second- 

aries : 250-0-250V at 60mA; 
6.3V at 2A; 5V at 2A. 

Valve 
V6 5Y3 

Switch 
S3 s.p.s.t. toggle 

unit by insulated screened wire 
terminated in a jack plug. 

Additional Meter 
If desired, an additional meter 

may be fitted to monitor the a.f. 
output level from the instrument's 
amplifier. This is not essential, but 
it enables alterations in a.f. output 
to be judged more accurately than 
is possible with the tuning indicator 
of Fig. 4. 

The circuit employed is illustrated 

to provide isolation from the mains 
supply. 

Construction 
The construction of the "Tracos" 

presents no problems, as long as 
the usual precautions of screening 
the input circuits are observed. 
The constructor may design his 
own layout. In the writer's case, 
the cabinet and front panel of an 
ex-W.D. wavemeter type W1117 
were used. Apart from any other 
factors, the W1117 has a 7-position 
switch which is excellent for Si. 
The tuning capacitor on the right 
of the W1117 panel was used for 

or by the optional meter of Fig. 
6, if fitted. 

R.F. tests are made on position 
3. An aerial signal should be applied 
to the receiver under test, whereupon 
this may be traced through the 
r.f. and frequency-changer circuits 
with the probe. 

For i.f. testing, Si is set to position 
4, and a station tuned in on the 
receiver under test. The signal 
leaving the frequency-changer anode 
may be peaked by Cg of Fig, 1. 
Further tracing through the i.f. 
stages can them be carried out. 

O-Q 

7 
lu gpyll 

"/ wonder which channel we're on?" 

NEW MULLARD TRANSISTORS 
Latest addition to the Mullard ACY20 range of p-n-p alloy 

junction transistors is the ACY39. The new transistor can 
operate at collector/base potentials of up to 110V and is intended 
for use in a wide range of industrial switching circuits, pulse 
circuits, amplifiers and oscillators. 

Other new additions to this range are the ACY40 and ACY41. 
The ACY40 is intended for use where a low or medium current 
gain is required, whilst the ACY41 is for use in circuits where 
a high current gain is essential. 

Three other new general purpose transistors are the GET896, 
GET897 and GET898. They are particularly suitable for low-cost 
industrial applications in which slightly lower current gains than 
those provided by the Mullard GET880 series are acceptable. 
These new devices are p-n-p germanium alloy junction types 
with a comprehensive range of medium frequency industrial 
applications. 
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By W. G. MORLEY 

Our Understanding Radio" feature starts, this 
month, with the process of gettering in high-vacuum 
valves, after which it carries on to the use of diode 

rectifiers in receiver power supply circuits 

JOOOMOOfiMQIl 

radi0 

fv. V. \ ^ v4 V5 
jt-s- 

GT 

IN LAST MONTH'S ISSUE WE INTRODUCED THE 
valve in its simplest form—the diode. We 
showed that emission of electrons from the 

heated cathode forms a space charge around it, 
and that a flow of electrons (and, hence, an electric 
current) could be set up by introducing an anode 
into the evacuated valve envelope and giving this 
a positive potential with respect to cathode. We 
saw, also, that no current flowed through the diode 
if the anode was negative with respect to cathode 
We then turned to more general aspects of the valve, 
including in particular the terms employed to 
define its component parts. We shall now consider 
a few more general points relating to the high 
vacuum valve, after which we shall turn to the use 
of the diode as a rectifier in radio power supply 
circuits. 

The Getter 
In a valve of the type we are considering here 

(i.e. one whose electrodes are mounted in an 
evacuated glass envelope) it is essential that the 
vacuum be maintained at a very high level indeed 
Electrons travelling from the cathode to the anode 
are liable to strike any gas atoms which may be 
present and, by upsetting the balance of electrons 
around the proton in such atoms, may cause these 
to acquire either a positive or a negative charge 
(according to whether electrons are lost or gained). 
These atoms thus become ions and, being charged 
particles, become attracted to the electrodes of the 
valve having opposite polarity. Their presence 
may, in consequence, upset the functioning of the 
valve. 

If, however, the number of gas atoms is very 
small (so small that an electron would have to 
travel many times the distance between cathode 
and anode before it encountered one) their presence 
can be tolerated, and they do not have any serious 
effect on the operation of the valve. 

Although valve envelopes are evacuated during 
manufacture by highly efficient pumps, these pumps 
cannot provide complete evacuation and small 
amounts of gas are still left after the pumping 
operation. There is the further difficulty that 
traces of gas remain occluded (i.e. absorbed) 
in the internal component parts of the valve during 
pumping, and that these may be gradually released 
when the valve is in service. To augment the pump- 
ing operation and to maintain gas traces at a 
minimum during service, a gas-absorbent material 
known as a getter is introduced into the envelope. 

A number of getter materials are employed, 
common examples being barium or magnesium' 
Normally, the getter material, in inert form, is 
applied to a cup or disc welded to the electrode 
assembly and, because of its high avidity for gas 
atoms, is not rendered active until the envelope 
has been evacuated. The activation is brought 
about by "flashing", or raising the temperature 
of the material. This "flashing" may, typically, 
cause the breakdown of an inert compound into 
the active getter. 

A conventional manufacturing process consists 
0/ PumP'nS 'he gas out of the glass envelope of the valve, heat being applied to the electrodes 
to cause as much as possible of the occluded gases 
to be released during this process. Such heating 
may be given by passing the envelope through a 
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Anode proper 
Valve envelope 

Anode assembly 
secured by lugs 

Top mica- 

Cathode projecting 
through mica 

Anode 
assembly 

Bottom mica 

/ 

Radial projections 

(b) 

Top mica 

Radial projections 
bent down at 
tip 

(c) 

Wire projections from 
electrode assembly 

- Cathode 

Electrode 
assembly 

Heater 
Leads to base 

(a) 

valve 
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Top 
mica 

Bottom 
nica 

(d) 

Mica or metal strips 
sprung against inside 
of glass 

(e) 

Fig. 251 (o). The electrode 
structure of a typical 
indirectly-heated diode. The 
electrodes are mounted between 
two mica plates, being held in 
position by projections passing 
through holes in the latter. The 
anode is secured at the upper 
end by lugs passing through 

slots in the mica 
(b). In valves of the B7G and 
B9A class, the mica plates 
usually have pointed radial 

projections, as shown here 
(c). Cross-sectional view from 
above showing that, when the 
electrode assembly is inserted 
into the valve envelope the tips 
of the mica projections are bent 
downwards. This causes both 
mica plates to be held securely 

with respect to the glass 
(d). With valves of the octal 
class, only the upper mica plate 
may be secured against the 

glass envelope 
(e). Cross-sectional view from 
the top showing an alternative 
method of securing the upper 
mica in valves such as that of (d) 

strong radio frequency field, the eddy currents 
induced in the electrodes causing these to rise 
in temperature. Either just before, or after, sealing- 
off the valve envelope, a specially directed r.f. 
field raises the temperature of the getter support 
and the getter material. The latter then "flashes" 
and results in the active getter being deposited, 
by evaporation and condensation, on the inside 
of the glass envelope. This getter then remains 
active during the life of the valve, absorbing any 
gas atom which impinges on it. 

Jt is important that the getter material is not 
deposited upon any insulating electrode supports 
as it could cause the insulation to be impaired. 
For this reason the holder for the getter material 
is mounted in such a position that the deposit, 
after "flashing", appears on the inside of the 
envelope well away from the electrode structure. 

It is readily possible to see the getter in most 
glass valves, this appearing as a dark area of 
irregular outline on the inside of the glass. It is 
sometimes possible, also, to see the metal getter- 
holder, but it is usually nece:sary to break the 
envelope open to examine this in detail. 

Electrode Structure 
A brief description of electrode mounting is 

desirable at this point, since it will enable further 
points concerning the valve to be introduced later. 

The type of construction almost invariably 
employed for small radio receiving valves uses 

two mica insulating plates, one being above the 
electrode assembly and the other below. An 
indirectly-heated version of the diode we have 
considered up to now could, for instance, have its 
electrodes mounted between the two mica plates 
shown in Fig. 251 (a). 

If the valve envelope has the cylindrical shape 
offered typically by the "all-glass" construction 
with the B7G or B9A base, both mica1 plates 
are securely maintained in position against the 
inside surface of the envelope. The mica plates 
are usually manufactured with a number of pointed 
radial projections, as in Fig. 251 (b), the overall 
diameter of the plate being slightly greater than the 
internal diameter of the envelope into which it 
will be inserted. The result is that the outside ends 
of the mica projections are then bent downwards 
as in Fig. 251 (c), and both mica plates are positioned 
rigidly with respect to the glass envelope. 

"All-glass" valves appeared in quantity production 
shortly after the war, the previous types having a 
glass envelope mounted on a phenolic base in 
which the pins were mounted. A typical example 
is given by the range of octal glass valves.2 The 

1 In these valves the pins project directly from the glass at the base. 
A B7G valve has seven pins, and a B9A valve has nine pins. 

2 The octal, or "International Octal" valve has eight pins. There 
were a large number of valve pin layouts in use before the war, these 
all employing the phenolic (Bakelite is a phenolic) bases but having 
different numbers of pips and different pin positioning. So far as 
radio receiving valves are concerned, the octal pin layout is the only 
one of this type in general use today. 
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envelopes of such valves usually have the bulbous 
shape illustrated in Fig. 251 (d), and only the top 
mica plate is held against the inside surface of the 
glass. Rigidity is imparted to the bottom of the 
assembly by using stout wire supports (which 
may also provide connections) at the lower ends 
of the electrodes. Some octal valves have envelopes 
with a cylindrical shape but even these may have 
only the top mica plate positioned rigidly inside 
the glass. 

An alternative method of holding the top mica 
plate in position for valves of this nature is shown in 
Fig. 251 (e). 

It should be mentioned, before concluding 
on this subject, that the octal valve is still frequently 
employed in modern radio receiving circuits. It 
is normally encountered in valves having a large 
electrode structure which cannot be accommodated 
in the smaller envelopes of the "all-glass" valve. 
Valve electrode structures which dissipate a high 
level of heat may also be fitted into the octal con- 
struction. 

The Diode As Rectifier 
We saw, last month, that current only flows 

through the diode when its anode is positive of 
its cathode. If the anode is negative of the cathode 
no current flows. This attribute can be used in 
radio equipment employing valves to obtain a 
direct voltage from the a.c. supply mains, the 
direct voltage offering a high tension supply for 
the other valves in the equipment.3 

Let us connect up the circuit illustrated in Fig. 
252 (o), where a source of alternating voltage is 
applied to a diode in series with a resistive load, 
and examine the voltages which appear with respect 
to the lower end of the load. As is to be expected, 
the alternating voltage at the anode of the diode 
has the familiar sine wave appearance, and this is 
shown in Fig. 252 (b). 

Immediately after point A in Fig. 252 (b) the 
anode of the diode is commencing to go positive 
with respect to the lower end of the load resistor. 
It is also, therefore, commencing to go positive 
of the cathode. In consequence, a current flows 
and the upper end of the resistor goes positive as 
well. If we assume that no voltage is dropped 
across the diode the potential at the top end of 
the resistive load is the same as that produced by 
the source of alternating voltage. 

Looking at the process from the point of view 
of electron flow, we may say that there is an electron 
flow from the lower terminal of the source of 
alternating voltage (which, immediately after instant 
A, is negative), through the load resistor, through 
the diode (from the cathode to the anode), and 
back into the upper terminal of the source of 
alternating voltage. 

As the half-cycle following point A proceeds, 
current still continues to flow, and the voltage at 

3 As we shall see later, valves having more complex electrode 
structures than the diode require a source of high tension voltage 
to enable them to carry out their functions. Current is drawn by 
these valves from the source of high tension voltage. 

the upper end of the resistive load is the same as 
that offered by the source of alternating voltage. 
This continues until we reach point B of the wave- 
form, where the voltage from the source of alternating 
voltage is zero. So, also, is the voltage across the 
load resistor. 

After point B we go into the next half-cycle. 
But this causes the upper terminal of the source 
of alternating voltage to go negative with respect 
to the lower end of the load resistor. In consequence, 
the anode of the diode is negative with respect 
to cathode and no current flows. During the whole 
of the second half-cycle, the voltage across the 
resistive load is zero. 

If we prefer to look at the circuit in terms of 
electron flow we can see that, for current to flow 
during this second half-cycle, electrons would need 
to pass from the anode of the diode to its cathode. 
However, the diode is a one-way device and a flow 
of electrons in this direction cannot occur. The 
result is that no voltage appears across the resistive 
load. 

The next half-cycle starts at point C, and the 
upper terminal of the source of alternating voltage 
starts to go positive again. Once more the diode 
conducts, and so another cycle commences. 

The waveform at the upper end of the load resistor 
is shown in Fig. 252 (c) and it consists of half-cycles 
of voltage spaced at intervals of a half-cycle. The 
important point about this voltage is that its polarity 
does not alter and that it is the same in this respect 
as a direct voltage, even though its waveform 

Source of alternating 
voltage Load 

B C 

(t) 

m r\ 

(c) 

Fig. 252 (o). A half-wave rectifier circuit. 
(b). The voltage applied to the diode anode relative 

to the lower end of the load 
(c). The rectified voltage appearing at the upper end 

of the load 
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Source of v 
alternating 
voltage 

LCentre-tap 
Load 2 

411 

(a) 

Fig. 253 (o). A full-wave rectifier circuit 
(b). The voltage appearing at the upper end of the 

load 

does not look at all like the steady direct voltage 
we would obtain from, say, a battery. As we 
shall see later, it is quite an easy matter to "smooth 
out" the irregularities so that it does resemble 
the voltage from a battery. 

Any device which passes electric current in one 
direction only is known as a rectifier, and this 
name can be applied to our diode of Fig. 252 (a). 
In the instance shown in Fig. 252 (a), the diode 
passes current during alternate half-cycles only, 
and for this reason the process is described as 
half-wave rectification. 

The Full-Wave Rectifier 
Fig. 253 (a) illustrates a development from the 

half-wave rectification circuit of Fig. 252 (a). 
In this diagram, the source of alternating voltage 
connects to the primary of a transformer, the 
secondary of which is centre-tapped. We now 
have two diodes, with the anodes connected to 
opposite ends of the secondary and the cathodes 
joined together and connected to the upper end of 
the load. 

Let us commence our examination of this circuit 
at the half-cycle in which the upper end of the 

transformer secondary is positive of the centre-tap. 
Since this causes the anode of the upper diode to 
be positive, the upper diode passes current, and 
we get the same half-cycle of voltage appearing 
across the load that we had in Fig. 252 (c). Whilst 
the upper diode is conducting, the anode of the 
lower diode, which is connected to the other end 
of the secondary, is negative with respect to the 
centre-tap and so it does not conduct. 

-WWW 

Source of 
alternating 
voltaae 

Load 

VAAAAA7 

Load 

g Centre-tap Source of 
alternating 
voltaae 

Fig. 254. The two diodes of Fig. 253 (a) may be 
combined in one envelope with a single cathode 

(b) 

Fig. 255. In Figs. 252 (a) and 253 (a) the rectified 
voltage is taken from the cathodes of the diodes. The 
diodes will similarly function as rectifiers if they are 
reversed, but in this case the voltage at the upper end 
of the load is negative with respect to the lower end. 
A half-wave rectifier is shown In (a) and a full-wave 

rectifier in (b) 

During the next half-cycle it is the anode of the 
lower diode which becomes positive, whilst the 
anode of the upper diode goes negative. Thus 
the lower diode allows a further half-cycle of 
voltage to appear across the load resistor, whilst 
the upper diode does not conduct at ail. 
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During the next half-cycle the upper diode 
conducts once more, and so the process goes on. 

The waveform appearing across the load is shown 
in Fig. 253 (b) and it will be seen that this consists 
of a series of half-cycles, and that there is no half- 
cycle spacing as occurred with the half-wave 
rectifier of Fig. 252. Instead, as soon as one half- 
cycle of voltage (given by one diode) ceases, the 
next half-cycle (given by the other diode) com- 
mences. 

Once again, we have a rectified voltage whose 
polarity does not alter and, once again, this wave- 
form does not resemble the steady voltage we 
would obtain from a battery. Nevertheless, the 
voltage is still capable of being "smoothed" until 
it does resemble that given by a battery. 

It should be noted that, whereas the half-cycles 
of Fig. 252 (c) have the same amplitude as the 
half-cycles provided by the source of alternating 
voltage, the half-cycles of Fig. 253 (b) have the 
same amplitude as the voltage appearing across 
half the transformer secondary. This is because 
the alternating voltage applied to each diode in 
Fig. 253 (a) is that appearing between the corres- 
ponding end of the secondary and the centre-tap. 

Since both half-cycles of the applied alternating 
voltage are rectified in the circuit of Fig. 253 (a), 
the process is described as full-wave rectification. 
It will be noted that the cathodes of both diodes 
connect to the same point, and it becomes very 
convenient to combine the two valves into one 
envelope having a single cathode and two anodes, 
as shown in Fig. 254. Such a valve, when it is 
intended for full-wave rectification in the manner 
we have just noted, is then described as a full-wave 
rectifier. The single diode of Fig. 252 (a), when 
it is intended for rectification as shown in that 
diagram, is similarly referred to as a half-wave 
rectifier. 

In practice, the two rectifier circuits we have 
just discussed are normally employed to provide 
a high tension voltage for other valves in the 

associated equipment. The alternating potentials 
will be obtained from the domestic a.c. supply 
mains. 

Reversing The Diode 
In the diode rectifier circuits we have seen up to 

now, the diode anodes are connected to the source 
of alternating voltage. The result is that the rectified 
half-cycles (at the cathode end of the load) have a 
positive polarity. 

The diode may also be connected the other way 
round, as shown in Figs. 255 {a) and (b). In these 
two circuits it is the cathodes, and not the anodes, 
that are connected to the source of alternating 
voltage. These diodes rectify in the same manner 
as before, but in this case the rectified half cycles 
(now at the anode end of the load) are negative 
in polarity relative to the lower end of the load. 
This is to be expected since the diodes will only 
conduct, this time, when a negative half-cycle is 
applied to the cathode, allowing an electron current 
to flow from cathode to anode and then through 
the load. 

In practical radio equipment employing valves 
it is almost always necessary to have a positive 
high tension voltage and it is most convenient 
to obtain this from circuits of the type shown in 
Figs. 252 (a) and 253 (a). The circuits in Figs. 
255 (a) and (b), where the diodes offer a negative 
rectified voltage, are rarely encountered in the 
high tension circuits of valve equipment. Never- 
theless, Figs. 255 (a) and {b) emphasise the fact 
that the alternating voltage to be rectified may be 
applied just as readily to the cathode of a diode 
as to the anode, but that the rectified output is 
then reversed in polarity. 

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

rectifiers, and will introduce the circuits which are 
employed to "smooth" the rectified voltages. 

NEW OSCILLOSCOPE TUBE 

Mullard announce a further addition to their range of oscilloscope 
cathode-ray tubes which should be of particular interest to designers 
of small general purpose oscilloscopes and the "built-in" type of 
monitor. 

The new D13-27GH is an inexpensive Sin (13cm) tube with an 
overall length under 14in (3S0cm). This compactness enables it to 
be substituted with advantage for the small screen types frequently 
used in monitor applications. 

This tube has a flat faced, medium persistence green phosphor 
screen with a helical post-deflection accelerator. In common with 
other recently introduced Mullard types, a separate electrode 
arrangement permits direct beam blanking to be accomplished 
—a great advantage in circuit design. The deflection blanking 
voltage required to blank the tube is 60V maximum under 3kV 
operating conditions. 

The deflection sensitivity, also under 3kV operating conditions, 
is better than 27 V/cm for the X direction and 13 V/cm for the Y 
direction; the minimum picture size is 10 x 8cm. 

Lm Bo 

^ I B poll 
"Personalty I think Receiving Licences 
should be based upon the size of the set!" 
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The transmitter described here 
is suitable for use with single 
channel tone receivers. It is 

crystal controlled, and thus has a 
frequency stability which is good 
enough for use with any transistor 
or valve receiver, including super- 
hets. The crystal control also avoids 
illegal out-of-band operation. Power 
may be drawn from batteries, a 
mains unit, or a rotary converter. 

Transmitter Circuit 
Fig, 1 shows the circuit of the 

transmitter, the 6C4 requiring 6.3 
volts at 0.15 amps for its heater. 
This is within the capacity of dry 
cells of reasonable size, and the 
same 6 volt battery also powers 
the transistor modulator. When 
operating within the vicinity of a 
house with a mains supply available, 
the 6C4 heater can be supplied from 
a 6.3 volt heater transformer, with 
a separate small dry battery for 
the transistor stage. H.T. can be 
90 to 250 volts, a series resistor being 
necessary with the higher voltages, 
as described later. 

The crystal is a 9,065 kc/s unit, 
providing an output on its third 
overtone of 27.195 Mc/s. It is 
important to use a crystal intended 
for this type of circuit. If necessary, 
the transmitter can be used for 
c.w. control by omitting all the 
modulator components, and includ- 
ing the control switch or key in 
the h.t. circuit. 

Li is tuned by the 30pF pre-set 
capacitor C2, and Lz provides 
aerial coupling. The audio tone 

generated by the transistor oscillator 
is applied to the 6C4 control grid 
through the r.f. choke, and little 
audio power is required here for 
adequate modulation of the 6C4. 

Transmitter Panel 
The transmitter panel comprises a 

sheet of thin Paxolin, measuring 
6x3 x ^in. Fig. 2 shows the 
positions of components above the 
panel. Ti, and the resistors and 
capacitors, are mounted by passing 
their leads through small holes. 
The crystal holder and valveholder 
are secured with short 6BA bolts. 
The 30pF trimmer has its tags 
passed through holes as shown. 

Three 6BA tags are bolted, as 
indicated, to support the coil Li. 
L2 will be soldered to tags on a 
two-way tagstrip. This strip can 
be pivoted to adjust the coupling 
between L| and L2. 

A yellow/green spot transistor 
was used, and the transistor leads 
are shown in Fig. 2. There is greater 
spacing between base and collector 
wires than between base and emitter 
wires. About lin of 1mm sleeving 
is placed on each transistor lead 
before threading through the ap- 
propriate hole in the Paxolin panel. 

Wiring and components under 
the panel are shown in Fig. 3. All 
connections in the r.f. section should 
be short and direct, and sleeving 
is placed on all leads. The self- 
supporting coil is not fitted until 
assembly is otherwise complete. 

Modulator Stage 
The audio oscillator or modulator 

stage can be tested first, and before 

completing the r.f. section. The 
crystal, valve, coil, and r.f. choke 
are not required at this stage. 
Components are checked against 
Fig. 2, and wiring should agree with 
Fig. 3. 

Phones may be wired temporarily 
from the free end of the 0.05[iF 
capacitor C3 to battery negative. 
The leads to the key should be 
twisted together, and a 6 volt dry 
battery connected, taking care to 
ensure correct polarity, as shown. 

A strong audio tone should be 
heard. If a meter is inserted in one 
battery lead, this should show 
approximately 2mA. If a transformer 
other than that listed has been 
fitted and no oscillation is obtained, 
leads from one of the windings 
should be reversed. 

Cheap surplus transistors vary 
somewhat, and if oscillation is 
very weak and the transistor current 
very small, the value of R2 may be 
reduced. Alternatively, R3 may be 
increased to lOkfl or even 12kn. 
The component values, transformer, 
and transistor type specified should, 
however, prove suitable at once. 
Other audio or output transistors, 
if already to hand, can be tried. 
Should a different transistor or 
transformer result in a very high 
pitched note, this can be lowered 
by wiring a capacitor across one 
winding of the transformer. Values 
from some 0.01 (J.F to 0.05|xF may 
be tried. 

A spring loaded push switch or 
other device, such as a semi- 
automatic sequence switch, will 
generally be used for keying. When 
the equipment is finished, the 
key leads are taken to this switch. 

The Coil And Choke 
The coil is wound with 16 s.w.g. 
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H-ll- O lOOOpF Crystal 
Hoh 6C4 

RFC. 39 

Battery pack 

"2 
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C3 Red Brown 
OOSpF 

Yellow 
Blue 

TR| 

rl R4 R3 
Ken 5-8kn OluF 

Fig. 1. The circuit of the crystal controlled transmitter 

Components List 

Resistors 
Ri 3.9kti J watt 
R2 27k n i watt 
R3 6.8kn 1 watt 
R4 IkO i watt 

Capacitors 
Ci l,000pF ceramic 
C2 30pF concentric trimmer 
C3 0.05ij-F paper 250V wkg. 
C4 O.laF paper 150V wkg. 

Inductors 
Li,2 See text 
R.F. Choke See text 
Ti Transistor driver transfor- 

mer type PW/DT. (Osmor) 

Valve 
V1 6C4 

Transistor 
TRi Yellow-green spot 

Crystal 
Radio-control crystal, 9,065 kc/s, 

valve circuit third overtone. 
(Henry's Radio) 

Sockets 
1 B7G valveholder 
1 Socket for crystal. (Henry's 

Radio) 

Miscellaneous 
Paxolin panel, 6 x 3 x yV'n- 
2-way insulated tagstrip 
6BA bolts, nuts, tags 
Sleeving, coloured flex, wire, etc. 

tinned copper wire, using a temporary 
former of about IJin diameter 
(such as a spare U2 cell). The 
wire is straightened, and one end 
anchored or gripped in a vice. 
About 14 turns are then wound on 
the temporary former, as tightly 
as possible and side by side. This 
can be done by rotating the former 
and walking slowly forward as 
necessary. 

When the coil is removed, it 
will be about liin outside diameter. 
Turns are separated by running 
a pencil or similar small-diameter 
object round and round between the 
turns, as this gives more regular 
spacing than stretching. Excess 
wire is removed, and the ends are 
bent so that the finished coil has 
12 turns, and is about liin long. 
See Fig. 4 (a). A short piece of 
20 s.w.g. wire is soldered on at the 
third turn. The solder must not 
short-circuit to adjoining turns, 
and this tapping may have to be 
moved, as described later. 

The projecting ends of the coil 
are about |in long, and these and 

the tapping are soldered to the tags 
indicated in Fig. 2. The aerial loop 
is 2 turns of the same wire and 
with the same diameter as L], 
The wire for L2 must be provided 
with sleeving to avoid contact 
between h.t, positive and h.t. nega- 
tive circuits. 

The coupling coil is mounted 
as in Fig. 4 (6). The small tagstrip 

Battery 

shown is fixed with a single bolt, 
and can be pivoted to adjust coup- 
ling to suit the aerial. 

The r.f. choke is wound with 
32 s.w.g. enamelled wire. A piece 
of ebonite or other -insulated rod 
or tube, about 1 Jin long and fein 
diameter, is required, and two 
stout wire leads are threaded through 
small holes, as in Fig. 4 (c). The 

Tags for aerial loop L2 

R3 "2 

Yellow 
Red 

R4 

Brown 
Blue / 

iM 

Base 

Emitter i /*-' Collector 

6C4 

Pin I 

Tags for coil 
Tap 

Crystal &) Crystal 

'l / ^ K| 6 X 3" 

Fig. 2. Layout above the Paxolin panel 
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(o) 

2 turn loop 

Crystal holder 
Fig. 3. Wiring and components below the panel 

12 turns |l/2*dia x 11/2* long 
32 s.w.g. wire is soldered to these 
stout leads. The actual choke 
winding is about 80 turns, and 
will be satisfactory if the turns are 
wound side by side for a total of 
about lin. The r.f.c. is wired 
into circuit as in Fig. 3. 

Oscillator Adjustments 
When suitable adjustments have 

been made the circuit will only 
oscillate at the correct crystal 
controlled frequency. Initial tests 
are made without an aerial, and a 
meter should be included in one 
h.t. lead. A lamp loop, consisting 
of 2 turns soldered to a 6 volt 
0.06 amp. bulb, is also useful 
for testing for r.f. Alternatively, 
a 27 Mc/s tuned wavemeter or 
bulb-meter can be used instead, 
and this will confirm that operation 
is on the correct crystal harmonic. 

For a 90 volt h.t. supply no 
series dropping resistor is needed. 
For a 120 volt or 150 volt battery 
supply, a IkH resistor is wired in 
the h.t. positive line, at the point 
marked with a cross in Figs. 1 and 
3. As the transmitter can readily 
be powered from a mains unit, 
for use indoors or in the garden, 
more voltage may be available. 
If the unit delivers 250 volts h.t., 
the resistor must be I0kn. 

The 30pF trimmer is fully opened 
initially. An insulated rod or 
tube is filed to engage with the 
trimmer nut, or a strip of Paxolin 
is filed to make a spanner to rotate 
the trimmer. The transistor stage 
may be left otf (key disconnected). 

The 6C4 should reach working 
temperature in 20 to 30 seconds. 

Aerio 

Tog strip 

(b) 

20s.w.g.wire SOturns 32s.wg. enom. 

ite'x 5/16" R.FC. 

(c) 
Fig. 4 (0). Details of coil L] 
(b). How the aerial coupling coil 

is mounted 
(c). Winding the r.f. choke 

and the h.t. circuit meter will 
probably show a current of some 
10 to 15mA or so. The trimmer is 
then slowly screwed down, and a 
dip in h.t. current should show 
that oscillation has commenced. 
This can be confirmed with the 
lamp loop or wavemeter. 

If oscillation is not obtained at 
any setting of the trimmer, the 
tap should be moved one turn 
towards the "pin 1" end of the 
coil, and adjustments repeated. 

Should oscillation be found at 
almost any setting of the 30pF 
trimmer, the tapping is too near 
the "pin 1" end of Li, and must 
be moved a turn or so towards 
the "crystal" end. Generally, the 
tapping should be suitable at the 
third or fourth turn, but this depends 
on the h.t, voltage and crystal 
activity. The tapping is correct 
when the circuit oscillates well 
only when the trimmer is tuned to 
the harmonic wanted. In these 
circumstances, the transmitter fre- 
quency is controlled by the crystal. 

Tests with the lamp loop will 
show that the r.f. generated increases 
sharply as the trimmer is set to its 
optimum position. It is usually 
necessary to de-tune the trimmer 
very slightly from this position, 
to assure that the oscillator always 
starts readily. 

When the aerial has been con- 
nected, slight readjustment may be 
necessary for best r.f. output. 
This, and the coupling between Li 
and La, can best be checked by 
setting up a field strength meter 
a few yards away from the trans- 
mitter. Alternatively, results will 
generally be good if La is some 
sin to fin from Li, tuning being 
adjusted for nearly minimum h.t. 
current or maximum brilliance of 
the lamp loop. 

If Li has its turns rather close 
together or the trimmer is screwed 
very far down, in some circum- 
stances 18 Mc/s may be tuned, and 
oscillation may be obtained at 
this frequency. This can be avoided 
by beginning with the trimmer 
fully open, as mentioned, and by 

, stretching Li slightly, if necessary. 
Any receiver or wavemeter will 
readily show the frequency to be 
wrong if this occurs at 18.13 Mc/s. 

A pick-up loop consisting of a 
few turns of insulated wire, and 
connected to phones with a crystal 
diode in one lead, can be used 
to check the presence of the modula- 
ted r.f. signal. If this loop is near 
the transmitter, the audio tone 
should be heard when the keying 
circuit is closed. 
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IN 

YOUR 

WORKSHOP 

The immediate future looks very promising if, on New Year's Day, the only repair Job in sight is 
a simple two-valve record player. So should it have been with Smithy and his assistant Dick, 

had it not been for their too-ready acceptance of New Year customs! 

" A ND A HAPPY NEW YEAR TO 

/\ you, too!" 
^ "Blimey," said Dick, im- 

pressed with Smithy's entry into 
the Workshop, "yow sound cheerful. 
Most times when you come in on 
New Year's Day you look as though 
you've compressed the Thousand 
and One Nights into one!" 

"Things," pronouned Smithy, "are 
going to be different this year. 
Come to that, how is it that you've 
got into the Workshop before me? 
I don't usually see you on New 
Year's Day till it's time to go home." 

"I just thought," said Dick 
artlessly, "that I'd start the New 
Year right by getting to work nice 
and early." 

Smithy eyed his assistant sus- 
piciously. 

"1 don't like the sound of that," 
he said distrustfully. "You're up 
to something." 

"No, Tm not," protested Dick, 
"It's just that I've made a New 
Year's resolution, that's all. From 
now on I'm going to be as helpful, 
polite and obliging as I possibly 
can be." 

"Well, that's a pleasant surprise," 
exclaimed Smithy. "Funnily enough, 
I've decided to do exactly the same 
thing myself. I've made a resolution 
to go through the New Year as a 
paragon of courteous affability and 
even temperament." 

"Fancy that," commented Dick, 
"both of us having the same New 
Year's Resolution!" 

"You know what they say about 
great minds, don't you?" 

"Of course 1 do," replied Dick. 
"They always think alike!" 

A Simple Record Player 
The pair sat down and beamed at 

each other. 

25kn linear 

"1 must say," commented Smithy 
happily, "that this is a very pleasant 
atmosphere." 

"Isn't it?" 
"It seems a pity," continued 

Smithy, "to even think about 
bringing up the subject of work." 

"Not at all," replied Dick help- 
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fully, as he rose from his stool. 
"Pray, let me examine the racks." 

Even the newly-resolute Smithy 
blenched at this manifestation of 
Dick's changed temperament, and 
he watched, fascinated, as his 
assistant walked over to the "For 
Repair" racks. Now that the 
Christmas rush was over, these 
seemed to be almost completely 
empty. 

"What a pity," called out Dick. 
"There's only one job in for repair!" 

He returned to his bench carrying 
a record player in a brightly coloured 
case, 

"Still," he continued, "I can do 
this one myself. You can take it 
easy today. Smithy." 

"We'll both do it," replied Smithy 
promptly. "By dint of mutual 
aid we shall both then obtain the 
maximum amount of pleasure from 
the job." 

"What an excellent idea!" com- 
mented Dick. "I am glad I went in 
for this New Year resolution jazz." 

Whilst he spoke, Smithy had 
started thumbing his way through 
the service manual files. The 
Serviceman soon found the sheet 
he wanted. He placed it on the 
bench with the circuit upwards. 
(Fig. 1). 

"It's hardly worth getting the 
manual out," commented Dick. 
"This record player is only one of 
those two-valve efforts." 

"Still, we've got all day to do it 
in," replied Smithy, "so we might 
as well commence in the approved 
fashion. Plug it into the mains and 
see what happens." 

Dutifully, Dick inserted the record 
player plug into the appropriate 

socket in the assortment mounted 
at the back of his bench. He 
picked up the Workshop collection 
of test records and placed a battered 
45 r.p.m. disc on the changer. 
After ensuring that the correct 
speed and stylus were selected, 
he switched on. He operated the 
record changer control, but this 
gave no sign of life. There was, 
further, no sound from the speaker, 
even after a more than adequate 
wait for the valves to achieve working 
temperature. 

"Dead as a door-nail," announced 
Dick. "Let's have a shufti inside 
the case." 

"That's not the most obvious 
place," said Smithy. "You want 
to check the connections at the 
plug first." 

"Oh yes, of course," said Dick. 
"I keep forgetting how many 
times a piece of equipment is 
described as being duffy when its 
only fault is a broken lead or a 
loose connection at the plug." 

Dick quickly removed the mains 
plug cover and checked the con- 
nections and the mains flex at the 
anchorage point. 

"All O.K. here," he pronounced. 
He picked up a screwdriver 

and cheerfully proceeded to attack 
the screws securing the inspection 
cover of the record player. 

"1 should check the valves for 
heater continuity," suggested Smithy, 
"they're in series with the motor 
windings." 

"Righty-ho," said Dick, "anything 
to oblige! Incidentally, isn't it 
rather a queer business putting 
the heaters in series with the motor?" 

"Not at all," replied Smithy. 

"It's an idea which saves a dropper 
resistor and prevents the dissipation 
of unnecessary heat inside the 
cabinet. With the changers you have 
in these record players the motor 
is running all the time, and so it 
might as well carry out the secondary 
function of dropping the heater 
volts as well as rotating the turntable 
and operating the changer mechan- 
ism." 

"I seem to remember," remarked 
Dick, "that some of these players 
have the heaters run from a tap 
in the motor windings." 

"That's right," confirmed Smithy. 
"In fact, the tapped winding idea 
is rather more common than the 
series circuit we have here. In- 
expensive record players of this 
type all employ a UL84 output 
pentode, which has a heater rated 
at 45 volts and 100mA, together 
with a UY85 rectifier having a 
heater rated at 38 volts and 100mA. 
So, when the heaters are in series, 
they require a supply of 83 volts 
at 100mA. This is given either 
by putting the motor in series, as 
we've got here, or by tapping into 
its windings. In the latter case, 
the heaters connect across the 
tapped section directly (Fig. 2 (a)) 
or via a thermistor (Fig. 2 (6)). 
The tap in the windings is usually 
described as an '80 volt tap' for 
obvious reasons." 

New Rectifier 
By now Dick had removed one 

of the valves and was checking its 
heater for continuity. 

"You were quite right," he 
announced triumphantly, "the recti- 
fier heater has gone open-circuit." 

"Good show," said Smithy, walk- 
ing towards the valve cupboard. 
"Incidentally, I think you'd better 
measure the total heater voltage 
after you've put the new UY85 in." 

"But that," protested Dick, "will 
mean getting the amplifier chassis 
out to reach the connections." 

"Perhaps so," said Smithy. "But 
you should remember that the heaters 
of these mains valves are pretty 
robust, and that they don't burn 
out all that readily. It might be 
that a fault in the motor is causing 
too much heater current to flow." 

Dick opened his mouth to voice 
further objections, then suddenly 
remembered his New Year's resolu- 
tion. 

"I fully understand the situation, 
Smithy," he remarked sweetly, "and 
Tm only too happy to do as you 
ask." 

Smithy's hand, reaching for the 
replacement rectifier, faltered mo- 
mentarily. This new, honeyed rela- 
tionship in the Workshop was going 
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to be difficult to get used to. He 
summoned up his own determination 
to see the New Year through as 
an exponent of mutual help and 
genteel courtesy. 

"That's very good of you," he 
said, returning to the bench. 
"Perhaps I can be of some assistance 
in getting the chassis out." 

"Thank you," replied Dick polite- 
ly, as he groped in the recesses of 
the cabinet, "but it's really a 
one-man job, and I've already 
removed the screws which hold 
the chassis to the case. Drat it, 
the darned thing's stuck!" 

"Til raise the motor board," 
offered Smithy. "If this is tilted 
back a little you should be able to 
ease the chassis out a bit more." 

"You'll need to be quick, then," 
said Dick. "I've only just got 
a hold on the chassis." 

Whilst Dick, with an expression 
of stern resolution, clutched the 
little amplifier chassis inside the 
cabinet, Smithy took off the test 
record, removed the wood screws 
which secured the motor board 
and quickly raised it. There was 
a sharp cry of anguish. 

"I hate to be difficult," remarked 
Dick through clenched teeth, "but 
at this moment you are neatly 
crushing my right wrist between 
the end of the motor board and 
the inside edge of the cabinet!" 

"Oh dear," said Smithy apologetic- 
ally. "Can you get your hand out 
of the way?" 

"If I do," replied Dick, "I'll 
drop the chassis. It's in a very 
awkward position." 

"I'll drop the motor board down 
a little," volunteered Smithy, "per- 
haps you can jiggle the chassis 
round a bit further then." 

"That's a good idea," commented 
Dick. "Incidentally, please don't 
think I'm ungrateful for your help 
even if it has resulted in my wrist 
being squashed flat!" 

"I'm very sorry about that," 
said Smithy contritely, "it was 
most remiss of me." 

"Accidents," replied Dick for- 
givingly, as he manipulated the 
chassis now that Smithy had dropped 
the motor board a little, "can 
happen in the best-regulated circles. 
I think Tm getting a bit more of the 
works out " 

An output transformer and electro- 
lytic capacitor had now appeared. 
Frowning heavily, Dick attempted 
to edge the remainder of the chassis 
over the level of the motor board 
held by Smithy. 

"Blow it," he grunted. "It's the 
volume control spindle that's got 
caught now!" 

"Shall I raise the motor board 
again?" 

"No thanks," said Dick quickly. 
"I've got my other wrist in the way 
now. Try dropping it a bit more. 
Gently, now!" 

Carefully, Smithy lowered the 
motor board, to be rewarded by a 
tormented shriek from his assistant. 
He quickly raised it again, only to 
hear an agonised yell of even greater 
intensity. 

"What are you trying to do?" 
remarked Dick bitterly. "Make me 
walking wounded, or something?" 

"You said lower it." 
"I know I did," replied Dick 

irritably, "but not so's you'd bend 
my little finger right off. After 
which you had to go and raise the 
blistering thing up again and catch 
my left wrist as well. I'm only 
managing to hold the chassis by my 
finger tips as it is, and how I can do 
that with two broken wrists passes 
my comprehension!" 

"We seem," remarked Smithy 
mildly, "to have reached an im- 
possible situation. I can't raise the 
motor board because I catch your 
wrist, and I can't lower it because 
I catch your finger. At the same 
time, you can't let go of the chassis. 
Do you know, Dick, this requires 
quite a bit of thinking out!" 

Smithy fell into a contemplative 
silence. Dick watched him with 
increasing resentfulness. 

"Are we going," he queried 
indignantly, "to spend all of 1965 
standing here with our four hands 
thrust into this electronic man- 
trap?" 

"Of course we're not," said 
Smithy soothingly. "And in any 
case it's suddenly occurred to me 
that we set about removing this 
chassis the wrong way in the first 
place." 

"What should we have done 
then?" asked Dick sarcastically. 
"Blasted it out with dynamite?" 

Smithy looked pained. 
"Now, don't be like that," he said 

mildly. "What we should have done 
was to raise the motor board out of 
the way completely before we even 
attempted to shift the chassis." 

"Right," said Dick promptly. 
"In that case the chassis is going 
back to its original position, if 1 have 
to strain every muscle in my body 
to do it!" 

Forcefully, Dick thrust the chassis 
down below the level of the motor 
board, whereupon a loud bang 
suddenly resounded from the inside 
of the cabinet. Startled, Dick 
jumped back, pressing against the 
Serviceman and extricating his hands 
just one split instant before the 
stumbling Serviceman pulled the 

motor board edge clear above the 
top level of the cabinet. 

"Blimey," said Dick, "that was a 
close thing!" 

As he mopped his brow prepara- 
tory to inspecting himself for 
damage, Smithy peered down into 
the cabinet at the irregularly-shaped 
little amplifier chassis which had 
caused all the trouble. 

Voltage Tests 
"You have," remarked Smithy 

accusingly, "broken the UL84." 
"Good!" said Dick vindictively. 
With the motor board raised 

Smithy picked up the chassis and, 
without the slightest difficulty what- 
soever, took it out and placed it on 
the front top of the cabinet. There 
was more than sufficient lead length 
to enable him to return the motor 
board to its original position. 

"There you are," he said trium- 
phantly. "It's a piece of cake if you 
lift the motor board right out first 
of all." 

"That information," snorted Dick, 
"is a fat lot of use now." 

"There doesn't," continued 
Smithy, "appear to be any damage 
to the chassis other than the broken 
valve." 

"I am," said Dick sarcastically, 
"delighted to hear it." 

Smithy turned round and gazed 
at his assistant. 

"I must say," he said reprovingly, 
"that you don't seem to have the 
right idea at all at the moment. I 
thought we were going to start the 
New Year with an attitude of 
mutual help and assistance." 

"If what has just happened," 
replied Dick hotly, "is the result of 
mutual help and assistance, the 
sooner we get back to the bad old 
days the happier I'll be!" 

Smithy made his second trip of the 
morning to the valve cupboard. 

"I shan't argue," he remarked 
mildly. "I'll get another UL84 and 
check the total heater voltage my- 
self." 

With which words the Serviceman 
selected a replacement valve, carried 
it back to the bench and plugged it, 
in company with the new UY85 he 
had previously taken from the 
cupboard, into the chassis. Interested 
despite himself, Dick tore his 
attention away from his injuries and 
watched the Serviceman as he 
applied his test clips to the chassis. 

Smithy re-fitted the knobs to the 
chassis and switched on. A busy 
whirring from the changer indicated 
that the motor was now running. 

"There we are," said Smithy, 
watching the needle of the testmeter. 
"The heaters are cold at the instant 
of switching on, so that the total 
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voltage across them starts at around 
50 to 60. After which, it very 
quickly rises to a nice steady figure 
slightly in excess of 80 volts." 

Smithy placed the test record back 
on the changer and started its 
mechanism. The pick-up rose from 
its rest and the record clattered on to 
the turntable. The pick-up then 
moved sideways and descended at 
exactly the correct point near the 
edge of the record. 

"The record changer seems to be 
working O.K. too," continued 
Smithy, "and I didn't notice any 
significant variation in heater voltage 
whilst the changer mechanism was 
operating." 

"Did you expect any?" 
"I thought the point was worth 

checking," said Smithy. 
The pair listened to the tinny 

sound of music from the pick-up 
stylus. 

"There's nothing," Dick pointed 
out, "coming out of the speaker." 

"Neither is there," agreed Smithy. 
"Let's turn the volume up a bit." 

Smithy adjusted the volume con- 
trol knob. The recording became 
audible but at much reduced volume. 

"We have," pronounced Smithy, 
"another snag." 

"Good show," said Dick. "Shall 
I have a go at it?" 

"That's very kind of you," replied 
Smithy, surprised, "But I thought 
you'd just retired from the combat 
with multiple injuries plus a serious 
attack of the needle!" 

"Oh, that," said Dick carelessly. 
"It takes more than a little accident 
like that to make me drop a New 
Year resolution. I'm fully back on 
the old politeness stakes now!" 

"Good show," said Smithy, stand- 
ing up and surrendering the bench 
stool to Dick. "I should start off 
with voltage measurements first." 

"Couldn't the snag be a duffy 
pick-up or something like that?" 

"Doubtful," commented Smithy. 
"Usually the pick-up either works or 
it doesn't. Voltage checks are the 
best to start with." 

"How about an open-circuit 
cathode bypass electrolytic? That 
would cause low volume due to 
cathode degeneration." 

"The loss in volume," said Smithy 
shortly, "wouldn't be as high as 
we've got here. Try the voltage 
checks." 

"Shorted turns in the speaker 
transformer primary?" 

"Why," asked Smithy, with a 
visible effort at self-control, "do you 
keep chuntering on about all these 
remote possibilities when the obvious 
and easiest thing to do is to take 
some voltage tests?" 

"You would prefer," queried Dick 

pleasantly, "that I start off with 
voltage tests, then?" 

"Yes," replied Smithy in a 
strangled voice. "I would." 

"Just as you like," commented 
Dick agreeably, "anything to oblige." 

At this moment the test record 
reached the end of its track. The 
pick-up raised itself from the disc 
and returned to its rest. 

"I see," said Dick chattily, "that 
the changer mechanism is O.K. at 
the end of the record as well as at the 
beginning. So there's no trouble 
there." 

"Will you," rumbled Smithy, 
"start these voltage tests?" 

"Yes, of course," said Dick. 
"Let's get nice and comfy!" 

Watched by the fuming Service- 
man, he settled himself down on his 
stool, moved his testmeter to a 
convenient position and carefully 
tightened its terminals. He next 
clipped the negative lead to the 
amplifier chassis and held the 
positive prod poised in the air. 

"Now where," he remarked 
musingly, "shall I start?" 

"Where shall you start T' exploded 
Smithy. "My life, you've got just 
one pentode and just one rectifier 
and you say where shall you startl 
There's only four places you can get 
voltage readings from, and those are 
the pentode anode, screen and 
cathode, and the rectifier cathode!" 

"What about the rectifier anode?" 
suggested Dick, with an air of sweet 
reasonableness. "There could be 
low a.c. volts on the anode, you 
know." 

Smithy held up his hands, then let 
them fall helplessly to his sides 
again. 

"We have already," he said 
brokenly, "spent half the morning 
establishing that the heaters are 
getting the right voltage and that the 
motor is running O.K. Since the 
motor gets its supply after the 
limiter resistor, and at the same 
point as does the rectifier anode, 
could we not safely assume that the 
rectifier anode is getting its proper 
whack of alternating voltage?" 

"Do you know," said Dick, in the 
patronising tone of one who believes 
in giving credit where credit is due, 
"I think you've got rather a good 
point there, Smithy." 

Low Screen-Grid Potential 
If Perseus had been accompanied 

by Smithy in his travels, the latter 
would have been of inestimable 
assistance over the Medusa affair. 
The look which Smithy turned on 
Dick at that moment would have 
overcome the most virulently calcify- 
ing stare that the good lady of the 
strange hair-do could produce, and 

would have sent her snakes scream- 
ing towards their associates en- 
sconced with her Gorgon sisters. 
Fortunately for himself, however, 
Dick chose that exact moment to 
turn his attention to the chassis. 
At last his test prod descended. 

"Here we are," he announced 
brightly. "We've got about 250 
volts on the rectifier cathode. That 
seems reasonable enough to me." 

Disregarding the silence which 
greeted this remark, Dick once more 
applied the test prod. There was a 
crackle from the loudspeaker. 

"The anode voltage," sang out 
Dick, "is only a little bit lower, at 
245 volts." 

"Humph," grunted Smithy, a 
flicker of interest showing through 
his wrath. "That seems a bit high." 

"How's that?" 
"Well," said Smithy, "the UL84 

takes a pretty fat anode current of 
about 60mA at the h.t. voltage 
you've got there, and you should 
normally drop at least 10 volts 
across the transformer primary. 
Try the volts on the screen-grid." 

"No sooner said," replied Dick 
affably, "than done! Blimey, what's 
this?" 

"Have you found something?" 
"I have, indeed," said Dick. 

"The screen's running at around 20 
volts only." (Fig. 3 (a).) 

"Good show," commented Smithy, 
his irascible mood evaporating now 
that the cause of the fault had been 
located. "You've got two major 
probabilities open to you now. 
Either the screen-grid feed resistor's 
gone high or the bypass electrolytic's 
leaky." 

But Dick had already switched off 
the chassis and started taking ohm- 
meter readings. 

"The electrolytic," he announced, 
"is O.K. But the screen feed 
resistor isn't. It should be 15kn but 
it's reading well over 200kD." 

"Fair enough," said Smithy. "I'll 
get you a new one right away." 

Smithy wandered over to the 
spares cupboard and returned with 
a new resistor. He watched his 
assistant remove the faulty com- 
ponent and solder in the replacement. 

"You know," remarked Dick, as 
he briskly rattled his soldering iron 
about the chassis, "it is pleasant 
working away in harmony as we are 
doing this morning. I must confess, 
though, that I got a little niggly a 
few moments ago over the business 
of getting this chassis out. Still, the 
feeling's eased off now," 

"Same here," admitted Smithy. 
"I felt somewhat irritated myself 
just now, but I'm not going to let 
that spoil my New Year's resolu- 
tion." 
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"There's nothing," continued 
Dick, "like being in concord. I bet 
there aren't many service workshops 
where they get on as well with each 
other as you and I do here!" 

"That's quite a thought," said 
Smithy, impressed by his assistant's 
observation. "It may well be that 
we could set an example in industrial 
relations!" 

Stylus Trouble 
By now, Dick had soldered in the 

new resistor. He switched the 
amplifier on again and rechecked the 
voltages on the UL84. 

"That's better," he announced. 
"We've got 205 volts on the screen- 
grid. Also, the voltage on the 
rectifier cathode has dropped down 
a little, to around 245 volts." 

"That's because the UL84 is 
drawing more current." 

"The anode voltage," continued 
Dick, "is around 230, and the 
cathode is reading about 18 volts." 
(Fig- 3 (b).) 

"Much more like it," said Smithy 
approvingly. "Try the record again." 

Once more Dick operated the 
changer. This time there was ample 
volume from the loudspeaker. Ex- 
perimentally, Dick adjusted the 
volume and tone controls and found 
that these functioned adequately. 

"It doesn't sound too bad," he 
announced after some moments. 
"It's certainly loud enough, even if 
the quality isn't all that hot." 

"These aren't meant to be hi-fi 
jobs," Smithy pointed out. "The 
idea is to screw as much gain out of 
the single pentode amplifier as you 
can get." 

"Why," asked Dick, "do you have 
such a high value resistor in series 
with the screen-grid? In conven- 
tional amplifiers you usually return 
the screen-grid to the h.t. positive 
line." 

"True enough," agreed Smithy. 
"The reason is mainly due to the 
operating conditions for the UL84 
when it's working at h.t. potentials 
above 200 volts or so. You'll find 
in practical radios and record 
players that, under these conditions, 
the UL84 nearly always has a lower 
voltage applied to its screen-grid 
than to the top end of the output 
transformer primary. As I men- 
tioned just now the valve draws a 
pretty heavy anode current, which 
means that you can get quite a high 
voltage drop in the primary of the 
output transformer if this is of the 
small type you encounter in in- 
expensive record players and mains 
radios. It isn't always a desirable 
thing to have the screen-grid voltage 
of an output pentode significantly 
higher than the anode voltage; but 
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Fig. 3 (a). A fault in R} caused the screen-grid of the UL84 in the record 
player serviced by Dick and Smithy to have an excessively low potential 

(b). Fitting a new screen-grid feed resistor restored the pentode to correct 
operation, with the representative electrode potentials illustrated here. All 

voltages in this diagram and in (a) are with respect to chassis 

I don't want to be dogmatic on that 
point because much depends on 
circuit conditions and the type of 
valve employed. In the present case, 
the most important reasons for 
having the rather high screen-grid 
series resistor are the limiting 
voltages which apply to the UL84. 
This valve packs a great deal of 
power in a small envelope, and the 
maximum limiting anode voltage is 
250, whilst the maximum limiting 
screen-grid voltage is only 200." 

"We are," Dick reminded him, 
"getting 205 volts on the screen-grid 
here." 

"Ah, yes," said Smithy, "but the 
200 volt figure is relative to cathode, 
whereas the 205 volt reading you've 
got on that amplifier is relative to 
chassis. Subtract the 18 volts which 
is dropped across the cathode bias 
resistor, and you'll find that the 
screen-grid voltage is comfortably, 
below the 200 volt limiting figure 
Anyway, that's quite enough about 
the UL84. I think the next thing 
we'd better do is to check this record 
player with a 78 record." 

Dick groaned. 
"Don't say," he complained, "that 

we're going to have 'Selections from 
The Student Prince' all over again." 

"Of course we are," said Smithy, 
resolutely extracting a dusty 12 inch 
78 r.p.m. disc from the pile of test 
records. "This is one of.the best 
records which was ever made." 

"But it's prehistoric," protested 
Dick. "It isn't even an electrical 
recording, it's an acoustic one!" 

"All the better," pronounced 

Smithy. "They had to be singers in 
those days. I can just imagine them 
all straining their guts out whilst 
they yelled down the tin horn at the 
recording studio!" 

"The last time we had a record 
player in for repair," grumbled 
Dick, with a shudder at the memory, 
"you played both sides of that 
record about four times each. I can 
remember it yet." 

"Nonsense," said Smithy, an 
anticipatory gleam in his eye. 
"Now, put it on so that we can have 
a spot of real music!" 

With an air of extreme reluctance, 
Dick placed the record on the 
changer. 

"Treat it carefully now," said 
Smithy peremptorily. "Records like 
that are irreplaceable these days." 

"Dash it all," said Dick testily. 
"What d'you think I'm going to do ? 
Bash a new hole in it for the spindle 
to go through?" 

Peevishly, he started the changer. 
The record fell with a ponderous 
crash on to the turntable, causing 
the deck to jitter violently on its 
springs. The vibrations had hardly 
ceased when the pick-up descended. 
Smithy and Dick listened as the 
surface noise gave way to the first 
few bars of music. 

"You great oaf," snarled Smithy, 
"you've forgotten to change the 
speed!" 

Dick moved his hand hastily 
towards the speed control. 

"Don't change it whilst it's 
playing," snorted Smithy. "Stop it 
and start all over again." 
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Bad-temperedly, Dick stopped the 
changer, set it up again at the 
correct speed and re-started it. Once 
more the record fell dangerously 
on to the turntable, and once more 
the pick-up travelled over to it. 

"Ah," said Smithy, with obvious 
pleasure as the offerings of the long- 
forgotten orchestra became audible 
over the loudspeaker, "now that's 
more like it!" 

"I thought it sounded better at 
45 r.p.m.," commented Dick dis- 
passionately, "apart from the fact 
that it would have lasted nearly 
twice as long." 

"Don't be silly, boy," said Smithy, 
his equanimity fully restored by the 
soothing strains of the music. 

The Serviceman glanced towards 
the record player and stiffened. 

"You still" he complained, 
"haven't got it right." 

"What's wrong now?" 
"You haven't turned the cartridge 

over," replied Smithy accusingly. 
"You're playing that record with the 
l.p. stylus. Do you know, you might 
even spoil the grooves doing that." 

"You must be joking," said Dick 
incredulously. "When that record 
was made the grooves were put in 
with a hammer and chisel!" 

"There's only one way," pro- 
nounced Smithy flatly, "of doing a 
job properly and that's to do it the 
right way. So let's get that record 
started off in the correct manner." 

Rebelliously, Dick stopped the 
changer once more. He rotated the 
cartridge to select the 78 stylus and, 
for the third time, started the 
mechanism. Again the record 
crashed heavily on to the turntable 
and again the pick-up travelled over 
and descended on to its surface. 

But this time, instead of following 
its steady spiral inwards, the pick-up 
swept swiftly and erratically back 
and forth across the surface of the 
record. There was an ominous 
scratching noise. 

"Stop it!" yelled Smithy. "That 
record's getting ruined." 

Concertedly, both Smithy and 
Dick rushed to raise the pick-up. 
So great was their haste, however, 
that they bumped into each other 
and, falling forwards, pressed their 
fingers against the outermost edge 
of the 12 inch disc on its 10 inch 
turntable. Even a record of as many 
winters as this had seen could not 
stand the sudden strain, and it 
cracked neatly across the middle. 
Bemusedly, Dick and Smithy 
watched the pick-up jump into the 
air. At this instant the changer 
mechanism took over and the pick-up 
moved sedately across the turntable 
to descend, undamaged, upon its 
rest. 

Resolutions Over 
"Do you know what you are?" 

fumed Smithy, waving his half of 
"Selections from The Student Prince", 
"You're a steaming, addle-pated 
git!" 

"Was it my fault," yelled Dick 
furiously, the remainder of the 
record clenched in his fist, "that that 
blistering pick-up didn't work? It 
was you who said change the 
cartridge over." 

Smithy opened his mouth to speak, 
then suddenly stopped. Sitting 
down, he commenced to chuckle. 

"You're perfectly right, too," he 
laughed. "It's quite true that you 
weren't to know that the pick-up 
was faulty." 

"Of course I'm right," said Dick 
indignantly. "So what's the big 
joke?" 

"What I'm laughing at," said 
Smithy, "is the fact that all the 
capers we've got up to this morning 
are the direct result of those New 
Year resolutions of ours." 

"Hey?" 
"That's right!" grinned Smithy. 

"We're being so blooming polite 
and helpful to each other that all the 
normal little niggles and annoyances 
which take place are piling up 
inside of us. The result is, that when 
they do come out, they're about ten 

times as violent." 
"Do you mean," queried Dick, 

"that we're more liable to have 
bust-ups if we're polite to each other 
than if we continually insult each 
other in the normal way?" 

"I'm convinced of it. Just look 
at what's happened this morning." 

An expression of intense relief 
spread over Dick's face. 

"Well, I'm certainly glad about 
that," he exclaimed. "I was getting 
fed up to the teeth with this polite- 
ness racket. It just seemed to be too 
good to be true! There's still one 
thing that's puzzling me, though." 

"What's that?" 
"Why did the pick-up skate 

around all over the record when I 
selected the 78 stylus?" 

"Oh thatT' exclaimed Smithy. 
"You'll probably find that there 
isn't a stylus fitted on the 78 side of 
the cartridge at all. What sometimes 
happens is that the owners of record 
players don't bother to get a new 
stylus when the l.p. one wears out. 
They simply whip the one off the 78 
side and fit that in its place!" 

"But that's all wrong, isn't it?" 
"Of course it is," replied Smithy. 

"But we can now put it right by 
fitting a new l.p. stylus and, prefer- 
ably, a new 78 one as well. After 
which, we'll give the record player 
a final check-out and call it a day." 

"Fine," said Dick enthusiastically. 
"Now we've got over this resolution 
business, it looks as though the New 
Year isn't going to be so bad after 
all. Do you know what I think. 
Smithy ?" 

"What do you think?" 
"I think you're a pompous old 

goat!" 
"That's nothing to my opinion of 

you," replied Smithy. "I consider 
you to be an incompetent young 
ninny!" 

Dick heaved a sigh of immense 
satisfaction. 

"Thank goodness," he pronounced 
contentedly. "We're back to 
normal!" 

Computer's Capacity Doubled 

A further stage in the development of the EMIac II analogue computer doubles the capacity of each module. 
A dual chopper stabilised d.c. amplifier enables the computing capacity of the standard module to be increased from 

18 to 36 computing units. This dual unit has two separate chopper stabilised amplifiers each having a larger gain than 
the standard single amplifier. The gain of the main amplifier section has been maintained at 104 to 1kc. 

In addition, a quarter squares multiplier C box employing 12 break points and having a nominal 0.1% accuracy has 
been introduced. 

These units are completely interchangeable with the standard range of EMIac II units and may be used side by side 
with them to suit the problem in hand. By this means, existing customers may enlarge their computing capacity without 
the necessity of purchasing a new module. 

Since the inception of these new units the overall price of a 36 amplifier installation has been considerably reduced. 
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Power Supply Unit 

By H. N. BUTT 

Most of the more usual circuits for cathode 
ray tubes in oscilloscopes require two power 
supplies—one at high voltage and low 

current, and negative with respect to chassis; and 
the other at normal h.t. voltage and current, positive 
with respect to chassis and capable of supplying the 
timebase and the Y amplifier, etc. The unit 
described here meets both these requirements, and 
is suitable for running most small oscilloscope tubes. 

The unit is built around an ordinary 350-0-350 
volt transformer, of the type readily available from 
advertisers in this magazine. The silicon rectifiers 
(most types having a high enough peak inverse 
voltage rating are suitable, e.g. 2 x BY100) are also 
easily obtainable. The e.h.t. rectifier, type 36EHT45 
is not often seen in advertisements, but is also easily 
obtainable.* 

The Circuit 
The circuit, shown in Fig. 1, is simple and requires 

little explanation. One end of the 350-0-350 volt 
secondary winding is earthed (preferably the end of 
the winding nearer the core) and the 350 volts 
developed at the centre-tap is half-wave rectified to 
provide the positive h.t. supply. 700 volts is 
developed across the entire winding, and this is 
half-wave rectified to supply the negative e.h.t. If 
the oscilloscope circuit requires positive e.h.t., the 
connections to the 36EHT45 must be reversed. 
The transformer should be, preferably, a sound 
new component, and not a salvaged or surplus 
type. 

The e.h.t. developed is about —800 volts (depend- 
ing on the load) with a maximum current rating of 
2mA. The h.t. is slightly in excess of +350 volts, 
the current rating depending on the transformer and 
choke, since the silicon rectifiers will stand a very 
high forward current. The surge limiter, R], should 
not be omitted from the circuit, or the rectifiers or 
reservoir capacitor may be damaged by the charging 
current surge when the unit is switched on. 

* The 36EHT45 is available from Home Radio (Mitcham) Ltd. 
—Editor. 
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Fig. 1. The cathode ray tube power pack. Rectifiers 
suitable for the h.t. system are 2 x BVIOO, 3 x 1S103, 
or 3 x XU604. A 1 /VI fi 5% resistor must be connected 
across each of the h.t. rectifiers to ensure even 
distribution of the inverse voltage. The value of R} is 

chosen to suit the neon indicator 

Bleeder Chain 
A suitable bleeder chain for such tubes as the 

ACR13, VCR97, VCR138 and VCR138A is 
suggested in Fig. 2. The values are not critical, and 

-E.HT- VR, 
SOOkn 

Brlllianci 
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:«T 

'/ZW 
VRo 

SOOkn 
Focm 

R7 : 

l-SMn IW: 

G| -600V 

K -560V 

►A,-300V 

Fig. 2. A suggested bleeder chain. A^ Aj and the 
internal conductive coating may be strapped and held 

at +190 volts 

various values of resistance for Rg and R7 may be 
tried to give the best results for the particular tube 
used. All the tubes mentioned have a 4 volt 1 amp 
heater, and this should be supplied from a separate 
heater transformer because, in most circuits using 
these tubes, the heater is strapped to the cathode 
and so is at a high potential. Using a 4 volt winding 
on the transformer supplying the e.h.t. might well 
cause the insulation to break down, as voltages in 
excess of 1,500 could easily appear between the 
e.h.t. winding and the heater winding. 
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The'Transivox" 

Monophonic Organ 

By A. T. HAWKINS 

An ingeniously designed monophonic electric organ 
which ranges over the two octaves above Middle C. 
Despite its simplicity, the design features several 
output tones, a frequency-varying tremulant with 
controllable speed, and an electronic delayed attack 
circuit for avoiding key clicks. The keyboard can 
be extended below Middle C, if this is desired, and 
additional percussive and gong effects may be 

readily incorporated 

WW: 

Although many people have an ambition to 
build a full-scale polyphonic type of electronic 
organ, perhaps on the same lines as the 

one described in The Radio Constructor some time 
ago,1 a deterrent would be the thought of having 
to provide the large number of components required, 
not to mention the great deal of precious leisure 
time that would be consumed before such a project 
can be completed. However, as a compromise, 
a simple monophonic (single-note) instrument is 
relatively easy to build and is certainly less costly. 
Nevertheless, it is capable of giving a great deal 
of pleasure and entertainment, especially when 
used with a piano or organ accompaniment, and 
even an inexpert player can soon learn to play 
it to advantage! The organ to be described can 
always be extended further down the scale going 
as far as two or three octaves below middle C, 
either during construction or at a later date. If 
desired, percussive and gong effects can be obtained 
by an additional switching circuit. 

Circuit Description 
In looking at the circuit shown in Fig. 1, it will 

be seen that, when a key is depressed, a bias voltage 
is fed to the base of one of a pair of transistors. 

1 S. Astley, "A Transistorised Electronic Organ", The Radio 
Constructor, August, September, October, November, 1962. Also, 
"Further Notes", February 1963. 

TR3, connected as a multivibrator, whereupon 
it is caused to oscillate as a square wave generator. 
The signal is then passed to the base of the "buffer" 
or gating transistor, TR5. But this buffer stage 
is inoperative until it receives a voltage supply 
from the key contacts, after which it amplifies 
and passes the signal via a coupling capacitor 
(Cs) to the load given by potentiometer RVi. 
The signal is then fed to the main amplifier before 
driving a loudspeaker. 

The reason for this buffer stage is to minimise 
the effect of "contact-click", a great disadvantage 
in home-built organs; the click being caused by 
the sudden stopping and starting transients whenever 
switching is employed. As it is very important to 
understand the system by which the buffer stage 
works, it will be discussed in greater detail. 

Every key has a small piece of beryllium-copper 
or phosphor-bronze strip affixed to it and is so 
arranged that at the first quarter of the travel 
of the key, when being depressed, two of the three 
contact wires, (a) and (b), are shorted together. 
The result is that a note is generated, together 
with the "contact-click", by the multivibrator 
section. Further depression of the key to about 
three-quarters of its travel causes the shorting-strip 
to make contact with the third wire, (c), thus bring- 
ing the buffer transistor into action by completing 
its supply circuit. There is therefore a mechanical 
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Sj Tremulant off 
= Tremulant on 

Tremulant hold off 
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between notes 
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(see text) 

S2 Tremulant speed 
S3 Tone output 

1 Full trumpet 
2 Medium violin 
3 Soft comet 

Fig. 1. The circuit of the "Trons/vox" Monophonic Organ. There are 25 keys, ranging from Middle C to the C two 
octaves above. The functions of the tremulant speed control are indicated in Fig. 2 

delay, together with a small electrical delay intro- 
duced by R19 and the reservoir capacitor C9. 
These reduce the "contact-click" to negligible 
proportions. 

The object of C9 is to "round off" the stopping 
and starting, i.e. attack and decay, of the generated 
note by taking a time (in milli-seconds) to charge 
up and discharge through the buffer transistor. 
Increasing the value of the capacitor would of 
course slow down the "attack" of the note, but 
the decay time would take longer also and, as the 
key travels quickly back to rest when released, 
the "counter-click" would be audible before the 
note has had time to die away. 

A compromise has to be made so that the attack 
is not so fast as to give a "morse-key" effect, whilst 
the decay is still quick enough for the click to be 

inaudible when the key travels from full depression 
with all three contact wires shorted to the point 
of a quarter depression where only two wires are 
in contact. The value of capacitance found to be 
satisfactory with the prototype keyboard was 0.5[xF, 
However, some keyboards may have faster or 
slower acting keys, and a modification of the 
value for C9 may be needed for best results. It 
must be pointed out that as transistors are three- 
point resistive devices and have a slight leakage, 
the buffer stage transistor will pass a very small 
signal with no supply voltage across it, so that an 
"echo" is heard if the key is not fully depressed. 
This "echo" effect has been reduced by choosing 
a large value of resistance for Rig and by inserting 
the series resistor R14, and under normal playing 
it is difficult to detect. 
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Tremulant Section 
The tremulant section has two transistors (TRi 

and TR2) connected in a modified form of Wien 
bridge circuit, producing a sinusoidal waveform 
of low frequency. The low frequency generated 
causes a varying current drain from the battery 
supply which, in turn, produces a voltage drop 
across the dropper resistor R15. This low frequency 
voltage fluctuation causes the pitch to alter in 
sympathy, giving a true tremulant which is very 
pleasing to the ear. (In a guitar tremulant amplifier 
only the volume is made to fluctuate, and this 
kind of sound is immediately recognised and is 
no doubt familiar to most readers). 

The circuit is so arranged that the current drain 
from the battery (under 2mA) is constant whether 
the tremulant is on or off, or is fast or slow, so 
that as far as possible a constant voltage is main- 
tained under running conditions. 

It should be mentioned that this instrument will 
produce only one note at a time. If several keys 
are depressed together, only the highest note will 
sound. 

The pitch of the note selected by each key depends 
on the resistance inserted between the base of TR3 
and the negative supply line. This resistance 

^3 

A view underneath the keyboard. The components at 
the top, from left to right, are the main switch, the 
output sockets, RVi, RV2 and two of the P.O. switches. 
The upper 9 volt battery supplies the organ circuits 
whilst the lower battery (two 4.5 volt units in series) 
supplies a power amplifier, the components for which 
are mounted on the flat square sheet with the large 
electrolytic capacitor. On the upright Perspex board 
above the amplifier are the organ circuit components, 

TR5 being at the left 

1 

U Ul UL r Jr' 

- 1 0 # 

The key switching components. This photograph 
shows some of the shorting strips, together with the 
sets of contact wires. The preset variable resistors 

appear at the bottom 

increases for each key in descending order of 
pitch. For a 2-octave keyboard (Middle C to the 
C two octaves above) 24 resistors are needed 
between the keys, in addition to the resistance 
inserted by Rio and the master tuning control, 
RV2. In practice, each of the inter-key resistors 
is made up of a fixed resistor in series with a miniature 
preset potentiometer, the value of the fixed resistor 
being such as to allow the preset potentiometer 
to offer the correct pitch at about the centre of its 
track. In the prototype, 8 preset resistors having a 
value of lOkfl were employed at the upper end 
of the keyboard, 8 preset resistors with a value of 
22kfl at the middle of the keyboard, and 8 preset 
resistors with values ranging from 47kn to lOOkO 
at the lower end of the keyboard.2 Fig. 6 shows 
the approximate resistance needed between keys 
in the prototype. 

The keyboard may be extended below Middle C 
by continuing the key switching and inserting 
further series resistance between each key. 

The prototype employs OC44's for TR] and 
TR2, OCVI's for TR3 and TR4, and an OC76 
for TR5. However, the experimental work was 
carried out with "red-spot" types, and it is possible 
that such transistors could be successfully employed 
in the completed organ, if desired. Also, OC7rs 
could be used, and there appears to be plenty of 
latitude. A low-leakage OC202 was tried in the 
TR5 position in an attempt at alleviating the 
"echo" effect, but as this gave no advantage it 
was not considered worthwhile incorporating this 
transistor instead of a less costly type. 

The Main Amplifier 
The main amplifier need not be fully discussed 

2 The preset variable resistors employed by the author between 
the keys were miniature Plessey types. Miniature preset carbon 
potentiometers are available from many component suppliers at low 
cost, this being especially true when manufacturers' surplus lines are 
offered. The preset variable resistors need not have exactly the same 
values as those used in the prototype, provided the final resistance 
value between keys may be obtained with sufficiently fine adjustment 
—Editor. 
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as it will depend on individual choice and require- 
ments as to output power. The output of the organ 
on its own is sufficient to drive a pair of headphones 
—one can practice in complete privacy if desired! 
A useful way of making the instrument completely 
independent of mains power supply is to incorporate 
a transistor main amplifier. A suitable amplifier 
is the 10 watt 24 volt transistorised power amplifier 
obtainable as a kit or ready-built from Henry's 
Radio, Ltd. The writer has found that an amplifier 
of this type gives adequate power for a small hall 
if driven by 9 volts only. Two 4.5 volt bell batteries 
in series will suffice here. 

Construction 
The construction of the "Transivox" may begin 

by building the "heart" of the instrument—that, is 
the combined tone generator, tremulant and buffer 
stage—on a single piece of Perspex or other suitable 
material. The layout and outside dimensions 
are shown in Fig. 2. A number of 8BA clearance 
holes are drilled, and by mounting 8BA double- 
ended solder tags with short 8BA screws and nuts, 
the components can be soldered into position on 
the prepared board. Note that the tag numbers 
in Fig. 2 correspond with those shown in Fig. 1. 

The board can then be checked for working by 
connecting tags 7 and 8 to a pair of headphones 

or an external amplifier, and by shortening tags 
4, 5 and 6 together. A tone should be heard when 
a 9 volt battery is connected across tags 9 and 10, 
after making sure that the wiring is of course 
correct, and that the battery is right way round! 

Shorting tags 1 and 2 will cause the tremulant 
to operate, and it will function at its slowest fre- 
quency. It will be speeded up at a later stage by the 
addition of a resistor across tags 2 and 3, and this 
is done by the control panel components. 

The Keyboard 
Having checked that the generator board is 

satisfactory, the next major item is the keyboard 
itself. Either a practice board with keys covering 
two octaves could be pressed into service if one 
can be acquired from a second-hand music dealer, 
or a keyboard will have to be constructed out of 
piano keys and a cabinet made to accommodate 
them. Some piano keys may have the pivoting in 
the middle of their length, whilst others may have 
the pivoting at the extreme end. Whichever system 
is used, Fig. 3 shows how the short-circuiting 
strip is mounted. 

One very important item of advice is concerned 
with the contacts and tuning variable resistors. 
Arrange these so that they are readily accessible 
when the organ is complete, in order that tuning 

1 

1 

5I 'On tFast R RV / 1 — 5 
—VW\A— Output to 

main amolifier 41 51 6 Biased off 
Speed Keyboard 

contacts 

J _ you^ and outside dimensions of the Perspex board on which are mounted the tremulant section, tone generator and buffer stage components. The board thickness should be at least ^ in. The tag numbers correspond to those shown 
in Fig. 1. Components shown below the board are mounted on the control panel 
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Perspex board 

Miniature tuning preset 
resistor 

Contact wires Phosphor-bronze Key stop rest 
I strip 

Felt 

Pivot pin 

Felt 

Key 

Z Guide pin 

Pin rest Battening Piano spring 

(.a) 

Phosphor-bronze strip Buffer stage wire, offset slightly 
above ^ 

Buffer stage wire offset 
slightly below 

(b) 

Phosphor-bronze strip 

(c) 

Pivot 

Fig. 3 (o). End view of the keyboard, showing the contacts and variable series resistor for the end key. These are 
mounted on a Perspex board 

(fa). Detail of contact arrangements when the shorting strip travels downwards. The wire for the buffer stage is 
contacted after the other two wires, as explained in the text 

(c). An alternative arrangement, for use when the shorting strip travels upwards 

and adjustments can easily be made. It may appear 
rather expensive to provide a variable resistor 
for every note, but the reader may rest assured 
that this is a very worthwhile expenditure, since 
tuning will take only a matter of minutes at any 
time that it is required. During extremes of tem- 

-w- Tog 6 
(Buffer stage) 
— Tag 5 

51 

RV2 
vw 

peratures, some slight retuning may have to be 
carried out, although the master tuning control 
on the front panel (RV2) will take care of most 
cases of slight shift of pitch. 

The control panel accommodates four Post 
Office type key-switches, which are ideal for the 
job: two for tremulant control, one for tone, and 
one which modifies the output "colouring". This 
last switch (S5) was originally incorporated as a 

To keyboard 
c 'lnt (Sustain)! 

(Percussive) 

Preset 
potentiometers Discharge i 

. X From tag 6 
(buffer stage) 

-Tag 4 

Series resistors Perspex board 
Tag 7-*  
(common line) 

ivc 

T 

- Tog 9 
(-ve supply) 

(Value to be chosen 
-■according to requirements 

Fig. 4. Underside view of the Perspex panel of Fig. 3 
(0) showing the layout of the contact wire tags, series 
resistors and preset potentiometers. The dimensions 
of the Perspex panel depend on the size of the keyboard 

employed 

Fig. 5. An additional circuit which allows percussion 
and gong effects to be given. When the upper switch 
is set to "Sustain" the organ functions normally. 
When set to "Percussive" the additional capacitor 

circuit is brought into operation 
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spare, but it is now used to bring Qi'into circuit 
as shown in Fig. 1. When the output control is 
about half-way advanced, S5 mellows the effect 
given by S3. Also mounted on the panel are two 
variable resistorg each of 25kfl, one being the 
master tuning and the other the volume control; 
two output sockets, one supplying an output 
to a loudspeaker if a power amplifier is incorporated 
in the organ whilst the other carries the output 
from the buffer stage, and a main battery switch. 

The key-switch employed in the Si position 
turns on the tremulant section in its central position. 
It is mechanically biased, however, so that the 
key can spring back from the downward to the 
central position when released, this facility enabling 
the tremulant to be momentarily stopped at will 
during playing. There is no mechanical bias on the 
other key-switches. 

A Perspex sheet, strengthened if necessary by 
thin wooden battening, is employed for the series 
resistors and the key contact wires. This is drilled 
with the holes for the 8BA cheese-head screws 
and nuts, these being so arranged that, when the 
contact wires are soldered into position, they 
will be directly over each key. See Figs. 3 and 4. 
Before mounting the screws, it would be best 
to clean and tin each cheese-head surface, as this 
will considerably ease the job of soldering the 
contact wires. 

The contact wires are cut from a reel of 20 
s.w.g. tinned copper wire, making certain that it 
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The general construction of the author's prototype. 
The lid is hinged at the centre to enable the keyboard 
to be neatly covered when the instrument is not 

in use 
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is bright and clean. A more professional job 
could be made with gold-plated wires if this material 
is to hand, but the tinned copper is quite satisfactory 
for normal purposes as the mechanism has a 
wiping action .and is hence self-cleaning. Should 
any trouble be experienced due to slight oxidizing, 
a small drop of "Electrolube" will cure this and one 
treatment will last for many months.3 

Tuning The Organ 
With the organ connected up, the resistor Rio 

may have to be selected so that the top note of C 
(two octaves above middle C) will agree with 
that of a piano when RVz is set to about mid- 
position. The rest of the keys are tuned by descend- 
ing down the scale one note at a time and by 
inserting fixed resistors in series with the adjustable 
resistors set at mid-point and soldering into position. 
The tuning need not be exact at this stage as the 
variable resistors will be finally adjusted after the 
contact wires have been set up. These are carefully 
arranged so that the first quarter of key travel will 
start the note (which can be heard as a faint "echo" 
with the volume turned right up), and the full note 
(mind your ears!) when the key has reached three- 
quarter travel. Bending the contact wires carefully 

with a pair of tweezers will • be the best way of 
adjusting the organ. 

The speed of the tremulant can be altered by 
choosing alternative values for R5 and Rg, and also 
by changing the value of the capacitors Q and 
C3, these being a pair having equal values. Reducing 
the value of capacitance will raise the speed of 
the tremulant and increasing the value will have 
the opposite effect. 

If percussive effects are desired, they can be 
achieved by inserting the circuit shown in Fig. 5 
in the lead from tag 6. The capacitor in Fig. 5 
is charged by connecting it across the battery 
supply and is then discharged to tag 6 whilst a key 
is held down. Gong-like effects will be heard, 
the length of duration depending on the value 
of the capacitor. Capacitances from, say, 0.1 (xF 
to lOOp-F will give results ranging from a short 
"bong" to a very sustained and slowly dying-away 
tone lasting for half a minute or so, therefore the 
choice is very wide indeed! 

3 Gold-clad wire (0.016in diameter) and phosphor-bronze strip 
(i^in x 22 s.w.g.) for the shorting strips are available from Stern- 
Clyne Ltd., 3-4 Eden Grove, Holloway, London, N.7. It may be 
difficult to obtain beryllium-copper strip through the usual retail 
channels, but the phosphor-bronze offers a suitable alternative. 
Phosphor-bronze strip is also available from H. Rollet & Co., Ltd., 
6 Chesham Place, London, S.W.I.—Editor. 

Components List 

Resistors 
(All fixed resistors I watt 10%) 

R! 2.2ka 
R2 22kn 
R3 4700 
R4 3.3kfl 

*R5 iokn 
*R6 4.7kn 

R7 IkO 
Rg 4.7kn 
Rq 1.2ka 

tRio 56k a 
R11 4.7ka 
R|2 68k a 
Rl3 4.7ka 
R|4 22k a 
R15 2.7ka 
R|6 470k a 
R17 10k a 
R|8 3.3ka 
Rl9 I8ka 
RVJ 25ka potentiometer, log track 
RV2 25ka potentiometer, preset, linear track 

Tuning Resistors (see text) 
24 miniature carbon potentiometers 
24 fixed resistors i watt 

* Value may need adjustment for required tremulant speed, 
t Value may need adjustment for tuning top note, 
i Value may require adjustment with some keyboards. 
§ If electrolytic type is used, connect positive terminal to S3. 

Capacitors 
Ci BtxF electrolytic 12V wkg. 
C2 25iJ.F electrolytic 12V wkg. 
C3 8p.F electrolytic 12V wkg. 
04,5,6 0.01 p-F 
C7 lOp-F electrolytic 12V wkg. 
Cg 0.02(xF 

ICg 0.5ixF 
C10 0.1 (J.F 

§C,1 ItrF 
C]2 0. Ip.F 

Transistors 
See text for suitable types 

Switches 
Si P.O. key-switch 3-position (see text) 
82,3 P.O. key-switch 3-position 
54 s.p.s.t. on-off switch 
55 P.O. key-switch 3-position 

Miscellaneous 
Keyboard 
Perspex sheets 
Phosphor-bronze material for shorting strips (see 

text) 
Double-ended and single-ended 8BA solder tags 
Short 8BA cheese-head screws 
8BA nuts 
9-volt battery 
20 s.w.g. tinned copper wire (or gold-plated—see 

text) 
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// 
flashing A Man 

By M. FARNSWORTH 

The body of this all-electronic "flashing man" is made up from the 
components which cause him to operate 

cr 

»« f"' 

TO AMUSE THE CHILDREN THE 
"Flashing Man" described here 
was made up from components 

found mainly in the oddments box. 
It is so constructed that, when raised, 
the eyes flash alternately. What will 
be more appreciated by the engineer 
is the fact that all components used 
in the circuit go to make up the man. 

Circuit 
As will be readily seen from the 

circuit in Fig. 1, a symmetrical 
multivibrator is used. For those not 
familiar with the circuit this operates 
in the following manner. Assume 
transistor TR| is conducting and, 
hence, lamp Bi is lit. Transistor 
TR2 will be cut off with a positive 
bias on its base, which will leak 
away via R| and R2- When the base 
of TR2 starts to go negative, TR2 
will switch on and lamp B2 will 
light. The collector of TR2 will go 
positive and this change will be com- 
municated to TRi base via C2, 
cutting off TRi and extinguishing Bi. 
The positive bias on the base of 
TRi will leak away via R3 and R4 
and, when it goes negative, TR| will 

switch on, re-lighting lamp B|. The 
positive change on TRi collector is 
passed via Ci to cut off TR2 and 
extinguish B2. The cycle then 
repeats. 

The time that TR2 is off is given 
approximately by; t=0.7 Ci (Ri-|- 
R2). 
With the values as shown, 

1=0.7 x 200 x 2020 
 10S =a28 sec- 

The lamps flash alternately and each 
will stay on, therefore, for approxi- 
mately a quarter of a second. 

When TR2 is on, the current out 
of the base must be sufficient to 
allow, by transistor action, at least 
150mA in the collector. With the 
sum of resistance in Ri and R2 being 
2,020fl, the base current will be 

6V approximately =3mA. Assum- 
ing a gain of 50 for the ACY18, the 
collector will then pass 50x3 = 
150mA. 

Assembly 
When assembling, the negative 

ends of the capacitors are soldered 

The completed all-electronic 
"flashing man". The head is 
made from a crocodile clip 
rubber cover surmounted by 
a plastic grommet. A microswitch 
is fitted in the base, and switches 
the circuit on when this is lifted 

to the lamp tips, and the lamp bodies 
strapped together. The 1.8kn and 
2200 resistors are soldered to the 
lower ends of the capacitors to form 
the legs. See Fig. 2. Before wiring 
in the transistors, extend the base 
and emitter leads and insulate all 
wires with sleeving. Connect up as 
shown in Fig. 2. Attach a wire to 
the junction of the emitters and 
another to the junction of the lamps. 
These two wires are then run down 
the back of the "man" between the 
capacitors, after which they separate, 
one wire going down the back of 
each leg. Small rubber bands 

-9V 

Lead-outs 
(TR|,TR2f 

TR, tr2 
ACYI8 ACYI0 + 

Fig. 1. The circuit of the "flashing man" 

Components List 
Resistors 
(Employ resistors which offer best 
presentation) 

R,,3 2200 
R2,4 l.SkO 

Capacitors 
C1,2 200[j.F electrolytic 12V wkg. 

Transistors 
TRnz ACY18 

Lamps 
B|,2 6.5V, 150mA, m.e.s. 
B3 2.5V (see text) 

Switch 
Si s.p.s.t. microswitch (see text) 

Battery 
9 volt battery type PP9 (Ever 

Ready) 
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secure the wires to the legs. Solder 
tags or bent wires are then soldered 
to the lower ends of Ri and R3 to 
act as feet, and these help to stabi- 
lise the "man" when the lead-out 
wires of Ri .and R3 are passed 
through into the box. The latter 
houses a PP9 9-volt battery. The 
wire from the emitter junction is 
passed through into the box and 
connected to the positive terminal 
of the battery. The ends of Ri and 
R3, and the common wire from the 
lamps, are all soldered together and 
taken to the negative terminal of the 
battery via a 2.5 volt bulb and a 
switch. A 2.5 volt bulb was included 
to drop the 9 volts to a reasonable 
voltage to feed the multivibrator 
lamps.* The author used a micro- 
switch in the base of the box such 
that the eyes flashed when the 
"man" was lifted up. 

To make the head, the bulbs were 
covered with a rubber crocodile clip 
insulator having holes cut in appro- 
priate positions for the eyes, the 

♦ A normal 2.5 volt flash-lamp bulb will 
drop slightly less voltage than is required 
to keep B| and B2 at correct operating 
voltage, although little difficulty should 
result in practice from slight over-running 
of these lamps. If desired, the circuit could 
be started initially with a 3.5 volt lamp in 
the B3 position, reverting to a 2.5 volt lamp 
if greater brightness in B] and B2 is required. 
—Editor. 

Tr 
1 

TR 

+ f + + 

Base 

"Switi Battery 

Fig. 2. How the body of the "man" is assembled. Check all connections 
against the circuit of Fig. 1 before applying the battery 

insulator being capped with a plastic 
grommet. A strip of insulation tape 
was put around the upper part of 
the body to hold the wires from the 
transistors securely. After a trial, 
some red Cellophane was placed 
between the bulbs and insulator, and 

this gave the eyes a much fiercer 
appearance. 

The author has described the 
model as it was made, but no doubt 
the constructor will be able to 
improve on it, and adopt the circuit 
for other uses. 

INTERNATIONAL CONFERENCE ON THE MICROWAVE BEHAVIOUR OF FERRIMAGNETICS AND PLASMAS 
A five-day international conference on the microwave behaviour of ferrimagnetics and plasmas will be held at the 

I.E.E., London, from 13th to 17th September, 1965. 
The meeting will cover: 
Electromagnetic wave propagation in ferrimagnetics and plasmas and in structures containing these media. 

Microwave devices employing ferrimagnetics and plasmas. Measurement of ferrimagnetic and plasma properties. 
Nonlinear phenomena in ferrimagnetics and plasmas. Antiferrimagnetic phenomena and applications. Behaviour of thin 
ferrimagnetic films. Electron-beam interactions with ferrimagnetics and plasmas. Microwave studies of solid-state 
plasmas. Electro-magnetic-acoustic phenomena in ferrimagnetics and plasmas. 

The Organising Committee invite the submission of contributions of not more than 2,000 words for inclusion in the 
programme. Prospective authors are asked to notify their intention to offer contributions to the Secretary of the 
I.E.E. as soon as possible; synopses of not more than 500 words should be submitted by 1st March, 1965, and full texts 
by 1st June, 1965. 

The conference is jointly sponsored by the I.E.E. Electronics Division, the Institute of Physics and the Physical Society, 
the Institute of Electrical and Electronics Engineers, and the Institution of Electronic and Radio Engineers. 

Registration forms will be available about six weeks before the conference. Applications should be made to the 
Secretary, the Institution of Electrical Engineers, Savoy Place, London, W.C.2. 

BRENNEL ENGINEERING CO. LTD. IN A NEW HOME 
Brenell have now completed their move to a new factory and offices at 231-235 Liverpool Road, N.1, with very 

little interruption in the production of their famous quality tape recorders and decks. 
The new factory has a floor area of 15,000 sq. ft. on three floors and includes a very well equipped demonstration 

room on the first floor to which tape recording enthusiasts are cordially invited. 
The machine and press shop, the stores, the wiring shop and the test and inspection departments are on the ground 

floor with a very useful loading bay at the rear and off the road. 
On the second floor is the assembly shop where mechanical assembly is carried out under ideal conditions; these 

two floors are interconnected by an automatic goods lift. Completed mechanical assemblies and wired chassis come 
together on the ground floor, are put into cabinets and then go into the test and inspection departments for a very 
thorough check on electrical and mechanical performance. 

It is hoped that this move will enable Brenell to meet the ever increasing demands for their machines whilst 
maintaining their reputation for first-class performance and reliability. 
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Variable Spooling ^ the 

Collaro Tape Deck w 

.00. By J. HOWELL 

An ingenious method of obtaining variable spooling on the "Studio" tape deck. The basic idea 
may be applicable, also, to other decks employing three motors 

Introductory Note 
This article describes a simple means of achieving 

variable spooling with the popular Collaro "Studio" 
tape deck. It should be pointed out that the parti- 
cular modification described by the author applies 
to earlier production units (up to mid-1963) of this 
deck. The changes needed for later production are 
covered in the Editor's Note following the article. 
The modifications described should only be 
attempted by the more experienced constructor who 
fully understands the principles involved.—Editor. 

An interesting and useful modification to a 
tape recorder is the provision of continuously 
variable fast wind in either direction using 

only one control knob. Many professional and 
semi-professional tape decks are fitted with this 
facility, and it greatly assists in place finding and 
editing, especially when the programme on the tape 
can be monitored whilst spooling. Although this 
article is primarily intended for users of the Collaro 
"Studio" tape deck, there is no reason why the idea 

Mains supply 0  
Wind right 

1 

Tension control 
resistor 
 WW  

_Ah\ Motor j 
Start 1 R.H. 

Motor 

Start 
J. 

Wind right 1 

Wind left 1 

Capstan 
Motor 

Fig. 1. The original circuit of the tape deck modified 
by the author. Switch contacts are closed to provide 

the function indicated 

could not be applied to any machine using three 
motors (capstan and two spool motors), provided 
that the switch contacts are available as described 
later. 

Spooling Control 
The spooling control is provided by a potentio- 

meter which should, preferably, be mounted on the 
deck itself in the vacant left-hand position. Alter- 
natively, it may be mounted anywhere in the tape 
recorder where there is room and where extra heat 
will not affect the rest of the components. 

The original deck wiring diagram is shown in 
Fig. 1. When the "Start" key is depressed, current 
is supplied to the capstan motor and to the two 
series connected spool motors. A resistor of some 
2,5kC is connected across the windings of the left- 
hand spool motor to reduce the back tension on the 
tape. When either of the "Fast Wind" buttons is 
pressed, full mains voltage is applied to the appro- 
priate spool unit. It will be noted that when fast 
winding to the right, the capstan motor is allowed 
to run; this merely simplifies the switching arrange- 
ments. 

The Modified Circuit 
There are two possible methods of wiring the 

variable spooling control. The first and most 
obvious is that shown in Fig. 2 (a). In this diagram, 
the position of the slider on the potentiometer 
governs which of the two motors receives the greater 
voltage from the mains. It can be seen from Fig. 
2 (b) that when one motor is running on full power, 
the other still has a voltage on it due to the series 
resistance, R. As a result there will be a reduction 
of the available winding speed, because the deck 
motors are not intended to work against each other. 

Fig. 3 shows the circuit finally selected. The ends 
of the potentiometer are connected to the supply 
and the slider is taken to the junction between the 
two motors, which are connected in series. Thus as 
the contact is rotated, one motor receives more and 
more power while the other is progressively short- 
circuited. 

JANUARY 1965 411 



L.H. RH 
Motor Motor 

Mains supply o 

Mains 
•upply 

Spooling control 
potentiometer 

(a) 

L.H. R.H. 
Motor Motor Mams 

supply 
T 
Spooling control 
potcntloinctcr 

(b) 

Fig. 2. Details of a possible method for obtaining 
variable spooling speeds 

If the potentiometer used has a low resistance, it 
draws a high standing current from the mains, but 
provides a good even control of spooling speed. 
If a higher value is used, the standing current is 
low, but all the effective speed variation is com- 
pressed at the extreme ends of the track. Having 
taken into account these two effects, a component 
was chosen having a value of 3.5kn, and a current 
rating of 0.088A, which means that its dissipation 
has a maximum of about 27 watts. The mounting 
is by a standard fin bush through which the spindle 
passes and, as the diameter of the body is IJin, the 
potentiometer fits neatly into the vacant deck 
position. At the time of writing a small stock of 
these potentiometers is available from a component 
supplier.* These are supplied with a round I^in 
knob. The spindle length is correct (Ain) when the 
plastic cover is refitted to the Studio deck, and there 
is a projection which will engage with the vertical 

• The potentiometers are manufactured by Berco as type T25, 
and are available from G. W. Smith & Co. (Radio) Ltd., 3 and 
34 Lisle Street, London, W.C.2. 

L.H. R.H 
Motor Motor 

WW poti Control potentiometer 

Mains 
supply 

Fig. 3. A better way of obtaining variable spooling. 
This is the basic method employed for the modifications 

described in the text 

Start 2C00-2500n 
i—W  

Wind 
L.H. R.H 

Motor Motor 
Start ^ Wind 

3500 a 
 —Vw 

Spooling control 
Capstan 
Motor 

Fig. 4. The circuit of Fig. 1 after modification 

slot in the deck plate to prevent the control from 
shifting. It is fortunate that, with these potentio- 
meters, the mounting bush is insulated from the 
slider, and this point must be borne in mind if the 
constructor uses a component of a different design. 
If there is a direct connection between the slider and 
the mounting bush or bracket, high quality Paxolin 
or Bakelite insulating washers musr be used, as the 
deck plate is usually earthed and the slider is at 
mains potential. 

Altering the Deck Wiring 
The complete deck circuit after modification is 

shown in Fig. 4. 
When the "Start" button is pressed the motors all 

function as in the original circuit. When the 
"Wind" buttons are pressed the spooling potentio- 
meter is brought into circuit and controls the speed 
and direction of the winding. It will be seen from 
the original circuit in Fig. 1 that, when "Wind 
Right" is selected, two contacts are made while only 
one is made when "Wind Left" is depressed. As the 
final circuit requires three make switches, both 
"Wind" keys must be pressed at the same time. In 
the prototype, the felt washer between the two 
"Wind" keys was removed and they were glued 
together with polystyrene cement. No modification 
to the mechanics of the deck is necessary as these 
two keys are not interlocked. 

The usual precautions must be observed when 
rewiring with respect to adequate insulation for 
wires carrying mains voltages, and their careful 
positioning away from hot valves and moving parts 
on the deck. When complete, the circuit must be 

Mounting bolt Rubber foot Deck plate 
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Fig. 5. How to increase ventilation 
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motor 

AC Mains 
input 

w V Y R B O B 

Rewind 
motor 

Lead colours 
W- white Capstan 

motor V - violet 
Y - yellow 

red 
O - orange 

Y V R B - black 

Direction of 
switch slider SOO 

ZOO 

Rewind key Take-up key Start key 
— Fast wind — 

Fig. 6. Wiring diagram for current production of 
"Studio" decks. (Courtesy The Magnavox Electronics 

Company Ltd.) 

checked, as a mistake may mean a blown fuse or a 
damaged switch wafer or potentiometer. If it is not 
clear which contacts make or break on the deck 
switch, an ohmmeter (or even a torch bulb and 
battery) can be useful for continuity checks. 

Results 
When the deck has been rewired and checked, 

the mains can be applied and the spooling control 
tried out. If it is found that a clockwise movement 
of the knob promotes spooling to the left, the outer 
connections of the potentiometer simply need 
reversing to correct the situation. It will be found 
that the potentiometer will get fairly hot whilst 
spooling. If the deck is bolted directly to the motor 
board it would, in consequence, be advisable to 
raise it a little, using rubber feet under the four 
mounting bolts as in Fig. 5, to provide a measure 
of extra ventilation. The machine will probably 
run cooler in the "Play" condition if the above 
alteration is carried out. After spooling for half an 
hour on a modified machine, the potentiometer was 
no warmer than the envelope of the output valve in 
the recording amplifier (EL84), even though a "hot" 
smell could be detected. No damage from the heat 

should occur with a potentiometer of the type used 
by the author as the resistive element is wound on 
a porcelain or similar material, and the wiper is 
made of carbon. 

Operation and Editing 
The spooling action is very useful for editing and 

place finding on a tape and a little practice will 
reveal the technique necessary to overcome the 
occasional loop formed when the direction is quickly 
reversed. This is due to the different inertias of full 
and empty tape spools. 

If the signal on the tape can be monitored while 
spooling, tape editing enthusiasts will find the 
variable control a great asset. The potentiometer 
can be set to its central position and the spools 
rocked or spun to locate the best place to cut the 
tape. This will not damage the motors as they are 
only receiving half voltage (120V) each. The writer's 
modified deck has been functioning satisfactorily 
for a long time now, and there seems to be no wear 
on the potentiometer or adverse effects to the deck 
or motors. 

Editor's Note 
We have checked the above with The Magnavox 

Rewind Wind-on 
X 

Start 

—.2 

ISOOn 200n 

4000n 

Capstan 

Rewind 

B O B R B Y V W 

Block 
Orangt 
Red 
Violet 
White 
Yellow 

Take-up 

IT 
Mains 

Fig. 7. Modified wiring diagram incorporating a 
variable spooling control. (Courtesy The Magnavox 

Electronics Company Ltd.) 
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The manner in which the author mounted the 
additional variable spooling control to his own unit 

Elcctronies Company Ltd., who commend the 
modification but point out that it applies to older 
production units made before the middle of 1963 
and does not apply to units manufactured after that 
date. Nevertheless, the modification may be made 
to these more up-to-date units, and Magnavox 
Electronics Company Ltd. have suggested details 
oi the manner in which it may be carried out. 

Fig. 6 illustrates the current wiring diagram for 
the tape deck, this incorporating a "tapped rewind 
and resistor modification. Fig. 7 shows how the 
wiring diagram may be modified to incorporate 
variable spooling, whilst Fig. 8 gives the appropriate 
circuit diagram. 

It sjtould be emphasised that Figs. 6, 7 and 8 are 
intended only to show how variable spooling may 
be incorporated on the later "Studio" tape decks. 
I he manufacturer's modifications from the Fig. 1 

Fig. 8. The circuit diagram corresponding to Fig. 7. 
(Courtesy The Magnavox Electronics Company Ltd.) 

circuit to that illustrated in Fig. 6 involve changes 
in motor windings. If owners of the older "Studio" 
decks try to carry out such modifications it is 
possible that values on current production units 
might not line up with suitable resistors on their 
decks, and damage may result to the motors. To 
reiterate: current production units may be modified 
to variable spooling by changing Fig. 6 to Fig. 7 

. J7'8- 8; but no attempt should be made to modify older production units to the current circuit 
of Fig. 6. 

Grateful acknowledgements are due to The 
Magnavox Eiectronics Company Ltd., and to Mr. 

T'L ' their Chief Engineer, for checking the modification described in this article and for 
suggesting the further modification to current 
production units. 

FARADAY LECTURE 19651- COLOUR TV 

by MTrhiVy 'm N V'dS ^ lnf 0f .EleCtrkal " being given 
subject is "Colour Television". Mr McLean'is delivering the l!rt?,r ?h u IT!511 BroadMsting Corporation. His 

In the lecture Mr. McLean exp Ls thfb^ic or nrinTi ^ f throughout Britain over the next few months, 
-and, with the aid of a number of demonstrations show how 0,f C?loUr a"d colour measurement 
From this he goes on to explain and demfnstrate howrsc

h
e

0^ ^wed^vT olo'.m tT' - t0 COlOLlr teleViSion SyStems- 
three primary colour components and converted by the cofour camera ^nr television camera is analysed into its 

.h. i. "■■■-' ™. opto,,, 
demonstrations also include colour television pictures obtained fro p,',cture aPPearing on the face of the tube. The 
which are projected on to a large screen obtained from live cameras in a studio and from films and slides, 

language for the genera! M^aniTs!^ modern electrical engineering in straightforward 
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Part One 

by Craig Mackay 
BRIDGE BUILDING 

This is the first of a series of four articles which cover, from a strictly practical viewpoint, 
the principles of simple bridge networks. The articles, which conclude with a description 
of a comprehensive home-built bridge, are written especially for the beginner and for those 
constructors who tend to eschew test equipment projects. This month's contribution 

discusses basic principles and introduces practical techniques. 

Most multimeters which are sold nowadays 
include facilities for the measurement of 
resistance and continuity. These meters 

generally have a circuit of the type shown in Fig. 1, 
and they work by measuring the current flowing 
through X, the unknown resistor. The maximum 
current possible is set by means of R to correspond 
to full-scale deflection on the meter, and resistance 
can then be directly read from a suitably calibrated 
scale on the meter. This method of measuring resis- 
tance is adequate for approximate results, but the 
accuracy with which X can be measured is not very 
great since calibrations are affected by variations in 
the cell voltage. Even the best multimeters do not 
claim to give the resistance of X any closer than 
about 5 % on either side. This figure is not, however, 
of very much use where any serious experimental 
work is to be done, and a tolerance of ±I7„ or 
±0.5% would be much more realistic. 

The same is true when it is capacitance which is 
required to be measured. A few of the more expen- 
sive multimeters have facilities for measuring cap- 
acitance, this being generally carried out by means 
of a circuit embodying the principles shown in Fig. 
2. The circuit is powered by the a.c. mains supply, 
the voltage of which is suitably stepped down by 
means of a transformer. The calibration here is 
affected not only by changes in the voltage, but also 
by changes in the frequency of the a.c. mains. The 
accuracy suffers accordingly, and an error of ±6% 
is quite common. 

We require, therefore, some method of measuring 
resistance and capacitance which is much more 
accurate. 

The Wheatstone Bridge 
The basic Wheatstone bridge circuit is shown in 

Fig. 3. The principle is very simple: G is a centre- 
5«t zero 

0 i 

zero galvanometer, X is the unknown resistor, and 
R is varied until G indicates zero current. As no 
current is flowing through G we can then say that 
no potential difference exists between points L and 
M and that the potential dividers formed by firstly, 
B and R, and secondly, A and X, are set at the 

B A AR 
same ratio. Therefore, w=r; and X—— A and K. X D 
B are usually standard components and if the 
variable resistor R is calibrated, X may be found. 

This approach has several major advantages over 
the method used in Fig. I: 

(a) Any variation in the voltage of the cell has 
no effect whatever on the value found for X. The 
only limitation to be imposed upon V is that it must 
be large enough to give a sharp, clearly defined 
zero-current setting of R (usually called the null- 
point setting). 

(b) The galvanometer need not be calibrated, as 
it is only the zero deflection point which has to be 
found. Even if this point is not marked, a spring 
loaded switch could be included in series with G, 
the open position giving the zero-current reading 
in G. 

(c) The range of values of X which can be meas- 
ured accurately without getting too near to the limit 
of R depends on the ratio of A to B. Therefore, by 
switching in different ratio values, it is possible to 
measure an extremely wide range of values of X, 
all with high accuracy. 

(ff) The bridge may be simply modified to allow 
measurement of capacitance and inductance. 

ojaz 
VDOS 

0 
I- 

F/g. }. A basic ohmeter circuit, as employed 
many multimeters 

Fig. 2. A capacitance measuring circuit which operates 
in a similar manner to that of Fig. 1 
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Fig. 3. The Wheatstone bridge 

The Capacitance Bridge 
In the same way as for the Wheatstone bridge, it 

is possible to compare, and hence measure, the value 
of an unknown capacitor by means of the bridge 
circuit shown in Fig. 4. The direct voltage source 
has been replaced by an alternating voltage, the null 
detector has been changed to a pair of headphones, 
and A is now a standard capacitor. It can be shown 
that the value of the unknown capacitor X is given 

AB. 
by X=- R It should be noted that it is possible 
to use an a.c. source and headphones for the meas- 
urement of resistance also, employing the circuit 
of Fig. 3. 

By replacing A in Fig. 4 by a standard inductor, 
it is possible to measure inductance directly, the 

AR unknown inductor then being given by X ^ -jr-1 

B 
However, as it is not very often required to measure 
inductance, attention will be concentrated in these 
articles upon resistance/capacitance bridges. 

The Ratio Arms 
The variable resistor R is usually calibrated in 

such a way that the value of X can be directly read 
off the scale when the null point has been found. 
When using the circuit of Fig. 3 the calibration 
scale is of the type shown in Fig. 5. This scale is 
not very satisfactory as readings at the low end of 
the scale tend to be too cramped. In order to expand 
the small end of the scale, it is usual to slightly 
modify the circuit of Fig. 3 to that shown in Fig. 6. 
Here, the variable resistor forms two of the ratio 
arms, and the resulting scale is more satisfactory. 
This arrangement also has the advantage that only 

Fig. 5. The type required for R of Fig. 3 

one standard component, A, is required for each 
range. By careful choice of standard components 
it is possible to make do with only one scale for 
resistance md one for capacitance. The capacitance 
scale can be directly deduced from the resistance 
scale as it is merely a function of the reciprocal of 
the resistance scale determined by the standard com- 
ponents. These scales are shown in Fig. 7 and they 
apply to a linear variable potentiometer.1 

Components 
The whole reason for using a bridge circuit is to 

provide a highly accurate method of measuring 
resistance and capacitance. Accordingly, the com- 
ponents used should be of the best quality only. 
To attempt to economise at this stage is, indeed, 
folly. 

The variable resistor should be a good quality 
wirewound type and should have as large a diameter 
as possible. This allows greater setting accuracy, 
greater stability and, usually, greater maximum per- 
missible power dissipation. The last allows a higher 
source voltage to be used, and hence results in a 
considerable improvement in the sharpness of the 
null point. It should also have a nice smooth 
movement. 

The fixed standards should be precision high 
stability components, with a tolerance of ±0.5% or 

1 The scale shown in Fig. 7 applies to a balance potentiometer 
having an accurately linear track (which is, of course, required for 
this application) and a similar range of angular rotation. After 
completing the construction of a bridge, the balance control may be 
calibrated against another of known accuracy, against a close tolerance 
resistance box, or against several standard components, interpolating 
from Fig. 7. The last procedure will be the easiest for most home- 
constructors, although its accuracy may be lower than with the other 
two procedures.—Editor. 
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Fig. 4. A capacitance bridge Fig 6 A modified version of Fig. 3 
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Fig. 7. The scale required for R in Fig. 6 

± 1 %, and should always be mounted well away 
from all sources of heat.2 The circuit diagram of 
the bridge section of an instrument which will be 
fully described later is shown in Fig. 8, together 
with component values. 

In Fig. 8 R4 allows a rough estimation of the 
power factor of capacitors in the highest capacitance 
range to be made. The six ranges of this bridge 
circuit are: 

lOpF - ),000pF 
0.001 g-F - O.lgF 
0.1 nF - 10[iF 
ion - ikn 
ikn - iookn 
iookn - ioMn 

The circuit also allows any component to be com- 
pared with an external standard connected across 
terminals A. 

Other ranges can be provided, as required, by 
adding different values in the standard arm. The 
value of the unknown is found by multiplying the 
value of the standard component by the null setting 
on a scale of the type shown in Fig. 7. 

Notes 
It is generally best to have one of the X terminals 

earthed as it is then possible to measure components 
2 Close tolerance resistors and capacitors up to and including 

0.01 pF may be obtained from some component suppliers, including 
Home Radio (Mitcham) Ltd. Capacitors are normally silvered mica 
types. 1|jlF capacitors (as employed in the circuit of Fig. 8) may be 
selected from paper capacitors. Alternatively, a capacitor on the 
low side of 1 ptF may be selected and padded up to that value by means 
of silvered mica capacitors in parallel. 

without disconnecting the earthed end, which could 
be awkward in certain pieces of apparatus. 

Notice that if, say, the source is an oscillator and 
the null detector is an amplifier, then one of these, 
usually the source, must not have either side earthed. 
For this reason, the source is usually coupled to the 

lOOn, lOkn, IMn,l0/o, 
l%,1/2W. \0lo}l2N. tew 

lOOpF, 1% 

ri 

2-5kn.W.W 
I 

IpF 1% 

—o D <>- 
Detector 

unknown lOkn 
WW 

Fig. 8. A multirange bridge circuit 

bridge circuit by means of a transformer. 
In next month's issue the question of a.c. sources 

for driving these bridges will be examined, and the 
various problems which are encountered will be 
examined in detail. 

(To be continued) 
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THE NEW DUAL-STANDARD TV SETS 

By Gordon J. King, Assoc. Brit. I.R.E., M.T.S., M.I.P.R.E. PART 9 

This article, the ninth in our series on 405-625 line receivers, deals with the more unusual f.m. 
discriminator circuits, after which it carries on to introduce the subject of dual-standard 

tlmebases 

The locked oscillator f.m. detector using 
the heptode valve, as described last month, 
is a development of earlier f.m. detectors 

employing a similar principle. These include the 
nonode detector, the gated-beam discriminator, 
using the 6BN6 gated-beam valve and the Bradley 
f.m. detector. 

Nonode F.M. Detector 
Although the nonode valve is no longer manu- 

factured, it is of academic interest to see briefly 
how it works. The valve has seven grids, and to 
the third and fifth of these are applied signals at 
i.f. which differ in phase by 90°. This phase dis- 
placement is accomplished by the conventional 
tuned transformer artifice, and the 90° value exists 
only when the frequency of the input signal equals 
that of the tuned transformer. 

When the signal is frequency modulated, the 
phase varies about the 90° value according to 
whether the frequency rises above or falls below 
the tuned frequency of the transformer. The 
amount of anode current depends upon the relative 
phase swings at the two grids, and is thus related 
to the modulation of the i.f. carrier. An ordinary 
resistive load is included in the anode circuit, so 
that the changing current produces a changing 
voltage across the load. As the voltage changes 
in sympathy with the modulation, an audio signal 
is developed across the load, and this is fed to the 
audio stages through a coupling capacitor in the 
ordinary way. 

One disadvantage of the nonode detector is 
that a relatively large input signal is needed for 
the circuit to provide a useful degree of amplitude 
limiting. 

Separate Channels 
It has often been asked why intercarrier sound 

is employed on the 625 line sysrem instead of the 
usual technique of using separate sound and vision 
channels, as in the 405 line system. Separate 
sound and vision i.f. channels on 625 lines are 
perfectly possible, of course, but since the sound 
on the 625 line system is f.m. and the vision a.m., 
a composite i.f. channel tends to simplify matters. 

Another point is that, with separate channels 
and due to the use of f.m. sound, hum modulation 

of the local oscillator, microphony or, indeed, any 
disturbance to the oscillator signal, produces 
unwanted frequency modulation of the sound 
i.f. signal. After detection, such modulation 
resolves as an interfering audio signal. This trouble 
is avoided by the use of the intercarrier technique, 
since the intercarrier frequency remains constant 
regardless of any f.m. present on the local oscillator 
signal. Moreover, any drift in frequency of the 
local oscillator signal does not change the inter- 
carrier frequency, because the latter is locked to 
the frequency difference between the sound and 
vision carriers as sent out by the transmitter. 

It will be understood,- of course, that local 
oscillator drift will have the normal effect on the 
vision signal in the i.f. channel. Moreover, it will 
also tend to put the ratio of the levels of the sound 
and vision carriers in the composite i.f. channel 
out of balance, and excessive drift would thus 
result in sound distortion due to the production of 
harmonic frequencies. This effect is sometimes 
noticed when the fine tuner is put out of adjustment 
on the 625 line standard. On Bands IV and V 
the same effect occurs when the u.h.f. tuner is tuned 
slightly off channel. 

A two-stage intercarrier sound amplifier, using 
the new PCF200 triode-pentode valve, will now 
be described. The PCF200 is a combined triode- 
pentode with completely independent and mutually 
screened electrode systems. The pentode section 
features a frame grid assembly similar to that of 
the EF184, but of smaller geometrical proportions. 
The gm is in the order of 14mA/V, which is just 
slightly below that of the EF184. However, the 
figure of merit (gm/Cin) is better than the EF184. 
The triode has a high-mu value and is suitable for 
various applications. (There is also a PCF201 
featuring a remote cut-off video pentode and a 
general purpose low-mu triode section). 

Decal Base 
Another distinctive feature of the PCF200 (as 

with other valves in this series—such as the PCF201, 
triode-pentode; the PFL200, double-pentode; and 
the PCH200, triode-heptode) is that it is provided 
with an entirely new base having ten pins. This is 
called the decal base. The envelope and the pitch 
circle of the base are the same as with the noval 
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type valves; that is, with the same envelope and 
nine pins. The tenth pin on the decal base is 
accommodated by bringing the pins slightly closer 
together. This still retains the large gap between 
the two outside pins (pins 1 and 10 on the decal 
base), so that location of the valve in its holder 
is virtually unaffected. 

The tenth pin was needed so that two pentodes 
with completely independent electrode systems 
could be housed in the same envelope and on a 
common base without resorting to the use of a 
top cap, a practice which is not compatible with 
printed circuit techniques. The pin connections 
are also arranged with inter-circuit shielding in 
mind, and extra-special attention is given to the 
internal screening between the two sections. 

When the PCF200 is arranged as an intercarrier 
amplifier, its triode and pentode sections operate 
as amplifiers in cascade. Even in this very stringent 
application the internal cross-coupling capacitances 
are still sufficiently low to avoid insurmountable 
instability troubles. It is clear, then, that the valve 
working in less exacting applications will also 
perform adequately and independently over its two 
sections. 

The circuit of the two-stage amplifier is shown 
in Fig. 28. The pentode section of the valve receives 
the intercarrier signal from the detector, this being 
tuned by Lj, C). Tj in the anode circuit forms a 
bandpass coupling, and passes the signal to the 
grid of the triode section via a centre tap on the 
secondary winding. From the anode of the triode, 
the signal is applied to the f.m. detector. The 
circuit of the detector is also shown, since it differs 
a little from conventional versions and has, in 
addition, a bearing on the triode neutralising. 

The triode is baised automatically by grid current, 
via the short time-constant RC filter comprising 
Ri, R2, C2 and C3. This means that any amplitude 

modulation on the signal undergoes leaky-grid 
detection. The detected signal is developed across 
Ri R2, and the proportion appearing at the junction 
of these resistors is fed back to the control grid 
of the pentode via R3. The bias appearing at this 
unction due to the leaky-grid action is also applied 

to the pentode control grid. In this way envelope 
feedback and an a.g.c. effect is obtained. 

Triode Limiting 
The leaky-grid effect provides the limiting action 

at the triode, of course, and in this circuit limiting 
occurs when the signal at the control grid of the 
pentode exceeds about lOmV. 

Owing to the relatively high feedback factor 
due to the anode-to-grid capacitance of the triode, 
this valve must be neutralised. This is accomplished 
by feeding back to the triode grid an antiphase 
signal extracted from the bottom end of L2 (i.e., 
the signal developed across C4). 

The feedback signal is taken via R3, with C5 
acting as a phase-correcting capacitor. The .neutralis- 
ing circuit is, in fact, formed by a capacitive bridge 
arrangement and is rendered non-critical by the 
low impedance loading of the triode grid and anode 
circuits, this being brought about by the tap on 
T1 secondary and the capacitive tap across L2 
in the anode circuit. 

It is of interest to note that the anode-to-grid 
capacitance of the pentode section is partially 
neutralised by the use of a common capacitor 
Cfi for decoupling the anode and screen grid circuits. 

The demodulator is of the ratio detector type, 
and the slightly modified design has the advantage 
of permitting the use of relatively inexpensive 
untapped coils in the L2 and L3 positions. The 
diodes are Dj and D2, while R4 provides a balancing 
adjustment which offers optimum rejection of 
amplitude modulation such as intercarrier buzz. 

Audio 
output 
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Fig. 28. An intercarrier sound amplifier and limiter using the new decal triode-pentode valve type PCF200 
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Fig. 29, The vertical timebase of a dual-standard receiver, as 
described in the text 

So much, then, for the sound sections of the new 
625 line and dual-standard receivers. 

Vertical Timebases 
We now come to the timebases, and in general 

these do not differ greatly from the accepted design 
for 405-line-oniy models. The vertical timebase, 
in fact, undergoes no alteration at all over the two 
standards. For the sake of completeness, the 
vertical timebase of a G.E.C. dual-standard set 
is shown in Fig. 29. 

The valve is a triode-pentode arranged in a form 
of multivibrator circuit, with the pentode section 
acting as the amplifier. As is now becoming ac- 
cepted practice, the anode of the triode valve is 
energised from the boosted h.t. line, via the height 
control. This technique provides a more linear 
sawtooth output (see the waveform inset in Fig. 29) 
since the charging capacitor can be worked on the 
first, more linear, part of its exponential charging 
characteristic. It also endows the vertical timebase 
with a degree of overall compensation for voltage 
variations and so on, as reflected from the line 
timebase. 

The boost voltage is, of course, a function of 
line timebase operation, and as it is now conventional 
practice to compensate this section against voltage 
and load changes the boost voltage remains sub- 
stantially constant. This constancy of voltage 
is thus present on the vertical timebase as well. 

HT+ The pentode derives its h.t. 
voltage from the ordinary h.t. line, 
as the voltage requirements here 
are less critical. The voltage- 
dependent resistor, VDR], across 
the primary of the vertical output 
transformer serves to damp the 
pulses which tend to develop 
across this inductive circuit during 
the retrace. It damps these pulses 
without disturbing the normal 
scanning operation of the timebase 
due to the fact that the resistance 
of the VDR decreases with increase 
of voltage across it. The retrace 
pulses are, of course, a number of 
times greater in magnitude than the 
scanning voltage across the circuit. 

Two negative feedback vertical 
linearity controls are provided, as 
is now common practice. 

The sync pulses applied to the 
vertical timebase have virtually 
identical characteristics on both 
standards, so switching here is not 
necessary. In Fig. 29 the sync 
pulses are applied to the junction 
of R82 and C92. 

Fluin Effects 
There is one rather important factor which 

must be considered here, however, while it is 
accepted practice to lock the vertical sync pulses 
at the transmitter to the 50 c/s mains grid system 
on 405 lines, this is not always the case with the 
625 line standard. Indeed, the vertical sync pulse 
repetition frequency may differ from the power 
frequency by a small amount on some transmis- 
sions. This is called "asynchronous working" 
and it can result in a beat effect on the picture 
at a frequency equal to the difference between 
the power frequency and the vertical sync pulse 
repetition frequency. The beat arises from residual 
mains hum in the vision and timebase circuits 
and, in sets where the h.t. smoothing is not fully 
up to standard, compression and expansion waves 
move slowly up or down the picture. 

When the sync pulses are locked to the mains, 
slight residual picture hum is barely noticeable 
since it remains stationary as a slight horizontal 
shading, compression or expansion of the picture. 

It is well known that hum in the vertical circuits 
can affect the vertical lock, and this is of greater 
significance on an asynchronous transmission. 
Thus, it has been observed on some dual standard 
models that, due to slight deterioration in the 
h.t. smoothing electrolytic capacitors, the vertical 
lock falls below the 405 line level of stability when 
receiving 625 lines. In an extreme case investigated 
by the author, virtually no lock was present on 
625 lines, yet the lock was normal on 405 lines. 
Replacement of the main smoothing electrolytic 
capacitors effected a cure. 

To be continued. 

420 THE RADIO CONSTRUCTOR 



Transistors have been gradually taking 
over from valves in almost all applications, 
but where a very high input resistance is 

required the electrometer valve still reigns supreme. 
Transistorised digital voltmeters, for example, 
often employ a valve in the first stage of the input 
amplifier so that the highest possible input impedance 
can be obtained. The recent development of a 
new transistor by Mullard Ltd., with an •nput 
resistance of about one million megohms offers 
the possibility of using transistors instead of valves 
even in very high impedance circuits. 

This new type of semiconductor device is a Metal 
Oxide Silicon Transistor (M.O.S.T.). The present 
development type is coded 95BFY. The device 
differs considerably from the normal transistor 
in its methods of operation and a different nomen- 
clature for the electrodes is employed. 

The 95BFY is a four terminal planar device 
with the structure shown in Fig. 1. It comprises 
two closely spaced n-F regions, known as the 
source and the drain, on a p-type silicon substrate. 
(An n + material contains a large number of n-type 
impurity or "donor" atoms.) A thin oxide layer 
is grown on the substrate between the source and 
the drain; this layer acts as a dielectric between 
the substrate and an evaporated aluminium electrode 
known as the gate. 

Operation 
When a positive potential is applied to the gate 

electrode, a negative charge is induced at the 
substrate surface causing an n-type channel to form. 
The latter provides a conducting path between 
the source and the drain. If a potential is applied 
between the source and the drain, a current "ows, 
the magnitude of this current being controlled 
by the potential applied to the gate. 

The symbol for this metal oxide transistor is 
shown in Fig. 2. This symbol emphasises that the 
gate is separate from the remainder of the device. 
The outer envelope is connected to the substrate 
electrode, a TO-5 construction being used.* The 
maximum voltage rating is 35 volts and the maximum 
current 30mA. The leakage current is typically 
O.SpA. The inupt capacitance is about 4pF. 

It should be emphasised that the new transistor 
is a majority carrier device; that is, the charges 
which flow to carry the current are electrons in 
n-type material. This is a property which the new 
device has in common with the tunnel diode. 
Ordinary transistors are minority carrier devices. 
Majority carriers devices are very much more 
resistant to the effects of nuclear radiation than 
minority carrier devices. It therefore seems likely 
that the new device will find a wide application^ in 
space research, since very high levels of radiation 
can occur in the van Allen belts and elsewhere as a 
result of solar activity. 

' The TO-5 construction employs a metal case having outside 
dimensions of 8.9mm diameter and 6 35mm height. 's "sed, for 
instance, with transistors type ACY17 to ACY-1. Editor. 
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Considerable interest has been aroused by the 
recent announcement by Mullard Ltd., of a metal 
oxide silicon transistor having an input resistance 
of 1012 ohms. Large-scale production of this device 
is planned by Mullard and, when produced in 
quantity, it should be many times cheaper than any 
device of similar performance now available in 
Britain. The basic functioning of the device is 

described in this article 

Uses 
The preliminary experiments performed by the 

manufacturers indicate that the new device will 
find application in oscillators at frequencies ot 
up to 150 Mc/s, as "anode" modulated output 
stages at frequencies of up to 100 Mc/s and as 
mixers with 20dB conversion gains (the substiate 
being used as a second input terminal like the third 
grid of a multi-electrode valve). The device also 
shows great promise in "chopper" circuits for 
chopping frequencies of up to 1 Mc. 

At the present time the new device is referred to 
as a transistor by the manufacturers. The method 
of operation differs so much from the conventional 
transistor, however, that it seems very desirable 
to the writer that a suitable specific name should 
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Fig. 1. The basic construction of the new semiconductor 
device This is applicable to the development type 

95BFY 
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Fig. 1. The circuit symbol. This emphasises the fact 
that the gate is separated from the remainder of the 

device 
be found for the new device to avoid confusion. 
One normally thinks of a transistor as a current 
operated device (i.e. output current is linearly 
related to the input current). The new device 
seems much more like a valve in its action, since 
the output current is linearly related to the potential 
of the gate electrode. 
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RADIO TOPICS . . . 

Ay Recorder 

Q. What is the difference between 
a serviceable solder joint and a reject 
solder joint ? 

A. It all depends on the inspector. 

The above is not intended to 
be one of those inconsequential 
riddles of the "how high is a mouse?" 
variety. It represents, instead, one 
of the problems which frequently 
beset the manufacturer of electronic 
equipment; and it applies also to 
the home-constructor and the service 
engineer. 

An Extreme Example 
It might be of interest to start 

off with an extreme example of 
"it all depends on the inspector". 
Some years ago, and shortly before 
the advent of printed circuits in 
mass-produced domestic equipment, 
an acquaintance of mine who had a 
small factory endeavoured to obtain 
a chassis wiring contract from a 
well-known manufacturer of high 
fidelity amplifiers. The idea was 
that the hi-fi manufacturer would 
supply chassis and components, 
and my friend would then assemble 
and wire them up. 

But the job fell through. As 
my friend remarked bitterly after- 
wards: "All the component wires 
on the samples we submitted were 
wrapped several times around the 
tags, and they were all beautifully 
soldered. But the Chief Inspector 
picked up a pair of taper-nosed 
pliers and was able to untwist 
some of the wires off the tags 
even though the electrical connec- 
tions were perfect. He did not 
consider the solder joints good 
enough and so we lost the contract." 

With whom do we sympathise 
here? The Chief Inspector was 

obviously a craftsman of the old 
school and he was responsible 
for the quality of a relatively 
expensive unit which had to look 
good technically as well as sound 
good. Yet most of us know that, 
unless the joint is completely covered 
in solder, it is quite possible to 
peel tinned copper wire away from 
an electrically perfect joint merely 
by twisting it round with taper-nosed 
pliers. (Presumably what happens 
is that a layer of the wire's tin 
coating is left with the solder). 
Common-sense tells us that my 
acquaintance's solder joints would 
only have been unsatisfactory in 
households where people devoted 
their spare time to untwisting 
wires with taper-nosed pliers. 

This story, although quite true, 
represents an extreme case, and is 
not quite so applicable to present- 
day domestic equipment manufac- 
ture. Currently, we have printed 
circuit assemblies where it is quite 
impossible to have lead-out wires 
twisted round a tag. Instead, all 
the joints on the board are of the 
"laid-on" variety, being carried out 
automatically by such processes as 
passing the board over a "wave" 
of molten solder. It is still possible 
for one or two electrically poor 
joints to emerge from the system, 
and reliably identifying these by 
visual examination can be quite a 
difficult job. 

How many of us, when confronted 
with an intermittent fault on a 
printed circuit receiver, have not 
hopefully picked up the soldering 
iron and fruitlessly touched up 
one or two joints merely because 
they look a little uncertain ? Therein 
lies one answer, at any rate, to the 
question I started off with. One 

way of ensuring that a solder joint 
is satisfactory is to make it yourself! 
There is, then, that little moment of 
truth when the two parts of the 
joint reach the liquid temperature 
of the solder and the latter flows 
beautifully over and into the work. 
It is when the solder flows smoothly 
over the surfaces of both parts, and 
away from the point of application 
of the iron, that we know we have 
made a good joint. 

Cored Solder 
Soldering represents a minor 

hurdle to all beginners in radio and 
electronics, but it is a hurdle which 
can be very easily overcome with 
the exercise of a little patience and 
application. The newcomer to 
soldering would be well-advised to 
practice on odd tags and components 
before he starts soldering joints 
in actual working equipment. 

It is also necessary to understand 
what occurs during the process 
of making a soldered wiring joint, 
such as is given by soldering a 
tinned copper wire to a solder tag. 
The latter will, almost always, 
be tinned as well, and this is to 
our advantage because tin is a 
metal which "takes" solder very 
readily. An essential requirement 
is a flux, and in the bad old days 
before resin-cored solder we would 
have smeared a little of this in 
the form of paste on to the wire 
and the tag before applying molten 
solder, wiping off the excess when 
the joint was completed. Flux 
is a chemical, or combination of 
chemicals, which when heated breaks 
down the oxides that appear on 
the surface of the parts being 
joined, and thereby enables the 
pure metal to be presented to the 
solder. 

So far as radio wiring is con- 
cerned, the situation is nowadays 
completely different, this being due 
to the introduction of resin-cored 
solder in which the resin provides 
the flux. An important comple- 
mentary point is that soldered 
connections on modern radio equip- 
ment are usually much closer 
together than occurred in the old 
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days, with the result that it becomes 
definitely unwise to use paste flux 
for present-day wiring. It is frequent- 
ly impossible to completely clean 
away excess paste flux after wiring 
joints have been made, with the 
result that leakage paths may 
appear between soldered connec- 
tions, and the assembled equipment 
may either not work correctly on 
switching on or may become un- 
reliable at a later stage. For 
soldered connections in present-day 
radio equipment a good resin-cored 
solder is essential. To emphasise 
this point, some suppliers of radio 
kits append agonised advice to their 
assembly instructions telling would- 
be constructors of kits to use nothing 
whatsoever other than resin-cored 
solder for the solder joints. 

The newcomer to soldering should, 
therefore, do his practice with 
resin-cored solder, as this is the 
type of solder which he will use in 
wiring up working assemblies. 

Soldering Process 
The events which take place 

when making joints with resin-cored 
solder are of interest, as quite a 
few processes are involved. When 
soldering such a joint, the resin- 
cored solder should not be melted 
on to the soldering iron bit and 
then carried over to the work. 
This is because the resin flux will 
lose much of its efficiency before 
it reaches the joint, since it will be 
wasting its activity in preventing 
the formation of oxides on the 
molten solder on the bit. The 
resin-cored solder should either be 
applied to the work at the same 
time as the iron or shortly after- 
wards. The oxide-reducing proper- 
ties of the flux are then devoted 
entirely to breaking down oxides 
on the surfaces of the work and the 
solder making the joint. When 
the solder flows, the flux forms a 
protective film above it, keeping 
out the air and thereby further 
assisting in preventing oxidation. 
After the soldering iron is removed 
the solder on the joint solidifies. 
So also, with resin-cored solder, 
does any excess flux which may be 
left, this setting hard around the 
solder. In this instance there is 
no necessity to wipe away the 
excess flux, and it can cause no 
harm. 

A serviceable joint will not, of 
course, be made unless both members 
of the joint are raised to soldering 
temperature. Heat is transferred 
from the soldering iron bit by 
conduction, and any film of oxide 
between the bit and the work 
provides surprisingly effective in- 
sulation. For this reason the 

soldering iron bit should always 
be well tinned so that heat can be 
transferred via molten solder to the 
work. The flux in resin-cored 
solder then breaks down the surface 
oxides on the parts being joined, 
thereby enabling an intimate heat- 
conducting path to be set up via 
the molten solder. 

The complete heat-conducting 
path really commences at the heating 
element inside the soldering iron, 
whereupon the copper bit also 
plays its part in conducting heat 
to the work. Whilst the members 
of the joint receive heat from the 
soldering iron, they also lose heat 
by conduction, radiation and con- 
vection. So, if you have a very 
large solder tag and a soldering 
iron with a small heating element 
and a narrow diameter bit, the 
iron may not be able to provide 
sufficient heat quickly enough. It 
is possible, indeed, for the system 
to stabilise at a temperature below 
the melting point of solder! 

Typical examples of a reliable 
solder for radio work are 60/40 
Ersin "Multicore" or Ersin "Sav- 
bit". These solders carry the resin 
flux in a number of cores throughout 
their length, with the result that 
only a narrow wall of solder has 
to be melted by the iron before the 
flux becomes available. The term 

"60/40" applies to an alloy of 
60% by weight of tin to 40% of 
lead, and this is the most convenient 
for general radio work. The 60/40 
alloy changes from the solid state 
to a "pasty" state at 183° C, then 
from this "pasty" state to the 
fully liquid state at 188° C. Other 
tin-lead alloys having more than 
15 % tin, such as the fairly commonly 
encountered 40/60 alloy (40% of 
tin and 60% of lead) similarly 
go from the solid to the "pasty" 
state at 183° C. However, as the 
percentage of lead increases, the 
temperature at which the transition 
from "pasty" to liquid takes place 
becomes higher. With 40/60 alloy, 
it is 234° C. There is one alloy, 
63/37, which has no "pasty" stage 
at all, the alloy changing directly 
from the solid to the liquid state 
at 183° C, This represents rather 
too much of a good thing, however, 
because joints made with the alloy 
become too sensitive to vibration 
at the instant of setting. It is 
better to have a small "pasty" 
range, and best results are given 
by 60/40.1 "Savbit" solder is 
very nearly the same as 60/40 
solder except that a small proportion 
of copper is included in the alloy. 
This tends to prevent migration 
of copper from the soldering iron 
bit, and causes bit life to be extended. 

A 

One of the two brick corner enclosures built into a new bungalow (see "High 
Fidelity Built In"). This incorporates a Wharfedale W15 bass unit, a Super 3 

and Super 8 being fitted in the cabinet on top 
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The solders just mentioned are 
manufactured, incidentally, by Multi- 
core Solders Ltd., and are readily 
available in small packs through 
retailers. 

The flux -in resin-cored solder 
is normally active enough to break 
down the oxides on capacitor or 
resistor lead-outs even when these 
have become badly oxidised and 
dirty due to long periods of storage. 
When in doubt it is usually desirable 
to tin the lead-out before fitting 
it to the tag or terminal point to 
which it is to be soldered. A 
particularly useful gadget for clean- 
ing dirty lead-out wires was des- 
cribed in "In Your Workshop" 
in the July 1960 issue, and consists 
of two flat carborundum contact 
files measuring approximately 4iin 
long by lin wide and tied together 

1 For the record it should be noted that 
if the percentage of tin is increased above 
that in the 63/37 alloy a "pasty" stage 
is re-introduced, and that the temperature 
at which the "pasty" state changes to the 
liquid state rises as the percentage of tin 
in the alloy is increased. (The change from 
solid to "pasty" remains unaltered, at 
183° C). In terms of temperature a 68/32 
alloy has approximately the same perfor- 
mance as 60/40; however, tin is more 
expensive than lead and it is cheaper to 
make the 60/40 alloy. 

at their centres with a jin flat 
spacer between them. The two 
ends are pressed together like a 
pair of tweezers over the wire to 
be cleaned, which is then drawn 
through them.2 The carborundum 
contact files may be obtained from 
most car and cycle accessory stores 
for a shilling or two. I've used 
one of these gadgets ever since 
the idea appeared, and it has 
proved to be a most useful and 
convenient little tool. 

As a final point it is interesting 
to note that certain types of compo- 
nent lead-out which were perfectly 
satisfactory when soldered by manual 
methods in the days before printed 
circuits, obstinately refused to be- 
come even tinned when fitted to 
printed boards and passed through 
automatic soldering processes. 

The reason ? When soldering 
irons were applied manually to 
the lead-outs the operator uncon- 
sciously rubbed the bit against the 
wire, thus automatically breaking 
through the oxide surface. Once 
the heat of the iron was transferred 
to the lead-out by this direct contact 

2 This wire cleaner was a "reader's hint" 
submitted by L. H. Brown. 

Si --r-—— 
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Installing high fidelity equipment without upsetting the harmony with other 
furniture. This "Queen Anne" cabinet houses two Quad power amplifiers as 
well as a Quad control unit and a.m. and f.m. tuners. Also visible are a 

Thorens TD124 turntable and a Tandberg Series 6 tape recorder 

the flux in the resin-cored solder 
was able to do its work of clearing 
away the oxides and enabling a 
satisfactory solder joint to be made. 
Such mechanical abrasive action 
did not occur with the automatic 
soldering processes, and the lead-out 
wires remained securely unsoldered 
in their protective sheaths of oxide. 

High Fidelity Built In 
If you are moving into a new 

house you are in an excellent 
position to incorporate a really 
good high fidelity installation. This 
is what Mr. J. Holding, the energetic 
Managing Director of the retail 
firm of Holdings of Blackburn, 
Ltd. (39-41 Mincing Lane, Black- 
burn), has done and, as is shown 
by the accompanying photographs, 
the results are quite impressive. 

Whilst the building of his new 
bungalow was in progress Mr. 
Holding approached the builder, 
who was most co-operative in 
meeting his requirements. Sub- 
mitting the Wharfedale Cabinet 
Construction Sheet, Mr. Holding 
had two brick corner enlosures 
incorporated into the lounge. These 
were plastered, papered and decor- 
ated under the strict supervision 
of Mrs. Holding, and toned in 
perfectly with the rest of the furni- 
ture and fittings. A Wharfedale 
W15 bass speaker was housed in 
each enclosure, whilst the Wharfe- 
dale Twin Treble Cabinet in walnut, 
containing the Super 8 and Super 
3, fitted neatly on top. 

The amplifier and radio units 
had to provide as high a quality as 
was possible from tape, disc and 
radio without being fantastically 
expensive. Quad equipment was 
the choice here, with two power 
amplifiers, a control unit and 
separate f.m. and a.m. tuners. The 
tape recorder, without compromise 
of quality, had to be small enough 
to fit into the "Queen Anne" 
cabinet selected for housing the 
equipment, and a Tandberg Series 6 
was fitted. Also incorporated was 
a Thorens TD124 turntable, to- 
gether with an Ortofon cartridge 
and arm tracking at 2.5 grams. 

Before the floorboards were put 
down by the builders, wiring was 
installed to provide stereo in the 
lounge, kitchen and principal bed- 
room. 

Mr. Holding states that the results 
have been more than satisfying, 
and that the sound of a pipe organ 
is almost breath-taking. Incidentally, 
if any reader wishes to hear the 
installation (Sundays excepted), he 
can do so by appointment with 
Holdings of Blackburn, Ltd. 
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1965 Ahead! 
Here we are once more, throwing 

away the old calendars and starting 
yet another year; and if anybody 

mentions cold turkey to me again 
I shall merely give a wan dyspeptic 
smile. 

We now enter 1965, and I do 

hope that it will be truly prosperous 
for all of you. 

Happy New Year! 

FARADAY LECTURE 1965 

"Colour Television" by F. C. McLean, C.B.E., B.Sc, M.LE.E. 

SCHEDULE OF TOUR 
Dote 

19 January, 1965 

21 January, 1965 

26 January, 1965 

28 January, 1965 

9 February, 1965 

17 February, 1965 

24 February 1965 

2 March, 1965 

16 March, 1965 

18 March, 1965 

1 April, 1965 

6 April, 1965 

Place 
BIRMINGHAM 
(City Hall) 
LEICESTER 
(De Montfort Hall) 

MANCHESTER 
(Free Trade Hall) 

STOKE-ON-TRENT 
(Victoria Hall) 
PORTSMOUTH 
(Guildhall) 
LONDON (Central 
Hall, Westminster) 
BRADFORD 
(St. George's Hall) 
SHEFFIELD 
(City Hall) 
DUBLIN 
(Mansion House) 
BELFAST 
(Ulster Hall) 

EDINBURGH 
(Usher Hall) 
NEWCASTLE 
(City Hall) 

Time 
7 p.m. (Students' Lectures) 
10.30 a.m. and 2.30 p.m.) 
7.15 p.m. (Students' Lecture 
2.30 p.m.) 

Evening (Students' Lecture 
afternoon) 

7.30 p.m. 

6.30 p.m. (Students' Lecture 
2.30 p.m.) 
6 p.m. (Students' Lecture 
18 February, 6 p.m.) 
7.30 p.m. (Students' Lecture 
2.30 p.m.) 
7.30 p.m. (Students' Lectures 
10.30 a.m. and 2.30 p.m.) 
Evening 

Evening 

Evening (Students' Lecture 
afternoon) 
7.15 p.m. (Students' Lecture 
2.30 p.m.) 

Tickets from 
Mr. J. Terry, T.D., M.I.E.E., 43 Somer- 
ville Road, Sutton Coldfleld, Warwicks. 
Mr. G. M. Bayley, B.Sc.(Eng.), A.M.I.E.E., 
c/o Brush Electrical Engineering Co. Ltd., 
Rotating Machines Design Dept., Lough- 
borough, Leics. 
Mr. F. R. Perry, M.Sc.Tech., M.I.E.E., 
c/o Miss Lucas, Engineering Management, 
A.E.I. (Manchester) Ltd., Trafford Park, 
Manchester 17 
Mr. G. W. Pate, B.Sc., A.M.I.E.E., c/o 
The English Electric Co. Ltd., Stafford 
Mr. H. V. Harley, B.Sc., A.M.I.E.E., 72 
Maylands Road, Bedhampton, Hants. 
Mr. L. H. Cullingford, The I.E.E., Savoy 
Place, London, W.C.2 
Mr. G. Sheppard, A.M.I.E.E., C.E.G.B., 
St. Mary's Road, Leeds 7 
Mr. J. R. Barratt, B.Sc., A.M.I.E.E., 6 
Burnstones Close, Sheffield 10 
Mr. M. J. Forde, B.E., A.M.I.E.E., 27 
Lower Fitzwilliam Street, Dublin 2 
Mr. R. L. Marrs, A.M.I.E.E., Gallaher 
Ltd., Virginia House, York Street, 
Belfast 15 
Mr. J. A. Stewart, A.M.I.E.E., 11 Dry- 
burgh Gardens, Glasgow, N.W. 
Mr. T. H. Charlton, A.M.I.E.E., 21 Dorset 
Avenue, South Shields, Co. Durham 

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 BASIC AMPLIFIER 
0 BASIC RECTIFIER 
0 PHOTO ELECTRIC CIRCUIT 
0 TIME DELAY CIRCUIT 

This complete practical course will teach you all the basic 
facts of electronics by making experiments and building 
apparatus. You learn how to recognise and handle all 
types of components—their symbols and how to read a 
circuit diagram. You see how circuits are built and how 
they work BY USING THE OSCILLOSCOPE PROVIDED. 
Applications of all the main electronic circuits are 

SQUARE WAVE GENERATOR 
SIMPLE TRANSMITTER 
TRANSISTOR EXPERIMENTS 
BASIC OSCILLATOR 
ELECTRONIC SWITCH 

SIGNAL TRACER 
BASIC COMPUTER CIRCUIT 
BASIC RADIO RECEIVER 
MORSE CODE OSCILLATOR 
ETC. ETC. 

demonstrated—radio reception and transmission; photo- 
electrics; computer basics; timers; control circuits; etc.; 
including servicing techniques. NO MATHS USED OR 
NEEDED. NO THEORY NEEDED. NO PREVIOUS 
KNOWLEDGE OR EXPERIENCE NEEDED. Tutor ser- 
vice available. No extras needed—tools provided. Send 
now, for Free Details 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. Publisfied 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 bone fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No. —, The 
Radio Constructor, 57 Maida Vale, London, W.9.) 

DIRECT TV REPLACEMENTS LTD. Largest stockists 
of TV components in the U.K. Line output trans- 
formers, Frame output transformers, Deflector coils 
for most makes. Official sole suppliers for many 
set makers. Same day despatch service. Terms 
C.O.D. or C.W.O. Send S.A.E. for quotes. Day and 
night telephone; Gipsy Hill 6166.—126 Hamilton 
Road, West Norwood, London, S.E.27. 

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (LP.R.E.) LTD. 
Membership conditions booklet Is. Sample copy of 
LP.R.E. Official Journal 2s. post free.—Secretary, 
Dept. D, 32 Kidmore Road, Caversham, Reading, 
Berkshire. 

SERVICE SHEETS, 1925-1964. From Is. Catalogue 
6,000 models, Is. 6d. S.A.E. enquiries.—Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

S.E.S. SERVICE SHEETS for all Television, Radio, 
etc. Lists Is. 6d. plus S.A.E.—Sun Electrical Services, 
38 St. George's Road, Hastings, Sussex. 

METALWORK. All types cabinets, chassis, racks, etc., 
to your specifications.—Philpott's Metalworks Ltd., 
Chapman Street, Loughborough. 

HAMMER FINISH PAINT. The modem finish for 
electronics. Can be brushed or sprayed. Blue or 
silver. 2J oz. tins 3s. 6d., i pint 7s. 6d., 1 pint 15s. 
Post 6d. on any order. Trade supplied.—Firmigan 
Speciality Paints, (RC), Mickley Square, Stocksfield, 
Northumberland. 

CONVERT ANY TV SET INTO AN OSCILLO- 
SCOPE. Instmctions and diagrams, 12s. 6d.— 
Redmond, 42 Dean Close, Portslade, Sussex. 

FOR SALE. Large amounts of aluminium sheet, tube 
and rod to be disposed of quickly. Send us your 
requirements and we will quote without obligation. 
Save ££££'s.—Slater Metals (Non-Ferrous) Ltd., 
Non-Ferrous Metal Wholesalers, 17 Slater Street, 
Liverpool 1. 

NAMEPLATES, Identification Panels in self-adhesive 
satin-finished aluminium to your own design or 
ours.—Aero-Engravers, Weston Lane, Bubbenhall, 
Coventry, Warwicks. Telephone: Tollbar 3205. 

FOR SALE. Quantity of new accumulators. Willard 
Radio-20-2, 2 volt. Size: Sin high x 3Jin x 2|in., 5s. 
each plus carriage.—Box No. F224. 

continued on page 429 
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MULTIMINORl/l/ 

The newly improved model of this famous AVO pocket size multi-range 
instrument has been enthusiastically acclaimed in all parts of the world 
for its high standards of accuracy and dependability as well as for its 
modern styling, its highly efficient internal assemblies, and its resistance 
to extremes of climatic conditions. 
It is simple to use, one rotary switch for 
instant range selection, only one pair of 
sockets for all measurements, and a 2f 
inch clearly-marked scale-plate. It is 
supplied in an attractive black carrying 
case complete with interchangeable test 
prods and clips, and a multi-lingual 
instruction booklet. 

RESISTANCE; O-ZMD in 2 ranges, using 1.5V cell 
SENSITIVITY: 10,000n/V on d.c. voltage ranges 

1,000n/V on a.c. voltage ranges 

to send you a full 
specification of this 
great little instru- 
ment. It measures 
only ir x 4" x 1*" 
and weighs only 24 oz. 

XjTJO 
AYOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, 
LONDON, S.W.I Telephone: Victoria 3404 (12 lines) 
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THE MODERN BOOK CO 

Transistor Ignition Systems Hand- 
book. By B. Ward. 20s. Postage 9d. 
Know Your Oscilloscope. By P. C. 
Smith. 20s. Postage 9d. 
Understanding Electronic Compon- 
ents. By F. J. Waters. 24s. Postage 1s. 
Electronic Test Instrument Hand- 
book. By J. A. Risse. 35s. Postage Is. 
ABC's of Boolean Algebra. By A. 
Lytel. t6s. Postage 9d. 

How to Read Schematic Diagrams. 
By D. E. Herrington. 18s. Postage 9d. 
Diode Circuits Handbook. By R. P. 
Turner. 18s. Postage 1s. 
101 Ways to Use your VOM (Test- 
meter) and VTVM (Valve Voltmeter). 
By R. G. Middleton. 16s. Postage 9d. 

Complete 
We have the Finest Selection of British 

Handbook. By 
Earnshaw. 44s. 

The Transistor Radio 
D. L. Stoner and L. A. 
Postage 1s. 
Basic Electronic Circuits. Part 2. 
18s. Postage Is. 
Organ Builder's Manual. By Artisan 
Organs. 35s. Postage 1s. 6d. 
Hi Fi Year Book 1964. 10s. 6d. Postage 
Is. 
Aerial Handbook. By G. A. Briggs with 
R. S. Roberts. 8s. 6d. Postage 9d. 
BBC2 Receiver Techniques. By 
E. A. W. Spreadbury. 7s. 6d. Postage 6d. 
Radio Valve Data. 7th ed. Compiled 
by "W.W." 7s. 6d. Postage 10d. 
The Amateur Radio Handbook. An 
R.S.G.B. Publication. 34s. Postage 2s. 

Catalogue 1s. 
and American Radio Books in the Country 

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

EASY-TO-ASSEMBLE 

MARTIN 

KITS 

WITH 

ADD TAPE 
TO YOUR HI-FI 
A REGORDAKIT 

ALSO 
AUDIOKITS FOR 

HI-FI 
and now - - - 
AUDIOKIT F.M. TUNER 
All-Transistor. Available very soon. Details on request. 

With a Martin Recordakit you can either build a complete tape recorder (with deck and portable-type case if desired) or assemble a pre-amp to connect your deck to existing amplifier system. For two or four track. When finished, you will enjoy performance and quality that looks and sounds professional. Building is very easy and prefabricated sections are tested individually before despatch from our factory. 
KITS FROM 8 gns. TO 27i gns. 

Fmartin ELECTRONICS, 154 High St., Brentford, MiddleseiTl 
Details please of Recordakits and F.M. please 
Name   

' Address . 
| RCI-65 . 

\ 

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 (F«E

Gs) 
(Nr. AIRPORT) CROYDON 

CRO 5148/9 
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SMALL ADVERTISEMENTS 

continued from page 427 

BENTLEY ACOUSTIC 
CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
1L4 2/3 9BW6 9/6 DK40 15/6 
IRS 4/- I0C1 8/9 DK92 8/- IS4 5/- 10C2 12/3 DK96 6/6 
IS5 3/6 I0FI 10/- DL96 61- IT4 2/3 I0FI8 9/9 DM70 51- 
2D2I 5/6 I0LDI 1 9/6 DY86 6/9 3D6 3/9 I0PI3 8/3 DY87 8/- 3Q4 5/3 10PI4 11/6 E80F 24/- 
3Q5 7/- I2AH8 10/9 E83F 24/- 3S4 4/6 I2AT6 4/6 E88CC 10/- 3V4 5/3 I2AU6 5/9 EI80F 19/6 
5Y3 4/9 I2AV6 6/6 EABC8C 5/6 
5Z4 7/6 I2BA6 5/9 EAC9I 3/3 
6AQ5 5/9 I2BE6 4/9 EAF42 7/6 
6AT6 3/9 I2BH7 6/- EB9I 2/3 
6AU6 5/3 I9AQ5 7/3 EBC33 61- 6AV6 5/6 20DI 10/- EBC4I 6/6 6BA6 4/6 20F2 11/6 EBC8I 5/9 6BE6 4/9 20LI 12/6 EBF80 5/9 6BH6 5/3 20PI 12/6 EBF83 7/3 6BJ6 5/6 20P3 12/- EBF89 6/3 6BQ7A 7/6 20P4 13/6 EBL2I 10/6 
6BR7 8/3 20P5 12/3 EC70 4/9 6BR8 8/- 30CI5 9/- EC92 6/6 6BW6 6/9 30CI8 10/6 ECC40 71- 6CD6G 18/- 30F5 5/9 ECC8I 3/6 
6CH6 5/- 30LI5 9/3 ECC82 4/6 
6FI 9/6 30P4 12/3 ECC83 *4/6 
6FI3 3/9 30P12 7/6 ECC84 5/6 
6J7G 4/6 30PI9 12/3 ECC85 5/9 
6K7G 1/3 30PLI 8/6 ECC88 8/9 
6K8G 3/3 30PLI3 9/6 ECC189 11/6 6LI 10/- 35W4 4/9 ECF80 6/6 6LI8 10/- 85A2 6/6 ECF82 6/3 6LD20 5/6 5763 7/6 ECF86 11/6 6Q7G 4/- AZ3I 6/6 ECH2I 91- 6V6G 3/9 AZ4I 6/6 ECH35 6/3 6X4 3/9 DAF96 61- ECH42 01- 6X5 4/6 DF96 61- ECH8I 5/9 
6/30L2 8/3 DF97 101- ECH83 6/6 

ECH84 9/6 EY88 8/9 PY88 7/9 
ECL80 61- EZ40 5/3 PY800 61- ECL82 6/6 EZ4I 6/- PY80I 6/3 
ECL83 9/6 EZ80 3/9 TY86F 11/8 
ECL86 8/9 EZ8! 41- U24 12/6 
EF37A 61- HABC80 9/3 U25 8/6 
EF40 8/9 KT6I 6/9 U26 7/6 EF4I 6/9 KT66 12/3 U 191 9/6 
EF80 41- N339 15/- U282 12/3 
EF83 9/9 PABC80 6/9 U30I 11/3 EF85 4/6 PC86 10/3 U329 91- EF86 61- PC88 9/6 U404 61- EF89 41- PC95 M/8 U80I 16/3 EF9I 21- PC97 7/3 UABC80 51- EF92 2/6 PCC84 5/6 UAF42 71- EF97 10/- PCC85 6/9 UBC4I 6/3 
EF98 10/- PCC88 10/6 UBC8I 6/3 
EFI83 71- PCC89 8/6 UBF80 5/9 EFI84 71- PCCI89 10/6 UBF89 6/9 
EL33 6/9 PCF80 6/6 UC92 6/3 
EL34 8/6 PCF82 6/3 UCC84 8/9 
EL36 8/9 PCF84 8/6 UCC85 6/6 
EL4I 7/3 PCF86 7/9 UCF80 8/9 
EL42 7/6 PCL82 6/6 UCH42 01- EL83 6/9 PCL83 7/9 UCH8I 6/6 
EL84 4/6 PCL84 7/6 UCL82 7/9 
EL85 7/6 PCL85 7/6 UCL83 8/6 
EL86 7/3 PCL86 8/9 UF41 6/9 
EL95 5/6 PL36 91- UF42 4/9 EM34 11/6 PL38 16/- UF80 6/3 
EM7I 13/6 PL8I 6/9 UF85 6/9 
EM80 6/3 PL82 5/3 UF86 91- EM8I 71- PL83 5/3 UF89 61- EM84 6/9 PL84 51- UL4I 7/3 
EM85 8/9 PM84 9/3 UL46 8/6 
EM87 7/6 PY33 8/9 UL84 61- 
EY5I 5/9 PY80 51- UM80 8/3 
EY83 9/3 PY8I 51- UY4I 51- EY84 9/6 PY82 4/9 UY85 51- 
EY86 5/9 PY83 5/91X78 20/6 

Terms of business: Cash with order or C.O.D. only. Post/packing 6d. per item. Orders over £3 post free. C.O.D. 3/6 extra. All orders despatched same day. Complete catalogue with terms of business 6d. Any parcel insured against damage in transit for 6d. extra. We are open for personal shoppers 8.30-5.30. Saturdays 8.30 a.m.—I p.m. 

FOR SALE. New grey cabinet, length 12in, height 7in, 
back to front Tin, £2 post paid. Black crackle cabinet, 
length 16iin, height TJin, back to front Tfin, £1 post 
paid. Crystal mic. in G.P.O. type desk stand, 15s. 
post paid.—Box No. F225. 

FUNDAMENTAL RADIO. RADIO ENGINEERING: 
SERVICING. One course each with answers and 
unused equipment, £7 10s. each.—Box No. F228. 

FOR SALE. One value record player amphfiers 29s. 6d. 
—A.T. Radio, 26 Stour Way or 23 Minteme Road, 
Christchurch, Hants. 

FOR SALE. Television Sets—not working: 17in, £2; 
21in, £3 10s.; 14in mains portables, £2 10s.—Tele- 
phone: Bournemouth 26849. 

FABULOUS ENTHUSIAST OFFER! Heathkit 
Mohican professionally built to super specification 
including J watt output, tapped for 3-7.5-15 ohms, 
internal speaker 3 ohms, tape recording output, 
reversed polarity protection, and internal transistorised 
mains power supply. Bargain £32 10s. Also F.M. 
tuner self powered, £10. Please write, telephone or 
call after 7 p.m. Wednesday to Friday.—Mr. Reiss 
(Teleset), 34 Nursery Lane, Moortown, Leeds 17. 
Telephone: Leeds 683884. 

FOR SALE. Teleprinters, Creeds No. 3, last few, room 
urgently needed. £5 each. Rectifiers 50s. Carriage 
paid. Four machines available, ten rectifiers. Plenty 
of new spares. Offer for lot considered. Repeat must 
clear.—Box No. F229. 

TO CLEAR BOOKSHELVES: Fall Out edited by 
A. Pirie, 7s. 6d.; Radiation Monitoring in Atomic 
Defence Gray & Martens, 7s. 6d.; Radioactivity 
& Radioactive Substances Sir James Chadwick, 10s.; 
An Introduction to Radiation Counters & Detectors 
C. Washtell, 10s.; Elementary Nuclear Physics W. K. 
Mansfield, 7s. 6d.; Radio Aids to Air Navigation 
J. Glover, 10s.; Electric Clocks and how to make 
them Hope-Jones, 7s. 6d.; Radio Today D. K. Mc- 
Cleery, 10s.; Man in Space Heinz Haber, 15s.; Earth's 
Envelope Theo Lobsack, 10s.; The Atomic Submarine 
Clay Blair, 7s. 6d.; The Realities of Space Travel 
L. J. Carter, 17s. 6d.; Radio Astronomy Graham 
Smith, (Pelican) 5s.; Single Sideband for the Radio 
Amateur, 7s. 6d.; New Sideband Handbook CQ 
Technical Series, 5s.; Radio Control Handbook Gems- 
back Library No. 53, 5s.; Remote Control by Radio 
Philips Technical Library, 5s.; Radio-Controlled 
Models R. H. Warring, 10s.; Model Radio-Control 
Gernsback Library No. 74, 7s. 6d.; Model Boat 
Radio Control A. R. Casebrook, 3s.; Radio Control 
of Model Aircraft Sommerhoff, 5s. All in good 
clean condition and offered at approximately half-price. 
—Box No. F227. 

continued on page 431 
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JACKSON® 
the big name in PRECISION components 

Precision built radio components are an 
important contribution to the radio and 
communications industry. 

It's reliable if it's made by Jackson ! 

JACKSON BROS. (LONDON) LTD. 
Dept. R.S., Kingsway-Waddon, Croydon, Surrey 

Telephone Croydon 2754-5 
Telegrams Walfilco, Souphone, London 
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SL 16 

DRIVE 

A general purpose slide rule Drive for F.M./V.H.F. 
Units, short-wave converters, etc. Printed in two 
colours on aluminium, with a 0-100 scale and provision 
is made for individual calibrations. Complete with 
bronze escutcheon and glass. 



ESTABLISHED 1865 

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

return 

THE DUCHESS OF KENT 

PERMANENT 

BUILDING SOCIETY 
Member of the Building Societies Association 

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

Shares—all interest accrues monthly 

Withdrawals at short notice 

INTEREST IS AT 3f % 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 MANsion House 8011 

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

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

Address  

   — R.C. 
(Please use Block Capitals for both name and address) 

RAUO 
CONTROL FOR 
MODELS RADIO 

CONTROL FOR 

SHIPS, BOATS, a ltd AIRCRAFT 
By F. C. JUDD 

With sections on servo- 
mechanisms by 

RAYMOND F. STOCK 

More than 200 illustrations—circuits, 

working diagrams, photographs & tables. 

Each page is packed with information. 

192 Pages 

155. 

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: Tran- 
sistorised Radio Control Receivers—Simple and 
Three-Channel; A Compact Efficiency Aerial; Deac 
Battery Information; Licence Conditions, etc. 

To Data Publication Ltd., 57 Maida Vale, London, 
W.9 

Please supply copy(ies) of your latest 
publication "RADIO CONTROL FOR MODELS" 
DATA BOOK No. 16 at 15s. each, postage 9d. 

NAME    

ADDRESS      

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 

continued from page 429 

INTERESTED IN AMATEUR RADIO TELEPRINT- 
ING? Then join the British Amateur Radio Tele- 
printer Group. Details from Hon. Sec., G3LLV, 
17 Havelock Square, Broomhill, Sheffield 10. 

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 Ariiateur 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. 

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 bofh Full and Associate 
Members.—Hon. Gen. Secretary; G. A. Partridge, 
G3CED, 17 Ethel Road, Broadstairs, Kent. 

PANEL SIGNS TRANSFERS—NEW SERIES. Set 3 
Wording for receivers, amplifiers, test equipment and 
other radio apparatus—WHITE lettering. Set 4 
Wording—As in Set 3, but BLACK lettering. Set 5 
Dials—one large and two medium scales, horizontal 
tuning scale, control panels (switches, potentiometers 
and variable capacitors) having white markings on a 
clear background. Set 6 Dials—as in Set 5, but the 
control panels have white markings on a black back- 
ground. All sets 4s. 6d. each, postage 3d. Limited 
supply of Set 2 of the old series (Test Equipment— 
scales, control panels and some white wording) still 
available, price 3s. 6d., postage 3d.—Data Publications 
Ltd., 57 Maida Vale, London, W.9. 

SITUATIONS VACANT 

ELECTRONIC/RADIO ENGINEER. For general 
work on electronic machine tool controls. Job 
would suit technically frustrated service engineer 
seeking wider interest.—^Telephone RAV 6646 or 
write to Electronic Autosizing Metrology Ltd., 216 
Homesdale Road, Bromley, Kent. 

■II II II II I P " " 

lLUJ ni RECORDING MAGAZINE ■ ■■ ■■ 

lllllll III lllll 

Fullest, fastest, brightest and 
most authoritative coverage of 

all that is happening in the 
world of tape recording 

Published on the third Wednesday of 
each month 

Price 2s 

In case of difficulty write to "Tape Recording Magazine" 
7 Tudor Street, London, E.C.4 

iiimiiiiini 

TESTED TRANSISTORS 

1/- each Red or White Spots. OA81, OA202. 

2/- each XA101, XA102, XA111, XA112, XB103, 
NKT122, OA90, OC430. 

3/- each OC44, OC4S, OC81, OC81D, OC200, 
GET16. 

4/- each AP114. AF115, AP117, OC170. OC171, 
SX658, XV611. 

S/- each OC72, OC139, OC140, OC204, GETS, 
ORP60, BY100. 

10/- each OC35, OC26, OC28, AFY19, 2S013, 
ORP12, GET571. 

ZENER DIODES 4.7 volt to 33 volt i watt, 3/6 each. 
1.5 watt, 5/- each, 7 watt, 6/- each. 

Send 3d. stamp for Full Price List, and Free 
Equivalent Chart 

B. W. CURSONS 
78 BROAD STREET, CANTERBURY, KENT 
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CHASSIS 
and 

OASES by fcDGWAREROAD 

287/9 Edgware Road 
London W2 

TELEPHONE 
PADdington 5891/7595 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH Type W 

Type Size 
U 4 x 4 x 4"* 
U 5ix4ix4r 
U 8x6x6" 
U 15x9x9" 
W 8 x 6 x 6" 
W 12x7x7" 
W 15x9x8" 

Price 
9/6 

14/6 
20/- 
42/6 
19/6 
32/6 
42/- 

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

— Type Y 
Type Z 

19 x 10 x sr 67/6 mm 
Height 

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

Price 
/ 25/ Type U 39/ 

44/- 

BLANK CHASSIS—Same Day Service 
Of over 20 different forms made up to YOUR SIZE. 
Order EXACT SIZE you require to nearest 1/16th. 

(Maximum length 35", depth 4".) 
Specials dealt with promptly. 

SEND FOR ILLUSTRATED LEAFLETS 
or order -.craight away, working out total area of ma- 
terial required and referring to table below which is for 
four-sided chassis in 18 s.w.g. (for 16 s.w.g. add 1/6th). 

48 sq. in. 4/- 176 sq. in. 8/- 304 sq. in. 12/- 
80 sq. in. 5/- 208 sq, in. 9/- 336 sq. in. 13/- 

112 sq. in. "6/- 240 sq. in. 10/— 368 sq, in. 14/^ 
144sq. in. 7/- 272 sq. in. 11/- and pro rata 

P. & P. 2/6 P. & P. 2/9 P. & P. 3/- 
Discounts for quantities. Finishes arranged for 

| quantities of 25 or over. 
| FLANGES (i" or i"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to ift at 4/6 sq. ft. 18 s.w.g. (16 s.w.g 5/3). 
Plus hostage and packing (orders over £2 Post Free). 

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

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

STAINLESS STEEL 
H. ROLLET & CO LTD 

HOWIE STREET, LONDON, S.W.II BATtenea 7872 
 Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow  

the unique PAN L black crackle paint 
4/-d. per 1/8 pt. Can 

(We regret we can only supply on cash with order basis) 
BRUCE MILLER LTD., 
249 Coastal Chambers, 
Buckingham Palace Road, S.W.1. 

AERIAL MATCHING TUNING UNITS 
Latest American release bulk purchase of 3,000 

These well-made tuning units, made for the American 19. T.X.-R.X. 
are housed in a metal case, green or brown, using a large precision 
calibrated scale, are an essential piece of equipment for the serious 
T.X. or R.X. operator. This unit will match an untuned wire or 
whip aerial to almost any short wave receiver or transmitter, 
exceptionally good for mobile Top Band use. This American 
version being well noted as far superior to any other. GUARAN- 
TEED BRAND NEW only 20/-, post 7/6. Instructions supplied. 
U.H.F. RADIO RECEIVER R10 Fx 4840 Mc/s-4475 Mc/s (6.2 
-6.7 cms). These recently made sets are supplied in two units: 1. Receiver. This is manual or auto-tuned.by an internal motor, using a total of 18 valves, osc. mixer CV90, I F 45 Mc/s, aerial input via ordinary Pye co- axial plug (supplied). 2. Power unit & output stage. Contains 300V H.T. and -50V bias supplies, also Receiver auto-tune supply. Both units housed in matching metal cases sizes 17^" x 8" x 10". 
Supplied in first-class order, complete with circuit and connecting 
cable from power unit to set. Mains 230V input. Offered at a 
fraction of cost £4.10.0 per unit. Carr. 10/-. 19" RACKS 5 ft. and 6 ft. high, 50/- each. carr. 10/-. 

J. T. SUPPLY, (Dept F), 38 MEADOW LANE, LEEDS 11 

YOUR CAREER IN RADIO? 
Big opportunities and big money await the qualified man in every field of Electronics today—both in the U.K. and through- out the world. We offer the finest home study training for all subjects in radio, television, etc., especially for the CITY Jt GUILDS EXAMS. (Technicians' Certificates); the Grad. Brit. I.R.E. rxam.; 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 

iFBCIALUB 

in Quality Transistors & Components 

For Discerning Enthusiasts 
British, American and Continental 

semiconductor devices ... 
Miniature components for transistor circuit 

applications . . . 
Our Reference Catalogue, for. which we ask only one shilling (stamps), 
contains very interesting gen and is a very useful guide to selecting 
components and semiconductors for special purposes. A coupon 
enables you to reclaim more than your shilling against an order. 

J. WILLIAMS & CO. 
208 HAG LEY ROAD 

BIRMINGHAM 16 

THE RADIO, CONSTRUCTOR-BOUND VOLUMES 

Now available 
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, 15 and 16 are now sold out 

Send for our latest brochure containing details of our other publications 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 
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' m m. 

VALVE 
VOLTMETER 

AC/DC (+ and —) 
Resistance. 
AC/RMS and PK/PK. 

Detailed leaflet on request. 
* AC RMS and DC Voltage 

0/1 i/5/15/50/150/500/1,500 volts. 
DC IMP. 11 meg. A.C SENS 7.33 
meg/volt. 

* AC PK to PK 
0/4.2/14/42/140/420/1,400/4,200 volts. 

-ft Resistance from 0.2 ohm to 1,000 Meg. 
In 4 ranges. AC/DC Probe, DC to 4 
Mc/s, High Stability and Accuracy. 
Size 7^" x 4|" x 5". Mains operated. 
Fully guaranteed. 

Price £13.19.6. P.P. 2/6 
(Probe to extend to 100 Mc/s, 40/- extro) 

BUILD A QUALITY 
TAPE RECORDER 

Ss 
-ft Pre-Built Equipment—6 
Valves—Collaro 
Studio Decks— 
Portable 
Cabinets with 
8" x 5" Speakers 

TWO TRACK Total Cost £26 
P.P. 8/6 

OR Deck 10 gns. P.P. 5/-; Amplifier 
11 gns. P.P. 3/6. Cabinet with Speaker 
5 gns. P.P. 3/6. 

FOUR TRACK Total Cost £30 
P.P. 8/6 

OR Deck £13.19.6. P.P. 5/-; Amplifier 
12 gns. P.P. 5/6. And Cabinet with 
Speaker 5 gns. P.P. 3/6. 
All complete in every detail. Illustrated 
leaflets on request. Ideal for portable 
or domestic equipment. 

GARRARD 2-TRACK BATTERY 
TAPE DECK   

9V operated, 2 track, 2 
speed. Brand new, fitted 
heads, etc. Supplied com- 
plete with cassette. Brand 
New. New Low Price 
£10.10.0. P.P. 3/6. 

I FM VHF TUNING HEART | 
Printed circuit construction, fully tunable 
85 to 105 Mc/s. Completely screened. 
Requires UCC85 (8/6), R.F. stage and osc./ 
mixer stage. With circuit. 
Brand new in maker's cartons 15/-. P.P. 1/- 

TRANSISTOR 
SUPER MET TUNER 

4? volt medium wave 3-transistor and diode 
superhet radio tuner. Ideal for all amplifiers. 
Price with circuit 67/6. P.P. 1/6. 
Also mW/sW 4-transistor £7.9.6. 

TRANSISTORS, CRYSTALS, 
VALVES AND COMPONENTS 

THE LARGEST RAHGE OF THE ABOVE 
ITEMS IN THE COUNTRY 

We stock far too many types to list 
here. See our Catalogue for full range 
LET US QUOTE FOR PARTS FOR YOU 

RETURN OF POST SERVICE 
A SELECTION FROM OUR STOCKS 

See Catalogue for full details 
• Sinclair X10 Amplifier (Kit)... £5.19.6 (Built)... £6.19.6 
• Sinclair Micro-6 (to build) ... ... 59/6 
• Sinclair TR750 Amplifier (to build)... 39/6 
• Sinclair Micro Injector (to build) ... 27/6 
130!i.A Min. Level Meter   22/6 
IOOjj-A Min. Balance Meter ... ... 22/6 Tape Jack Tuner (Full Med. Wave) ... 29/6 
10-Watt Horn Tweeter ... ... 27/6 
20-Watt Super Tweeter ... ... 69/6 
Two-channel Mixer for Mics/Pu's ... 15/- 
1 to 200 Mc/s Field/str. Meter ... 59/6 
5-hole Chassis Punch Kit ... ... 49/6 
Headphones 2kr2 12/6; 4kC2 ... ... 14/6 
Stereo Stethoscope Headset, 8+8 arm 25/- 
Resistor Substitution Box ... ... 32/6 
Crystal Mono Stethoscope Headset ... 10/6 
Magnetic Mono Stethoscope Headset... 12/6 
Transistor Signal Injector ... ... 35/- 
Fully Disappearing Car Aerial ... ... 35/- 
Test Lead Kit with Pouch ... ... 8/6 
Capacitor Substitution Box ... ... 22/6 
De Luxe Stereo Headsets with junction 
box 
PP3 9V Batt. Eliminator Transistor Telephone Amplifier 
8+8Q Stereo Headphones 
Crystal Contact Microphone ... 
MCI Crystal Mic. Insert 
Earphones, Crystal or Magnetic 
Complete with Jack and Socket. 
Telephone Recording Attachment 
SO-O-SOij-A Edgewise Meter   
6/12V Min. 212w Relay  
Transistor Coil Set With Tuner, 
Ferrite Aerial and Circuit 
Complete Test Lead Kit 
30W Pocket Mains Solder Iron 
8" Hi-Fi 15/16 ohm Speaker 
100 kc/s Quartz Crystal 
Twin Crystal 1 Mc/s and 100 kc/s 
1 Mc/s B7G Glass Crystal 

£6 
18/6 
59/6 
62/6 
12/6 
5/- 
5/- 9/6 

25/- 
12/6 
20/- 

8/6 
14/6 
69/6 
15/- 22/6 
25/- 

RECORDI REPLAY I ERASE 
TAPE HEADS  

Marriot Type R/RP/3 i track record-replay 
head and Mullard type TS erase head with 
mounting post. Ideal for transistor circuits. 
Bargain Offer, 15/- Pair. P.P. 1/- 

it 700Q IMPEDANCE * 
I CRYSTAL MICROPHONES I 

(See Catalogue for details and for 
Dynamic Mies) 

Acos 39-1 Stick Microphone 
Acos 40 Desk Microphone 
Acos 45 Hand Microphone 
Lapel/Hand Microphone 
Acos Stick Microphone 
100C Stick with Stand 
BM3 Stick with Stand ... 
Lapel/Hand Magnetic ... 
MM71 2k Mag. Mic ... 
MC70 Studio Mic 

32/6 
15/- 
19/6 
12/6 
15/- 32/6 
49/6 
8/6 

12/6 
42/ 

Trade and Export Enquiries Invited 

NOMBREX TEST EQUIPMENT | 
LEAFLETS ON 
REQUEST 
FULLY 
GUARAN- 
TEED 
All transistor 
portable units 
supplied with 
full instruc- 
tions. 

•^■150 kc/s to 350 Mc/s generator. RF 
Mod., AF, 8 ranges. Leads, batt., 
instructions, £9.10.0. 

-ft Resistance/Capacitance Bridge, £8.5.0. 
-ft Transistorised Power Supply, £6.10.0. 
-ft Audio Generator, £16.15.0. 
-ft Inductance Bridge, £18. 

TRANSISTOR PORTABLE 
WALKIE-TALKIES 

9-Transistor Portable Trans-receivers. Sup- 
plied complete with leather cases, batteries, 
aerials, etc., in presentation case. Range 
up to 5 miles in favourable conditions. 
Sizes 6+' x 3" x 1+'. Superhet crystal 
controlled on transmit and receive. 

Price £21 per pair. P.P. 3/6 
it DUAL IMPEDANCE 
(50 ohm-50k- 
ohm) or 600 ohm 
/50k-ohm dyn- 
amic professional 
quality micro- 
phone. Size 7+' 
long x 1|" diam. 
40 c/s to 15 kc/s. 
Price 82/6. 

P.P. 2/6 

| POCKET RADIOS 

All complete with battery, 
earphone, carry case and 
fully guaranteed. 6 and 7 
transistor superhet designs. 
-ft 6-Transistor Med. Wave, 69/6. P.P. 7-Transistor Med, Wave, 79/6. P.P. 
-ft 6-Transistor Med./Long Wave, 

5 gns. P.P. 1/6 
-fr 7-Transistor MW/LW/SW, 

£12. P.P. 3/6 
MAINS AND BATTERY 

RECORD DECKS 
ALL COMPLETE with ARM 

and CARTRIDGE 
BSR UA14 4-speed ... ... £5. 

it BSR UA15 4-speed  £6. 
it Garrard Autoslim 4-speed ... £6. 
it Unplugable Head Version ... £6. 
it Stereo Version ... ... £7. •J-6-9 volt version ... ... £8. 

SRP10 4-speed or BSRGU7... £5. 
it Garrard AT6 with Stereo Cartridge, 4-speed ... ... £10. 
it AT6 with Mono Head ... £10. P. & P. 3/6 any type above 

AT6 with EV26 or Sonotone £11 

19.6 
19.6 
10.0 
19.6 
19.6 
19.6 

, 0.0 
,19.6 
10.0 
,19.6 
,19.6 
.12.6 
.15.0 

■jlf 9V Star, 45 r.p.m. ... ... £1, 
it 45 and 33 r.p.m. Star, 9V ... £4, 

45 r.p.m. Garrard 6V ... £1. 
* 4-speed B.S.R., 9V or S.R.P.10 

9V   £5. 5.0 
P. & P. 2/6 any of above 

HENRY'S RADIO LTD 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Monday to Sat. 9-6. Thurs. 1 o'clock 

PLEASE TURN TO BACK PAGE 



FIRST and BEST proved & tested designs, qumiiy components s units 

# TRANSISTOR HI-FI AMPLIFIERS 
MONO or STEREO 

★ 

BUILT 

10 WATTS and 20 WATTS 
15 to 16 ohm 10 
watt Power 
Amplifier 
£5-19-6 p

2/
p
6 

(kit £5-10-0 
P.P. 2/6) 

3 to 4 ohm 
10 watt Power 
Amplifier 

built £5-10-0 ^ 
* MAINS UNITS 59/6 for one amplifier. (KIT QQ If. P.P. 

or 69/6 to power 2 amplifiers. xx/O 2/6) 
PRE-AMPUFIERS -fa Mono full function pre- 

amplifier with 8 input posi- 
tions. Low noise, high qual- 
ity and sensitivity. Gives 
10 watts with one power 
amplifier or 20 watts with 
two amplifiers. Size: 9/, x 
2±" x 2". 
built £5-10-0 ■£ 

(KIT 99/6 p
2/

pj 

-^'•5 J-UT 

* FRONT PANEL 
PLATE 8/6 

STEREO PRE AMPLIFIER 
Two Channel version of above 
For use with two power ampli- 
fiers for 10+10 watts. 
Size: 9" x 3+' x If". 

PRICE /10.1Q-A pp 

BUILT J-Sv-IT-O 3/6 
Dark Brown with Gold 
Front Panel 12/6. 

• MULTI-INPUT PRE AMPLIFIER 
Simplified pre-amplifier for use with one 
or two power amplifiers, 8 inputs. 
BUILT 65/- P.P. 1/6 

Front Panel Plate 6/6. 
All the above pre-amplifiers can be used 
with any valve or transistor power amp- 
lifier requiring 250mV for full output. They can be operated with two 
9 volt batteries in series or from the power amplifiers. High gain, low 
distortion, excellent quality designs, combined with value for money 

TfM 

CIRCUITS AND DETAILS ON REQUEST 

NEW 

Demonstrations of above equipment and VHF FM Tuner can be heard 
during normal shop hours. All units are fully guaranteed. 

TWO NEW PACKAGED TRANSISTOR 
QUALITY AMPLIFIERS 

6-Transistor printed circuit designs. Push-pull 
output for 3 to 5 ohm speakers. Can be battery 
operated. 6mV into 1 kQ sensitivity. Response 
40 c/s to 12 kc/s. 
Can be used with above pre-amplifiers for mono or 
stereo in any amplification requiring a low distortion 
low cost amplifier. Overall sizes 2+' x 2" x 1+'. ★ 4 watt version operates PRICE TQ If. P.P. 

from 12 to 18 volts. BUILT '7/0 ★ 1^ watt version from 9 PRICE /LC P.P. 
to 12 volts. BUILT /■ 1/6 
* CIRCUITS AND DETAILS ON REQUEST * 

watt and 4 watt 
300 TRANSISTORS TYPE DIODES AND 

RECTIFIERS 
800 VALVES AND TUBES 
500 QUARTZ CRYSTALS 

i 

We can supply from stock most 
of the components and items 
specified on circuits published 
in this and other magazines. 
Quality parts at realistic prices 
Let us quote for your circuit. 

All Transistor Cor Bodio 
* ONE HOUR TO BUILD 

WITH FACTORY 
ASSEMBLED CHASSIS 
AND PANELS 

6-transistor 3 diode Med. and Long 
Wave Superhet Design. Features 
double tuned IFT's, AVC. Permea- 
bility tuning with geared drive, 
push-pull car filling volume. Full 
tuning of both wavebands. A high 
sensitivity design on printed 
circuits to fit any type of vehicle. 
12 volt positive earth only. All 
parts available separately. After 
sales service and guarantee.  

NEW ! 

THE "ROADSTER" 
•fa Total Cost to Build 

£8-19-6 pp-3/6 

★7 x 4 inch, hi-flux speaker with baffle and car fixing kit 
20/- extra. 
fa Circuit and details on 
request. 

VHF TRANSISTOR HI-FI FM TUNER 
fa HIGH STABILITY — HIGH 

SENSITIVITY*   
Features 5-Mullard transistors with 
4 diodes, compact printed circuit, 
high gain, low distortion, superhet 
design. Full tuning from 87/105 
Mc/s with geared tuning. AVC and 
AFC. 9 volt 9mA operation. 50dB 
S/N. Output up to 1 volt audio. 
Easy to build and align. Overall 
size in cabinet 3+' x 2^// x 4". All 
parts sold separately and guaran- 
teed. 

AFTER SALES SERVICE 
* CIRCUIT AND DETAILS 
 ON REQUEST  

Total Cost with Front I 
£6-19-6 p P 

(Cabinet Assembly 20/- 1 

'CONVAIR' PUSH BUTTON 
PORTABLE 

CAR RADIO 
* UNBEATABLE FOR PER- 
FORMANCE AND DESIGN * 
Printed circuit 6-Transistor 2-Diode 
superhet radio with full tuning on 
medium and long wavebands. 
Push-pull output up to 1 watt. 
Attractive portable cabinet, size 
10" x 1" x 3+' with horizontal slow 
motion tuning dial and push button 
wave change. Easy to build with 
superb performance. All parts sold 
separately. After Sales Service and 
Guarantee. 

* CIRCUIT AND DETAILS 
ON REQUEST 

Total Cost of All Parts 
£7-19-6 P P 3/6 

(Batteries 6/- extra) 
The Finest Portable 

Available 

4-CHANNEL TRANSISTOR MIXER UNIT 
Inputs suitable for microphones, pick-ups, tuners, 
guitars, etc., etc. Self-contained battery. Housed 
in attractive gold-finish cabinet. To feed valve or 
transistor amplifiers. 

PRICE 49/6 P.P. 1/6 

MULTI-METERS 
PT34 
CABYMI 
THL33 
EP10K 
IT12 
TP5S 
500 
EP30K 
EP50K 
EP100K 

1 kQ/volt sensitivity 
2kQ/volt sensitivity 
2kQ/volt sensitivity 

(illustrated) 
10kQ/volt sensitivity 
20kQ/volt sensitivity 
20kQ/volt sensitivity 
30kQ/volt sensitivity 
30kQ/volt sensitivity 
50kQ/volt sensitivity 

100kQ/volt sensitivity 

BRAND NEW 
FULLY GUARANTEED 

POST AND PACKING 2/- ANY MODEL 

39/6 
49/6 
75/- 
79/6 
82/6 

£5.19.6 
£8.19.6 
£5.10.0 
£8.10.0 
£9.19.6 

Sinclair Radionic, TSL and Martin Audio kits. All Transistor Equip- 
ment kits and built available from stock as advertised. 

NEW 5th EDITION 
90-PAGE CATALOGUE 

Fully detailed and illustrated. 
Price 2/6 post paid. 

HENRY'S RADIO LTD., 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Man to Sat. 9-6. Thurs. 1 p.m. 

M 


