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THE MODERN BOOK CO 

An Electronic Organ for the Home 
Constructor. By A. Douglas. 20s. 
Postage 1 s. 
Radio and Line Transmission. By 
G. L. Danielson and R. S. Walker. Vol. 1 
21s. Vol. 2 22s. 6d. Postage Is. each. 
Radio Control for Models. By F. C. 
Judd. 15s. Postage 9d. 
Transistor Specifications and Sub- 
stitution Handbook. 15s. Postage 9d. 
TV Fault Finding. A Data Publication. 
6s. Postage 6d. 
Basic Theory and Applications of 
Transistors. U.S. Dept. of Army. 10s. 
Postage 1 s. 
Electronics for Students of Mech- 
anical Engineering. By H. Sutcliffe. 
37s. 6d. Postage 1s. 

Complete 
We have the Finest Selection of British 

Principles of Semiconductors. By 
M. G. Scroggie. 21s. Postage 1s. 
Practical Tape Recording. By P. J- 
Guy. 7s. 6d. Postage 6d. 
Short Wave Amateur Radio. By J. 
Schaap. 22s. 6. Postage 9d. 
Electronic Servicing for the Beginner* 
By J. A. Stanley. 24s, Postage 1s. 
Introduction to Lasers and Masers. 
By A. Lytel. 16s. Postage Is. 
Oscillator Circuits. By T. M. Adams. 
24s. Postage Is. 
Five Speakers—How to Make Them. 
5s. Postage 6d. 
Amateur Radio Call Book. By R.S.G.B. 

I 1965 Ed. 5s. Postage 6d. 
Amateur Radio Circuits Book. An 
R.S.G.B. Publication. 7s. 6d. Postage 9d. 

Catalogue 1s. 
and American Radio Books in the Country 

19-21 PRAED STREET (Dept RC) LONDON W2 
Telephone PADdington 4185 

ESTABLISHED 186S 

THE DUCHESS OF KENT 

PERMANENT 

BUILDING SOCIETY 

Member of the Building Societies Association 

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

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

Shares—all interest accrues monthly 

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

WITHDRAWALS AT SHORT NOTICE 

INTEREST IS AT 3i% 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 

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

Address 

(Please use Block Capitals for both name and address) 
R.C. 
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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 

GENERAL SPEC. 
cransistor- 2 diode superhet portables. full covering Mod. plus 

1 
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 Switch,^ Tuning Control. In plastic cabinet, size 10" x 6^" x 3^-", with metal trim and carrying handle. 
^ m n   H.P. Terms: 20/- Con now £0 |Q £ deposit and II 
be built for 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 Confol and Waveband Selector. In a wood cabinet, size I 1^" x 6i" x 3", covered with a washable material, with plastic trim and carrying handle. Also car aerial socket fitted. 
-- — _ H.P. Terms; 25/- Con now |Q £ deposit and I I be built forKIV.IVeO months at 20/- 

P. & P. 5/— extra 
All components available separately. Four U2 batteries 3/4 extra. Data for each receiver, 2/6 extra, 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. 

VEROBOARD 
A really remarkable time saver in setting out complicated circuits. Veroboard is a high grade laminated board with copper strips bonded to it, pierced with a regular matrix of holes. Ideal for producing single items and experimental circuits. 

BOARDS 42/1503 2y x 5"   3/8 43/1504 IV x 3}"  21- 45/1507 3i" x 5"   5 2 46/1508 3i" x 3i"  3 8 44/1505 3}" x 17"  13/6 
ACCESSORIES Terminal pins—packet of 36   3/3 Spot face cutter tool ... ... ... 9/_ Pin inserting tool ... ... ... ... 9/9 P. & P. 6d. per item extra 

Sub-Miniature Transistorised Amps. British made, these sub-min. transformerless amp- lifiers come to you fully built and 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 400, size 2 x I" x LASKY'S PRICE 29/6 P. & P. I/- PC2, input ImV, output 400mW at I5fi. size 2" x 2i" }"■ LASKY'S PRICE 37/6 P. & P. I/- PC3, input 5mV, output 400mW at I5n, size 2i"x li"xr. LASKY'S PRICE 37/6 P. & P. I/- PC4, input 150mV, output 400mW at I5f2, size 2i/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 ^Qlii Post free per pair. State PRICE .A#/0 track required, 

MARRIOTT "X" Type i track heads. Record/ Play and Erase. LASKY'S PRICE 4 gns. pair 
i'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. 3in message tape, 150ft   3/6 
3in message tape, 22Sft   4/11 3in message tape, 300ft   7/6 3in triple play, 450ft. Mylar base  12/6 4in triple play, 900ft, Mylar base  22/6 Sin double play, 1,200ft. Mylar base ... 15/- 5in long play, 900ft. Acetate base ... |0/- 
5in standard play, 600ft. PVC base ... 8/6 Sin triple play, 1,800ft. Mylar base ... 42/6 5iin long play, 1,200ft. Mylar base ... 15/- 5Jin double play, 1,800ft. Mylar base ... 22/6 5Jin long play, 1,200ft. Acetate base ... 12/6 5Jin standard play, 850ft. PVC base ... 11/6 5Jin triple play, 2,400ft. Mylar base ... 55/- 
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/- 7in triple play, 3,600ft. Mylar base. ... 75/- P.&P.I I- extra per reel; 4 reels and over Post Free. 
TRANSISTORS New and Guaranteed GET.SI, GET.S5, GET.S6—2/6; 873A. 874P—3/6; OC.45, OC.7I, OC.8ID—4/6; OC.44, OC.70. OC.76, OC.8I—5/6 (matched pair 10/6); AF.II7, OC.75, OC.200—6/6; OC.42. OC.43. OC.73, OC.82D—7/6; OCP.7I—9/6; OC.20I. OC.204—15/-; OC.205, OC.206—19/6 OC.28—24/6. 

REALISTIC SEVEN 
★ 7-transistor Superhet. ir 350 milliwatt output into 4" high flux speaker, if All com- ponents mounted on a single printed circuit board, size Si" x 5i" in one com- plete assembly. ★ Plastic cabinet with carrying handle, size 7" x 10"x 3i", available in Blue/Grey. Full L. & M.coverage-^- Easy to read Dial. ★ External socket for car aerial. ★ I.F. frequency 470 kc/s. ir Ferrite rod internal aerial. Oper- ates from PP9 or similar battery, if Full comprehensive data supplied with each re- ceiver. if 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 
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 ^4 P. & P. os std. model fc I EXTRA 

SINCLAIR 
SUPER 
MINIATURES 

THE SINCLAIR SLIMLINE 
The new 2-transistor pocket radio, size only 23/4" x I S/g" x I 5/g". Micro alloy transistors 
and printed circuit. Easy to assemble. CAN BE 4O/A BUILT FOR "'T/U 

THE SINCLAIR MICRO-6 
Self-contained pocket radio. Size only 14/5" x 13/10" x 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. CAN BE CO/A Mercury cell l/l I extra BUILT FOR JT/O (2 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. 

prTCE £5.19.6 £6.19.6 3 pots, tor volume, bass & treble, 7/6 the 3 extra. 
TRANSFILTERS by BRUSH CRYSTAL CO. 

TO-01B 465 kc/s ± 2 kc/s TO-OID 470 kc/s ± 2 kc/s TO-02B 465 kc/s ± 1 kc/s TO-02D 470 kc/s ± I kc/s TF-0IB 465 kc/s ± 2 kc/s TF-OID 470 kc/s ± 2 kc/s 
PICK-UP CARTRIDGES 

Crystal P.U. Cartridges complete with stylii—at lowest prices ever! Mono C.T.I.   4/i| Collaro TVpe C, stereo, 2 sapphires. ... 15/- Collel S.C.I. Stereo Diamond LP Sappl. std  17/6 Sonotone 8T, stereo, 2 sapphires ... 19/11 Sonotone 2TA, mono, 2 sapphires ... 15/- Postage I/-each extra. 
33 TOTTENHAM COURT ROAD • W1 

2 mini. Oxford St. Nearest Station; Goodgc St. 
MUSeum 2S05 

Tottenham Ct. Rd. & Edgware Rd. addresses open all 

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, day Sat. Close I Thur. Please address all Hail Orders to Dept. W at above Edgware Road address 
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HI-FI AMPLIFIERS RECORD PLAYERS RADIO TUNERS 

AT-6 

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. £13.12.1 incl. P.T. 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 

mmm MA-12 

HI-FI 6W STEREO AMPLIFIER. Model S-33. 3 watts per channel 0.3% 
distortion at 2.5W/chnl., 20dB N.F.B. Inputs for Radio (or Tape) and Gram, 
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 c/s. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max. D.G. 

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. 

| /Hake the most of the winter evenings,.. 

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 

lift 

1™ 

Hv. 

HIB 
% i-J 

IO-12U 

iii.t-s 
S-3U 

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 8" x 14^" long. Wt. lO^lb. Fitted mu- 
metal CRT shield. Kit £22.18.0 Assembled £30.8.0 

ELECTRONIC SWITCH. Model S-3U (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. Modem 
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 O.ID to 1,000MQ with internal battery. 
D.c. input impedance HMD. 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.; 150piA to 15A d.c.; 0.2Q to 20MG. 
4^' 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 
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 

I3U 

V-7A 

RF-1U 

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 
modem cabinet. Kit £54.15.0 

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 incl. P.T. 

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

Kit £12.11.0 incl. P.T. 

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

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

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. 
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TAPE AMPLIFIERS —— TAPE DECKS CONTROL UNITS 

FM-4U MAGNAVOX 

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 UMG-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 ildB. Rumble and variable low- 
pass filters. Printed circuit boards. Kit £19.10.0 Assembled £26.10.0 

TRUVOX AM/FM 

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

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

Bnjoy yourself building a Heathkit model 

SPEAKER SYSTEMS 
COTSWOLD "MFS" SYSTEM. Specially 
developed to give best possible results in 
small rooms. This minimum floor space 
model is based on standard Cotswold. Size: 
36" high x 16^" wide x 14^" deep. 

Kit £23.4.0 Assembled £30.15.0 

THE "COTSWOLD". This is an acoustic- 
ally designed enclosure 26" x 23" x 15^" 
housing a 12" bass speaker with 2" speech 
coil, elliptical middle speaker together with 
a pressure unit to cover the full frequency 
range of 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-1. 
Ducted-port bass reflex cabinet "in the 
white". Two speakers. Vertical or horizontal 
models with legs, Kit £11.12.0. without 
legs, Kit £10.17.6 incl. P.T. 

— 

MFS 

SSU-1 

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. 

I SEND FOR FREE BRITISH 
| HEATHKIT CATALOGUE 
Z American catalogue also available 1/- post paid 

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

DAYSTR0M LTD 
DEPT. RC. 2 
GLOUCESTER 

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

Kit £39.6.6 Assembled £52.10.0 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC-1U. With 
4 piezo-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose receiver for Amateur and Short 
wave listeners. Printed circuits, telescopic 
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-I0U 

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-IOU. 
May be used with most A.M. transmitters. Less than 
3W R.F. input power required for 10W output. Operation 
on 80, 40, 20, 15 and 10m bands on U.S.B., L.S.B. or 
D.S.B. Kit £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 send 
for full details of range, for example:— 

80-10M RECEIVER. Model SB-300E. 
Of advanced design employing up-to-date con- 
struction techniques, its specification ensures 
unparalleled performance. 
Kit £133.14.0 (less speaker) 15% import levy. SB-300E 

["without obligation please send me 
| FREE BRITISH HEATHKIT CATALOGUE 

FULL DETAILS OF MODEL(S)   
I (Please write in BLOCK CAPITALS) 

NAME   

(Tick here) 

ADDRESS 
DEPT. RC.2J 
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Pioneers in 

build it yourself 

tuners and test 

equipment 

asnn 

KITS 

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. 

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 IOwV 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 IOOuV 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. 

-»>*" ••«*»- -Mf- 

m. m m to 
; tr « HI 

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 11 Switched Tuner, less valves, £9.15.4 
ARGUS Transistor M.W. Tuner, complete £7.10.0 
OG10 Oscilloscope, less c.r.t. £18.10.0 
W11 Wobbulator, complete £14.19.0 
EM10 Valve Voltmeter, complete £23 
SB26 Tape Deck (built only) i-track mono 31 gns. 

4-track stereo 39 gns. 

i 

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 

R son 

VISIT OUR 
NEW WEST END 
SHOWROOM 

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

9-1 
C° 

o \o 
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A CAREER OR AS A FASCINATING HOBBY. 
THERE IS AN I CS COURSE FOR YOU! 
By taking an ICS specialised home study course 
you gain a sound theoretical and practical know- 
ledge of valve and transistor circuits and servicing 
work while building your own 5-valve receiver, 
transistor portable (or a.f. amphfier), signal gen- 
erator and multi-test meter. All under expert 
tuition ! 

ICS Construction Courses have been specially 
written and designed by experienced radio engi- 
neers to enable YOU to learn easily and quickly, 
in your own home, in your own time. 

ICS training will take you from basic principles 
to advanced applications of various circuits, all 
made up from the kits supphed. 

With the ICS Complete Radio and Electronics 
Construction Course you get SIX kits, including 
testing instruments, tools and first class com- 
ponents. And, what is most important, a personal 
library of Instruction Manuals. 

If you are making a career in the Radio Industry, 
you will be interested in the wide range of exami- 
nation and specialist diploma courses offered by 
ICS. These include: 

Radio and Television Engineering, Industrial 
Television, Radio and Television Servicing, 
Colour Television, Electronic Technicians, 
Servomechanisms, Radio-Electronic Telemetry, 
Instrumentation, Principles of Automation, 
Calculus for Electronics, Digital and Analogue 
Computers. 
Specialised coaching for Grad.I.E.R.E., 

C. &G. T elecommunication T echnician's Cert. 
Radio &TV Servicing Cert.(R.T.E.B.), P.M.G. 
Certs, and Radio Amateur's Exam. 
Examination students coached until successful 

For full details 1 

of ICS Radio and 

ICS (DEPT. 248) INTERTEXT HOUSE 
PARKGATE ROAD, LO N DO N, S.W.11 

i NAME  
ADDRESS   

Electronics Courses 
  

v • >. ^ 

post coupon ^ AGE     2.65 

TODAY INTERNATIONAL CORRESPONDENCE SCHOOLS 
Member of the Association of British Correspondence Colleges 

PRACTICAL INSTRUCTION! 

Assembly and use of signal generator and multi-test meter 
(especially valuable in servicing work). 

■ftg 

Construction of 5-valve 2-waveband AC/DC superheterodyne 
receiver, and a number of instructional experiments, using testing 
instruments. 

HF™' ** 1/ 

1113 

Construction of S-transistor (with semiconductor diode) 2-waveband 
portable, and a number of instructional experiments, including 
a.f. amplifier with microphone pre-amplifier. 
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MAKE IT 

SINCLAIR 

OMICRO-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. 

9 

A.G.C. 

n 

1st R.F. 2nd R.F. Detector Amp. Amp. 

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

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 fade- 
free reception from the most distant stations 
tuned in. Everything including ferrite-rod 
aerial and batteries is contained within the 
elegant tiny case. 

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

59'6 
Mallory Mercury * / * 4 Cell Type ZM3I2 1/11 (2 required) each | | I 
Sinclair *'Transrista " well-styled, strong black nylon wrist strap 

Pack of 6 
10/6 

7'6 

!;NCLA,R TR750 p0WER AMPLIFIER 

Designed specially for use with the Micro-6 © 

SIZE 
2" x 2" 

B 

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 25-30Q loudspeaker 
requires only a lOmV input into 2kf2. 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'- 

SINCLAIR RADIONICS LTD 
COMBERTON, CAMBRIDGE Telephone: COMBERTON 682 
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SINCLAIR 

0 SINCLAIR X-IO 

INTEGRATED 10-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 

ro 

v 

1 £6.19.6 

N 
H £2.14.0 

iltl 

FEED BACK 
INTEGRATOR 

INPUT TWO STAGE 
PRE AMP 

The 
only design 

of its kind in 
the world 

NPN/PNP 
pair 

1 NPN/PNP 
complamentary 

pair 

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 

YEARS 

^11 Transistors and no heat sink 
Unique output stage 
Add your own choice of tone con- 
trol circuit 

•fa Input sensitivity 1 mV into 
-fc Can be used with all types of inputs including low-output pick-ups and 

microphones 
Total harmonic distortion <0.1% 
Output power up to 10 watts 

•jr Frequency response 5-20,000 c/s ±0.5dB 
Speaker impedance 15Q 

jc Damping factor—greater than 100 
^ Supply voltage 12 volts from bat- 

teries or mains supply unit 
it Size 6" 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 I/-. 

no"s."cLA.7 RAmomcT ltd" 
I Please send items detailed below £ 
I    
I 
I 

COMBERTON, CAMBRIDGE. Comberton 682 
|r 

NAME 
ADDRESS 

TOTAL £ 1 
For which I enclose cash/cheque/money order 

GUARANTEE 
If you are not completely satisfied with 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. 

FEBRUARY 1965 439 

www.americanradiohistory.com



MAIL ORDERS 
TO; 

13 POST HOUSE, (MANCHESTER) LTD. J VVYND, 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 
(Half-day Wednesday). New larger prem- 
ises. Opening Mid Feb. at 10 North Parade. 
RRKTOI Lower Castle Street Dill J I WL Half-day Wednesday 

BIRMINGHAM " 
(No half-day) Snow Hill Station 
HFRRY ^ Osmaston Rd., The Spot UCi\D I (Half-day Wednesday) 

DARLINGTON 
Wednesday) 

EDINBURGH ?^lX
hv&T 

GLASGOW 326 Ar«y|e Street 
UL-MJUUTY (Half-day Tuesday) 
Ullll 51 Savile Street 

(Half-day Thursday) 
LEICESTER 32 High Street Ltivw I EH (Half-day Thursday) 
I KipnC 5-7 County (Mecca) Arcade 

(No half-day closing) 
I IVERPOOI 73 Dale Street (No half-day closing) 

I ONOON 238 Edgware Road "-VRUVH (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. jncrriCLU 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/I2A 20 watt, 8 gns.; 122/14 22 watt, 9 gns.; I22/I4A 22 watt, 10 gns.; 122/17 25 watt, £11.17.6.; I22/I7A 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 (total £20.15.6d.) 

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 

ir Incorporating two 12" heavy duty 25-watt high flux (17,000 lines) loud- speakers with 2" diameter speech coils. Designed for efficiently hand- ling lull output of amplifier at fre- quencies down to 25 c.p.s. 
■At Dual Cone in 2nd speaker repro- duces frequencies up to 17,000 c.p.s. 
ic Heavily made cabinet of con- venient size "24" x 21" x 14" has an exceptionally attractive covering in two contrasting tones of Vynair. 
* For 200-250V, 50 c.p.s., A.C. Mains operation. 
-At Four jack socket inputs and two independent volume controls for 

simultaneous connection of up to four instrument pick-ups or microphones. 
■A: 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 
jV-tc- UnC monthly pay- -*#2 ments of £3.9.11 Carr. 17/6. (total £46.2.0)- 

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, EI-84. 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 I.5A for supply of a Radio Feeder Unit.^ 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 X ^nc to last nut. Chassis is fully punched. Full instructions and point-to-point wiring diagram supplied. Only ^ 

. . , , . . . „ (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 (total £12.7.6). 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. Sensitivity 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. fO 4 Q jL Or DEPOSIT 22/3 and 9 monthly L# • I Z«0 payments of 22/3 (total £11.2.6). Carr. 7/6. 

SPECIAL NOTICE REGARDING GOODS 
SUPPLIED ON TERMS 

CASH PRICE 
FOR 6 MONTHS 

SETTLEMENT 

R.S.C. CORNER CONSOLE CABINETS Polished walnut veneer finish. JUNIOR MODEL. Size 20" x I 1" 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, £4.11.9. 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" 12,000 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 insubstantial Rexine cov. Cabinets. TypeBGI. Suitable for Bass Guitar. Speaker Unit 15", High Flux, I5Q, 30 W. Cabinet approx. 24"x2l"x I 3". Only I9i-gns. Or Deposit 43/-& 12 monthly payments of 34/-. 

(total £22.1 I.Od). 

R.S.C. 30-WATT ULTRA LINEAR 
HIGH FIDELITY AMPLIFIER AI0 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 30-20,090 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 IS ohm speakers. Complete Kit of parts with fully punched chassis and point-to-point wiring diagrams I I G|%C_ and instructions. If required, perfor- ated cover with carrying handles can Carr. 10/- be supplied for 19/9. The amplifier can 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 (total £16.17.6). Suitable mikes and speakers available at competitive prices. 

R.S.C. G15 15 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 inputs 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 model 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 39/11 and twelve monthly payments of 33/4 (total £21.19.1 I). 

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 A VIC 63*2.0 and 12 monthly payments of 
^•W2 51/8. (total £34.2.0d.). Carr. 17/6. 

12 in. 10-WATT HIGH QUALITY 
LOUDSPEAKER 

(total £8.17.6.). Only 

In walnut veneered cabinet. Gauss 12,000 lines. Speech coil 3 ohms or 15 ohms. 
Only £4.19.6 %'■ 
Terms: Deposit 11/3 and 9 monthly payments of 11/3. (total £5.12.6d). 
12in. 20-WATT HI-FI 
LOUDSPEAKERS IN CABINETS. Size 18" x 13" x 10" Finish as above. Terms: Deposit 17/9 and 9 monthly payments of 17/9. 
£7.19.6 Carriage 8/6. 
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7 VALVE AM/FM RADIOGRAM CHASSIS 
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 1\". Edge illuminated glass dial Ili"x3i". Vert, pointer Horiz. station names. Gold on-brown background. A.C. 200/250V operation. Magic-eye tuning. Circuit diag. now available. 
Comp. with 4 knob: 

Valve line-up ECC85, ECH8I EF89, EABC80, EL84 EMS I, EZ80 

P.M. Speaker only required. Recommended Quality Speakers 10" Rola, 27/6. I3i" x 8" E.M.I. Fidelity, 37/6. 12" R.A. with conc. Tweeter, 42/6. Carr. 2/6. 

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 
BARGAIN PRICE 1 5 GlIS. cj'1.' 

2-tone Cabinet and 8" x 5" Speaker. Size 14" 
* W'x/i" •••   £3 10 0 + S/- Carr. 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  £10 0+ 2/- Carr. 

0 + 3/6 Carr. 0 + 4/6 Carr. 

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

Soldering Irons. Mains 200/220V 
or 230/250V. Solon 25 watt Inst., 
22/6. Spare Elements, 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, lO^x 7". 
6/9, 12" x 6", 7/6, 12" x 8". 8/- etc, 
Alumin. Sheet. 18g. 6" x 6", I/-, 
6" x 9". 1/6, 6" x 12", 2/-, 12" x 12". 
4/6 etc. 

Boxed 
IT4 IRS IS5 3S4 3V4 

Reduced Bargain Prices 

ECC8I 7/- ECC82 7/- ECC83 7/- ECL80 9/- ECL82 10/- ECL86 10/6 

EF80 EF86 EL33 EL34 EL84 EY5I EY86 EZ80 EZ8I GZ32 PCC84 

PCF80 8/- PCL83 10/6 PCL84 10/- PCL85 11/6 PL36 10/6 PL8I PL83 PY33 10/6 PY82 71- U25 UL84 10/6 
91- 

TUBULAR 25/25V 50/12V 50150V 100125V 81450V 41350V 16 + 16/450V 5/6 32+32/450V 6/6 1000/25V 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 li.ne speaker. Superb quality repro- duction. Contemporary styled two-tone cabinet, charcoal grey and off-white with matching blue relief. Size: I7i"x 16"X 8" 

COMPLETE KIT £13.19.6 Carr. & ins. 10/-. 
Illuminated Perspex escutcheon, 7/6 extra. Ready wired 30/- extra. 4 Contemporary legs (6" or 13") 12/6 per set. 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" YgS quality Speaker and O/P trans., £3.19.6, >«■ carr. 2/6. BSR UA14 Unit. £6.10.0, carr. & ins. 5/-. Rexine covered cabinet in two-tone * maroon and cream, size I5i" X I4J" x 8i" with all accessories plus uncut record player mounting board 14" X 13", 59/6, carr. & ins. 5/-. 

6 VALVE AM-FM TUNER UNIT 
Med. and VHF I90m-550m, 86 Mc/s-103 Mc/s, 6 valves and metal rectifier. Self-contained power unit, A.C. 200/250V operation. Magic-eye indicator, 3 push-button controls, on/off, Med., VHF. Diodes and high output Sockets with gain control. Illuminated 2-colour perspex dial I Ii"x4", chassis size I li"x 4" x Sf". 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. 

Aligned and tested Carr. & ready (o. £! 3.10.0 "*■ W- 
walnut or ivory to choice. Indoor FM aerial 3/6 ex. 3D 

Volume Controls—5K-2 Meg- ohms, 3" Spindles Morganite Midget Type, li" 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. y 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. 116. 40 yds. 17/6. P. & P. 2/-. 60 yds. 25/-. P. & P. 3/-. Coax Plugs I/-. Sockets I/-. Couplers 1/3. Outlet Boxes 4/6. 

TAPE famous American Columbia (CBS) Premier 
quality tape at NEW REDUCED PRICES. A genuine recommended Quality Tape—TRY IT Brand new, boxed and fully guaranteed. Fitted with leader and stop foils. SPECIAL OFFER. 3" Mes- 

Standard Double Play Long Play sage tape 150', 3/9; 3" L.P. 5" 600' 13/- 1,200' 31/6 900' 17/6 225', 4/9; 3" D,P. 300', 6/6. 5*" 900' 16/- 1.800' 37/6 1,200' 19/6 P. & P. per reef 6d. 7" 1,200' 21/- 2.400' 47/6 1.800' 28/6 TAPE REELS. Mnfrs. sur- 
„ „ . Plus 7", 2/3; 51". 2/-; 5", 2/-; Post & Package per reel, I/- plus 6d. each for 3", 1/3; Plastic spool contain- additional reels. ■""* -■ — 

Condensers—S/Mica all values 2pF to l,000pF 6d. Ditto Ceramic 9d. each, .005, .01 and .1, etc., I/-. Paper Tubular 450V .001 mfd to .01 mfd and .I/350V 9d. .02-.I mfd I/-. .25 mfd 1/6, .5 mfd 1/9. 
Close Tol. S/Micas—10% 5pF-500pF 8d. 600-5,OOOpF I/-. 1% 2pF-IOOpF 9d. l00pF-500pF lid. 575pF-5,OOOpF 1/6. Resistors—Full Range lOohms- 10 megohms 20% i and 3d., ditto 10% 4d., iW 5d. (Midget type modern rating) IW6d., 2W 9d. Hi-Stab 5% +-iW 100 ohms I megohm 6d. Other values9d. l%iWI/6. W/W Resistors 25 ohms to I0K5W 1/3, I0W 1/6, I5W 2/-. Pre-set T/V Pots. W/W 25 ohms-50K 3/-. 50K-2 Meg. (Carbon) 3/-. 
Speaker Fret—Expanded gilt ano- dised metal i" x i" diamond mesh, 4/6 sq. ft., multiples of 6" cut. Max. size, 4ft. x 3fc. 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" II-. 12" x 18" 3/-, 12" x 24" 4/-, 18" x 18" 4/6, etc. 
BONDACOUST Speaker Cabinet Acoustic Wadding, superior grade, 1" thick, 18" wide, any length cut 2/3 per ft, 6/- per yd. 

ENAMELLED COPPER WIRE— ilb reels, I4g-20g, 2/6; 22g-28g, 3/-; 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 types: Brown or Ivory with Gold Ring, I" dia., 9d. each; I}", I/- each; Brown or Ivory with Gold Centre, I "dia., lOd. each; If" 1/3 each. LARGE SELECTION AVAILABLE' 

TRANSISTOR COMPONENTS Midget I.F.'s—465 kc/s iV' diam. 5/6 Osc. Coil—iV' diam. M/W. 5/3 Osc. coil M. & L.W. 5/9 Midget Driver Trans. 3.5:1 6/9 Ditto O/Put Push-pull 3 ohms 6/9 
Elect. Condensers—Midget Type 15V lmfd-50mfd, ea. 1/9. lOOmfd. 2/-. 
Ferrite Aerial—M. & L. W. with car aerial coupling coil, 9/3. 
Condensers—150V. wkg. .01 mfd. to .04 mfd., 9d. .05 mfd., .1 mfd., I/—. .25 mfd., 1/3. .5 mfd., 1/6, etc. 
Tuning Condensers. J.B. "00" 208 + l76pF, 8/6. Ditto with trimmers, 9/6. 365pF single, 7/6. Sub-min. i" DILEMIN lOOpF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control knob, Skfl with switch, 4/9, ditto less switch, 3/9. 
Speakers P.M.—2" Plessey 75 ohms, 15/6. 2Y' Continental 8 ohms, 13/6. 7" x 4" Plessey 35 ohm, 23/6. 
Ear Plug Phones—Min. Continental type, 3ft. lead, jack plug and socket. High Imp. 8/-. Low Imp., 7/6. High sensitivity M/coil 8-10 ohms, 12/6. 

JASON FM TUNER UNITS Designer-approved kit of parts: 
FMTI, 5 gns. 4 valves. 20/-. FMT2, 7 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. 

ers, 5", 1/9; 5|", 2/-; 7", 2/3. 
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 

Est 
1946 

" HI-FI AMPLIFIERS 
3 OHM AND 15 

OHM OUTPUT 
"3-3" Amp. S-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 ..v   - v 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 Bass, Treble and Volume controls with 4-position selector switch for radio, tape and pick-up and I I"x4" escutcheon panel. 
Amplifier Kit and Control Panel Kit £11.19.6. Ditto ready wired £14.19.6. 
2-VALVE PRE-AMP. UNIT Based on Mullard's famous 2-valve (2 x EF86) circuit with full equalisation with volume, bass, treble, and 5-position selector switch. Size 9" x 6" x 2i". 
Complete Kit £5.19.6. Carr. 3/6. Ready built £7.19.6. 

. 

Send for detailed bargain lists, 3d. stamp. We manu- facture all types Radio Mains Transf. Chokes, Quality 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 ± lb. 9d., I lb. 113,31b. 213,51b. 219,81b. 316. 
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HOME RADIO of MITCH AM 

DEPT. RC, 187 London Road, Mitcham, Surrey. MIT 3282 shop hours-. 9-5.30-. w. 9-6.30. closed di Wed. 

UKBEtTABlE BABGAINS!! 

Some exceptionally well made S.W. 
Tuning Condensers, silver plated 
and split end vanes. J" spindle with 
extension for coupling two or more 
together. 

Single gang size If" x x H" Cap. SOpF 4/6. Worth 10/- 

Twin gang size U" x 1}" x U" Cap. SOpF 8/6. Worth 15/- 

Also for S.W. Work: 
Air Tuner Condensers. 1^" x 1i" x 1" Cap. 20 pF. 3/9 

Worth 6/9 
Air Trimmer Condensers. 1 x li" x 1" Cap. 100 pF. 2/6 for ^ 

Worth 21/— 
Air Dielectric High Efficiency Tuning Condensers with widely 
spaced Log-shaped Plates. 2" x 2" x li'7 20 pF. 4/6 

Worth 10/6 
Similar Condenser to above, but plates not so widely spaced. 2" x U" x H" 160 pF. 4/- 

Worth 7/6 

WE ARE STOCKISTS 

OF THE WHOLE RANGE OF 

MARTIN AUDIO KITS 

Send Today for Descriptive Leaflet 

Meters by Weston 2 inch scale 
500 Micro Amp full scale deflection. Scaled 0-15 and 0-600. 

Price 17/6 

A high quality Output Transformer 
Primary 7000 Ohms. Secondary 3 Ohms. 

Suitable for Mullard ECL 86 Valve. 
Price 6/6 Worth 12/6 

WE ARE STOCKIST OF 

BABIOKICS KITS ANB CIRCUITS 
Send Today for Free Leaflet 

Please add 1/6 for Postage <fi Packing on all the above items 

HOME RADIO CATALOGUE 

New Edition! New Policy! 

With the 10th Edition of the famous Home Radio Catalogue we introduce a fresh policy. The price of 
5/- just covers the cost of the paper and printing, but on the first page of the catalogue you will find 5 
coupons, each worth 1/- if used as directed. Briefly the system operates thus: for each complete £1 of 
your order you enclose one of the coupons and deduct 1/- from the money you send. There is no time 
limit so if you purchase £5 worth of components from us—even though spread over several years—your 
catalogue will have cost you nothing! 

We need only add that our new 
Catalogue is bigger and better 
than ever ... so fill in the Coupon, 
enclose 6/- (5/- plus 1/- postage), 
and pop it in a letter box right 
away! 

Please write your Name and Address in block capitals 

Name. 

I 
I 
I 
I 

Address 
1 
I   

j Home Radio Ltd. Dept. RC, 187 London Road, Mitcham 
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The "Zefkyr" Three 

Short IVare Keceiver 

By B. W. HOLLINSHEAD 

An efficient and easily constructed design for the short wave listener 

SOONER OR LATER MOST RADIO ENTHUSIASTS TURN 
their attention to the short wave bands to 
obtain long distance reception of the very 

interesting transmissions which are available at 
these frequencies. Those who hope eventually 
to obtain an Amateur licence find a period as a 
Short Wave Listener almost essential before at- 
tempting the qualifying theoretical and Morse 
tests. By becoming a S.W.L. much information 
on operating procedure and transmitting equipment 
can be gathered by listening to established amateurs 
"rag-chewing". 

Contrary to the beliefs held by some, it is not 
necessary to have a large, complex and expensive 
receiver to obtain reasonable results on short 
waves. The receiver to be described here is well 
within the capabilities of even comparatively 
inexperienced constructors and will give extremely 
good results when coupled to an efficient aerial. 
Also, the building costs are very reasonable, since 
relatively cheap and readily obtainable components 
are specified. Some of the components will, no 
doubt, be already available in the spares box of 
many constructors. The writer feels sure that this 

Coaxial cable 

I m 
pj 

§i 
r 

im 

I 

ft I ft 

9 

Fig. 1. The circuit of the "Zephyr". If a normal aerial is employed, this is connected to the centre contact of 
the coaxial socket and Sj is closed 
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Components List (Fig. 1) 
Resistors 
(All fixed resistors 20% i watt unless otherwise 
specified) 

Ri 150n . 
R2 4.7kO 
R3 2.2Mn 
R4 22kfl 
Rs 47ka 
R6 Ikfl 
R7 3900 1 watt 
VRi 250kn potentiometer, log track 
VR2 500kO potentiometer, log track 
VR3 50k £i potentiometer, log track 

Capacitors 
(All fixed capacitors 350V wkg. unless otherwise 
specified) 

Q 0.1 (xF 
C2 0.1 (xF 
C3 0.1 (xF 
C4 lOOpF silver-mica 
C5 8[xF electrolytic 
Cfi lOOpF silver-mica 
C7 0.01 ixF 
Cg 25(xF electrolytic 25V wkg. 
C9 0.1 (xF 
C10 0.1 (xF 500V wkg. 
VCi,2 300-|-300pF twin-gang (or 500-)-500pF 

with l,000pF 5% silver-mica capacitor in 
series with each section—see text) 

VC3,4 25+25pF twin-gang (see text) 
VC5 300pF variable (or 500pF with ],000pF 

silver-mica capacitor in series—see text) 
TCi,2 3-30pF trimmer 

Inductors 
*Li,2 "Maxi-Q" octal-based Blue (Denco) 
*L3,4,5 "Maxi-Q" octal-based Green (Denco) 

Lg R.F. choke type QC1 (Osmor) 
Tj Speaker transformer, approximate ratio 

55:1 

Valves 
Vi EF91 
V2 EF91 
V3 EL42 

Switch 
Si s.p.s.t. toggle 

Sockets 
2 International Octal bases 
2 B7G bases with skirts and screening cans 
1 B8A base 
1 Phone jack 
1 Insulated coaxial socket (Belling-Lee Type 

L.603/B or similar) 
1 Pilot lamp holder and glass 

Miscellaneous 
3 Epicyclic reduction drives 
1 6.3 volt 0.3 amp pilot lamp 
Knobs, wire, etc., etc. 

5Z4 
250 
-O- 
250 

CH 
HT+ *0808*— 

T 
6-3V 

HT- 

n 
A.C. 

maim 

J 

Fig. 2. A suitable power supply for the receiver 

Components List (Fig. 2) 
V! 5Z4 
€1,2 32+32[xF electrolytic 350V wkg. 
CHi Smoothing choke, 50mA. (May be replaced 

by a 2kn 5 watt resistor, if desired) 
Si d.p.s.t. toggle 
Ti Mains transformer. Secondaries (with mini- 

mum currents) 250-0-250 volts 50mA, 6.3 
volts 1.1 amps, 5 volts 2 amps 

set will appeal both to builders of their first short 
wave set and to other, more experienced, listeners 
who might require a standby receiver. 

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

and it will be seen that this is largely conventional, 
employing the usual t.r.f. configuration of r.f., 
detector and output stages. For those who require 
an even simpler receiver it would be possible to 
omit the r.f. stage, but this is not recommended 
because the aerial would then be capable of radiating 
a considerable amount of interference should the 
detector oscillate. Without an r.f. stage, and 
with the aerial coupled directly to L3, this inter- 
ference could cause trouble to neighbouring sets. 
The r.f. stage also aids sensitivity and selectivity. 
VRi controls the gain of this stage by varying 
the potential on the screen-grid of Vi. 

The valves used in both r.f. and detector positions 
are EF91 high slope r.f. pentodes. Their direct 
equivalents, Z77, 6AM6, 8D3 or 6F12, could also 
be used. The reason for choosing these valves, 
apart from their efficiency and suitability, is that 
they are cheap and readily available. They were 
used extensively in many of the earlier TV receivers, 
and a constructor who obtains one of these may 
find a supply of these valves together with their 
associated holders and screens, as well as a speaker 
transformer and other useful components. Due 
to the high efficiency of the EF91, it is necessary 
to provide screens for both Vi and V2 

♦ See Table for frequency coverage 
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Insulated coaxial socket 

572 

in -A? 

Supply leads Speaker sockets 
/ \ 

V J 

VC| 

vc. 

vc •3 

vc 4 

VR 

VCs 

i r 

VR, 

Fig. 3. Outside dimensions and above-chassis layout. The depth of the chassis is 2|/n. The aerial and r.f. coils 
appear, in their screening cans, above the chassis 

The EF91 employed in the detector stage (V2) 
has its anode, screen-grid and suppressor strapped 
together to form a triode. To increase the sensitivity, 
anode reaction is applied via L5 and VC5. In 
the interest of obtaining smooth reaction—which 
is very desirable if the highest efficiency is to be 
obtained from the detector—a lOOpF silver-mica 
capacitor, Ce, is connected fmm the anode of V2 
to chassis. 

The detected a.f. signal from V2 is fed to V3 
via a 500kfi potentiometer, VR2, functioning 
as a volume control. The valve used in the output 
stage is an EL42, which is capable of producing 
2.5 watts for the modest power requirements 
of 0.2 amps at 6.3 volts, and approximately 30mA 
at 225 volts. The anode load impedance should 
be 9kfi, which for a 30 speaker, means an output 
transformer having a ratio close to 55:1.' Resistor 
R6 is included to ensure that the screen-grid voltage 
does not rise above that at the anode. A simple 
top-cut tone control circuit, C9 and VR3, is included, 
and is advantageous in the elimination of certain 
types of background noise. 

Power Supply 
The power supply can be quite straightforward 

and conventional. Approximately 50mA at 250 
volts h.t. and 1.1 amps at 6.3 volts for the heaters 
are all that is required. As the writer obtains power 

for all his apparatus from a large separate power 
pack, it was not thought necessary to include a 
power supply on the receiver chassis. However, 
for those constructors who require a complete 
receiver independent of other units, slight alterations 
to the component placing should enable a mains 
transformer and rectifier to be accommodated. If 
there is not sufficient room, a slightly larger chassis 
than that specified should overcome this difficulty. 
Alternatively, the power supply could be mounted 
on a separate chassis. A suitable circuit is shown in 
Fig. 2. 

Tuning Arrangements 
The tuning capacitors can usually be obtained 

quite cheaply from various sources. The twin-gang 
handset capacitor, VCi, VC2, should have a maxi- 
mum capacitance of 300pF for use with the coils 
specified, but as twin-gang capacitors with this 
value may not be immediately available it is quite 
in order to use one of 500pF maximum with 
l,000pF silver-mica capacitors of 5% tolerance 
connected in series with each set of fixed vanes to 
reduce the maximum capacitance to that required. 
The variable capacitor should be smooth in action 
and free from sloppiness in movement. If a small 
component is available so much the better, although 
there is room on the chassis to fit one of standard 
size. The bandspread capacitor is a twin-gang 
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component with a 25pF capacitance for each 
section, although the actual maximum capacitance 
here is not critical. New components are available 
from several manufacturers, as they are used in the 
construction pf many f.m. tuners, but the one 
used in the prototype was a surplus Air Ministry 
component.* 

The reaction capacitor should also have value 
of 300pF, and again it would be quite in order to 
use a 500pF capacitor with a l,000pF silver-mica 
fixed capacitor in series. Either an air-spaced or 
solid dielectric component would serve here, 
although solid dielectric components are not 
generally as easy to set up when making critical 
adjustments as are the air-spaced types. 

Since bandspread tuning is employed, an elaborate 
slow motion drive is not required, and this brings 
about an appreciable saving in costs. Simple 
epicyclic reduction drives of ratios of 6:1 are 
fitted to all three variable capacitors. It is not 
strictly necessary to fit one to the reaction capacitor, 
but the slight extra cost is more than repaid in the 
ease of reaction control. 

Coils 
The home constructor has two choices open to 

him as regards coils. He can either wind his own 
or buy ready-made commercial types. The latter 
are generally smaller in size and more efficient, 
and for this reason commercial coils are used in 
the "Zephyr". 

If reception on more than one band is required, 
provision has to be made for coil changing. This 
can either be done by using band-switching or, 
alternatively, plug-in coils. To simplify construction 
and also eliminate the losses that can arise from 
over-long switch wiring, plug-in coils are used in 
this receiver. Those specified have their own 
screening cans and plug into standard International 
Octal bases. They are manufactured by Denco 
(Clacton), Ltd., and are available in 5 ranges to 
cover all bands. 

The phone jack provides an output for high 
resistance phones. The isolating capacitor, Cio, 
should be a reliable component having a rating of 
at least 500 volts d.c. 

Aerial 
The receiver has been operated with a number of 

different types of aerial, these ranging from a simple 
vertical rod to a tuned dipole, and including in- 
verted-L aerials of the normal type. Best working 
was obtained with the dipole using a coaxial 
down-lead, and an insulated coaxial socket accepts 
the lead from the dipole centre to the aerial coupling 
winding. A switch, Sj, is inserted to connect the 
earthy end of the coupling winding to chassis or 

♦ A suitable choice for the handset component, VQ, VC2, is the 2- 
gang capacitor Type E, Cat. No. 4507, with capacitance swing of 310 
pF, manufactured by Jackson Bros. Ltd. The bandspread capacitor, 
VC3, VC4, could be a Type U. 101/S-S, Cat. No. 5095, gang capacitor 
with capacitance of 3.8 to 27pF in each half. This component is also 
manufactured by Jackson Bros. Ltd.—Editor. 

Pilot lamp VC|,2 VC3.4 VC5 

A ^ l  

Phone jack 

TFT" 

1 
c 

I VR| || VRo il VR3 

G 

OA 

RFC) 
c7 

Insulated coaxial socket 
y 

Supply leads 
Fig. 4. The positions taken up by the principal components below the chassis 

Speaker socket 
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TABLE 
Coverage of "Maxi-Q" Blue and Green coils. 

Range 
1 
2 
3 
4 
5 

Mc/s 
0.175—0.525 
0.515—1.545 

1.67—5.3 
5—15 

10.5—31.5 

Metres 
1700—570 
580—194 
180—57 
60—20 
28—9.5 

leave it isolated as desired, and the writer found 
that this facility helped in reducing some kinds of 
background noise. The switch is mounted near 
the aerial socket to avoid the long wiring which 
would be necessary for a panel switch. If a vertical 
rod aerial is employed, the switch should be closed 
to connect the earthy end of the coupling coil to 
chassis. 

Construction 
The receiver is built on a chassis of either 18 

or 16 s.w.g. aluminium sheet cut and bent to the 
dimensions shown in Fig. 3. The panel can be 
either of wood or aluminium, as there will be 
no hand-capacitance effects due to the metal 
construction of the variable capacitors. The 
layout of the various controls is shown in the 
views of Figs. 3, 4 and 5, and it will be seen that a 
pleasing symnjetrical layout can be achieved. 

The chassis layout is not unduly critical, and 
small adjustments of component positioning can 
be made without affecting the performance of the 
receiver. When all holes have been cut the various 
components can be mounted. The bases for the 
coil screening cans are cut and mounted according 
to the instructions contained in the cans and sent 
with each coil. The coils appear above the chassis 
and their screens are fitted after they have been 
plugged in. One point requires mention and that 
is in connection with the three variable jcapacitors. 
Clearance holes must be drilled in the front panel 
to allow the epicyclic drives to protrude. When 
mounting these it is important that the plates 
on which the pointers are fixed to the drives clear 
the front panel sufficiently to allow the pointers 
freedom of movement. 

Wiring is perfectly straightforward and deserves 
no special mention other than that all wires con- 
nected with the r.f. and detector circuits should be 
routed by the shortest possible way. Screened 
lead is used for the grid circuit of V3. 

Controls 
When the front panel has been fixed in position, 

the cursors, or pointers, for the three variable 
capacitors can be made and mounted. In the 
writer's receiver these are cut from celluloid or 
Perspex approximately -fein thick. Before mounting, 

Transparent cursors 

vc vc3'4 
Bandspread 

vc 
Reaction Bandset 

O 

VR VR VR 
Tone Volume RF Gam 

Pilot lamp Fig. 5. The layout of the front panel Rhone jack 
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a line is scored along the centre of each with a 
needle or compass point. Coloured ink is then 
run into this groove and the surplus wiped quickly 
away, leaving a neat hair-line. Scales can be marked 
on stiff white paper in any suitable units and 
mounted behind the cursors. (A particularly 
attractive appearance is given by using scales 
taken from the Panel-Signs Set No. 6, available 
from Data Publications Ltd.—Editor.) Two 
chromium plated handles, as are used on professional 
communications equipment, were finally added to 
the writer's set, giving the receiver a "finished" 
look. 

Testing 
When the receiver is completed and the wiring 

has been carefully checked, a speaker or a pair 
of high resistance phones should'be plugged into 
the appropriate sockets. (The set should not be 
switched on without either one or the other con- 
nected). A resistance reading is taken to ensure 
that there are no h.t. short-circuits, and a suitable 
power supply is connected and switched on. The 
r.f. and a.f. gain controls are next set to maximum 
and the reaction capacitor for minimum capacitance. 
A suitable aerial is connected and the reaction 
control advanced slowly until the detector oscillates. 
This will be heard as a "rushing" noise in the 

speaker or phones. The control is backed off 
slightly until this noise just ceases, whereupon the 
detector will be at its most sensitive. Stations 
should be tuned in quite easily by adjusting the 
handset and bandspread capacitors, slight re- 
adjustments of reaction being made as necessary 
for maximum sensitivity. The setting of the reaction 
control tends to be fairly critical on the higher 
frequency bands, but less so at lower frequencies. 
The cores and trimmers can then be adjusted for 
maximum performance, adjusting the trimmers 
at the high frequency end and the cores at the 
low frequency end of each band covered. 

For very strong signals, the r.f. gain control 
can be "backed off" to avoid overloading the detector 
stage. As mentioned previously, the top-cut control 
will help to eliminate certain kinds of background 
noise, and it also assists in the reception of c.w. 
signals. The latter are, of course, received with 
the detector just oscillating. 

The writer hopes that the "Zephyr" will give as 
much pleasure to intending constructors as it 
has to him. When conditions are right and a good 
aerial is used, Dx reception is easily obtained. 
Broadcast and amateur stations have been heard 
from many countries, often at excellent loudspeaker 
strength. When the building cost is compared 
with that of a superhet, a very favourable compari- 
son can be made on the side of the "Zephyr". 

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. 

Eddystone S640.—D. Watts, 52 Edgell Road, 
Staines, Middx—manual or any information. 

* * * 

Test Set Type 74A Oscilloscope.—P. Moat, 30 
Prospect Place, Newcastle-on-Tyne, 4—any informa- 
tion. 

* * , * 

Hallicrafters S38B Receivers.—B. G. Jackson, 73 
Park Avenue, Chadderton, Oldham, Lanes—loan 
of circuit. 

* * * 

BC312M Receiver.—R. Wilson, 11 Sulgrave Close, 
Liverpool, 16—manual, circuit or modifications. 

Wanted.—R. K. Lloyd, P.O. Box 1164, Lusaka, 
Zambia, Central Africa—circuit for transistorised 
burglar alarm, extra capacity type (relay operated 
when person approaches). Also manual for T1154N 
transmitter. * * * 

R1392 VHF Receiver—F. H. Ladd, 4 Wellington 
Close, Melbourne Park, Chelmsford, Essex— 
circuit diagram or any information. 

* * * 
Transistorised Transmitter.—D. R. Coppen, 45 
Vine Street, Romford, Essex, is interested in con- 
structing such a unit for phone and c.w. operation 
on the 160 metre amateur band, can any reader 
suppy a circuit? 
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An "ECONOMY" 

Capacitance Bridge 

SUGGESTED CIRCUIT No. 171 By G. A. FRENCH 

ONE OF THE MORE USEFUL TOOLS 
in the amateur workshop is 
a capacitance bridge. Un- 

fortunately, however, such a bridge 
is normally required at infrequent 
intervals only, with the result that 
the constructor faces a dilemma 
having two conflicting solutions. 
For best results a capacitance 
bridge requires a relatively large 
number of components, and these 
may entail a heavy expenditure 
of cash on their purchase. At the 
same time, the fact that such a 
bridge is only used occasionally 
makes it desirable to keep cost to a 
minimum. 

This month's circuit offers a 
solution to both these requirements, 
and it does this by obviating the 
balance indicator circuit and its 
components altogether. The in- 
strument then comprises only an 
oscillator, a buffer stage, and the 
bridge itself. The balance indicating 
device with which the instrument 
works may be any medium wave 
superhet radio receiver having a 
tuning indicator. As judged by 
results with a prototype, an overall 
range of less than 3pF up to 0.01 u-F 
is quite feasible, and this should 
meet almost all situations likely to 
be encountered by the amateur. 
An incidental advantage is that one 
of the best terminals is at chassis 
potential, whereupon it becomes 
possible to measure capacitors and 
stray capacitances in situ (provided, 
of course, that any parallel im- 
pedances which may exist are 
disconnected). 

Design Approach 
In the writer's experience, the 

capacitance values which require 
measurement very much more fre- 

quently than any others lie in the 
range below 0.01 u.F. This covers 
practically all the silver-mica and 
ceramic components which are likely 
to be suspect, or whose markings are 
ambiguous or have become rubbed 
off. Capacitance measurements 
above 0.01 nF are very rarely re- 
quired, as capacitors having such 
values are usually reliably marked 
and, when faulty, display such 
obvious symptoms as leakiness, 
short-circuit or open-circuit. In 
consequence, the writer felt that a 
safe approach for the present design 
would be to aim at an instrument 
offering readings from some 3pF to 
0.01 nF. 

If a bridge is to measure capaci- 
tance values around 3pF, the bridge 
energising frequency becomes im- 
portant. The 50 c/s mains supply 
does not represent an attractive 
choice here, because the reactance 
of a 3pF capacitor at this frequency 
is greater than 1,000Mil. It would 
be unwise, to say the least, to 
expect a low-cost instrument to 
measure reactances as high as this. 
A much higher energising frequency 
is required, and this entails the use 
of an oscillator. 

Once again, the question of cost 
takes over, and it would obviously 
be preferable to employ a tran- 
sistorised oscillator running from a 
9-volt battery than a valve oscillator 
with all its attendant encumbrances 
of mains transformer, h.t. rectifier 
and smoothing circuit. The only 
disadvantage with a transistor oscil- 
lator is that, with simple circuitry, 
its voltage output will be markedly 
lower than that given by a valve 
oscillator, with the result that a 
higher sensitivity is required of the 
null indicating device. 

In the circuit described here, the 
instrument has no null indicating 
device at all! Instead, the output 
from the bridge is applied, at any 
frequency in the medium wave 
band, to any medium wave superhet 
receiver fitted with a tuning indicator. 
Balance settings are then obtained 
by observing the tuning indicator 
display. Since the receiver will 
offer a considerable degree of 
gain, the bridge can then function 
at low energising voltages and there 
is no necessity to obtain a high 
output voltage from the oscillator. 
The writer considers that this 
approach offers a very good com- 
promise between cost and per- 
formance, since almost every amateur 
workshop will possess a medium 
wave superhet receiver which can 
be pressed into service for occasional 
capacitance measurements. Even if 
the receiver is not fitted with a 
tuning indicator, such an indicator 
can usually be added without too 
much trouble. A tuning indicator 
is, of course, merely a device which 
offers a measure of signal strength. 
With valve receivers, all that would 
be needed is a meter in series with, 
say, the anode of an a.g.c. controlled 
valve, or even a voltmeter temporar- 
ily clipped between chassis and the 
screen-grid or cathode of such a 
valve. The addition of a signal 
strength meter to a transistor radio 
may usually be accomplished by 
connecting a voltmeter between 
the positive supply rail and the 
emitter of an a.g.c.-controlled tran- 
sistor, or between the positive 
supply rail and the a.g.c. line 
itself. Most transistor receivers 
have a car aerial input socket, to 
which the output from the bridge 
may be connected. 
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The writer had hoped initially 
to employ a medium wave receiver 
to give audible results, the oscillator 
frequency being made to beat with 
that of a local station and the 
bridge being adjusted for minimum 
beat note from the loudspeaker. 
Unfortunately, the masking effects 
of a.g.c. in the receiver made the 
null point considerably less obvious 
than occurred with a visual tuning 
indicator and the idea was aban- 
doned. 

Since the oscillator is intended to 
feed a bridge circuit which will 
offer varying capacitive impedances, 
it is necessary to insert a buffer stage 
between the two. Otherwise, adjust- 
mets in the bridge may affect the 
frequency of oscillation and give 
misleading results. A simple emitter- 
follower stage functions adequately 
here. 

The Circuit 
The circuit of the capacitance 

bridge unit appears in Fig. 1. 
In this diagram TRi is the oscillator, 
the tuned circuit being given by 
Ci and Li. Li is the tuned winding 
of an Osmor medium wave coil 
type QHF8, and it couples to TRi 
collector via C3. The coupling 
winding of the coil, L2, connects 
to the etnitter of TRi via C4 and 
R3, thereby providing the necessary 
feedback for oscillation to take 
place. The components C4 and 
R3 assist in maintaining oscillator 
amplitude at a reasonably constant 
level over the tuning range, as also 
does Cg which, it will be noted, 
has the somewhat low value of 
l,500pF. Ci is a variable capacitor 
having a maximum value around 
500pF, and it tunes the oscillator 
circuit over the medium wave band. 

Oscillator output is taken, via 
C5, from the coupling winding L2, 
and is applied to the base of TR2. 
TR2 functions as an emitter-follower 
buffer stage, whose function is to 
prevent oscillator detuning due to 
varying capacitances in the bridge, 
and the r.f. voltage appears across 
its emitter resistor, Rj. This voltage 
is fed to the bridge. 

The particular bridge circuit shown 
in Fig. 1 has two equal-value 
resistors, R9 and Rio, in the upper 
arms. Balance then occurs when 
C7 is equal to the capacitance 
connected to the test terminals. 
If C7 is a two-gang 500+500pF 
capacitor with both sections in 
parallel, the bridge becomes capable 
of measuring up to l,000pF maxi- 
mum. Variations to the bridge 
circuit are dealt with later. 

It will be noted that a small 
direct voltage, due to the voltage 
dropped across Rg, appears across 
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R4 
T 47kn 
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C4 
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Fig. 1. The circuit of the capacitance measuring instrument. The bridge 
circuit proper (Rg, R^, C7 and the "test terminals") is that initially employed 

in the prototype 

the test terminals. This voltage does 
not affect the performance of the 
bridge at r.f., and no damage can 
result if the test terminals are 
accidentally short-circuited. 

Neither output terminal of the 
bridge is at chassis potential and 
these are, in consequence, coupled 
to an r.f. isolating transformer, 
L3, L4. This transformer is a second 
Osmor QHF8 coil, the bridge 
connecting to what, in normal 
service, would be the tuned winding. 
The coupling winding then couples 
the bridge output to the aerial and 
earth terminals of the associated 
medium wave receiver via screened 
coaxial cable. Heavy damping is 
provided by Ru to prevent the 
possibility of undesirable resonance1- 
in L4 in conjunction with the 
receiver aerial input circuit, and 
one side of L4 is at chassis potential. 

To take a capacitance measure- 
ment, the unit is coupled to the 
medium wave receiver and the 
latter tuned to any convenient 
point on the medium waveband 
where there are no powerful trans- 
mitted signals. Tuning capacitor Q 
is then adjusted so that TRi oscil- 
lates at the same frequency, the 
adjustment being made for maximum 
deflection in the tuning indicator. 
The unknown capacitor is connected 
across the test terminals and C7 
adjusted for minimum deflection 
of the tuning indicator (i.e. minimum 
signal input). This is the null or 

balance point, and the value of the 
unknown capacitor may then be 
read from a scale fitted to C7. 

If the measurement is made 
during the evening or at night it 
will probably be helpful to turn 
down the receiver volume level 
and work with the tuning indicator 
on its own. This is because it will 
be difficult at such times to find 
a point on the receiver dial which 
is entirely free of received signals 
and, if these break through, their 
heterodynes with the bridge signal 
may prove distracting; It may even 
be found that heterodynes with 
weak signals increase as the null 
point is approached, this being due 
to the reduction of a.g.c. voltage 
as the output from the bridge 
decreases. 

Components 
A few details need to be given 

with regard to the components 
employed. 

Ci can be any inexpensive single- 
gang variable capacitor having a 
maximum value around 500pF. 
A solid dielectric component should 
be quite adequate here. It does not 
require a slow motion drive as 
any final fine tuning that is needed 
may be carried out by the receiver 
tuning control. 

The value of Q is rather critical. 
If this value is too high, the oscillator 
may squeg over part of the band 
(evident as a loud hissing noise 
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position 3 - 300 to lOOOOpF 

Fig. 2. A suggested bridge circuit which enables measurements to be made 
from less than 3pF to 10,000pF. The resistors should be 5% types or better, 
according to the degree of agreement required between the ranges covered 
by C7. The trimmer shown in dotted line may be helpful if there is a wide 
unbalance in stray capacitances to chassis at the output terminals of the 

bridge 

from the receiver) and if the value 
is too low oscillator output may 
drop at the low frequency end of 
the band. Should either of these 
eventualities occur, the value of 
Cg should be adjusted accordingly. 

The resistors in the oscillator 
circuit, Ri to R5, should, preferably, 
have a tolerance of 10% or better. 
Re, R?, Rs and Rn may be 20% 
types. 

The coils employed have adjust- 
able dust cores. For the present 
application, these cores may be 
set so that their upper edges are 
level with the upper ends of the coil 
formers. 

The Bridge Circuit 
The bridge circuit shown in Fig. 1 

was that employed initially by 
the writer to check that the unit 
was capable of functioning adequate- 
ly in practice. As was just stated, 
balance is obtained when C7 is 
equal to the test (i.e. the "unknown") 
capacitance. The prototype employ- 
ed a 500 | 500pF two-gang tuning 
capacitor for C7 with both sections 
in parallel, giving a total maximum 
capacitance of 1,000pF. The use of . 
a tuning capacitor has the advantage 
that, due to its capacitance/rotation 
"law", the lower capacitance end 
of the range is expanded. 

Using the Fig. 1 circuit it was 
found that the amount of capacitor 
rotation needed in C7 for balance 
between test capacitances of zero 
and 5pF was very small, although 
the shift in C7 position was still 

quite definite. R9 was then replaced 
by a 4700 resistor, which would 
result in the maximum test capaci- 
tance capable of measurement being 
lOOpF. This change resulted in a 
considerable expansion at the lower 
capacitance end of the scale, the 
rotation required in C7 for zero 
to 3pF test capacitance being about 
5 degrees. A lOpF test capacitance 
corresponded to a rotation in C7 
of some 12 degrees. Even a test 
capacitance value as low as 1.5pF 
resulted in a discemable rotation 
in C7 of several degrees. 

To check that the bridge could 
read up to 0.01 u.F, R9 was restored 
to 4.7kO and Rio replaced by a 
470a resistor. Test capacitance 
readings up to 0.01 (iF were then 
found to be possible. 

The two output terminals of 
the bridge have stray capacitances 
to chassis, these consisting mainly 
of the stray capacitances between 
L3 and L4. It was found that, by 
connecting the bridge output ter- 
minals to coil tags 3 and 4 in the 
manner shown in Fig. 1, it was 
possible for C7 to just "pass through" 
a position corresponding to zero 
capacitance across the test terminals; 
whereas, if the connections to L3 
were reversed, C7 could only ap- 
proach, but not reach, a position 
corresponding to zero test capaci- 
tance. Obviously, tag 3 of the 
particular coil employed by the 
writer offered a higher stray capaci- 
tance to chassis than did tag 4. 
If, in units made up to this circuit, 

C7 cannot "pass through" a position 
corresponding to zero test capaci- 
tance, the effect of reversing the 
connections to the tags of L3 should 
be tried. 

Because of the unbalance of 
stray capacitances across the output 
terminals of the bridge, the setting 
of C7 corresponding to zero test 
capacitance shifts when the value 
of R9 or Rio is changed. This 
effect can be a little irritating if the 
shift is large because part of the 
useful scale on a low capacitance 
range becomes "lost". The effect 
could be nullified by connecting a 
small trimmer across the test ter- 
minals and setting this up so that, 
on a low capacitance range, the 
setting of C7 which corresponds to 
zero test capacitance is very near 
its own minimum capacitance. 

All these points are taken up 
in the suggested bridge circuit 
shown in Fig. 2. In this diagram 
the range switch connects a 4700 
resistor in the R9 position when 
set to Range 1, giving a total range 
of less than 3pF up to lOOpF. 
When set to Range 2, both R9 
and Rio are 4.7kO, giving a range 
from 30 to l,000pF. On Range 3 
a 4700 resistor appears in the Rio 
position, giving a range of 300 to 
10,000pF. Fig. 2 also shows, in 
dotted line, the trimmer connected 
across the test terminal. If fitted, 
this is set up, as just described, on 
Range 1. 

The calibration of C7 will be 
non-linear and will need to be 
carried out by measuring known 
values of test capacitances. Ideally, 
a single scale should cope for all 
three ranges, as the range switch 
in Fig. 2 causes multiplication by 
ten. In practice, however, a single 
scale will necessitate very careful 
attention to resistor tolerance, wiring 
layout and stray capacitances, and 
it may well prove easier to calibrate 
three separate scales. 

It should be pointed out that 
many constructors may prefer al- 
ternative bridge networks to that 
shown in Fig. 2, these having a 
variable resistance arm instead of 
a variable capacitance arm. A 
wide field of experiment is open 
here, and there is, of course, no 
reason why such alternative circuits 
should not be employed. 

The stray capacitances to chassis 
resulting from the use of the r.f. 
transformer, L3, L4, have already 
been referred to. It is feasible that 
unbalanced stray inductive reactances 
to chassis may also be offered 
by this coil, whereupon these could 
cause different settings in C7 at 
different operating frequencies. Such 
an effect was not noticeable in the 
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prototype, and it could, in any 
case, be guarded against by using 
roughly the same operating frequency 
for all tests, choosing a frequency 
which is most convenient under 
local reception conditions. 

To obtain optimum sharpness 
of balance there should be a minimum 
of random r.f. coupling between 
the components on the left hand 
side of the vertical dashed line 
in Fig. 1 and those on the right. 
For best results, the components 
to the left of the dashed line should 
be fitted in a screened compartment. 

If this is not done, great care should 
be taken to keep random couplings 
(especially between the two QHF8 
coils) to a minimum by means of 
a suitable layout; also, the receiver 
should be at least three feet away 
from the oscillator section. 

The wiring in the bridge circuit 
proper should be well-spaced and 
clear of chassis. The circuit used 
by the writer has the slight advantage 
that the moving vanes of C7 are at 
chassis potential and so there are no 
problems of excessive stray capaci- 
tance to chassis with this component. 

Results With The Prototype 
The prototype circuit was checked 

out with a conventional medium 
wave valve superhet receiver at 
various points on the medium wave 
range. Final checks were made 
at around 360 metres, which suited 
local conditions adequately. The 
results obtained were those which 
have been already described. 

The current drawn by the proto- 
type bridge unit was 1.8mA at 9 
volts. 

Unusual Loudspeaker Enclosure 

By F. WALKER 

Much of the work done with high fidelity reproducing systems has, in 
the end, to be evaluated by subjunctive reactions in the listener. In 
consequence, it is not impossible to obtain surprisingly good results by 
using entirely empirical methods of design. This is the approach 
employed by the writer of the present article, who describes an enclo- 
sure based on "infinite baffle" principles but having a semi-flexible 
rear wall. The design is presented here as a project for the experi- 
menter, and it has the advantages that the materials needed for its 

construction are readily available at low cost 

The loudspeaker enclosure to be described 
uses to beneficial ends the inherent defect in 
most low-cost enclosures, i.e. resonance or 

"boom". Indeed, one might say that in this enclo- 
sure the resonator acts as a second radiator of 
sound, quite apart from the main bass speaker 
itself. 

The enclosure started life--four years ago as a 
simple bass reflex type in which a slot or vent was 
utilised to increase efficiency at bass frequencies. 
Unfortunately it was found that, unless the enclo- 
sure was big enough, resonance tended to occur at 
about 100 c/s or so. 

Improving Matters 
The author set about to improve matters. First 

of all the cabinet back was removed and the port 
blocked with a piece of hardboard; the back was 
then replaced and the quality of reproduction noted. 
With the port blocked, the thumpiness in the repro- 
duction had gone. So had most of the bass. 

The back was then removed altogether to see if 
some of the missing bass could be retrieved. This 
was achieved but only, however, to a limited extent. 
Actually, the enclosure now was working as a simple 
baffie, there being no restriction of sound from the 
rear of the speaker. 

It was at this point that the great idea was hit 
upon. The author at that time was using a lOin 
common-or-garden 3Q loudspeaker mounted in an 
old cardboard box for testing purposes in the work- 

shop, and it was noted with surprise that the quality 
of bass reproduction was alarmingly good with 
quite ordinary domestic radio sets. Apparently, this 
unexpected manifestation had something to do with 
the cardboard in which the speaker was mounted. 

After a great deal of thought and consideration, 
it was decided that the enclosure at home should 
have a piece of cardboard attached to it, and the 
best position seemed to be in place of the missing 
back. 

Various cardboard backs were tried, and it was 
found that a thin piece, comprising a corrugated 
section sandwiched between two almost paper-thin 
sheets, the whole being iin thick, gave the best 
really low-frequency bass reproduction. It should 
be mentioned here that it is important that no air 
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Fig. 1. The crossover network employed by the author. 
The inductor is the 3fl secondary of a small output 
transformer, whilst the capacitor is a SOu.F reversible 

(i.e. non-polarised) electrolytic component 
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Fig. 2. Dimensions of the front, top, sides and bottom 
of the enclosure. The back, which is discussed in the 

text, has the same dimensions as the front baffle 

leaks are allowed to interfere with the operation of 
this type of enclosure, since the cardboard back is 
"damped" by the air contained within the cabinet. 

The enclosure seems to be directional both at 
high and low frequencies, but strangely enough more 
bass is audible when the listener stands in front of 
the enclosure than behind it. This effect is most 
certainly beneficial; also the bass reproduction is 
better when the enclosure is used in a large room, 
and it is at its best when used "free-standing" in a 
large hall. Readers who play electronic guitars, 
especially bass guitars, may do well to remember 
this point. 

High Frequency Reproduction 
The bass side of the sound reproduction has been 

dealt with, and it is now the turn of the high notes. 
In the author's enclosure two tweeters are employed 
to give a spread to the radiated sound, since all 
high-note speakers are inherently directional. 

Proper 4in solid-back tweeters must be used; 

small speakers as employed in domestic portable 
radio sets will not do, because high bass pressures 
are developed inside the enclosure. These make 
ordinary small speakers rattle, competely spoiling 
the quality. The author used Richard Allan tweeters 
type 410T. 

Crossover Network 
A suitable crossover network which has been 

devised by the author is shown in Fig. 1. In this 
diagram the two tweeters are connected in series 
across a choke which consists, in practice, of the 3f2 
secondary of a small output transformer. The 
capacitor is a SOaF reversible electrolytic component 
having a working voltage of 12. It has been found 
that this circuit gives very good results in practice, 
with a smooth response at and about the crossover 
frequency. 

The wiring should be such that all loudspeakers 
are in phase. 

Loudspeakers 
The impedance presented by the complete loud- 

speaker system raises a question, but it has to be 
remembered that the impedance of an ordinary 
loudspeaker, free-standing without baffle, varies 
considerably from its nominal figure over the audio 
frequency range. 

With the present design it has been found that 
good results are given by employing 3ft speakers, 
and coupling the assembly to the 3ft output of the 
amplifier. It is felt that the impedance variation 
over the range of frequencies handled is no better 

T 

The attractive appearance of the enclosure constructed 
by the author 
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or worse than a number of commercial designs. 
The loudspeakers incorporated are not critical as 

to manufacture provided that units of reasonable 
quality are used. The author has checked this point 
with a number of alternative types. So far as the 
bass speaker is concerned, a 10 or 12in unit of good 
quality should suffice. The tweeters may be the 
Richard Allan type mentioned above, or similar 
units. 

Construction 
Chipboard or "Weyrock" Jin thick is used to 

make the main part of the enclosure, the outside 
dimensions being 50 by 20 by 11 ^in. So the pieces 
required are: 

1-off 50 by 20in 
2-off 48^ by 10Jin 
2-off 20 by 10 Jin. 

An exploded diagram can be seen in Fig. 2. 
Having obtained the pieces, cut out the speaker 

holes, remembering to leave at least Jin from the 
sides where the tweeters fit. The actual position of 
the speakers is not critical; the bass speaker can be 
mounted right in the centre of the baffle and the 
tweeters right at the top of the enclosure and almost 
up against the sides. 

The whole box is fastened together with 2in panel 
pins (use plenty, spaced about lin apart) so no fancy 
woodworking techniques are required. When the 
job has been put together, including speakers and 

cardboard back, test it by connecting it to an 
amplifier handling a suitable programme. 

Once tested, any "frills" that are desired can be 
added to the enclosure. The author's version is 
shown in the photograph. This is covered in dark 
blue rexine with an expanded gold speaker fret 
covering almost all the front, and with four black 
and gold contemporary legs 6in long. Three-quarter 
round beading is fastened all round the front. If the 
constructor uses expanded fret, cover all the baffle 
with thin felt first (cutting out the speaker holes, of 
course) or rattles will be evident in operation. 

The enclosure lends scope to amateur cabinet 
makers who may want to make a really attractive 
item of furniture, but for less well equipped and 
less knowldgeable builders the rexine is probably 
the best for giving a reasonable appearance. When 
using rexine, all dents and small holes must be filled 
in, otherwise they will show through the covering. 
Any putty-like material can be used for filling such 
as plastic wood or cellulose filler. 

The cardboard back, which has already been dis- 
cussed, is affixed to the cabinet with a large number 
of Jin tacks (spacing 2in). This large number must 
be used to give an effective air seal, and also to 
ensure that no looseness gives sympathetic vibration. 
Be very careful during construction to see that 
everything is firmly fixed, that no loose pieces of 
glue or nails are left inside, and that no wires can 
touch the back. 

Hammarlund HQ145AX OFFERS CONTINUOUS VFO 

540 kc/s to 30.0 Mcjs PLUS 11 CRYSTAL 

CONTROLLED CHANNELS 

Amateurs or SWLs desiring the precision of crystal controlled reception in a moderately priced communications 
receiver will welcome Hammarlund's newest modification to the HQ145A .. . the HQ145AX. In addition to the super- 
lative performance characteristics of the A model, the HQ145AX offers a choice of 11 crystal controlled channels selectable 
from the front panel for any frequency in the receiver's tuning range of 540 kc/s to 30.0 Mc/s. 

General specifications of the new HQ145AX 
are: 540 kc/s to 30 Mc/s tuning in four bands; cali- 
brated electrical bandspread on 80, 40, 20, 15, and 
10 metre amateur bands; dual conversion above 10.0 
Mc/s; six position crystal filter plus adjustable slot 
filter with up to 60dB attenuation; adjustable, high 
stability b.f.o. for s.s.b. and c.w.: 1 microvolt 
sensitivity gives 10:1 signal to noise ratio. 

For complete details and specifications on the 
HQ145AX write to Hammarlund Manufacturing 
Company, A. Gianinni Scientific Co., 73-88 
Hammarlund Drive, Mars Hill, North Carolina. 
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NEWS 

rTTTTTTTTTT 

AND 

COMMENT 

How wrong can you be? 
Often, at this time of the year, 

we have quoted from the Annual 
Forecast sent out by Hugo Gemsback, 
the well-known American scientific 
publisher. In the foreword to his 
booklet for 1965, under the same 
title as our heading, he uses a radio 
example which may not be known 
to some of our readers. 

"It seems that when the great 
inventor William Marconi first 
thought of transmitting a radio 
signal from England to America 
in 1901 he felt he should ask first 
the greatest authority and scientist 
of his day, the illustrious Heinrich 
Hertz, what his ideas were. 

"Remember, Marconi was not a 
theoretical scientist, but only an 
experimenter and technician. 

"Now what do you think Hertz 
counselled? Said he: The scheme 
is not practical; it would require 
huge mirrors the size of a continent.' 

"In other words, the discoverer of 
the Hertzian waves had no confidence 
whatsoever that electro-magnetic 
waves could be projected over the 
horizon; he gave Marconi a totally 
erroneous picture of what is today a 
routine experience all over the world. 

"Fortunately, Marconi did not 
believe Hertz and went ahead with 
his own hunch, which proved correct. 

"Nowadays, radio amateurs can 
send messages to the Antipodes with 
only a few dry cells and a small 
aerial; in other words, microscopic 
radio energy easily travels around the 
world. 

"Experts, you will note, cannot 
always be trusted. Usually, and all 
too often, they are proved wrong 
by history. The theoretical expert 
is all too frequently immersed in 
tradition. When it comes to some- 
thing that is revolutionary and new 
he is apt to be wrong." 

New Edition 
We feel that a few comments on 

the latest edition, the ninth, of 
our Data Book The Radio Amateur 
Operator's Handbook, will be of 
interest. 

This new edition has been en- 
larged by including, with the per- 
mission of the Postmaster General, 
the Post Office regulations concerning 
Amateur Licences. The types of 

licence and how to qualify for 
them, together with the numerous 
conditions under which a licensed 
amateur is allowed to operate his 
own radio station are set out. 
The conditions include, of course, 
the regulations on such matters as 
frequency tolerances, frequency 
bands, classes of emission and the 
powers of the Post Office in a 
National Emergency. Details of 
the morse test and the full syllabus 
for Parts 1 & 2 of the City and 
Guilds Radio Amateur Examination, 
are also given. 

All the other essential information 
for radio amateurs included in 
previous editions, such as Amateur 
Prefixes, has been revised and 
brought up to date. There can be 
few books of 64 pages priced 
at only 5s., which are so packed 
with relevant essential information, 
and there is no doubt that this 
standard reference book will be 
more popular than ever. 

Death of Radio Pioneer 
Older readers, in particular, will 

have been saddened by the news 
of the death, in December, of 
C. S. Franklin, often referred to 
as "The Father of modem radio 
telecommunications" and one of 
the greatest pioneers after Marconi 
himself. 

His quiet persistence and stubborn 
refusal to accept face values led 
to the largest single contribution 
to modern telecommunications that 
this country has ever known. 

In 1899 he joined Marconi's 
and almost immediately left for 
South Africa and the Boer War 
to help introduce wireless to the 
battlefield. His first close contact 
with Marconi himself came in 
1902 when the two of them sailed 
across the Atlantic in the Philadelphia, 
successfully receiving transmissions 
from Poldhu in Cornwall, at ranges 
of up to 1,550 miles. Then followed 
two years of demonstrating radio 
equipment in Russia. On return 
to this country he began a long 
personal association with Marconi, 
the two of them often working late 
into the night on experimental 
ideas. During the eight years from 
1908-16 much of their work was 
done in the isolation of the wireless 

stations dotted around our coasts 
and it was in this period that Frank- 
lin was at his happiest. 

In 1916 Franklin and Marconi 
started their first experiments into 
short-wave communications, Frank- 
lin designing a special spark trans- 
mitter operating in compressed air. 
Some highly promising results were 
obtained from these initial experi- 
ments and they eventually led to 
the first beamed short wave system 
in the world. This was the greatest 
breakthrough in radio communica- 
tions since the spanning of the 
Atlantic in 1901 and the forerunner 
of all today's complex communica- 
tions facilities. In fact, some of 
Franklin's designs are still in use 
providing h.f. communications to 
this day. 

Sixty-five patents stand to Frank- 
lin's credit including the variable 
capacitor, the ganged capacitor, 
the reaction circuit and the con- 
centric feeder. This last invention 
is widely used today in practically 
every household possessing a tele- 
vision set. 

He was known and respected 
by all the early followers of wireless 
and his death is a great loss to all 
those who were concerned with the 
early development of the radio 
industry. 

Political Broadcasts 
Following our comments in the 

November issue, we were intrigued 
to learn that during the hearing of 
the action by the Communist 
candidate in the constituency of 
Sir Alec Douglas-Home, to unseat 
Sir Douglas, the Presiding Judge, 
Lord Migdale, laughed loudly after 
hearing that the reason for the high 
ratings of party political broadcasts 
on television was that they were 
shown simultaneously on both net- 
works, thus giving the audiences no 
choice. 

Tailpiece 
Two astronauts who landed on 

the moon were busy fixing up their 
radio equipment when one com- 
mented—"Say, old man, where do 
we fix this wire marked 'earth'?". 
From Radial, the monthly journal of 
the Radio Amateur Invalid Bed- 
fast Club. 
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Making Service 
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By JOHN T. BENSON, F.T.S. 

Our contributor, who has had more than thirty years' experience of 
radio and television servicing, passes on some common-sense advice 

which will be of value in any radio repair workshop 

The operating theatre of the 
service engineer is his work- 
shop, and if he is going to turn 

out profitable work it must be 
adequately equipped. For those 
with properly laid out workshops 
this article will have no interest, but 
for others it may supply useful ideas 
for improving their present condi- 
tions and so increase their efficiency. 

Lighting 
Wherever possible, daylight is still 

best and a north light best of all. 
If this is not possible, then each 
bench or cubicle should be equipped 
with good overhead lighting and at 
least one lamp of the angle-poise 
type. Fluorescent lighting is not 
advisable as the writer has found 
that the stroboscopic effect on both 
tools and work in hand is exceedingly 
annoying, and that it often produces 
severe eyestrain followed by head- 
aches. This effect can be overcome 
where a 3-phase supply is available 
and 3-phase fluorescent lamps are 
employed. A focusing type torch 
should be available for working in 
very difficult comers. 

Heating 
There is nothing worse than trying 

to locate a particularly sticky fault 
when one is frozen stiff, so no matter 
what type of heating is used—gas, 
electricity, coal or oil—see that the 
workshop temperature is kept up to 
a comfortable level. This is also 
necessary from a receiver working 

point of view, as there are a number 
of faults which do not occur until a 
certain temperature is reached. 

Floor Covering 
General cleanliness is a must in a 

workshop and I have found that 
good plain lino takes a lot of beating 
from all points of view, a fairly light 
colour facilitating the finding of 
dropped screws. In my workshops 
it has been the daily job of the most 
junior apprentice to keep the floor 
swept clean. 

Interior Decoration 
In these days of washable papers 

and plastic paints there is infinite 
choice for interior decoration. The 
main requirement is that walls and 
ceiling should reflect as much light 
as possible without being "cold". 
If an engineer feels "at home" in his 
workshop, he will work all the 
better. The large valve wall-charts 
displayed in advantageous positions 
save a lot of time looking up pin 
connections in manuals. (Pin-ups 
will also appear from time to time 
. . . they help to keep the co-efficient 
of humour adjusted!)* 

Benches and Seating 
Television receivers can be of 

considerable weight. The early 
receivers (1936-1949) were very 
heavy, the average table model 
weighing 1001b or more. Although 

♦ Smithy, please note! EDITOR 

modem receivers are only half this 
weight, or less, a bench made from 
a converted kitchen table with 
rickety legs is still of little use. 
Benches should be of solid construc- 
tion and free from shakes. The top 
should be plain and covered with 
lino or similar material, fixed with a 
suitable adhesive. Tin-tacks or nails 
of any description should not be 
used as they constitute danger points 
for flash-over from the high voltages 
encountered in television receivers. 
A drawer provided in each bench is 
essential for the engineer to store his 
own personal kit. The front of the 
bench should be free from obtru- 
sions. The back can accommodate 
a tool rack surmounted by a shelf, 
on which instruments can be placed 
whilst being used with a receiver on 
the bench. In my workshops I 
provide large rubber mats on the 
bench tops, and they save many 
scratches on receivers which are 
repaired whilst still in the cabinet. 

At one end of the bench a small 
square of asbestos board provides a 
good resting place for the odd job 
requiring an application of heat or 
the occasional heavy duty soldering 
iron. Each bench should be provided 
with a distribution board panel 
fitted with each type of outlet socket 
common to the district (and these 
vary enormously!). A variable 
voltage a.c. supply is a great time 
saver, but is not an essential. Also 
on the bench, in the most accessible 
place, should be positioned sockets 
which provide a high and low 
impedence coupling to a baffle- 
mounted p.m. speaker. Benches 
constructed in this manner become 
plug-in units and can be moved very 
easily for cleaning purposes. 

Aerial connections have not been 
forgotten, but I prefer these to be 
near the bench, and not part of it. 
The reason for this is that it has been 
found that unwanted coupling effects 
can occur when permanent signal 
sources are too close to tool racks, 
etc. In my workshops the coaxial 
outlets from the aerial systems are 
placed on the wall near the bench, 
double-ended coaxial leads being 
used for connection to them. 

Most of the engineer's bench work 
can be carried out in a sitting posi- 
tion. Comfort at work is essential 
for efficiency. High wooden topped 
stools are ideal, although I favoured 
an organ-type stool as it permitted 
more movement. The height of the 
benches should be adjusted so that 
when a person of average height 
(5ft Sin) is seated, the bench top 
should come below his elbow when 
his arm is bent. This facilitates the 
placing of a receiver on the bench 
with the least amount of effort. 
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Soak-Test Bench 
The soak-test bench can be of the 

single or double deck type, and it 
should be placed so that the engineer 
can keep an eye on his completed 
(he hopes) jobs. A time test after 
completion is most necessary and 
eliminates many expensive return 
journeys and disappointed clients. 

Vacuum Cleaner System 
I judge a vacuum cleaning system 

to be another of the musts in 
servicing. The accumulation of dust 
and dirt in the average television 
receiver after twelve months' use has 
to be seen to be believed. If breathed 
in in any quantities, it produces 
first-rate colds and catarrh. Each 
bench should be supplied with a 
flexible hose connected to a vacuum 
source. The latter can be a domestic 
cleaner with extended hose, but the 
type is of no great importance so 
long as it is available. 

Tools for the Journeyman 
A television receiver is a mixture 

of mechanical, electrical and elec- 
tronic devices, all bonded together 
on a metal chassis or on several sub- 
chassis linked together. To work on 
this type of structure a fairly com- 
prehensive range of tools is required. 

The engineer's tool kit should 
contain a variety of pliers, screw- 
drivers long and short, BA spanners, 
a polarity indicator and a number of 
trimmers (non-metallic knitting 
needles are ideal). Also required are 
a rubber "hammer" (a large grommet 
on a piece of dowelling is excellent), 
a light hammer, a six-inch hacksaw 
(Eclipse), a heavy-duty screwdriver 
and a soldering iron of the quick- 
heating type in which a piece of 16 
s.w.g. wire is used as a bit. This type 
of soldering instrument saves endless 
time and burnt patches in carpets! 
Some small tins containing assorted 
staples, screws, bolts, etc., are more 
than useful. 

These I would suggest are a 
serviceman's basic "mechanical" kit. 
and each engineer will add his own 
particular favourite odds and ends. 

So far as electrical test gear for 
outside work is concerned, a good 
multi-range a.c./d.c. meter (not less 
than 1,000 ohms per volt) is essential. 
For long life and reliability, this 
should be carried in a sorbo-lined 
case. The meter should be constantly 
checked against a workshop stan- 
dard, as I have known very large 
errors creep into test gear which has 
been transported around in vans and 
cars, etc. Unless the repair is a 
special one, there is no necessity to 
carry any more test gear away from 
the workshop. Test gear is expensive 
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and should not be knocked about by 
transport. A case capable of carrying 
all the tools mentioned should be 
provided. It does not indicate 
efficiency if an engineer enters a 
house shedding bits and pieces from 
overloaded arms! 

Mechanical Aids 
In my workshops I have always 

kept one section for the mechanical 
side of television. This includes 
drilling, sawing, chassis punching, 
heavy soldering and the odd bits of 
woodwork which crop up from time 
to time. If efficiency is to be main- 
tained, the following are necessary 
for a satisfactory mechanical section. 
A full range of high speed twist 
drills; drilling machines, hand and 
bench; a tool grinder; a light lathe 
(not an absolute necessity); a full 
range of spanners, box and open- 
ended ; chisels, wood and steel; heavy 
duty hacksaws; a selection of wood 
bits; and chassis punches. These are 
all kept permanently in the workshop 
and are only taken outside for 
exceptional cases. Only basic re- 
quirements have been mentioned 
—each workshop will acquire its own 
collection of extras with time. 

Workshop Test Gear 
Electrical measuring instruments 

are expensive and frequently in- 
corporate delicate mechanisms. They 
should be treated with care if they 
are to maintain their original 
accuracy. The number and types 
available are legion, and the follow- 
ing are what I consider to be 
absolutely necessary. First in the 
list are multi-range test meters of 
20,000 ohms per volt, together with 
a number of d.c. milliammeters with 
large scales (4in) covering 1 to 50mA. 
On each bench, also, permanently 
connected a.c. moving-iron volt- 
meter, with an accuracy of 1 %. This 
is used for checking a.c./d.c. multi- 
range instruments, as it has been my 
experience that instrument rectifiers 
vary over comparatively short times 
and need constant checking. Also 
required are a reliable CR bridge, 
lOpF to 100(iF, and a valve volt- 
meter (high impedance input). 

Signal generators should be chosen 
with care, and only those working 
on fundamentals, especially in the 
v.h.f. ranges, should be con- 
sidered. A television wavefqrm 
generator, such as is available from 
Telequipment Ltd., is excellent for 
use in areas where the received 
signal is liable to suffer from periods 
of fading. An oscilloscope for 
locating the many faults which 
appear in timebases and their 
associated circuits is the best time- 
saver of the lot. I have always 

favoured the 3in instrument for 
service work, as it is compact and 
does not take up too much room on 
the bench. If a Sin oscilloscope is 
used, then it should be mounted on 
a trolley. Last, but by no means 
least of the essential instruments for 
servicing, is a means of measuring 
e.h.t. voltages. There are many 
types of instruments available, but 
the best choice for d.c. is the electro- 
static meter. 

A 500 volt "megger" can be useful 
for testing suspected leakages, and 
could be added to the list also. 

The fact that a wobbulator is not 
included as an essential item will 
probably cause many eyebrows to be 
raised. Every engineer should know 
how to use a wobbulator for align- 
ment purposes, but for general 
service work it is very, very seldom 
used. In my own case I have used 
wobbulator gear mostly for experi- 
mental work and instructional pur- 
poses only. 

So far as valve testers are con- 
cerned, I prefer the substitute known 
valve to the valve tester. The setting 
up of many valve testers is a lengthy 
job, and I have always favoured the 
procedure which saves time, for 
time is the most costly component 
used in service work! 

If this list of test gear seems 
extravagant I ask the reader to 
remember that my experience has 
all been gained in a difficult "fringe" 
area where a clean signal is seldom 
received. Under these conditions it 
is necessary to have a source of 
signal which is free from man-made 
impulsive types of interference, par- 
ticularly when tracing timebase 
faults. 

It has been my practice also to 
allow apprentices to build various 
items of test gear. The experience 
gained is a worthwhile investment. 

Service Data 
Perhaps the most useful adjunct 

to any successful servicing business 
is its library of service data. Some 
engineers state that service sheets or 
manuals are unnecessary. I per- 
sonally prefer to work to manu- 
facturers' specifications and guides 
than to rely wholly on memory, 
which can be veiy fickle at times. 
Service sheets are invaluable not only 
for circuitry but also for the locating 
of components which, in old and 
discoloured chassis, can cause a 
considerable waste of time. My own 
service sheets and data, of which I 
have some thousands, are indexed 
numerically and alphabetically and 
are stored in hundreds, each hundred 
having a shelf of its own in a steel 
wall cabinet. It is the job of the most 
junior member of the staff to collect 
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service sheets when finished with and 
file them each morning. I also keep 
in the workshop a number of 
standard textbooks for reference, 
together with all the latest facts and 
figures regarding valves, etc. Easy 
access to information can save a lot 
of time. 

Test Leads 
Every workshop should have a 

large selection of leads made up 

ready for instant use. These consist 
of mains leads, short-circuiting leads 
with a crocodile clip at each end, and 
leads for connecting instruments to 
receivers, etc. They are an invaluable 
aid to quick service. 

Time is Money 
The items listed in this article may 

seem to represent a formidable array 
of equipment. However, more than 
thirty years of radio and television 

repair work has taught me that, 
although we have to extemporise on 
many occasions, and especially on 
work done away from the workshop, 
this is a procedure which inevitably 
takes up time. At the risk of repeat- 
ing myself I would again point out 
that time is the most costly com- 
ponent in the service world. A 
properly equipped workshop is the 
only answer to making service work 
pay. 

Three Low Voltage 

Series Regulated Power 

Supplies 

By 

A. FOORD 

Three circuits for the constructor who needs only the relevant Information. All semiconductors 
are operated well within their ratings 

For most general applications involving 
transistorised equipment it is necessary to 
supply a constant voltage to a variable load. 

For low load currents (say up to lOOmA) this can 
be achieved using the normal full-wave rectifier 
circuit. If the load current varies over a large range 
(say 0 to 1A), then it is possible for the output 
voltage of a simple power supply to vary by several 
volts. 

In order to maintain a constant output voltage 
under these circumstances a series regulator is 
normally used. The majority of regulators contain 
five functional elements, as shown in Fig. 1. 

The regulator circuit is normally designed so that 
the voltage across the series control transistor is 
about 6 volts when the load current is zero. If the 
load current increases Vin drops, whereupon the 
voltage across the control transistor drops and Vl 

Load current 
Control 

Amplifier 

Comparator   Sample 

Reference 

+ + 

Fig. 1. Block diagram of a regulated power supply 

is held constant. This process is achieved by com- 
paring the output voltage Vl with a reference 
voltage, and adjusting the control transistor to 
maintain Vl at a constant value. Naturally it is not 
possible to exactly compensate for the drop in Vin; 
but its effect can be greatly reduced. 

OC 36 IA _ -■ o—o 
4 off 

GEX54i's 200 220n 
2S7I2 5V 

470a 
K>3V,3A 

(6-3+4) 
2G304 

1 
KjO 

SOOO PF 
25 V 25V 

l-8kn 

Zener 680n diode 
SX68 

OC 36 
GEX54I ^Mullard 
SX68 

2G304 
2S712 Texas Instruments 

All resistors '/AW carbon l00/o 

Fig. 2. Circuit of the complete.') volt power supply. 
(The SX68 has a zener voltage lying -between 6.5 and 

7.2 at 5mA) 
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OC36 IA _ 
4off 

GEX54l,s 
200 270n pF 2S7 2 6 V 

I2-6V, 3A 

n 
2Qf^ 2G304 

SOOQpF M 
25V S3 

lOOpF 
25V 2'2kn 

Zener 
diode 
SX82 

560n 

OC36 2S7I2 
GEX54I >Mullard 2G304 
SX82 

Texas Instruments 

All resistors '/4W carbon 10% 

Fig. 3. Circuit of the complete 12 volt power supply 

A 9 Volt 1 Amp Power Supply 
This supply gives a fixed output 

voltage, and the circuit is shown in 
Fig. 2. 

The transistor OC36 should be on a 
heat sink having an area of 20 sq. in. 
The rectifier diodes do not require heat 
sinks. 

Maximum current=1 amp. 
A.C. ripple at 1A load is less than 

40mV peak-to-peak. 
The volt drop over a current range of 

0-1A is less than 0.3 volt. 
If it is required that the output 

voltage be made exactly 9 volts then the 
2200 resistor may need slight adjust- 
ment. Thus adjustment may be neces- 
sary due to the 5% tolerance on the 
reference zener diode (SX68) and the 
tolerances on the 220 and 680(2 resistors. 

A 12 Volt 1 Amp Power Supply 
This supply is identical in form to the previous 

one, but the component values have been changed 
slightly. The circuit is shown in Fig. 3. 

Apart from the output voltage, the details given 
for the 9 volt supply apply here. 

If it required that the output voltage be made 
exactly 12 volts, then the 270fl resistor may need 
slight adjustment. This adjustment may be necessary 
due to the tolerance on the reference zener diode and 
the tolerances on the 270 and 560(2 resistors. 

A 9-12 Volt 1 Amp Power Supply 
This supply is slightly more elaborate than the 

previous ones. The output voltage can be varied 
between 9 and 12 volts by means of VRi. The 
circuit is shown in Fig. 4. The ripple on the output 
is approximately one quarter of that of the previous 
two circuits. 

Again, the OC36 should be mounted on a heat 
sink having an area of 20 sq. in., and the rectifier 
diodes do not require heat sinks. 

Maximum current = 1 amp. 
A.C. ripple at 1 amp load is less than lOmV 

peak-to-peak. 
The volt drop over a current range of 0-1A is less 

than 0.3 volt. 
OC36 IA _ o-o—o 

4 Off 
GEX54l's 

80 2S7I2 

IOO IOOjjF 
12V 25V 

470 9-12 I2-6V, 3A 2G304 2G304 VRi 
SCO 

Pot SOOO/JrJ 
25V + Increase 

voltage 2-2kn 
Zener 

B20n 2-2 kn diode 
5X68 

OC36 1 
SX68 
GEX54I ! 

Mullard 

Fig. 4. 

2G304 
25712 Texas Instruments 

All resistors '/4W carbon 10% 
Circuit of the complete 9-12 volt variable 

power supply 

Conclusion 
The circuits given in this short article show that 

it is possible to design regulated supplies which are 
suitable for normal use without resorting to elaborate 
and expensive techniques. 

Electronic Organ Constructors' Society 

Interested readers should note that the address of the new secretary is—Mr. E. W. Kirk, Kinross, Elmgrove, Kirby 
Cross, Frinton-on-Sea, Essex. 
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The bass guitar is a very popular instrument, 
and the author feels that many musically 
inclined home-constructors and servicemen 

might benefit from the points given in this short 
article. Some general principles of equipment will 
be discussed, together with an amplifier design and 
details of a suitable loudspeaker and enclosure. 

Bass guitar Amplification 
Bass guitar amplification involves several im- 

portant factors not found in either domestic music 
amplification, or even in standard guitar amplific- 
ation. 

Firstly, when a bass guitar sound is being repro- 
duced in a large hall, the efficiency of the speaker 
and enclosure decreases. That is to say, to produce 
sufficient volume level for correct balance with the 
associated group, a very large amount of power 
must be delivered to the loudspeaker. The large 
powers required by the bass guitar (which involves 
a frequency range of between 42 c/s and about 
200 c/s) produce very high strain on the following 
parts of the loudspeaker: 

(a) The outer cone support. 
(b) The inner cone support. 
(c) The joint between the voice coil former and 

the cone. 
(d) The connecting leads between the terminals 

and the voice coil. 

-2\ 

l33/4 
dia 

il  
La'J 

¥ 

Reflex port 

Fig. 1. A suitable reflex enclosure which may be 
home-constructed 

The other major problem is the enclosure. To 
produce an acceptable sound quality, this has to 
be extremely large. To be portable, however, it 
must be small, and so a compromise has to be 
reached. The enclosure used by the author combines 
the two above qualities admirably, and details 
of this are given later. 

The enclosure must also be very strong, but as 
light as possible. Above all, it must produce no 
resonances or rattles. 

The amplifier, too, requires careful choice. It 
has three main requirements: 

SOME NOTES ON THE 

Electric 

Bess Guitar 

By R. A. JEFFERY 

(a) It must have as low a distortion and back- 
ground noise level as possible. 

{b) It should have a power reserve of at least 20 
watts. 

(c) It must have a frequency response which is 
initially flat, but which can be altered readily 
to include up to 14dB or so cut or boost at 
the lower frequencies. 

The amplifier chosen by the.author to meet this 
specification is the Leak "TL25 Plus", combined 
with the Leak "Varislope III" pre-amplifier. This 
has a distortion level of well below 0.1 % total, 
and performs absolutely perfectly at all volume 
levels. It has a power reserve of 25 watts, and a 
background noise which is virtually inaudible. 
The author employs the "Varislope" with full 
bass boost, but the actual sound is left to the taste 
of the musician. 

It may be interesting to note that many people 
imagine that the bass guitar itself is the least im- 
portant part of the equipment, and that all bass 
guitars produce the same sound. This is not true. 
Bass guitars differ in price between some £20 and 
£170, and produce a wide variety of sound qualities. 
The author uses a Burns twin pick-up model 
which combines an excellent fretboard and sound 
with an economic price. 

The Impedance of the Instrument 
Nearly all electric and bass guitars employ the 

magnetic type of pick-up. This consists of a long 
magnet with pole-pieces around which is wound a 
coil of fine copper wire. The whole assembly 
is placed under the strings of the guitar. As the 
metal strings vibrate, a voltage of the same frequency 
as the vibrating string is produced by the coil. 

In more expensive pick-ups, an individual coil 
assembly is used for each string and the coils are 
then connected in series and coupled to the controls, 
but the principle is the same. 

The impedance of the magnetic pick-up is usually 
around IkfL The "Varislope" pre-amplifier used 
by the author has a microphone input designed 
to take low impedance soura i at a flat response 
and with a sensitivity of 4mV. As the output 
can be reduced on the guitar by means of the 
volume control fitted, an excellent match is achieved 
with this microphone input. 
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fig. 2. Circuit for a 17 watt amplifier for use with the bass guitar. In the event of instability, IkCi series grid 
stoppers may be inserted close to the grids of V3 and V4 

Components List 
(Fig. 2) 

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

Rx 250kfl potentiometer, log track 
R2 470kf2 high-stability 
R3 2.2ka 
R4 120ka high-stability 
Rs 39ka 
Rg IMa potentiometer, linear track 
R7 IMa 
Rg Ika 
R9 47ka 
Rio IMa 
Rii,12 100ka matched 5% 
Rn 22ka 
Ri4,i5 180ka matched 5% 
Rie.i? 270a matched 5%, 1 watt 

Transformer 
Ti Output transformer. 8ka (anode-to-anode) 

to 15a. Primary centre-tapped, 40mA. 

Capacitors 
(All capacitors 350V wkg. unless otherwise stated) 

Ci 0.1 (iP 
C2 50(J.F electrolytic 12V wkg. 
C3 32(jiF electrolytic 
C4,5 0.1 (iF 
Cg 32jjlF electrolytic 
C7,8,9 0.1(iF 
Cio.n 50(iF electrolytic 25V wkg. 

Valves 
Vi EF86 
V2 ECC83 
V3,4 EL84 

Speaker 
Goodmans Audiom 61 Bass 

Input Socket 
Jack with self-shorting contact 

A Speaker Enclosure 
A suitable enclosure is illustrated in Fig. 1, 

this being employed by the writer. The sloping 

baffle board is made from fin chipboard, and the 
remainder of the enclosure from |in plywood. 
The inside of the enclosure is lined with cellulose 
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wadding lin thick, and it is important to ensure 
that all joints are firmly and securely made so 
that there are no rattles or resonances. The cabinet 
is fitted with a back so as to completely enclose the 
speaker, the only aperture, apart from that for the 
speaker, being the reflex port. 

When high levels of sound are required, the 
enclosure may be used laying on its side. This 
permits transmission of the bass frequencies through 
the floor and gives added efficiency. The castors 
at the base of the cabinet are for transport only. 

The loudspeaker used in this enclosure is the 
Goodmans 15in Audiom 81 Bass model. This 
has a power handling capacity of 25 watts, and the 
cone edges are specially treated to give correct 
termination. 

If it is desired to begin on a more modest scale, 
a 12in Goodmans Audiom 61 Bass can be employed 
with the amplifier shown in Fig. 2. This provides 
quite an acceptable output quality at a maximum 
power around 15 watts. 

Simple 

Capacitor Tests 

By G. A. W. PARTRIDGE 

Experimenters from time to time use second- 
hand components in order to avoid the expense 
of purchasing new ones for general research 

work. 
This article deals with the testing of capacitors 

to see that they are in reasonably good condition 
before putting them to use, thus helping to avoid 
disappointment at some later stage. 

Types of Capacitors 
There are many kinds of capacitors on the 

market, but they can be divided into two main 
types, the non-electrolytic and the electrolytic. 
The former can be used in a.c. and d.c. circuits, 
but the latter are for d.c. operation only. 

Both types can, however, be subjected to the 
"charge and discharge" test shown in Fig. 1. 
Small capacitors from about 0.001 to l|j.F can be 
charged by connecting them across a 3 volt battery, 
leaving them for about 10 seconds and then dis- 
charging through a pair of headphones. A sharp 
click should be heard. This test will show up an 
open or short-circuit, as both faults will prevent 
the capacitor from charging up. 

Larger capacitors, especially the electrolytic 
types, should be tested in a different manner and 
with a higher d.c. voltage, but the latter should not 
be above the rating of the capacitor. A voltage of 

T 

<s t 

Charq® Discharge 

❖ 

U(, 
0 

CA 

100 will be suitable in most cases. The charging 
current should be left on for a short while, and 
then the capacitor disconnected and left for some 
30 seconds. It is then discharged through a volt- 
meter. After the initial "kick" of the needle the 
voltage should gradually die away to zero. The 
charging circuit should be fitted with a 1 amp 
fuse in order to protect it from a possible short- 
circuit in the capacitor. It is most important that 
the positive terminal of an electrolytic capacitor be 
connected to the positive side of the d.c. charging 
supply. Connecting the capacitor with incorrect 
polarity may lead to serious damage. 

Measuring Capacitance 
There are two well-known methods for measuring 

the capacitance of non-electrolytic capacitors. 
These consist of the voltmeter and the bridge 
method. The former is suitable for capacitors from 
about 0.001 nF upwards when a 50 c/s supply 
voltage is used. Higher frequencies will enable 
lower values to be tested. The applied voltage 
must be somewhat lower than that at which the 
capacitor is rated. The second method is the bridge 
system. Neither method can be used for electrolytic 
capacitors as they involve the application of a.c. 

Fig. 2 illustrates the voltmeter method. In this 
case the capacitor is connected to a 240 volt 50 c/s 
supply through a lOkli non-inductive resistor. 

II WW 
lOftn 

240V AC 

Fig. 1. A simple charge and discharge test 
Fig. 2. Measuring capacitance by the voltmeter 

method 
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© 

250 
RCi Cs 500pF 

AC supply 

Fig. 3. The capacitance bridge 

First, the current in the circuit is found from: 
Vr amp 
R 

If Vr is found to be 1 volt then: 
T 1 amp 

1^000 
The capacitance is now found from: 

^ I 1,000,000 [xF 
X 2TtfVc 

If we assume the voltage across the capacitor 
(Vc) to be 239, then: 

C = 
1 1,000,000 

10,000 2 x 3.142 x 50 x 239 
=0.0013(xF 

It is essential that the voltmeter has a very high 
resistance, therefore a valve voltmeter should be 
employed.* 

The bridge method is shown in its simplest 
form in Fig. 3. The variable and fixed resistors 
are both non-inductive. Cs is a reliable capacitor 
of known value, and Cx is the capacitor under test. 
The circuit could be connected to a 50 c/s 12 volt 
supply taken from, say, a bell transformer, or to 
a 1,000 c/s oscillator. D is a detector in the form 
of a pair of headphones, or an oscilloscope. The 
variable resistor is adjusted until the signal detected 
by D is at its lowest point, whereupon the value 
of Cx is found from: 

CsRz Cx=- Ri 
When Ri is not calibrated its resistance can be 

measured with an ohmmeter after it has been 
disconnected from the circuit. 

If, after adjustment to minimum signal, Ri 
of Fig. 3 is found to be 300kfl, then: 

500 x 250,000 
x" 300,000 
=417pF 

By changing the value of Cs, other capacitor 
ranges can be accommodated. 

* The formula for capacitance with the circuit of Fig. 2 and an 
1,000,000 Vr applied a.c. of 50 c/s is C = - 314 Vr R {i.F. See M. J. Darby. 

"Direct Measurement of Capacitance and Inductance", page 767, 
May 1963 issue.—Editor. 

Wharfedale Portable Public Address 

System Type PA.30 

This new product from Wharfedale is a complete P.A. system 
comprising amplifier, six speakers and microphone (with full size 
floor stand) all housed in a portable case. The amplifier is powered 
by 12 heavy duty flashlight batteries or by a built-in mains unit for 
110-2S0V a.c. 40-60 c/s. 
Brief Specifications: 
POWER OUTPUT   
FREQUENCY RESPONSE 
INPUTS   

30 watts max. peak. 
Within 2dB 100 to 8,000 c/s. 
Mic . . . low impedance. 
Aux . . . high impedance (for 
tuner tape or crystal pick-up). 
Six Sin, specially designed Wharfe- 
dale speakers with the latest 
Nepprene flexible surround. 
Two Jack sockets for ISO speak- 
ers, (int. & ext.). 
Omni-directional high grade dy- 
namic with on/off switch. 
36J x 7J x 9Jin. 
Less than 421b. 
Tan leatherette with satin alu- 
minium fittings and matching 
grille cloth. 
Aluminium chassis housed in an 
oiled teak case. The panel is 
in two colour green with satin 
trim and knobs to match. 

PRICE (U.K.)  £69. 10s. Od. 
Ideal for schools, churches, social events, dance bands, pop groups, 

circuses, road shows, crowd control, harbours. Yacht clubs, auction sales, etc., etc. 

SPEAKERS. 

OUTPUT   

MICROPHONE  

CASE DIMENSIONS 
WEIGHT   
FINISH—CARRYING CASE 

—AMPLIFIER 
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By W. G. MORLEY 
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Rectifiers- The Reservoir Capacitor 

IN LAST MONTH'S ISSUE WE COMMENCED AN 
examination of the diode as rectifier, dealing in 
particular with its use for supplying, from the 

a.c. supply mains, a direct high tension voltage for 
valve equipment. We saw that a half-wave rectifier, 
employing one diode, allows half-cycles of rectified 
voltage spaced at half-cycle intervals to appear 
across a load resistor; whilst the full-wave rectifier, 
employing two diodes, provides half-cycles of 
rectified voltage with no intervals between them. 

We turn, now, to a third type of rectifier circuit. 

The Bridge Rectifier 
Fig. 256 (a) illustrates four diodes connected in a 

bridge rectifier circuit. The four diodes allow a 
rectified voltage to appear across the load, two of 
the diodes conducting for one half-cycle of the 
applied alternating voltage and the remaining two 
diodes for the alternate half-cycle. 

The operation of the bridge rectifier can be 
explained very simply in terms of electron flow, 
i.e. from negative to positive. Let us assume that, 
during one half-cycle, the lower terminal of the 
source of alternating voltage in Fig. 256 (a) is 
negative and that the upper terminal is positive. 
If an external conducting path exists, electrons may 
then flow from the lower terminal to the upper 
terminal. 

A suitable conducting path is provided by V3 and 
V2. The electron flow starts, in consequence, from 
the lower terminal of the source of alternating 
voltage, through V3 (from cathode to anode), 
through the load resistor (from left to right), 
through V2 (from cathode to anode), and on to the 
upper terminal of the source of alternating voltage. 

Assuming that there is no voltage drop across either 
V3 or V2, the full half-cycle appears across the load. 
During this half-cycle electrons cannot pass through 
V4 or Vj because both these diodes present anodes, 
instead of cathodes, to the electron flow. As we 
know, electrons can only flow from cathode to 
anode. 

During the next half-cycle, it is the upper terminal 
of the source of alternating voltage which is negative 
and the lower terminal which is positive. In this 
case an electron flow starts at the upper terminal, 
passes through Vi (from cathode to anode), through 
the load (from left to right), through V4 (from 
cathode to anode), and on to the lower terminal 
of the source of alternating voltage. Assuming no 
voltage drop in the diodes, the full half-cycle appears 
across the load once more, and it will be noted that 
the electron flow through the load is in the same 
direction as occurred in the previous half-cycle. 
Also, V2 and V3 present anodes instead of cathodes 
to the electron flow, and so these diodes do not 
conduct. 

The voltage appearing across the load resistor is 
shown in Fig. 256 (b) and it will be seen that this 
consists of half-cycles without spacing, and is 
similar to that offered by the full-wave rectifier we 
discussed last month. 

Both the full-wave and the bridge rectifier circuits 
offer the same type of rectified output and, because 
of this, it may be thought that there is little point 
in providing the two extra diodes required by the 
bridge circuit. However, both circuits have advan- 
tages and disadvantages which cannot be fully dealt 
with yet, although one basic factor may be raised 
at this stage. If the bridge rectifier of Fig. 256 {a) 
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Source of 
alternating 
voltage 

(a) 

^: :AAAA 

Time 

(b) 

Fig. 256 (o). The bridge rectifier 
(b). The voltage appearing across the load resistor 
in the bridge rectifier. This is presented as the 
voltage at the positive end of the resistor with respect 

to its negative end 

is fed from the secondary of a transformer, the full 
alternating voltage appearing across that secondary 
is produced, in rectified form, across the load. 
With the full-wave rectifier the rectified voltage 
across the load has the same amplitude as that 
appearing across half the secondary only. Thus, for 
a given rectified voltage, the full-wave rectifier 
requites a transformer having twice as many turns 
in the secondary as does the bridge rectifier. This 
may present a significant disadvantage under some 
circumstances and particularly when very high 
rectified voltages (which necessitate large numbers 
of turns in the transformer secondary and especial 
attention to insulation) are required. 

So far as domestic radio and television equipment 
is concerned, the bridge configuration is hardly ever 
used in high tension supply circuits employing valve 
diode rectifiers since, at the voltages and currents 
involved, half-wave and full-wave circuits offer 
perfectly adequate results. It should be mentioned, 
nevertheless, that there are alternative types of 
rectifier which function in a different manner to 
the valve diode1, and that these may be frequently 
encountered in domestic equipment in the bridge 

1 These are, mainly, the selenium rectifier and the silicon re».*ificr 
and they will be discussed at a future date. 

configuration as well as in the full-wave and half- 
wave circuits. 

A point which should be noticed in passing is 
that, whereas in the half-wave and full-wave rectifier 
circuits one end of the load is common with one 
terminal of the source of alternating voltage, there 
is no similar common connection in the bridge 
circuit. 

The Reservoir Capacitor 
The rectified voltage provided across the load by 

the rectifier circuits we have been examining is very 
different from the steady direct voltage we would 
obtain from a battery. If the rectified voltage is to 
be of use the irregularities in its waveform must be 
"smoothed out". 

A circuit device which can assist towards this 
end consists of connecting a high value capacitor 
across the load resistor, as shown in Fig. 257 (a) 
where a half-wave rectifier is employed. The 
alternating voltage applied to the anode, and the 
rectified voltage on the cathode (which is that 
appearing across the capacitor) are then shown in 
Fig. 257 fb). 

As is to be expected, the capacitor charges during 
the time when the rectifier conducts and discharges 
into the load when the rectifier is not conducting. 
During the first few cycles after applying the 
alternating voltage, the charge via the rectifier will 
be greater than the discharge into the load, but the 
circuit will soon arrive at a condition of equilibrium 
in which charge and discharge are equal. This is 
the condition illustrated in Fig. 257 {b). Starting 
at point A, the alternating voltage applied to the 
rectifier anode commences to become positive of 
that on the cathode and so the rectifier conducts. 
As a result, the capacitor commences to charge, 
and the voltage on its upper plate rises until we 
reach point B. At point B the falling alternating 
voltage reaches the same potential as the rectifier 
cathode, with the result that the rectifier ceases to 
conduct. The capacitor now discharges into the 
load and the voltage on the rectifier cathode falls 
until point C is reached. At C the alternating 
voltage reaches the same potential as that across 
the capacitor, and the rectifier once more commences 
to conduct and the capacitor to charge. From C 
to D (and E to F) we have the same process as 
occurred between A and B, and from D to E the 
same process as from B to C. One immediately 
obvious result is that, by adding the capacitor, we 
have obtained a rectified voltage which is much 
"smoother" than occurred previously. 

An important point is that the rectifier does not 
conduct over the entirety of the half-cycle, as it did 
when we had the load resistor on its own. Instead, 
it conducts only when the anode goes positive of 
the voltage on the upper plate of the capacitor. 
The capacitor can be considered as a reservoir of 
charge, it being "topped up" during positive half- 
cycles when the level of the applied alternating 
voltage exceeds its own voltage level. Because of 
this fact, a capacitor connected in a rectifier circuit 
in this manner is referred to as a reservoir capacitor. 

Load 
WW 
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The rectified voltage in Fig. 257 (b) is still not the 
same as the steady voltage which would be provided 
by a battery but, as we have already remarked, the 
addition of the reservoir capacitor has caused it to 
become much "smoother". We may describe it as 
a direct voltage having an alternating ripple, the 
peak-to-peak amplitude of the ripple being the 
difference between its highest and its lowest points. 
Fig. 257 {b) also shows the mean, or average, direct 
voltage, which appears between the highest and 
lowest points of the ripple. 

Fig. 257 (c) demonstrates the current which flows 
in the rectifier, the lettered points corresponding to 
those in Fig. 257 (ft). At A, the rectifier commences 
to conduct and Fig. 257 (c) shows the onset of 
current flow at this point. The current rises to a 
peak corresponding to the peak in the voltage 
waveform, then drops again until we arrive at 
point B, where it reaches zero once more. There is 
a similar flow of current between the corresponding 
points C and D, and E and F. 

When the rectifier of Fig. 257 conducts, the major 
current-limiting factors are its own internal resistance 
and any internal resistance which is present in the 
source of alternating voltage. Because of this the 
peak charging current can become very high; and 
it will certainly be considerably greater than the 
average current drawn by the load from the reservoir 
capacitor. Since the load draws current all the time 
whilst the rectifier supplies current for only a short 
portion of the cycle this relationship is, of course, 
to be expected. 

In order to keep peak currents within safe limits 
and thus avoid damage to the rectifier, it is some- 
times necessary to insert a limiting resistor between 
the source of alternating voltage and the rectifier 
anode, as shown in Fig. 258. If the source of 
alternating voltage is the secondary of an a.c. mains 
transformer, the effective internal resistance offered 
by this secondary2 may be sufficient to provide the 
requisite limiting resistance. 

Another factor is that, if the alternating voltage 
of Fig. 257 (a) is applied whilst the cathode of the 
rectifier is at emitting temperature and the reservoir 
capacitor is discharged, this capacitor will behave 
initially almost as though it were a short-circuit. In 
consequence, very heavy peak currents could flow 
through the rectifier during the first few .cycles 
before the reservoir capacitor becomes charged if 
sufficient series limiting resistance is not included 
in the circuit. 

In practice, valve rectifier manufacturers specify 
minimum limiting resistance and maximum (or 
recommended) reservoir capacitance figures for 
their products under various circuit conditions. 

2 The effective internal resistance will consist mainly of the secondary 
resistance plus the resistance reflected into the secondary from the 
primary. See "Understanding Radio" in the July 1963 issue. 
Assuming a "perfect" generator, the resistance of the primary may be 
considered as a physical resistor in series with it. The reflected 
resistance in the secondary is, then, this resistance multiplied by the 
square of the secondary-to-primary turns ratio. For most work at 
home constructor level it is normally quite adequate to consider 
transformer secondary resistance on its own as providing the limiting 
resistance. Since the effective resistance is bound to be higher than 
this, a safety factor is automatically observed. 

The circuit designer then knows that, provided he 
works within the limits laid down by the manu- 
facturer, peak currents of the types just described 
will not be excessive. 

Varying the Load Resistance 
Several further factors have to be considered before 

we" leave our half-wave rectifier circuit of Fig. 
257 (a). 

Let us next see what happens if we increase the 
value of the load resistance, causing it to draw less 
current from the reservoir capacitor. If we increase 
the resistance to a very high value we will arrive at 
the set of conditions shown in Fig. 259. This 
diagram has the same lettered points A to F as 
occurred in Fig. 257 (6), and they correspond to the 
same events along the cycle. Because the current 
drawn by the load is now very small the reservoir 
capacitor is only slightly discharged at the points 

Reservoir Load capacitor 
Source of alternating 

voltage 

(a) 

Alternating voltage 
on anode 

Rectified voltage 
on cathode 

Average rectified 
voltage 

/A 

Time 

(b) 

Current 

Time 
(c) 

Fig. 257 (o). Adding a reservoir capacitor across the 
load of a half-wave rectifier 

(b). The alternating voltage applied to the rectifier 
anode and the rectified voltage at the cathode. Both 
voltages are with respect to the lower end of the load 

resistor 
(c). The current flowing in the rectifier 

FEBRUARY 1965 467 

www.americanradiohistory.com



Limiting 
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Source of 
alternating 
voltage LoadS Reservolri 

capacitor* 

Fig. 258. Inserting a limiting resistor to prevent 
excessive peak currents in the rectifier 

(A, C and E) where the rectifier commences to pass 
current. Also since, during the charging periods, 
the difference between the applied alternating 
voltage and the voltage on the cathode of the 
rectifier is much smaller than in Fig. 257 (b), the 
charging current peaks in the rectifier are less. So 
we learn that reducing the current drawn by the 
load resistor of Fig. 257 (a) causes a reduction in 
the current peaks passed by the rectifier. We can 
state, conversely, that an increase in load current 
causes an increase in the current peaks passed by 
the rectifier. This point is taken up in rectifier 
manufacturers' specifications, which quote maxi- 
mum load currents. 

Another important aspect which is evident from 
Fig. 259 is that the average rectified voltage shown 
here is considerably higher than occurred in Fig. 
257 (b). Indeed, it very closely approaches the peak 
value of the applied alternating voltage. If we took 
the load resistor away altogether, so that the 
reservoir capacitor did not discharge at all, the 
average rectified voltage would become equal to 
the peak voltage. 

The applied alternating voltage is specified in 
terms of its r.m.s. value, its peak value being equal 
to the r.m.s. value multiplied by 1.414.3 In con- 
sequence it becomes possible, when load current is 
reduced, for the voltage across the reservoir capa- 
citor to approach 1.414 times the r.m.s. value of the 

3 See "Understanding Radio", November 1962 issue. 
Alternating voltage Rectified voltage Average rectified 
on anode / on cathode voltage / 

[\ 

r -Jf  

Time 
Fig. 259. If the load resistance is made very high, 
the reduced load current causes the average rectified 
voltage to closely approach the peak value of the 

applied alternating voltage 

applied alternating voltage. If no load current 
flows, the voltage across the reservoir capacitor 
becomes equal to 1.414 times the r.m.s. value. 

Thus, the presence of the reservoir capacitor 
enables rectified voltages to be obtained which, at 
low load currents, are greater than the r.m.s. value 
of the applied alternating voltage. As load current 
increases the rectified voltage drops, passing eventu- 
ally below the r.m.s. value. 

Finally, let us consider Fig. 260 (a). This shows 
the circuit of Fig. 257 (a) under the condition where 
the voltage across the reservoir capacitor is (due to 
neglible load current) virtually at peak level. At the 
same time, the applied alternating voltage is at the 
peak of the non-conducting half-cycle, with the 
result that the upper terminal of its source is negative 

Source of peak alternating vo|t voltage Peak Reservoir Load voltage capacitor 

(O) 

Peak 
voltage 

Twice 
peak 

voltage 
+ 

Source of 
alternating 
voltage 

Peak 
voltage ^Load 

Reservoir 
capacitor 

(b) 

Fig. 260 (o). The situation which occurs at the peak 
of a non-conducting half-cycle when negligible current 

is drawn by the load 
(b). If the circuit of (a) is rearranged, it may be seen 
that twice the peak voltage is applied, with 

non-conducting polarity across the rectifier 

and the lower terminal positive. Peak voltage 
appears, therefore, across both the reservoir capa- 
citor and the source of alternating voltage. If the 
circuit is rearranged in the manner shown in Fig. 260 
(b) it can be seen that the peak voltage across the 
reservoir capacitor is in series with the peak voltage 
from the source of alternating voltage, causing twice 
the peak voltage to appear across the rectifier. This 
voltage, which is 2.828 times the r.m.s. value of the 
alternating voltage, is, of course, applied with 
non-conducting polarity to the rectifier. It is 
described as the peak inverse voltage which is 
offered by the circuit, and the rectifier employed 
must have adequate insulation and sufficient 
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spacing between anode and cathode to be able to 
withstand it. Maximum peak inverse voltage 
ratings are always specified by the manufacturers of 
rectifiers for their products. 

Whenever a rectifier is employed with a reservoir 
capacitor in the half-wave circuit of Fig. 257 {a) it 
is always assumed that the peak inverse voltage is 
2.828 times the r.m.s. value of the applied alternating 
voltage even when a continual heavy load current 
prevents the voltage across the reservoir capacitor 
from reaching peak level. This precaution allows for 
the case where, under fault conditions, the load 
becomes open-circuit and draws no current. In 
many practical applications, also, the load is 
provided by other valves in the associated equipment, 
and these only draw current when their cathodes are 

at emitting temperature. It is readily possible for 
the rectifier cathode to be at emitting temperature 
whilst the other cathodes are not, whereupon load 
current becomes zero. 

Some textbooks state that the peak inverse 
voltage for the Fig. 257 (a) circuit is 2.8 times the 
r.m.s. values of the applied alternating voltage. 
This is merely the 2.828 figure we have discussed 
here corrected to two significant figures. 

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

performance of the reservoir capacitor in conjunc- 
tion with the full-wave rectifier and will see, also, 
how the rectified voltage across this capacitor may 
be further "smoothed". 

Sensitive Sound-Operated Switch 

By J. SPENCER 

This article describes an extremely sensitive sound-operated switch circuit incorporating 
transistors. By the use of alternative transducers, the device may also be made to respond to 
vibration, or to the mechanical deflection offered by dropping minute weights on to a plate 

The majority of published circuit designs 
for sound-operated switches are based on 
valve amplification of the microphone signal. 

The reduction in size and weight which results 
from the use of transistors, however, encouraged 
the writer to discover what could be achieved with 
them in this particular application, and the results 
are described in this article. 

Applications 
Sound-operated switches are frequently used in 

psychological experiments in which it is required 
to measure the time interval between the receipt of 
a message, for example, and the reply to it by the 
person being used in the experiment. In such 
cases the end of the measured interval is denoted 
by the start of the speech sounds and therefore 
a device in needed which will trigger in response 
to such speech sounds. It is not always desirable, 
or possible, to request that the person making the 
response should press a switch although this would 
be a much simpler alternative. 

In everyday employment a sound-operated switch 
can obviously be used whenever the primary event 
which must be signalled or recorded is an acoustic 
disturbance of some sort. A good practical example 
would be given by the automatic switching on and 
off of a tape recorder during an intermittent com- 
mentary. The commentator can then concentrate 
on talking without the necessity of remembering 
to switch on the recorder every time a remark is 

made. Anyone who has tried this will know that 
it is very easy to forget when the reporting is 
irregular in time. 

Other obvious applications are given by an 
acoustic burglar alarm, the use of a sound-operated 
switch circuit as the detecting part of an automatic 
telephone answering system or as a detector of 
other than acoustic phenomena if the input micro- 
phone is replaced by some different form of trans- 
ducer. An example of this last category will be 
described later. 

A Practical Circuit 
The circuit that was finally evolved is given in 

Fig. 1. It can be seen that the design is basically 
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Fig. 1. The circuit 
of the sound-operated 
switch. The 
loudspeaker is 
employed as a pick-up 

microphone 

Components List (Fig. 1) 

Resistors 
(All resistors \ watt 10%) 

Ri 
R2 
R3 
R4 
Rs 
Re 
R7 

looka 
4.7a 4- 
8.2ka 
220a 
2.2ka 
470a 
56ka 

n K-fc 

Capacitors 
(All capacitors are electrolytic) 

Q 
C2,3 
C4 
C5 

8irF 3V wkg. 
100|xF 3V wkg. 
S^F 15V wkg. 
4|jiF 6V wkg. 

Semiconductors 
TRi OC75 
TR2,3,4 OC83 
Di,2 OA81 or similar 

Transformer 
Ti Input step-up transformer (see text) 

Relay 
P.O. type 600, 600a coil. Contact sets as required 

Loudspeaker 
3 a loudspeaker, 

text) 
(Employed as microphone—see 

a two stage amplifier, in which the first stage 
consists of a two-transistor d.c. coupled a.c. amplifier 
whose rectified output is the input signal to the 
two-transistor d.c. amplifier which forms the 
second stage. The advantages of d.c. coupling 
for the first stage are that it is easier to obtain gain 
without, as is so often the case, obtaining instability 
as well, and fewer components are required than 
with a similar a.c. coupled amplifier. The difficulty 
about d.c. coupling is that transistor spreads. 

leakage current changes with temperature and 
similar effects are passed along the chain of tran- 
sistors. For this reason TRi is fully stabilised 
by base and emitter resistors, and only two tran sistors 
are used in this stage. 

Experiments were tried using three transistors 
but it was found to be extremely difficult to obtain 
a repeatable d.c. condition for the three transistors 
when they were interchanged. Also a higher 
supply voltage became necessary to allow the 
third transistor to handle the current swing 
adequately. 

In order to avoid shunting the output of TR2, 
and thus obtain reasonable gain, the rectifier load 
should be as high as possible. This then requires 
that the second stage amplifier should consist of 
two transistors in cascade because a comparatively 
high current is required from the output transistor 
(approximately 20mA). It might be possible to 
use a more sensitive relay and thus require only 
one transistor in the second stage. However, the 
switch would then almost certainly be less sensitive 
and more expensive to make because low resistance, 
low current relays cost much more than one transis- 
tor of the type used in the present circuit. 

The reservoir capacitor and the diode load 
resistor, R7, shown in Fig. 1 are compromise 
values which give optimum performance with the 
Type 600 relay specified. Reducing the resistance 
value reduces the gain of the first stage amplifier 
and increasing it leads to trouble with the second 
stage amplifier. This is because any collector 
leakage currents in TR3 develop a voltage across 
the resistor which, if it is too high, can cause TR3 
to conduct sufficiently to drive TR4 into conduction 
in the absence of input signal. This state of affairs 
is more likely to occur at higher temperatures and 
with a transistor which has a high collector leakage 
current. The value given is suitable for temperatures 
up to 25° C. If the circuit is only to be used at 
lower temperatures, say below 15° C., then the 
resistor can be increased to 68kfl. 

If any difficulty is experienced in that, when the 
battery is initially connected, the circuit energises 
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the relay and keeps it energised for more than a 
second or so, the first remedy is to interchange 
transistors. This ought to cure the trouble but, 
if not, then it may be necessary to reduce the value 
of R7. Similarly, the value of C5 may be changed 
to suit a particular application. If a larger capacitor 
is used the circuit will take longer to respond and 
it will, in effect, ignore short sound pulses. Also 
the relay will be slower to break after the end of a 
sound. Conversely, if a smaller capacitor is used 
the circuit will give a rapid response, but there is 
then the risk that short sound pulses will again 
be missed because the relay requires a minimum 
of several milliseconds in which to close. This 
latter possibility can be overcome by substituting 
a more expensive 1,0000 high-speed relay for the 
Type 600 relay, but it will then be found that the 
relay tends to chatter instead of closing reliably. 

Consequently, the circuit illustrated provides 
the best all-round performance; although changes 
may improve it for any specialised purpose that 
experimenters may require. 

Operation 
The circuit has been built twice using different 

sets of components (mostly 20% tolerance at 
that) except for two of the transistors and both 
circuits worked "straight off the assembly line". 
It is unlikely, therefore, that any troubles will be 
met apart from those already mentioned. Under 
no-signal conditions a milliammeter in the battery 
line should show a reading of 4.5 to 5.5mA. The 
reading rises as the signal increases up to a maximum 
of about 25mA, at which stage the relay will have 
closed. If the no-signal current is more than about 
6.5mA the cause, assuming no faulty components, 
is almost certain to be high leakage current in 
TR3 causing appreciable current to flow in TR4. 
The remedies for this condition have been described. 

To give an idea of the sensitivity of the device, 
when an inexpensive Sin loudspeaker was used 
as a microphone at one end of a 30ft room, normal 
conversation at the other end triggered the circuit 
when the speakers' voices were low-pitched. There 
was less response to high frequency sounds, but 
this may have been due to the large loudspeaker 
employed as a microphone. 

The calculated input impedance of the circuit 

Clamp 

Magnets 

Insulated coll- 
-mounting plate 

Spring 

The components of Fig. 1 can be fitted in a small 
neat case, as shown here 

is of the order of 8200, and the input transformer 
specified matches this to a 30 microphone (i.e. a 
loudspeaker). The transformer must be altered 
if it is desired to use a microphone of different 
impedance in accordance with the usual formula 
for matching turns ratio.* 

Vibration Transducer 
As mentioned previously, the circuit may be 

used to detect any type of event providing the event 
generates an a.c. signal. An interesting field of 
experiment lies in the use of a vibration transducer, 
in which an a.c. signal results from a physical 
movement. This could be given by a coil moving 
in the field offered by two permanent magnets, as 
in Fig. 2. 

A basis for such a transducer which was found 
perfectly satisfactory is to use two Eclipse No. 823C 

♦The transformer employed by the writer had a ratio of 1:16.5 
and consisted of an ex-R.A.F. component, Ref. No. 1 OK/684. A 
close equivalent which should work satisfactorily is the Repanco 
TT25 transformer. This has a ratio of 1:20 and is intended for 
matching a moving-coil microphone to a transistor circuit.—Editor. 

Coil lead 
Coil carried on 
Mica plate 

Magnets 

/q 

25/8' 

Spring 

4BA bolts 

Clamp for 
spring 

2BA bolt 

Fig. 2. The basic method of operation of the vibration 
transducer. The coil swings between the two magnets Fig. 3. 

Solder tag (one each side) carried 
on small Paxolin strip 

The dimensions of the vibration transducer 
constructed by the writer 
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Adding a deflection plate and centring spring 

button magnets (obtainable at most good tool 
shops) with a 60-tum coil of 36 s.w.g. copper 
wire moving between the poles of the magnets. 
The d.c. resistance of the coil is about 4n so that 
the output can be fed directly into the transformer 
primary of Fig. 1. 

Fig. 3 and the illustration show the dimensions 
and general appearance of the transducer. The 
spring is of the type employed for pendulum 
suspension in a grandfather clock and was obtained 
from a watchmaker. The coil was mounted on 
a flat mica sheet secured to the end of the spring 
by a small home-made metal bracket. 

The important objective to achieve with the 
suggested device is that the two magnets should 
be as close to each other as possible to minimise 
flux leakage. The dimensions given allow a bit of 
leeway in this respect. If a neat flat coil swinging 
accurately in the plane of the pole surfaces is 
achieved then washers can be inserted behind each 

magnet to reduce the excess gap until the coil 
is just not touching either magnet throughout 
its range of movement. 

It will be found that the very low d.c. resistance 
presented to the unit by the input transformer 
primary winding gives extremely effective electrical 
damping of the coil. With the coil open-circuited 
the oscillations resulting from a small deflection 
of the spring are visible for about one minute as 
they decay. When short-circuited, the coil appears 
to flick back to its original position with very 
slight overshoot after the same deflection of the 
spring. 

If a small deflector plate is titled to the free 
end of the spring, the unit can be used as a counter 
of small articles dropping down a chute, for example. 
In this application the maximum count rate will 
be determined mainly by the Type 600 relay. With 
the circuit of Fig. ]vit should be possible to count 
at rates up to 4 items per second. 

Finally, if a balanced pendulum arrangement 
is adopted, with a light spring centring the pen- 
dulum, an extremely sensitive device can be made 
of similar general construction to that used above. 

A unit of this type made by the writer had a 
small mica plate mounted at the remote end of the 
pendulum. See illustration. 

A 5 milligramme weight falling from a height 
of 1 centimetre on to this plate was sufficient to 
trigger the circuit reliably. Small abrupt changes 
in low velocity air or gas flows can also be detected 
in this way, or the unit could be used to signal 
the arrival of rain. In the latter application any 
unwanted effects due to wind must be eliminated 
by suitable enclosure. 

It will be obvious by now that the circuit des- 
cribed, together with suitable transducers, can 
form the starting point for a fascinating variety 
of experiments at a fairly low cost in equipment. 
For those who are fortunate enough to possess a 
recording milliammeter then it should be easily 
possible to modify the fourth transistor stage to 
give a d.c. output proportional to the magnitude 
of the input signal. 

i isl 

w 

Brenell 

in 

Australia 

The Brenell range of tape recording equipment 
excited considerable interest at the recent British 
Exhibition in Sydney. The Brenell Australian agents, 
RCA of Australia PTY Ltd. have in consequence, quad- 
rupled their already large orders for Brenell machines. 
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The "Crystarlet" 

Crystal-controlled F.M. Tuner 

Part 1 By SIR JOHN HOLDER, Bart. 

R 

As o successor to his popular "Crystella" f.m. 
tuner, our contributor now introduces the "Crystar- 
let". The "Crystarlet" incorporates four valves 
and has the special feature of crystal-controlled 
switched station selection. This first article 
describes the circuit and gives details of coil 
construction. In the concluding article, to be 
published next month, full instructions are given 

for chassis assembly and alignment 
IGHT AT THE OUTSET, THE WRITER FEELS THAT 
the following warning should be given to 
intending constructors of this tuner. 

Experience shows that, on receipt of intermediate 
frequency coils and ratio detector coils, many readers 
find it difficult to resist the temptation to alter the 
core settings so that, when they have constructed the 
tuner and set out to adjust the front end, they fail 
to hear any signals. These coils are adjusted before 
leaving the factory and little or no further adjustment 
is needed when external circuits are connected to 
them. In consequence, no core adjustments whatsoever 
should be made until the receiver is complete and is 
ready for alignment. 

The "Crystarlet" 
This tuner, as its name implies, is a smaller 

and simpler version of the "Crystella" which was 
described in the February and March 1963 issues 

big. 1 (a). Coupling a tuned circuit resonant at the 
fifth overtone of the crystal between the oscillator 

anode and the crystal 
(b). The inductance in the tuned circuit of (a) is so 
low at the fundamental crystal frequency that it will 
function as a direct connection, as shown here. To 
overcome this effect, a high-value bypass capacitor 
may be tapped into the inductor of the tuned circuit 
at a neutral point (with respect to operation at the 
fifth overtone). The path to chassis is indicated by the 

dashed line 

of The Radio Constructord It is intended for 
reception in the main service areas of the B.B.C's 
v.h.f. broadcast transmitters, with the "Crystella" 

1 Sir John Holder, "The 'Crystella' F.M. Tuner", The Radio 
Constructor, February and March 1963. See also the following 
by the same author: "Notes On the 'Crystella' F.M. Tuner", January 
1964, and "A Crystal Controlled Oscillator For F.M.", August and 
September 1961. 

, HT+- 
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Crystal 
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retained for the fringe areas; although there are 
indications that, even here, the "Crystarlet" may 
be a serious rival to its predecessor. 

The "Crystarlet" uses the same S.T.C. triple 
crystals as the "Crystella". The advantages of 
these were fully explained in the "Crystella" 
articles.2 

Design Considerations 
With only four valves, one has the choice of 

two i.f. stages and no limiter, or one i.f. stage 

2 These crystals appear in the Standard Telephones & Cables 
Ltd. triple crystal unit type 4434. A suffix letter corresponds to the 
B.B.C. transmitter with which the particular unit employed should 
be used.—Editor. 
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and a limiter which is only partially effective 
because the signal has received insufficient amplifica- 
tion. A ratio detector works best with a fairly 
large signal but if the first of these choices is adopted 
and the detector has to do all the limiting, whereupon 
its components have to be very carefully chosen 
and great pains taken to see that it is carefully 
balanced. 

If the normal type of grid limiter is used for the 
second choice, there will be barely enough signal 
for the detector to work properly, because the grid 
limiter contributes little or no gain. 

There is a way out of this which consists of 
accepting that limiting will be partial only. A 
partial limiter can then be used which does not 
give 100% limitation and which also provides a 
good measure of amplification. 

In this way, the ratio detector can be worked 
under optimum conditions where it will not only 
give a low-distortion audio output, but will also 
clean up nearly all of any residual a.m. interference 
which may be present. 

Another advantage of this solution is that, as 
there is gain to spare, we can use i.f. coils which 
have a lower L/C ratio. This means that not only 
will the constructor find that little or no departure 
from the makers' adjustment is needed when 
external circuits have been added, but that the 
coils will also be more immune from the effects 
of capacitance variation resulting from temperature 
changes or ageing. 

The Limiter 
The normal limiter employs a valve operated 

at a very low h.t. potential, so that the characteristic 
curve shrinks to diminutive proportions. Inter- 
ference which has a large amplitude will thus cause 
the grid to bias the valve to cut-off and "punch a 
hole" in the received signal. When starved in 
this way, however, the valve is not able to contribute 
any worthwhile signal gain. 

The "Crystarlet" limiter employs a normally 
operated variable-mu valve, its limiting action 
depending on the fact that a resistance-capacitance 
combination having a time-constant of 10 micro- 
seconds included in its grid circuit. The valve is 
also cathode-biased to a point on the characteristic 
curve where a small change of grid bias causes a 
large change in the gain. The valve will thus be 
unaffected by a steady frequency modulated carrier, 
but the time-constant is small enough to cause 
it to bias the valve to a low gain during the rapid 
rise of impulsive interference. At the same time, 
the time-constant is large enough to allow amplitude 
modulation to exert a kind of automatic gain 
control which irons out the amplitude variations 
which an f.m. signal inevitably acquires, thus 
reducing the demands on the ratio detector. 

Gain Control 
There are arguments both for and against auto- 

matic gain control of f.m. receivers. None is 
provided in the "Crystarlet" because the resulting 
reduction in overall gain which always accompanies 
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its use would nullify all the gain advantages just 
described. 

Since there is no automatic adjustment of gain 
it is necessary to make a pre-set adjustment so as 
to bring the strength of the signal at the ratio 
detector within the working limits at the locality 
where the tuner is to be used. This is easily carried 
out by varying the value of the anode voltage drop- 
ping resistor for the variable-mu limiter valve. 
This point is discussed in detail in Part 2, to be 
published next month. 

The Oscillator 
The oscillator is the same as that used in the 

"Crystella" except that a slightly different coil is 
used. 

The crystals—one for each programme and all 
in the one glass envelope—are inserted in the grid 
circuit of the oscillator valve where they allow 
excitation only at the fundamental frequency of 
the crystal selected or at a harmonic. 

An additional broadly-tuned LC circuit restricts 
oscillation to the correct harmonic or overtone, 
this being the fifth. If this were a simple LC circuit, 
the inductance at the fundamental frequency would 
be so low that it would merely connect the oscillator 
anode to the crystal. This would then vibrate 
in the parallel mode at its .fundamental frequency 
and generate an exciting voltage at this frequency 
across the grid resistor. See Figs. 1 (a) and (b). 

To overcome this, the inductance of the LC 
circuit has a tapping connected to chassis via a 
large capacitor. This virtually short-circuits the 
anode a.c. voltage at the fundamental frequency 
(as shown dashed in Fig. 1 (h)), but the LC circuit 
is arranged in the form of a bridge which is balanced 
at the frequency of the correct overtone. At this 
frequency, the tapping is at a neutral point and 
there is no drain of energy. 

The balancing of the bridge is made easy in 
this tuner by the fact that the component values 
are so chosen that the bridge is in balance when the 
(wo portions of the inductance on either side of 
the tap are visibly equal. 

The Circuit 
Fig. 2 shows the complete circuit for the tuner. 

Superficially, it follows that of the "Crystella" 
very closely, except that V3 of the "Crystella" and 

6turns 20swg, enamelled 
copper wire 

III □ 

5/16' 5/16" TCP VIEW 
SIDE VIEW 

Fig. 3. The construction of L2 

its accompanying transformer have been omitted. 
In fact, the same component numbering has been 
retained as far as possible, so that direct comparison 
between the two circuits can be made. 

There are, however, certain practical differences. 
Apart from the altered i.f. coils and limiter, the 
main difference is an increased use of home-wound 
coils. Readers have shown that they enjoy "do-it- 
yourself" work of this kind, and all the coils used 
have practical advantages. None of them is difficult 
to construct, if tackled in the right way, and the 
same gauge of wire has been used throughout. 

There are two resistors and a capacitor additional 
to those used in the Crystella". R23 is a refinement 
which improves the action of the ratio detector 
at high signal levels. It was included inside the 
screened assembly of the previous coil, but here 
it is added externally. 

The bias resistor R24 and bypass capacitor C27 
serve to bring the variable-mu limiter to the point 
on the curve where the limiting action is greatest. 
Under difficult conditions, such as weak signal 
powerful interference or multi-path reception' 
it might be worthwhile experimenting with different 
anode voltages and values for R23, but the value 
specified for this resistor here has been found to 
give good all-round results. 

Constructing the Coils 
Enamelled 20 s.w.g. copper wire is used for 

all the hand-wound coils and two have tapping 
points. 

The easiest way to construct a tapping is in the 
following manner. First take a suitable length 
of wire and determine where the tapping point is 
to be. To do this it may be necessary to initially 
construct a dummy coil using a spare piece of wire, 
mark the tapping place, unwind it again, and then 
use this wire to indicate the tapping position on 
the wire which is actually to be used. Having 
found the correct position, bend the wire into a 
"V" and continue round with one end until a 
light loop or curl is formed. Pinch this curl as 
tightly as possible using pliers. Next thoroughly 
scrape all the enamel off the outside of the curl 
also inserting the point of the knife into the curi 
and twisting it round. When clean, tin both sides 
and fill with a blob of solder so that no curl remains. 

Before fixing any of the coils in the tuner, the 
ends should be fashioned and cut so that they lie 
exactly over the position where they are to be 
soldered in place. 

Using enamelled wire there is a danger that 
solder stuck to enamel may give the appearance 
of a good joint. In every case the coil ends should 
be well scraped and tinned before the coil is fixed 
in place.3 

The Aerial Transformer 
Lj is an auto-transformer consisting of four 

turns touching one another, would as tightly as 
possible on to a 0.30in diameter square-based 
Bakelite former and tuned with a v.h.f. type slug. 
It does not have a screening can. 
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The aerial is connected to a tapping l-l turns 
up from the bottom. Before mounting on the 
chassis, slide the coil off the former. Mount the 
former inside the chassis (one of the aerial socket 
bolts is shared between the socket and the former). 
Next slide the coil in place again and push it down 
as far as it will go. When the ends have been soldered 
to the grid of V) and the adjacent chassis tag, 
they will hold the coil in position. 

As a refinement, the grid lead could be ap- 
preciably shortened by cutting away the base of 
the former so as to leave only the thick part with 
the threaded fixing holes. It could then be bolted 
down as close as possible to Vj valveholder, for 
which purpose it will, of course, be necessary 
to alter the fixing holes in the chassis. 

A suitable coil former for Li is the Denco 
component Ref. 5000A/4 or 6E. 

The V.H.F. Anode Coil 
Some readers had difficulty in getting the "Cry- 

stella" oscillator to work, because its circuit was 
incorrectly loaded by L2. This point will be further 
discussed in Part 2. Meanwhile, it can be stated 
that part of the reason for the incorrect loading 
was that L2 had been made insufficiently accurately. 
So that the prototype coil can be more easily 
duplicated, a slightly different coil is used in the 
"Crystarlet" and it is designed to measure correctly 
when the turns of the coil touch one another. 

To make the coil, wind 6 complete turns of 
20 s.w.g. enamelled copper wire on to a 0.30in 
diameter Bakelite former. This former is to be 
mounted on top of the tuner and fitted with a 
screening can. A suitable former is the Denco 
5000A/4 or 6E and the can may be a Denco Ref. 1. 

After winding, the ends of the coil should be 
bent down and passed through holes 4 and 6 of 
the former base, the end further from the base 
passing through hole 4. Next cut the ends so 
that they project about fin when the coil is in the 
centre of the former. Push the coil down a little 
further and scrape the enamel off the protruding 
parts. 

The coil can now be re-centred and fixed in 
place with a touch of solder where the ends pass 
through the eyelets in the base. Care should be 
taken that this solder will not cause a short-circuit 
to the screening can. The completed coil is shown 
in Fig. 3, and it is fitted with a v.h.f. core. 

The Oscillator Coil 
Many types of oscillator coil for the L3 position 

were tried, but the self-supporting type with spaced 
turns was found to be the most suitable. The use 
of formers and dust-cores made it difficult to 
maintain the balance of the bridge. Correct balance 
is more important than the dimensions of the coil, 

3 In the coil-winding instructions which follow references are 
made to installation on the chassis, the wiring and layout diagrams 
for which will appear as Figs. 8 and 9 in the concluding section to 
be published next month. It is desirable to clear the question of 
coil construction in the present instalment and readers will find 
that any outstanding points will be clarified next month.—Editor. 

^'/2 0/dia-n 

S/o* 

/8 7,0" 

Tap 

/io 
Conrtect to pin I 
of V2 using short 
vertical length of 
thin wire Solder to switch tag 

Fig. 4. The oscillator coil L3. References to V2 and 
the switch tag are with respect to the layout diagram 

of Fig. 9, which will be published next month 

as long as the latter are within certain limits. It 
will be shown later that correct adjustment of L2 
is more important than adjustment of L3, provided 
the latter is made correctly to measurement. 

To construct L3, take a 2 foot length of 20 s.w.g. 
enamelled copper wire and make a tapping point 
at the centre. Then, starting at the tapping point 
wind turns in a clockwise direction on to a fjin 
rod, such as the non-threaded portion of a bolt. 
Turn the former round and wind on Sf turns at 
the other end. When completed, the coil should 
consist of lOf turns, having the appearance of a left- 
hand thread. If held with the rod pointing away 
from you, the far end of the coil should hang down 
on the left and the near end on the right, with the 
tapping point at the centre and on top. The dimen- 
sions are shown in Fig. 4. 

Pull out the coil so that it measures between 
|in and sin long with the turns equally spaced. 
If the winding tension has been correct, the outside 
diameter will be iin. 

Bend one end sharply at right angles so that it 
points towards you nearly parallel to the axis 
of the coil. Bend the other end at right angles 
but so that it comes forward at a slanting angle. 

O-Sin. dia 

IO turns 
total 

Fig. 5. Construction of the heater chokes L8 and Lg 
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Cut the forward end, so that it projects by Ain 
and cut the rear end so that, when the front end 
is in position touching the switch tag, the rear end 
lies vertically above pin 1 of V2 valveholder. Scrape 
the ends wejl and tin them. 

By now, the coil will probably be a shapeless 
mess! If so, put it back on the former and re- 
fashion it so as to make a neat job. 

The Heater Chokes 
There is insufficient room for the type of heater 

chokes which were used in the "Crystella", so self- 
supporting chokes are used. These should each 
consist of 10 close-wound turns of 20 s.w.g. enamel- 
led wire, wound on to a spare 0.30in diameter 
former which is afterwards removed. The ends 
should be bent at right angles so that they project 
sideways, and cut to -j-in as shown in Fig. 5. 

Warning 
We started with a warning. Let us finish this 

instalment with another, intended specially for 
those who are constructing an f.m. tuner for the 
first time. This is that v.h.f. is definitely different! 
At these frequencies a fraction of an inch of wire 
has an .appreciable inductance, so that if the con- 
structor departs ever so slightly from the instruc- 
tions as to the position of components, or attempts 
to make the wiring tidy by putting in right-angled 
bends and so on, he may find that the tuner will 
not work. Even the intermediate frequency wiring 
must follow the shortest possible routes. This is 
because there is a v.h.f. harmonic which can be 
radiated and which, if it finds its way into the front 
end, will cause instability, blocking or loss of 
sensitivity. 

The "Crystarlet" is the outcome of much careful 
thought and experiment. When correctly con- 
structed according to the instructions, it will be 
found to be a very stable and easily adjusted tuner. 

(To be concluded) 

"A-PEALING" 

door chimes 

By R. Bebbington 

In these ingenious two-tone door chime units the 
chimes are derived from a transistor oscillator. 

"A -pealing" and realistic door chimes that 
can be easily constructed by readers are the 
subject of this article. The circuits described 

are full transistorised, the only mechanical device 

R4 r2 75n 
-*mh~ 25 

-II- 
C3 TR TR, AF3 

OC7I OC72 
R3 

ww Rs 
Bell 

-push 

being the bell-push. The layout is by no means 
critical and the disposition of the components 
may be altered to suit individual requirements with- 
out impairing the results. 

Single-ended Version 
The first circuit, shown in Fig. 1, is extremely 

easy to build and will give adequate volume for 
reasonably quiet situations, the prototype being 
heard at a distance of 25 yards. Basically, it consists 
of an oscillator followed by an output stage driving 
a miniature loudspeaker. One obvious advantage 
of the transistorised circuit lies in the economy 
of the power supplies. Only one 9 volt battery 
is required and this supplies current only when 
the bell-push is operated. To produce the chime- 
like decay effect that one associates with bells, 
a slowly discharging electrolytic capacitor, C4, 
supplies the oscillator and output collector voltage 
momentarily after the bell-push has been released. 

A modified Hartley oscillator has been chosen 
because it is frequency-independent of supply 
voltage variations. This is most important as, 

otherwise, the decay note would vary in 
pitch as the electrolytic capacitor dis- 
charged. 

The second note to be sounded is ob- 
tained by arranging that a contact on the 
bell-push connects an additional capacitor, 
C2, across the tuned circuit, Li,Ci. As the 
power supply contact is designed to make 
first, the second note will sound fraction- 
ally after the first note is heard, i.e. when 
the tuned circuit is modified by the extra 
capacitor. On release of the bell-push this 
extra capacitor is disconnected and the 
original note is repeated during the 
decay period. Thus three notes are 

Fig. 1. The circuit of the single-ended unit 
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Components List (Fig. 1) 

Resistors 
(All resistors \ watt, 10%) 

Ri ison 
R2 39k ti 
R3 220 
R4 470a 

Push button 

Rs 
Re 

12kn 
2.2k 

R7 33a 

Capacitors 
Ci 0.1 (xF 
C2 0,05[xF 
C3 0.05[xF 
C4 l,000(xF electrolytic 12V wkg. 
C5 0. l(j.F 
Ce 100[xF electrolytic 6V wkg. 

Note;Ci and C2 may require selection or adjust- 
ment to produce the desired tones. 

Inductor 
Lj Centre-tapped choke type AF3 (Repanco) 

Transistors 
TR, OC71 
TR2 OC72 

Bell-Push 
Modified push-button (see text) 

Loudspeaker 
750 moving-coil 

Battery 
9 volt battery 

Components List (Fig. 3) 

Resistors 
(All resistors $ watt, 10%) 

Rj 2200 
R2 39kO 
R3 3.9kO 
R4 4.7kO 
Rs 2700 
R6 SO 

Transistors 
TR] OC71 
TR2,3 OC72 

Bell-Push 
Modified push-button (see text) 

Loudspeaker 
30 moving-coil 

Battery 
9 volt battery 

Flexible connection 

Connections to 
to oscillator 
and amplifier 

Junit 

Fig. 2. Modifications to the bell-push 

Capacitors 
Ci 0.1 txF 
C2 0.05(xF 
C3 0.05|xF 
C4 250[xF electrolytic I2V wkg. 
Note: C| and C2 may require selection or adjust- 

ment to produce the desired tones. 

Inductors 
L] Centre-tapped choke type AF3 (Repanco) 
T] Driver transformer type TT45 (Repanco) 
T2 Output transformer type TT46 (Repanco) 

heard in all, with the middle note at a lower pitch 
determined by the auxiliary capacitor value. Any 
musical interval may be chosen, the component 
listed giving a pleasant-sounding minor third. 

Bell-Push Assembly 
So far as the bell-push is concerned, if a suitable 

switch having two make contacts is available it is 
an easy problem to adjust it so that one contact 
makes before the other. Unfortunately, most 
switches available to the writer lacked the profes- 
sional look, and as the bell-push was to adorn 
the front door, it was decided that a standard 
commercial item would be more elegant. A second 
contact was inserted that closed fractionally after 

♦ 
|~| Bell-push 

R4 tr2 
C2 

TR| 

TR ^6 3n 
ww QV 

=4 

T 

fig. 3. The circuit of the alternative push-pull 
version 

FEBRUARY 1965 479 

www.americanradiohistory.com



the original contact in order to switch the auxiliary 
tuning capacitor. See Fig. 2. Arrangements will 
obviously differ depending on the layout of push- 
button assembly purchased, but it should not be 
difficult to adapt it to the requirements illustrated. 
Contacts from an old relay or switch may be used 
to augment or replace the original contact if neces- 
sary. The problem is not a difficult one. 

Three connections are taken from the bell-push 
to the oscillator and amplifier unit. It is essential 
that the last contact to close is wired to the auxiliary 
capacitor, C2. 

Push-Pull Version 
Almost any amplifier can be adapted to follow 

the modified Hartley oscillator circuit but, as we 
get away from the simple single-ended stage, the 
problem of battery economy becomes significant. 
Whereas before, the charge in the electrolytic 
capacitor was sufficient after releasing the bell-push 
to provide oscillator and output current and main- 
tain the sound for a second or two, increased 
output power demands severely curtail this decay 
time. One solution is to leave the amplifier per- 
manently across the supply and merely switch the 
oscillator. Unfortunately this is rather wasteful. 
Yet, without the decay, the chime lacks charm. 
Necessity being the mother of invention, a compro- 
mise was sought and found in the push-pull circuit 
of Fig. 3. Whilst no originality is claimed, one 
must admit that it is different. 

Coupling is achieved throughout by means of 

transformers, the primary of the driver transformer 
being in the collector circuit of the oscillator. 
The need for the paralleled 3.9kfl resistor, R3, 
may not be obvious but it helps, in practice, to 
stabilise the frequency during the decay period. 
Conventional d.c. stabilisation of the OC72 bases 
is by a resistance chain comprising a 4.7kfl and a 
27011 resistor. The primary centre-tap of the 
output transformer is connected permanently 
to the 9 volt battery but as the transistor bases 
are virtually at emitter potential when the bell-push 
contacts are open, only a modified leakage current 
will flow. This is a matter of a few microamps. 
However, when the push-button is pressed the 
oscillator drives the output stage which is now 
fully conducting because of the potential applied 
to the base circuit. On release, the 250(j.F capacitor 
C4 supplies current for the oscillator and d.c. bias 
chain only, thus permitting a decay time of several 
seconds since the main collector current is drawn 
directly from the battery. 

Extension loudspeakers of the usual 30 type 
can be installed in a Workshop or garage remote 
from the main speaker—an advantage not shared 
by electro-mechanical door chimes. Furthermore 
another bell-push can easily be arranged to serve, 
say, the back door, this having a different chime 
combination. 

The push-pull version shown in Fig. 3 has been 
in use, at the time of writing, for two months, and 
has attracted a lot of interest. The battery employed 
is still that originally fitted. 

New TV I'Phone Aerial Revives 300-year-old 

Telescope Invention 

Scientists at the St. Mary Cray, Kent laboratories of Standard Telephones and Cables Limited have produced a new 
low-cost aerial for the very-short-wave (microwave) radio links that beam TV pictures between studios and transmitters 
and carry hundreds of telephone calls between cities and towns. 

The new £175,000 TV/telephone link between London and France, now being built for the G.P.O., will be the first 
to use the new STC aerial. 

The aerial uses an idea originally put forward in 1672 by Professor Cassegrain of Chartres University while working 
on the improvement of astronomers' telescopes. The principle involves double focusing to obtain sharper and clearer 
images. 

As a result of this modern application of Professor Cassegrain's invention to microwaves, which behave like light 
beams and can be focused in the same way, the 29ft high "hog-horn" aerials used on many radio towers can now be replaced 
with Cassegrain aerials of only 12Jft diameter without loss of performance. 

The STC Cassegrain aerial is not only half the size but also one-quarter the cost of the equivalent hog-horn aerial. 
The reduction in weight also means that strengthening of tower structures is no longer required. 

The Cassegrain principle 
In the Cassegrain telescope a small convex mirror is placed near the focus of the main, large concave mirror. The 

received image is viewed through a hole in the large mirror. The incoming rays are therefore subjected to focusing and re- 
focusing. 

When applied to microwave aerials the radio energy is collected by a 12ft 6in diameter concave reflector and directed 
on to a 6in diameter convex reflector near the horn-shaped end of the circular waveguide that feeds the energy down 
the tower to the receiving equipment. The transmission process is exactly the reverse, the double focus action producing 
an extremely parallel and efficient microwave beam aimed exactly at the next radio tower, some 40 miles,away. 
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This month, Smithy the Serviceman, aided as always by his able assistant Dick, investigates 
the mysteries of a comparative newcomer to television receivers—the voltage dependent resistor 

"rT",HERE WON'T," PRONOUNCED 
Dick, looking up from his 
coupon, "be any Treble 

Chance at all in next year's pools." 
"Won't there?" asked Smithy 

interestedly, entering a cross against 
Sheffield United. "What will there 
be, then?" 

"You'll have to predict," replied 
Dick, "the number of players 
sent off during the game. You'll 
score one point for each player 
sent off. Also, there'll be half a 
point for each spectator run in by 
the law and, if there's a free fight 
between players and spectators, 
you get an extra ten points bonus 
as well!" 

"That," sighed Smithy, putting 
his ball-point pen to one side, 
"would just about suit me down 
to the ground. I couldn't do 
worse with a pool like that than I 
have done over the last few weeks." 

"No luck ?" 
"Very little," said Smithy cautious- 

ly. "The odd £150,000 still continues 
to elude my grasp." 

The Serviceman leaned back and 
reached for his tea. Outside there 
was a scene of desolation, as the 
late January snow turned gradually 
into slush under an incessant cascade 
of rain. Small icicles hung like 
stalactities from the upper frame- 
work of the windows, melting 
gradually into the water that flowed 
over them and dripped from their 
tips. A bleak wind blew fitfully, 
sending little scurries of rain first 
against one window and then 
another. 

Inside the Workshop, however, 
all was warm and snug. Dick and 
Smithy had just consumed their 
lunch, this being a repast, it should 
be added, which was far more 
nutritious and sustaining than their 
usual newspaper-wrapped mid-day 
meals. Smithy had astounded Dick 
in the middle of the preceding week 
by suddenly adding a saucepan 
to the motley collection of culinary 
utensils which disgraced the Work- 
shop, and the pair had put it to 
use immediately for the preparation 
of hot meals cooked in their tins, 
a process which merely involved 
filling the saucepan with water and 
obviated any messy cleaning up 
afterwards. On the first day they 
had enthusiastically regaled them- 
selves on Heinz Oven Baked Beans, 
to be succeeded on the following 
day by Heinz Spaghetti With 
Tomato And Cheese Sauce. The 
next day had seen a return to the 
baked beans and then, after the 
week-end, the spaghetti. And thus 
the menu alternated. Today was 
Thursday and it had once more 
been the turn for baked beans. 

Thursday was also the day for the 
Pools. 

The Hangw Door Opens 
"Did you," asked Smithy, sup- 

pressing a minor burp, "put Spurs 
down for a draw?" 

"I might have done," replied 
Dick guardedly, as he copied the 
number of his postal order into 
the coupon. 

"There's no need," said Smithy 

peevishly, "to be as secretive as all 
that." 

Decisively, Dick folded his coupon 
and postal order, inserted them 
into the envelope and stuck the 
flap down securely. 

"It doesn't pay," he said darkly, 
"to pass on details of one's own 
coupon. In any case, I've finished 
mine and I want to talk about 
something technical instead." 

"I wondered how long it would 
be," grumbled Smithy, "before you 
opened the hangsr door again. 
Let's get it over with!" 

"I'm bumping into a lot of 
gadgets in TV sets these days," 
said Dick, immediately seizing 
Smithy's offer, "which are beginning 
to puzzle me a little." 

"Such as ?" 
"Such as these," replied Dick, 

reaching for a service manual lying 
on his bench and indicating several 
symbols on the circuit. 

"Oh, those!" commented Smithy 
carelessly. "There's nothing compli- 
cated about them, they're just 
v.d.r.'s." 

"Come again?" 
"They're just v.d.r.'s," repeated 

Smithy. "The abbreviation stands 
for voltage dependent resistors." 

"Oh," said Dick doubtfully. "What 
do they do, then?" 

"In general," replied Smithy, 
"they behave in rather the same 
manner as clamping devices. Al- 
though that is, perhaps, rather over- 
simplifying matters." 

"I'll say it is," snorted Dick 
sarcastically. "I ask you -what 
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Supply 
voltage 

Zener 
diode 

StobHised 
voltage 

Fig. 1. Employing a zener diode 
to obtain a stabilised voltage. 
The voltage across the zener diode 
remains very nearly constant 
despite changes in supply 

voltage 
voltage dependent resistors are for 
and all you say is that they're 
rather the same as clamping devices!" 

"That's true enough," replied 
Smithy defensively. 

"Very well, then," persisted Dick. 
"What are clamping devices?" 

"That's easy," replied Smithy, 
entering another cross in his coupon. 
"A typical example of a clamping 
device is a zener diode." 

"How on earth," continued Dick, 
an agonised frown creasing his 
forehead, "can a resistor function 
in a similar manner to a zener 
diode?" 

Smithy pushed his coupon to one 
side. 

"O.K. Dick," he chuckled, "I'll 
put you out of your misery!" 

The Serviceman drew a notepad 
towards him. 

"Let's commence," he said, "with 
zener diode. If we start right from 
basic, we can say that the zener 
voltage of a semiconductor diode 
is the voltage, in the reverse direc- 
tion, at which the insulating proper- 
ties of the semiconductor material 
break down. Once breakdown oc- 
curs, the voltage across the diode 
increases only slightly for increases 
in current and so the diode can be 
used as a voltage stabiliser or a 
voltage reference." 

Smithy scribbled a circuit on 
his pad, after which he sketched out 

Voltage 

Current 

Fig. 2. The voltage-current 
characteristic of a typical zener 

diode 

a graph. 
"The zener diodes we use in 

practice," he resumed, "are silicon 
diodes specifically manufactured to 
do the job, and they can appear 
in a circuit such as this. (Fig. 1). 
The voltage-current graph for the 
diode normally looks something 
like this, (Fig. 2), in which the 
diode passes negligible current until 
the voltage approaches the zener 
region. Current then starts to 
flow and, after it's reached a certain 
level which may be around 2 to 
10mA with most types of diode, 
the curve flattens off. As current 
increases above this point there is a 
slight increase in voltage, but this 
is very small when compared with 
the increase in current. So, provided 
the zener current flowing through 
the diode is sufficiently high to be 
on the flatter part of the characteris- 
tic, the diode makes a very useful 
voltage stabiliser. The maximum 
zener current you can pass is, of 
course, that specified by the manu- 
facturer of the particular diode 
you're employing." 

"Where," asked Dick, "does this 
clamping device business come in?" 

"The zener diode," replied Smithy, 
" 'clamps' the voltage at the zener 
level. You would get the same 
effect if you had an ordinary diode 
in series with a battery. (Fig. 3). 
At input voltages which are smaller 
than the battery potential the diode 
does not conduct. If the input 
voltages are raised, the diode 
conducts and 'clamps' the output 
voltage at battery potential^Or, 
to be precise, very slightly above 
battery level. The ordinary diode 
and battery offers approximately 
the same result as the zener diode; 
provided, of course, that the polar- 
ities of the battery voltage and the 
input voltage are right way round. 
Incidentally, the diode in my last 
circuit can be called a 'clamping 
diode' when its function is to 
clamp input voltages at a pre- 
determined level." 

V.D.R. Curve 
"Well," conceded Dick. "That 

explains the clamping bit. Where 
does the v.d.r. come in?" 

"Ah!" replied Smithy. "Now, 
this is where things begin to get a 
bit more interesting! A voltage 
dependent resjstor is a resistor whose 
resistance decreases as the voltage 
across it increases. The result is 
that it gives you a voltage-current 
curve something like this. (Fig. 4). 
When the voltage rises from zero 
so also does current, but the latter 
does not rise in a linear manner. 
As voltage increases, current in- 

creases by a disproportionately high 
amount; which is another way of 
saying that, as voltage increases, 
the resistance of the v.d.r. drops. 
Do you notice anything of interest 
in the curve I've just drawn?" 

Dick screwed up his eyes and 
concentrated. 

"Not for the moment," he con- 
fessed, "except that it bears out 
what you've been saying about 
resistance dropping with increase 
in voltage. Wait a minute, though!" 

"Yes?" 
"Isn't it," asked Dick hesitantly, 

"a little like the zener diode curve? 
It seems to have the same flattening- 
off effect." 

"That," said Smithy approvingly, 
"is my boy! You're quite right 
about the similarity to the zener 
diode curve, and it is because of 
this flattening-off effect that you 

Input 
voltage 

Output 
'voltage 

Fig. 3. Using a diode and 
battery as a clamping device. 
The output voltage remains 
slightly in excess of battery 
potential for all input voltages 

above that of the battery 

can start thinking about the v.d.r. 
as a clamping device. To get best 
results you have to operate the 
v.d.r. on the flatter part of its 
characteristic, and this is near the 
maximum current you can allow 
to flow through it. The maximum 
current is, of course, that which 
meets the maximum dissipation 
figures set by the manufacturer." 

"I can see," commented Dick, 
"the similarity with the zener diode 
quite clearly now." 

"Good show," said Smithy. "Don't 
forget, however, that the v.d.r. 
does not offer by any means as 
flat a voltage-current characteristic 
as does the zener diode. Taking 
fairly typical figures, a v.d.r. intended 
to work at low voltage would have 
a potential across it of 5 volts at 
ImA and about 18 volts at 50mA, 
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whilst a typical zener diode could 
have a voltage across it of, say, 
6 at 1mA and 6.4 at 50mA. Thus, 
the v.d.r. goes up in voltage by over 
3 times for an increase in current 
of 50 times, whereas the zener diode 
only goes up in voltage by 6 or 7%. 
The higher voltage v.d.r's appear 
to be rather better in this respect, 
and a fairly typical result would be 
40 volts at 0.1mA, and around 
90 volts at 5mA. That's a change 
in voltage of slightly less than 
2i times for a current change of 
50 times. Still not as good as a 
zener diode, but not bad." 

"You used a different range of 
currents," objected Dick, "for the 
higher voltage v.d.r." 

"Did I?" said Smithy absently. 
"That's probably because most of 
the high voltage v.d.r.'s we bump 
into in TV work pass lower currents." 

"How high in voltage can v.d.r.'s 
go?" 

"Before answering that," said 
Smithy, "I think I should mention 
that many v.d.r.'s are specified 
in terms of a reference voltage at a 
particular current. These voltages 
and current figures are fairly close 
to maximum dissipation and cor- 
respond to the flatter section of 
the voltage-current curve. Having 
introduced that point, I can add 
that the reference voltages for small 
v.d.r.'s of the type which would 
be mounted, say, on a printed 
circuit board may range from some 
10 volts to more than 1,000. You 
can, incidentally, use v.d.r.'s at 
e.h.t. voltages also." 

A Well-Known V.D.R. 
"Blimey," said Dick impressed. 

"I've never heard of that before." 
"Yes you have," contradicted 

Smithy. "What about our old 
friend, the Metrosil?" 

"Is the Metrosil a voltage de- 
pendent resistor?" 

"Of course it is," replied Smithy. 
"The particular units out of the 
Metrosil range that most of us who 
service TV sets have encountered 
are the Metrosil rods which connect 
between the final anode of the 
picture tube and chassis. (Fig. 5). 
Their function is to improve the 
regulation of the e.h.t. voltage 
applied to the tube. If e.h.t. voltage 
increases, the resistance of the 
Metrosil drops, and vice versa. 
And so the Metrosil counteracts 
excessive changes in e.h.t. voltage." 

"Well, I'm dashed," exclaimed 
Dick. "We've been talking about 
v.d.r.'s all the time, and I never 
even thought about the Metrosil!" 

"There we are, then," said Smithy 
soothingly. "Returning to the lower 

voltage v.d.r.'s, many of these 
appear in practical form with rather 
the same outline as a fixed resistor 
(Fig. 6 (a)). Alternatively, you 
may have a disc with lead-out 
wires coming from the centre on 
each side. (Fig. 6 (b) )," 

With an air that indicated the 
conversation was now closed, Smithy 
returned to his football pool coupon. 

"Just a few more minutes," 
pleaded Dick. "We haven't even 
started on these v.d.r.'s yet." 

"Let me finish this coupon off 
first," said Smithy. "If you want 
to make yourself useful you can 
get me a little more tea." 

Obediently, Dick walked to the 
teapot and busied himself with the 
replenishment of Smithy's cup. His 
eye fell on the newcomer which 
now took pride of place alongside 
the Workshop sink. 

"That saucepan," he announed 
on his return, "is a jolly good 
acquisition, you know." 

The preoccupied Smithy gave a 
regal inclination of his head in 
acknowledgement. 

"I really enjoyed my lunch today," 
continued Dick enthusiastically. 

An avid look suddenly appeared 
in Smithy's eyes. 

"What," he asked, "is it tomor- 
row?" 

"Spaghetti." 
"Good," said Smithy, with intense 

satisfaction. 
He sat back and carefully examined 

his coupon. 
"That should be all right," he 

announced. "I've only got one 
more cross to put in, and that's 
the one which has never failed to 
come up yet." 

"Which cross is that?" 
"The one," replied Smithy sar- 

EH.T Rectifier 

Voltage 

Current 

Fig. 4. The voltage-current 
curve of a voltage dependent 
resistor. The existence of a 
relatively flat top makes it fairly 
similar to the zener diode curve 

of Fig. 2 

donically, "which you put against 
'winning clients not wishing pub- 
licity'." 

With a flourish. Smithy finished 
his coupon and quickly inserted 
it, together with the requisite postal 
order, into its envelope. 

"Are you sure," asked Dick, 
"that that postal order is for enough 
money?" 

"Of course it is," said Smithy. 
"I'm always very careful about 
things like that." 

"Careful?" exclaimed Dick. "I'd 
say you were tight, myself. Blimey, 
it was only for 6d!" 

"Quite enough, too," replied 
Smithy. "That's 24 lines at a 
farthing each." 

"Is that all you spend on the 
pools, just 6d. a week?" 

"Naturally." 
"And you're grumbling about not 

winning anything." 

CRT 
Rnal ano 

Voltage 
dependent 
resistor ^ 

(Metrosil) Outside 
conductive 
coating 

Fig. 5. Employing a Metrosil to improve the regulation of the e.h.t. voltage 
applied to the final anode of a c.r.t. {Metrosils are manufactured by 

Associated Electrical Industries Ltd.) 
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0-2 

Lead-outs 

(a) 

Circular disc 
0-3-0-6 

J 
/■ 

\ 1 \ 1 f 

— 01-04* / 1 

Lead-outs - 

(b) 
Fig. 6. Small voltage dependent 
resistors may appear in a similar 
form to normal resistors (a), or 
to disc ceramic capacitors with 
the leads protruding from the 
centre of the surfaces (b). The 
dimensions given here are 
representative and are only 
intended to give a general idea 

of size 
"I don't," said Smithy guardedly, 

"do as well from the pools as I'd 
like. Anyway, have you ever won 
anything?" 

"As a matter of fact," said Dick 
proudly, "I have. I got second 
dividend a couple, of years ago." 

"That sounds good," remarked 
Smithy, "How much did they pay 
out?" 

HT+ 
C200-240V) 

•lOOKn. 
tOOV Stabilised Cl=0-2mA) 

^299CC/P342 
(Mullard) 

Regulated 
valve 
stage 

Fig. 7. An example showing the 
use of a v.d.r. to regulate the 
h.t. voltage fed to a stage in 
valve equipment. Despite 
variations in h.t. potential from 
200 to 240 volts, the change in 
the potential applied to the valve 
stage is only of the order of 7 

volts 

"Eleven bob." 
"Well," said Smithy. "It's en- 

couraging, anyway." 
"I suppose so," commented Dick 

moodily. "Anyway, how about 
getting back to these v.d.r.'s?" 

"Righty-ho," said Smithy. "Let's 
return to what we were talking 
about before I mentioned the 
Metrosil. I said that, whilst a 
v.d.r. does not have as good a 
stabilising performance as the zener 
diode, it still offers a fairly flat 
voltage-current characteristic and 
that changes in voltage are of 
the order ofn 3 times for a current 
change of up to 50 times. A v.d.r. 
wouldn't, in consequence, be as 
good as a zener diode if it was 
necessary to provide a stabilised 
voltage over a wide range of currents. 
But it could, on the other hand, 
be very useful if the range of currents 
over which it had to stabilise was 
low. Also, the v.d.r. can operate at 
much higher voltages than can a 
zener diode or, for that matter, a 
neon stabiliser tube. To show the 
usefulness of the v.d.r. when the 
range of currents is low, let's take 
a fairly typical practical example. 
Let's assume that we have an h.t. 
line in a piece of valve equipment 
which is nominally at 240 volts 
but which, because of poor mains 
regulation, is liable to drop to 
200 volts. We have a valve stage 
in the equipment which requires a 
fairly well regulated h.t. voltage 
around 100, and it draws a current 
of 0.2mA." 

Smithy rose from his chair and 
walked over to the bookshelf, where 
he extracted Volume 5 of the 
Workshop copy of the Mullard 
Technical Handbook. 

"We should," he said, as he 
turned over the sheets of the Hand- 
book, "be able to find a v.d.r. in 
the Mullard range which should 
just about suit this particular little 
job. Ah, here we are! The Mullard 
E299CC/P342 v.d.r. has a reference 
voltage of 100 ± 20% at 1mA. 
This should suit us quite nicely." 

He scribbled a further circuit on 
his notepad. 

"We now use," he continued, 
"the same sort of circuit as we 
would have for a zener diode or a 
neon stabiliser." (Fig. 7). 

"In other words," chipped in 
Dick, "this circuit is true, and only 
the values have been changed to 
protect the v.d.r." 

Smithy winced. 
"Dear, oh dear.," he protested. 

"You've made me forget where I 
was, now!" 

"100 volts," said Dick helpfully, 
"at 1mA." 

"Oh yes," said Smithy, "and, of 
course, the regulated stage draws 
0.2mA at this voltage as well. 
Since the h.t. voltage varies between 
200 and 240 we can start from the 
centre figure of 220 volts and work 
out a suitable value for the dropping 
resistor, which may then pass 1.2mA. 
That's 1mA for the v.d.r. and 0.2mA 
for the valve stage." 

"That's easy," said Dick promptly, 
as he drew Smithy's pad towards 
him, "R is E over I, and E is 220 
minus 100. Which comes to 120 
volts. So R is 120 divided by 1.2. 
And that is, let me see now, 100 
ohms!" 

"I'll give you 100 ohms," snorted 
Smithy. "The answer should be in 
kilohms 1" 

"Sorry, Smithy," said Dick con- 
tritely. "I forgot we were using 
milliamps!" 

"All right, then," grunted Smithy. 
"Anyway, we've got a series 
resistor of lOOkO. Next, let's 
find the current in the v.d.r. 
when the h.t. voltage is 200. Assume 
here that you've still got 100 volts 
across the v.d.r. and that the valve 
stage still draws 0.2mA." 

"Fair enough," said Dick. "I 
suppose that what we should do 
here is find the current in the lOOkQ 
resistor and subtract 0.2mA from 
it." 

"That's the idea." 
"Right", said Dick confidently. 

"This time we've got 200 minus 100 
across the lOOkO resistor, which is 
100 volts. Now, R is E over I, 
so that I is E over R, which means 
that. . . ." 

"For crying out loud," snarled 
Smithy. "The answer is 1mA. 
I've never known anyone like you 
for going through this 'R is E over 
I' rigmarole." 

"You've got," said Dick, reproach- 
fully, "to start somewhere." 

"You're still starting," retorted 
Smithy, "when everyone else has 
finished. At 200 volts h.t. we've 
got 1mA in the lOOkO resistor, so 
the current in the v.d.r. is O.SmA. 
We next see what happens' at the 
240 volt h.t. potential. In this 
case, and using our previous assump- 
tions, the voltage across the lOOkO 
resistor is 240 minus 100, which is 
140." 

Smithy raised an arresting finger 
as Dick proceeded to scribble 
industriously on the pad. 

"Don't bother," he said. "The 
current in the resistor will be 
1.4mA, which means that 1.2mA 
flows in the v.d.r. Now let's have 
a look at the voltage-current curve 
for the E299CC/P342 and see what 
voltages correspond to 1.2mA, which 
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occurs with the 240 volt h.t. line, 
and to 0.8mA, which occurs with 
the 200 volt h.t. line." 

Smithy turned the sheet in his 
Handbook. 

"Ah, here we are," he said 
triumphantly. "A current of 1.2mA 
corresponds to about 104 volts, 
whilst a current of 0,8mA corres- 
ponds to about 97 volts. So, 
although the h.t. voltage has shifted 
by 40 volts, the change in voltage 
applied to the controlled stage is 
only of the order of 7 volts. And 
the v.d.r. which does this little 
trick for us is only about the same 
size as a small disc ceramic capaci- 
tor." (Fig. 8). 

Vertical Oscillator Stabilising 
"That's neat," commented Dick, 

"that little v.d.r. certainly smooths 
out the voltage changes." 

"It certainly does," agreed Smithy. 
"The figures we've just worked 
out are a wee bit approximate, 
because we assumed that the voltage 
across the v.d.r. was constant. 
And they don't, of course, allow 
for the tolerance on reference 
voltage for the v.d.r. Still, they 
do show the sort of regulation you're 
liable to get." 

"I think I've got a circuit of the 
same type," said Dick, "in this 
service manual." 

Dick stubbed his finger against 
a v.d.r. symbol on the dual-standard 
TV service sheet at his side. (Fig. 
9). 

"Ah, yes," said Smithy. "That's 
a pretty good example of a v.d.r. 
application. The stabilised stage 
in your circuit is in the vertical 
oscillator circuit. The amplitude 
of the vertical sawtooth provided 
by the triode and, hence, the height 
of the picture, varies in proportion 
to the applied h.t. voltage. This 
voltage is obtained from the boost 
supply and is regulated by, the 
v.d.r. before application to the 
triode. Since the set is a dual- 
standard type the boosted h.t. 
voltage is liable to vary quite a 
bit as you switch the line output 
stage from 405 to 625 lines, and 
vice versa, but the v.d.r. prevents 
these changes from seriously affecting 
the voltage applied to the triode 
and, in consequence, the height of 
the picture." 

Smithy paused for a moment. 
"You may remember," he re- 

marked, "that several months ago 
we were nattering about u.h.fi 
tuners, and I said that the low 
supply voltage required for these 
can be obtained with the aid of a 
zener diode.* I should now add 

♦ "In Your Workshop", December, 1964 
issue. 
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8-Omm 
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max. 

Lead-outs 
(approx. 2lswg.) 

.max 

E299CC/P342 

Fig. 8. The dimensions of the v.d.r. employed in the circuit of Fig. 7 
(8mm =0.312/n and 4mm =0.156m.). These dimensions and the data quoted 

in the text are taken from Mallard literature 
that you can also obtain the low 
voltage with the aid of a v.d.r., 
by using a circuit like this." 

Dick looked on as Smithy scrib- 
bled the circuit on his pad. (Fig. 
10). 

"What," he asked, "is the pre- 
set pot for?" 

"Mainly to take up tolerances 
in the v.d.r. and series resistor," 
replied Smithy. "You set the pot 
up so that the requisite voltage is 
passed to the transistor circuits 
in the tuner. After setting up, 
the v.d.r. then maintains the voltage 
at a reasonably steady level." 

"I see," said Dick. "Incidentally, 
I've noticed that v.d.r.'s are some- 
times connected across the primaries 
of vertical output transformers." 

"That's a common application," 
replied Smithy. "All they do there 
is to prevent excessive voltages 

appearing across the primary during 
flyback. The v.d.r. presents a high 
resistance at the relatively low 
voltages which occur during the 
scanning part of the cycle, and does 
not unduly affect operation here. 
On the other hand, it presents a 
low resistance at the high voltages 
which appear during flyback. Because 
of this, the flyback voltages are 
reduced in amplitude and the 
insulation requirements for the trans- 
former are eased. Also—and this 
may be more important—the v.d.r. 
damps down any tendency for the 
vertical transformer primary to 
'ring' at the resonant frequency 
provided by its own inductance 
and parallel strays. The latter 
effect could cause the first few 
lines after flyback to dance around 
a little." 

"In this instance," remarked Dick, 

Boosted 
WW 

i 
HT+ 

Picture 
L rieiqht 

HT+ contra 
"3 

VD.R. 

Half of vertical 
oscillator 

Fig. 9. A practical illustration, in which a v.d.r. is employed to stabilise 
the h.t. supply to a valve (the triode, which may be one-half of a multivibrator) 
in the vertical oscillator circuit of a television receiver. R1 is of the order of 
200ki 1; R2, 1 to 2.5/V1U; and R; around 330k 1}. The decoupling capacitor, 
Cj, may be an electrolytic component of 1 uF, and its negative plate is 
returned to h.t. positive rather than to chassis in order to reduce its work ng 

voltage 
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-HT+ 

12V Supply to 
U.H.r tuner 

r-*r2 ^ ̂ VD.R 
^Pre-set^ 

Fig. 10. Obtaining a stabilised 
12 volt supply from the h.t. line 
of a television receiver for 
a transistorised u.h.f. tuner. 
Representative component values 

are Rj 10kn, and R2 15kn 

brightly, "the v.cl.r. still functions 
as a clamping device." 

"Oh, definitely," confirmed Smithy. 
"It offers a low resistance at a pre- 
determined voltage level in the 
manner we've already discussed." 

Line Output Stabilisation 
"One thing that puzzles me," 

stated Dick, "is the fact that some 
sets seem to be using a v.d.r. for 
width control." 

"Do you mean" queried Smithy, 
"that the v.d.r. is in the grid circuit 
of the line output valve?" 

"That's right," confirmed Dick, 
"and it also couples to the width 
control." 

HT+ 

Drive 
from 
line 
oscillator 

C| 
OOluF 
Hh 

I Ma 
Width control 

R2 
Ri i. 2Mn 
Ma#-—VvW- 

"1 know the type of circuit you 
mean," said Smithy, as he once 
more applied his pen to his notepad. 
"Basically, it's like this. (Fig. 11). 
As a matter of fact, circuits similar 
to this have been in use for quite 
a few years for e.h.t. regulation. 
It seems now that, in their present 
form, they provide width stabilisa- 
tion for dual-standard sets as 
well." 

"I am completely lost," confessed 
Dick, "in even trying to guess how 
the circuit works!" 

"It's quite simple, really," said 
Smithy. "The important point to 
notice is that positive-going flyback 
pulses from the line output trans- 
former are passed, via C2 in my 
diagram, to the v.d.r. These pulses 
will, in practice, have an amplitude 
around 1 to 2kV or so. The v.d.r. 
fitted in the circuit reaches the 
flatter part of its voltage-current 
characteristic at about two-thirds 
of pulse amplitude, with the result, 
that, acting as a clamping device, 
it prevents the pulse tips from 
attaining any higher potential above 
chassis. Because of this, capacitor 
C2 becomes charged such that 
the tips stay at clamping level. 
The waveform at the upper end of 
the v.d.r. then looks like this." 

Smithy drew the waveform (Fig. 
12 (a)). 

"This waveform is applied to the 
grid of the line output valve via 

Line 
output 
ralve 

2Mn 

vD.R 

C2 
lOOpF 

-1 

J 

Flyback pulses 
from line output 
transformer 

Fig. 11. A basic circuit, with representative component values, illustrating 
the use of a v.d.r. for picture width stabilisation 

R3," continued Smithy, "which, in 
collaboration with the relatively 
low impedance to chassis offered, 
via Ci, by the line drive circuits, 
causes it to be smoothed out to a 
steady voltage which is equal to 
the average voltage of the waveform. 
Now, the flyback peaks occupy 
a very small part of the overall 
waveform, with the result that 
the average voltage is quite close 
to the bottom part. It is, indeed, 
so close that it is negative of chassis." 

Smithy drew another waveform 
on his note pad. (Fig. 12 (b)). 

"Let's now see," he said, "what 
happens if the flyback peaks increase 
in amplitude, as I've shown in this 
second sketch. The first thing is 
that the positive pulse tips are held 
at the same position as before, 
because of clamping action of the 
v.d.r. So what happens?" 

"If," said Dick, thoughfully, "the 
positive tips can't go any higher 
than the previous ones did, then 
I presume that the rest of the 
waveform must be displaced down- 
wards." 

"That's right," confirmed Smithy. 
"So?" 

"Just a minute, Smithy," said 
Dick. "This needs a little cogitation. 
Ah yes, I've got it! If the rest of 
the waveform goes down, so also 
must the average voltage." 

"Exactly," confirmed Smithy. "So 
you now have a circuit which 
causes the average voltage applied 
to the lower end of R3 to go negative 
when the flyback pulses increase 
in amplitude. In the earlier versions 
of this particular v.d.r. circuit 
that was all that was of interest. 
If, due to any reason, the e.h.t. 
provided by the line output stage 
increased, so also did the flyback 
pulses applied to the v.d.r. The 
latter then caused an increased 
negative bias to be applied to the 
grid of the line output stage, thereby 
counteracting the increase in e.h.t. 
In our present circuit the device 
functions also to stabilise width, 
and it should be particularly useful 
in this respect with dual-standard 
sets where width might otherwise 
vary when switching from one 
standard to the other. An increase 
in width corresponds to an increase 
in flyback pulse amplitude and is 
thereby counteracted by an increased 
negative bias voltage from the 
v.d.r. You'll note that the width 
control, itself, is merely a potentio- 
meter which applies a varying 
positive voltage via R2 to the top 
end of the v.d.r. The potentiometer 
allows correct width to be achieved 
initially, and the v.d.r. circuit 
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Pulses from line output transformer 

 Clamping level 

-Average voltage 

Voltage at 
junction of 
Cp and VD.f 

Voltage at 
junction of 
C2 and VDR 

O 

-Clamping level 

-Average voltage 

(b) 

Fig. M (a). The v.d.r. of Fig. 11 holds the positive tips of the flyback pulses 
at clamping level. The average voltage of the waveform, at the Junction of 

C2 and the v.d.r., is then negative of chassis 
(b). In this diagram the flyback pulses are longer, but their positive tips are 
still held at clamping level. The result is that the lower part of the waveform 
is displaced downwards and the average voltage goes negative. (Since the 
clamping effect offered by a v.d.r. is less abrupt than would be given by, 
say, a diode, the "clamping level" in (b) may in practice be slightly higher 
than in (a), but the small change will not affect the operation of the circuit) 

then stabilises it at that level." 

Results Away 
With an air of finality, Smithy 

pushed his notepad away and picked 
up the envelope containing his 
pools coupon. 

"And that," he remarked, "is 
about all there is to say concerning 
v.d.r.'s for the moment. You don't 
happen to have the odd stamp on 
you, do you?" 

Dick reluctantly drew a book of 
stamps from his pocket and passed 
one over to Smithy, who very 
carefully stuck it on to his envelope. 

"Dash it all," grumbled Dick. 
"That's three stamps you owe me 
now." 

"I'll pay you back," said Smithy, 
"out of my next winnings." 

"Your next winnings? When 
did you last win?" 

Smithy looked a little embarrassed 
at the direct question. 

"Oh," he said, with an assumption 
of carelessness, "about a month 
or so ago." 

"How much?" 
"Only ten quid." 
"Only ten quid, he says! How 

much did you win in the previous 
season?" 

"All in all," said Smithy un- 
comfortably, "it must have come to 
about £30." 

"And the season before?" 
"Ah," said Smithy, "My luck 

was in then. I picked up around 
£65 or so!" 

"You mean old devil," exploded 
Dick. "Here you've been winning 
fortunes on a sixpenny postal order 
each week and keeping quiet about 
it, and yet you're too stingy to 
even buy a stamp for the envelope. 
Do you know, Smithy, it's only 
my innate good breeding which 
prevents me from saying how much 
tighter than water-tight you are!" 

"Don't be like that," retorted 

Smithy hotly. "After all, everyone 
has the same chance on the pools." 

"Not with other people's stamps, 
they haven't." 

Heaving a deep sigh. Smithy 
dug into his pocket and took out a 
handful of coins. He carefully 
counted out several of these and 
passed them over to Dick, who 
pocketed them immediately. 

A thought crossed Smithy's mind. 

"Whose turn," he asked bel- 
ligerently, "was it to pay for today's 
baked beans ?" 

But we must draw a veil over the 
wrangle which followed this question. 
There is a widely-accepted meaning 
to the colloquial expression "not 
getting any change out of someone" 
but, if applied to Dick and Smithy, 
the phrase could have just as much 
the factual as the idiomatic inter- 
pretation ! 

New Miniature Bead Thermistors From Mullard Are More Robust And 
Have Greater Electrical Stability 

As a result of improved manufacturing techniques new types of miniature bead thermistors announced by Mullard 
are more robust, have improved electrical stability and will work at a higher temperature than types previously 
available. 

Four basic types are being offered, with resistance values (at 25° C) ranging from IkD to 470kn. These consist of 
a basic encapsulated bead (VA3100 range) in three different mounting configurations; double-ended glass encapsulated 
(VA3200 range), glass-dipped (VA3400 range) and "thermometer type" mounting (VA3700 range). 

The glass-dipped bead {VA3400 range) is a method of producing a thermistor which is more rugged, has a similar 
electrical performance and yet is only slightly larger than the naked bead. 

Overall dimensions (excluding leads) are as follows: 
VA3100 0.6mm dia. bead. 
VA3200 10mm length x 2mm dia. 
VA3400 1.5mm dia. bead. 
VA3700 32mm length x 2.5mm dia. 
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Part Two 

by Craig Mackay 
BRIDGE BUILDING 

The second of a series of four articles which deal, from a strictly practical viewpoint, with the 
design and construction of bridge networks 

This month we shall consider the various 
methods of energising a bridge network. 

If the bridge is intended purely for the 
measurement of resistance, then d.c. methods can 
be used. Generally, however, it is required to 
measure capacitance as well and possibly in- 
ductance, whereupon a.c. methods must be em- 
ployed. 

Frequency 
It is important first to decide the frequency to 

be used. 
The constructor will find that the sharpest 

indication of balance (null-point) is given when the 
bridge components are of a relatively low im- 
pedance. 

Thus it might seem best to use a high frequency 
a.c. source because capacitive impedances are 

HT + 
I50-300V 

2MA 
R2 I 2Mn,'/2W 

Miniature 
Neon 0O2uF 

Output 

inversely proportional to the frequency of the 
alternating voltage applied across them, but we 
must not forget that, at these same high frequencies, 
the effect of small wiring capacitance becomes quite 
noticeable. Even the reactive component present in 
some resistors may become noticeable and tend to 
give incorrect readings. 

Accordingly, it is usual to use a low frequency, 
between 50 c/s and 2,000 c/s, and sacrifice some of 
the sensitivity at the low capacitance end of the 
ranges. 

Isolation 
As was said last month, it is usually necessary to 

have the oscillator isolated from earth. The 
simplest and cheapest method of doing this is to 
use a transformer. 

It is important to have a reasonably high voltage 
present across the bridge if good sensitivity is to be 
expected. 

Sources 
Probably the simplest method of energising an 

a.c. bridge is by employing a separate winding on 
the mains transformer.* 

* When an a.c. energising supply is employed, care should be 
taken to ensure that stray capacitances to chassis are kept to a 
minimum. Their effect may be reduced by using twisted flex for 
source leads, as the individual leads will then have approximately 
the same stray capacitance to chassis. 

HT+ 

Multi-ratio output 
transformer 

Output 

O-OjuF 

6C4,etc. 

47ka 
6-3V 

Fig. 9. A simple neon oscillator. The output 
transformer may have a ratio between 1:4 and 1:5 

Fig. 10. A blocking oscillator. The manner in which 
a suitable transformer may be obtained is discussed 

in the text 
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If the final instrument is to employ valves and be 
run from the mains supply, it is essential that a good 
quality double-wound transformer be fitted to give 
the user the maximum possible protection. Such a 
transformer will have a 6.3V winding for the valve 
heater supply, and a winding for supplying the h.t. 
voltage. It is, therefore, comparatively easy to 
provide a third winding giving between 40 and 80 
volts at some 20mA or, alternatively, to use say a 
1:10 step-up transformer run from the 6.3V heater 
supply. A second, separate, mains transformer 
could also be used. 

If high sensitivity is required on the lowest 
capacitance ranges, then it may be thought worth- 
while to use a separate valve oscillator to supply the 
alternating voltage at a frequency higher than the 
mains frequency. There are a number of oscillator 
circuits which could meet this requirement, but it 
should be pointed out that the oscillator used must 
be capable of supplying a reasonable power to the 
bridge if the null-point is to be at all sharp. 

All the following circuits are designed to operate 
at a frequency of approximately 1,000 c/s. 

A simple neon oscillator circuit is given in Fig. 9. 
The neon shown here should not have any internal 
dropper resistor in its base. The capacitor Q 
across the neon charges up until the striking voltage 
of the neon is reached. The neon then becomes 
conductive, and the capacitor is quickly discharged 
until the voltage across the neon falls below ex- 
tinguishing level. The process then repeats itself 
immediately. The output waveform is also shown 
in Fig. 9. 

Fig. 10 gives the circuit of a simple single-valve 
blocking oscillator. This circuit makes a good a.c. 
source, and oscillates very easily. Almost any valve 
could be used. Fig. 10 shows a triode such as the 
6C4, but a triode-connected pentode (EF91, EL91, 
EF80, etc.) could equally well be used. 

The transformer in Fig. 10 is in no way critical, 
although trouble may be experienced in obtaining 
one which has three separate windings. A good and 
relatively inexpensive solution employed by the 
author has been to use a multi-ratio audio output 
transformer. The "speaker" connections are used 
for the grid winding. The main winding will be 
found to consist of a number of windings joined in 
series and, if the transformer is examined, it will be 
seen that these primary sections are joined at the 
tagstrip or terminals. If these wires are carefully 
unsoldered, it is a simple matter to isolate all the 
different windings, and various combinations of 
these windings in series can then be set up and 
tested for best results. Note that not all multi-ratio 
transformers are made in this way and that the 
component selected should be examined carefully 
before purchasing. If, when the circuit is initially 
set up it refuses to oscillate, then the two grid 
winding connections should be interchanged. The 
transformer can usually be heard "singing" in the 
same manner as the line output stage of a television 
receiver. The frequency of oscillation may be 
adjusted by changing the value of Ri in Fig. 10, 
should the frequency be found to be too high or 
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fig. 11. A phase shift oscillator 

too low. (A lOOkfl pre-set variable control could 
be fitted here until the desired frequency is found.) 

Another useful oscillator circuit is shown in 
Fig. 11. This arrangement is the phase-shift 
oscillator 

A simple two valve circuit is shown in Fig. 12, 
this having a multivibrator. The circuit of Fig. 12 
provides a square wave output at about 1 kc/s. 

If the constructor already has some type of a.f. 
source available in his workshop, then this could 
be used and save the expense of building a separate 
oscillator into the bridge. 

Perhaps the best compromise consists of having 
the bridge energised from the mains, suitably 
stepped down (or from the 6.3 heater supply 
suitably stepped up by a separate transformer) with 
facilities provided for using an external oscillator 
if the null-point becomes indistinct when using 
mains frequency. This method is always used by 
the writer. 

Coupling 
Coupling the oscillator is not just a matter of 

connecting the transformer output winding across 
the bridge circuit. 

It is important to include a limiting resistor in 
series with the winding in order to limit the maximum 
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Fig. 12. A multivibrator 
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Also, if the output from an oscillator is connected 
across a low impedance network, the damping 
produced in the oscillator circuit when excessive 
power is drawn could result in the circuit being 
unable to maintain the oscillations. 

Fig. 13 shows how a limiting resistor, Rj, is 
added when the mains supply is the a.c. source. 
It will be immediately obvious that, when the 
bridge consists of low impedance components, the 
voltage across the bridge will be reduced. This does 
not generally, however, affect the sensitivity of the 
circuit. 

When the bridge consists of high impedance 
components, Ri has little effect on the voltage 
across the bridge, thus giving the maximum possible 
sensitivity. 

In next month's article, the various methods of 
detecting the null-point will be examined. 

(To be continued) 

Limiting resistor 
Rl 

55V 

6-3V SOc/s 

g2COl 
9 V 

Fig. 13. Inserting a limiting resistor between the a.c. 
source and the bridge 

current to a safe value, as determined by the dissipa- 
tion ratings of the components in the bridge network. 

The New Dual-Standard TV Sets 

PART 10 
Gordon J. King 

This article, the tenth in our series on 405-625 line receivers, examines 
the line timebase, carrying on to flywheel sync. Also discussed is 
the operation of a plug-in flywheel, sync unit, as fitted to current 

receivers 

Last month we saw that 
the vertical timebase of a 
dual-standard model is the 

same as on both 405 and 625 lines, 
but that on 625 lines the radiated 
sync pulses may not be synchronised 
to the mains power frequency 
(asynchronous working). Extra- 
special attention is thus given to 
the h.t. smoothing of dual-standard 
models to avoid ripples on the 
picture which could otherwise arise 
from the low-frequency beat be- 
tween the vertical sync pulses and 
the power frequency. 

We also saw that switching over 
for the two standards is not needed 
in the vertical timebase, and that the 
sync pulses as applied to this 
timebase are similar on both stand- 
ards, again without switching. 

The Line Timebase 
There are different problems en- 

tirely in the line timebase. Firstly, 
the repetition frequency of the line 

oscillator must be switchable from 
10, 125 c/s on 405 lines to 15,625 c/s 
on 625 lines; and secondly, the 
line output stage must also be 
switchable in various ways to 
accommodate this frequency change 
in line drive. There are one or 
two other aspects with regard to 
line sync which we shall cover 
automatically as we progress through 
the line circuits. 

Since a complete picture is com- 
posed of two interlaced fields on 
both standards, and since each 
field occupies one-fiftieth of a 
second with half the number of 
lines of a complete picture, it 
follows that on 405 lines the line 
repetition frequency must be 202.5 x 
50, or 10,125 c/s, and on 625 lines 
312.5 x 50, or 15,625 c/s. 

This change in line repetition 
frequency is achieved by relatively 
simple switching in the line oscillator. 
A typical arrangement is revealed 
in Fig. 30. In this circuit V12 

(the third valve along) acts as the 
line oscillator in blocking oscillator 
mode, with T3 as the blocking 
oscillator transformer. It will be 
recalled that this type of line 
oscillator functions by reason of a 
capacitor charging through a resistor 
and then discharging over a con- 
trolled period by an oscillating 
valve. The oscillation is suppressed 
during the time of the charge and 
"turned on" for each discharge 
period. The oscillation is thus 
"blocked", hence the name of the 
arrangement.1 

The blocking effect is controlled 
by a time-constant, and in the 
circuit under discussion the grid 
capacitor C134 and the associated 
grid circuit resistance (comprising 
R119, Rm and the related potentio- 
meters, Pg and P9) play a major 
role in this respect. The oscillatory 
feedback is between the control 
grid and the screen grid, the latter, 
in effect, acting as an anode. Thus, 
during the time of conduction of 
the valve, as the charging capacitor 
is charging, anode current rises 
through the anode load resistor 
and a sawtooth voltage appears 
across this component, as shown by 
waveform WF4. 

Now, on 405 lines the resistance 
of the grid circuit is made up of 
R119, Ru?, P9 and Rue, with P9 
allowing a variable adjustment of 
frequency to be made. The values 
are selected so that the oscillator 
works at 10,125 c/s with P9 ap- 
proximately at range centre. P9 
is thus the line hold control for 
the 405-line standard, and works 
in the usual manner. 

1 See, for instance, J. R. Davies, "Under- 
standing Television"—Data Publications 
Ltd.—pages 195-201. 
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On 625 lines, however, SW3-5 
changes over and the resistance in 
the grid circuit is given by R119, 
Pg and Rue- It will be seen that 
P9 and R117 are deleted on this 
standard. Deleting Ru? increases 
the line frequency by reducing the 
time-constant, and here the values 
are arranged so that the stage 
oscillates at 15,625 c/s when Pg 
is set towards its centre of rotation.2 

The value of this arrangement 
lies in the fact that the line lock 
can be at optimum on either standard 
independently, so that on changing 
from one standard to the other 
the need for line readjustment is 
avoided. Many dual standard re- 
ceivers employ this technique, and 
incorporate separate 405 and 625 
line hold controls. 

2 As will be noted, P8 and P9 vary the 
positive potential applied to the grid resistor 
of the oscillator. They thus vary the time 
taken for the right-hand plate of C134 
to reach cut-off voltage for the valve, and 
thereby provide a control of line frequency.— 
Editor. 

A few sets, however, adopt a 
slightly modified arrangement, where- 
by-a single control is featured. This 
is first adjusted for the best 405 
lock and then, on the 625 standard 
and without changing the setting 
of the main line hold control, a 
second preset control is adjusted 
for optimum lock. Here, then, 
conditions are arranged so that 
optimum lock on both standards 
occurs at exactly the same setting 
on the main line hold control. 

As a means of providing the 
required sawtooth amplitude from 
the anode of V12 over the two 
standards, switch SW3-4 is arranged 
to parallel Rm with R120 on the 
"625" position. This, then, reduces 
the effective anode load from 
lOOkff on 405 lines to 50kon 
625 lines. Similar switched correc- 
tion may be found in models other 
than that under consideration. 

Flywheel Sync 
In 405 line fringe areas the 

need for flywheel controlled line 

sync has been felt, and many 
early 405 line models featured 
such circuits. The use of direct 
sync in areas of weak signal and 
interference tends to cause random 
horizontal displacement of picture 
elements from line to line. The 
line scan may be instigated a very 
small fraction of a second before 
the line sync pulse has risen to its 
full amplitude due to random 
noise and interference pulses, which 
have some of the characteristics of 
sync pulses. 

This random "firing" of the line 
oscillator causes vertical parts of 
the picture to have ragged edges 
and leads to an impairment of 
definition. 

Flywheel controlled line sync 
overcomes these problems because 
the line oscillator is given a "flywheel 
effect". That is, it continues to 
run at sync frequency for a short 
while even when line sync pulses 
are absent or when they become 
noise-laden or distorted. This is 
achieved either by the use of a 
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Fig. 30. This circuit section from a dual-standard set shows the sync separator, the flywheel controlled line 
sync and the line oscillator at valves Vi0, Vn and V12 respectively 
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Amplitude 

Noise pulses Sync pulses 

/ 

Video signal Time- 

Fig. 31. As an interference pulse rises in a positive direction on the negative 
picture signal on the 625 line standard, the use of flywheel controlled line 
sync is desirable on this standard to avoid random "firing" of the line 

oscillator and consequent ragged vertical edges on the picture 

tuned circuit or by a long time- 
constant control circuit. Most cir- 
cuits operate by comparing the 
frequency of the sync pulses with 
that of the line oscillator in such a 
way that any deviation in frequency 
or phase produces a correction 
voltage which pulls the oscillator 
back into step with the sync pulses. 
A sort of "servo" arrangement! 

Unfortunately, some of the early 
flywheel controlled line sync systems 
were somewhat touchy in practice. 
They tended to drift and they were 
not at all popular with service 
technicians. Eventually, as the TV 
signal over the country improved, 
they were almost all replaced by 
the direct sync arrangement, where 
the line sync pulses are fed direct 
to the line oscillator. Direct sync 
is shown in Fig. 30 in the section 
where Cue (from the anode of the 
sync separator valve, Vm) couples 
to the line oscillator. 

Once again, the need for flywheel 
controlled line sync has cropped 
up, this time on the 625 standard. 
In Part 1 of this series3 it was 
shown that on 625 lines the sync 
pulses correspond to almost 100% 
modulation. This means that any 
random noise or interference will 
rise from the vision waveform in 
the same direction as the sync 
pulses. See Fig. 31. 

This is a .dangerous situation, 
since it means that the line oscillator 
could mistake the noise pulses 
for sync pulses and "fire" irregularly 
or at the wrong time, thereby giving 
an exaggerated effect of ragged 
verticals or loss of line lock. 

For this reason, then, dual- 
standard sets invariably embody 
flywheel controlled line sync either 
on the 625 standard only or on 

3 Published in the May, 1964, issue. 

both standards. Some models have 
provision for the insertion of a 
flywheel controlled line sync unit 
as and when required. 

The use of v.h.f. signals at the 
higher line scanning speed also 
aggravates the effect of noise in 
the line sync circuits. Noise, as 
distinct from interference, arises 
more on the u.h.f. channels because 
the noise content due to signal 
amplification increases with increas- 
ing frequency. To some extent 
(up to about 6dB) this is counter- 
acted by the use of transistors in 
the u.h.f. tuner instead of valves. 

Flywheel Unit 
The circuit in Fig. 30 shows an 

inset circuit of a plug-in flywheel 
unit. When this is inserted in the 
chassis the direct sync feed is 
shorted to "earth" by connection 
B and instead, the sync pulses from 
the separator, Vio, are applied via 
connection A to a double-rectifier 
(using two rectifiers, MR2 and 
MR3) discriminator circuit. This 
discriminator also receives pulses 
from the line timebase via connection 
F (with connection E giving the 
"earth" return). 

The design is such that when 
the sync pulses and timebase pulses 
are in step there is zero output 
across the discriminator. However, 
when there is a tendency for the 
timebase to run away from sync 
pulse frequency a voltage appears 
across the discriminator, the polarity 
of this depending upon whether 
the timebase is tending to run 
too fast or too slow. This voltage 
is applied to the control grid of 
the d.c. amplifier, Vn. 

The anode of this amplifier 
picks up its h.t. voltage from 
connection C, while connection D 
is applied to the line hold control 

circuit of the oscillator. Under 
the condition of correct line lock 
the voltage at connection D is at 
a nominal value such that the hold 
controls can be set for optimum 
line lock. Should the oscillator 
frequency tend to wander, the 
voltage at connection D will either 
rise or fall, depending upon whether 
the oscillator is tending to veer 
on the fast or slow side. 

This voltage, applied to the line 
hold control circuit of the oscillator, 
alters the oscillator frequency such 
as to bring it back into step with 
the sync pulses. 

Note that the control voltage 
from the discriminator is applied 
to the control grid of the amplifier 
valve across an RC circuit of 
relatively long time-constant. This 
means that the control voltage is 
very little affected by noise pulses 
and that, once the control voltage 
for the correct line speed has been 
established, the oscillator will run 
at the correct frequency for a 
little while after the removal of the 
line sync pulses from the discrimina- 
tor. The result is that noise and 
interference on the signal fail to 
have any significant effect on the 
timing of the oscillator. 

There are several other ways of 
achieving the required end-result. 
A popular method makes use of a 
reactance valve. This is connected 
in parallel across the line oscillator 
tuning, and its virtual capacitance 
(or inductance) is caused to change 
so as to hold the oscillator in step 
with the sync pulses by the dis- 
criminator-derived control voltage. 
The discriminator may be after 
the style of that in Fig. 30. 

In all flywheel systems a correction 
or control voltage is produced, 
usually by a discriminator, and this 
is fed either to the oscillator (as 
in Fig. 30) or to some other circuit 
which itself is capable of changing 
the speed of the line oscillator, so 
as to bring it into step with the 
sync pulses, and hold it there. 

Sync Separator 
The dual-standard sync separator 

is little different from its 405-only 
counterpart. In Fig. 30, Yio repre- 
sents a conventional pentode sync 
separator. The way that this works 
both in terms of separating the 
sync pulses from the composite 
video signal and in producing a 
vision a.g.c. potential was fully 
detailed in Part 5 of this series.4 

It will be seen that V10 produces 
both line and vertical sync pulses 

4 Published in the September, 1964, 
issue. 
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(waveforms WF3 and WF1 respec- 
tively) the vertical pulses being 
fed to the frame interlace filter 
and thence to the vertical oscillator 
at output G. 

Owing to the positive-going inter- 
ference on the negative 625-line 
video signal (Fig. 31), noise and 
interference cancelling sync circuits 
are sometimes employed in the 

modem sets, but as we are now 
out of space we shall have to leave 
the description of these circuits 
until next month. 

(To be continued) 

vOU 

Guide to Better Tape Recording 

By Alan Ford 

Has your tape recorder fallen into disuse now that the initial enthusiasm after purchase has 
died away? Or are you thinking of buying a new instrument? This article gives some general 
common-sense advice which applies to both instances, and it will help you to get maximum 

value from this fascinating hobby 

A CONSIDERABLE TIME AGO THE POINT WAS 
reached when nearly every home had at least 
one sound receiver; similarly it is now the 

exception to find a household without a television 
set. Today the instrument showing every sign of 
following suit is the tape recorder. The shops are 
crammed with various models and both recorders 
and accessories are widely advertised. But although 
there is undoubtedly a steadily increasing sale of 
these instruments, the peculiar thing is that so few 
are in use! 

In other words, Dad or Mum or the teenage sons 
and daughters eagerly make the down-payment, 
dash home, and play with the new toy for about a 
fortnight. They hear their own voices, which they 
nearly always don't like—and insist don't sound like 
that, other people's voices—which they insist do 
sound like that, baby saying "gug-gug-gug", and a 
few bars of pop music from the radio interspersed 
with Grandad coughing. Then the novelty wears 
off. The recorder, already covered with cigarette 
ash, and well out of adjustment after being played 
with by every child in the house and some from 
next door, is put behind the sofa or in the cupboard 
under the stairs and forgotten. 

A Precision Instrument 
A tape recorder is—or should be—a precision 

instrument which is flexible in application and 
capable of a very high standard of reproduction. 
It deserves to be used and maintained as carefully 
as any musical instrument, and in the same way 
that any true craftsman will care for his tools. The 
suggestions in this article are intended for both the 
owner whose machine now lies sadly idle and the 
prospective owner who wishes to make the fullest 
use of his recorder from the start. 

Assuming that you already have a tape recorder, 
it is as well to be aware first of its limitations. 
Obviously you will not achieve recording-studio 
quality with a twenty-five guinea model, whatever 
the advertisements may say. However, unless you 
have one of the very cheapest machines, designed 
primarily for dictation, it should be possible to 
obtain pleasing results. If you are fortunate enough 
to have a semi-professional model, so much the 
better. 

In any case, the first thing to do is to read the 
handbook again, carefully. Any tape recorder 
worth buying is supplied with some sort of hand- 
book. The better the instrument, the more com- 
prehensive the handbook will tend to be. Even if 
you've been using your machine for months you 
may be surprised how little you know of its possi- 
bilities. If you are technically minded, try to obtain 
the service manual as well. Even if you don't feel 
up to meddling with the electronics of the machine, 

mop 

rre 

   

FEBRUARY 1965 493 

www.americanradiohistory.com



the service manual will give all sorts of information 
about lubrication points and general maintenance. 
These preliminaries are directed towards really 
getting to know your machine, for only then can 
you make the best use of it. 

Buying a Recorder 
Now for the matter of purchasing a new tape 

recorder. You will naturally want to spend as 
much as possible in order to equip yourself with a 
good machine, but beware, because price is not 
always a guide to quality. It is quite surprising how 
much you can pay for an instrument which may 
not in many respects be as good as a cheaper 
counterpart. However, as a very rough guide, an 
instrument of the semi-professional type would not 
normally cost less than sixty guineas. Incidentally, 
the buying of a second-hand machine can be a very 
tricky business, and it is not wise to contemplate 
such a move unless your technical know-how and 
facilities are up to it. 

In buying a new recorder, and bearing in mind of 
course the amount of money you have available, 
here are some points to watch for; 

(1) For serious recording a signal level meter is 
necessary; the magic eye type of indicator is 
not nearly so precise. 

(2) The amplifier should have separate bass and 
treble controls. 

(3) A built in mixer—i.e. two gain controls is a 
useful feature. 

(4) Although an external speaker may be used for 
playback, the internal speaker should be of a 
reasonable size. 

(5) A choice of tape speeds is useful though not 
essential. 

(6) The deck should have a rapid rewind and 
wind-on without any kinking or spilling of 
the tape. 

(7) There should be some sort of cueing indicator 
of the digital or clock type—a scale printed 
along the surface of the deck is not sufficiently 
accurate. 

(8) Most tape decks have a "pause" control, and 
some have an arrangement for "inching" the 
tape, so that an exact spot may be found with 
ease. 

(9) Take a look underneath the deck, if possible 
There should be three motors, but even if one 
motor is used for both feed and takeup 
spools, a separate one for the capstan is 
essential. 

(10) There should be a reasonably heavy flywheel 
on the capstan spindle. 

Lastly, the general impression conveyed on 
inspecting the tape deck should be one of solidity. 
Pay no attention to flashy trimmings. A somewhat 
austere appearance combined with a sturdy con- 
struction is usually the sign of a better piece of 
engineering. Naturally, the writer would like to 
be able to list machines that he has found good or 
bad value, bearing in mind the above points, but 
for obvious reasons this cannot be done. The only 
way in which the novice may further safeguard 

himself against buying an unsuitable machine is to 
join one of the many excellent tape recording clubs, 
where he will find no shortage of members willing 
to praise or condemn instruments they have 
handled. 
^ Having finally bought your recorder, you will 

naturally be impatient to see how it performs, but 
take the time to read the handbook through at 
least once. 

Before you can get the best out of the instrument, 
whether it is a new purchase or just reclaimed from 
behind the sofa, you will need practice. So the first 
thing to do is to take the reel of tape supplied and 
to try everything mentioned in the handbook. 
Record your own voice, noises like the wife washing 
up, the dog barking. Try the different speeds, 
different settings of the gain control, various 
positions of the microphone. Make recordings in 
several rooms—the acoustics will be found to vary 
amazingly. Try some outdoor recording—place the 
microphone on the window-sill and see if you can 
capture some birdsong or the clatter of a dustbin 
lid. When you have filled your tape with these 
various sounds, sit back in a quiet room with the 
handbook, and listen. Try the effect of erasing a 
tiny portion of the recording, or putting one sound 
on top of another if the recorder has this facility. 
In other words, experiment. After a few sessions 
of this kind you will become thoroughly familiar 
with your recorder and in a position to make some 
excellent recordings. 

Microphones 
Very often the microphone supplied with a 

recorder does not do it justice, or, in the case of 
some models, one is not supplied but must be bought 
separately. In this case a short discussion of various 
microphone characteristics may be helpful. 

The most common types of microphone in 
general use for recording work are the crystal and 
dynamic. Crystal microphones are very variable in 
price and quality, but they have one general 
characteristic and that is their high output. Thus 
(if amplification is limited) they are very suitable 
for low intensity sounds such as birdsong. At their 
best they are capable of good quality music repro- 
duction, where one pays accordingly. Finally they 
are of high impedance, which means they will 
match directly into most recorders. 

The dynamic (or moving-coil) microphone gener- 
ally gives a lower output but is capable of higher 
quality. Some of these models are of low impedance, 
which means that a matching transformer will 
normally be necessary, but this also allows much 
longer leads without the danger of hum pick-up. 

Coming now to the higher priced professional 
types, which are pointless unless your recorder is of 
very high quality, we have the ribbon and capacitor 
varieties. Both are capable of excellent quality but 
they are convenient for indoor use only. In the case 
of the ribbon microphone, a thin corrugated 
aluminium foil is suspended between the poles of a 
powerful magnet. This foil is so delicate that a gust 
of wind could cause permanent damage, but 
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indoors, where there is no danger of this, its 
excellent frequency response makes it the most 
widely used professional type. The capacitor 
microphone is probably the highest quality of all, 
but its one big disadvantage is that it needs a power 
unit, and is therefore inconvenient for outdoor use. 

Taking the above details into consideration, the 
choice for serious amateur recording is likely to be 
either the crystal or dynamic microphone. At least 
one of the well known types can be supplied with a 
complete range of accessories such as stands, a 
parabolic reflector for distant work, and a variety 
of leads and connectors. The connectors and 
various soldered joints in microphone leads are 
important as they can be a source of unwanted 
noise, feeding as they do into sensitive amplifiers. 
Microphone leads are always screened with copper 
braiding to prevent the pick-up of mains hum. 

Making a Studio 
Recording live, that is through a microphone, is 

the most exacting use of a recording machine. If 
you wish to record a talk or perhaps rehearse a 
musical group, you will need a spare room which 
you can modify for use as a studio. A live recording 
taken in an ordinary room is seldom successful. 
There may be the sound of the clock ticking, a fire 
crackling, and an echo which you hadn't noticed 
before. Most rooms have an echo, but because we 
are used to this we do not consciously notice it. 
However, even a small echo can be quite enough to 
ruin a recording. 

If you are lucky, and have an unused room 
available as a recording den, the cheapest way in 
which you can tackle the problem of echo, and at 
the same time make the room soundproof, is by the 
use of papier-mache egg trays! The grocer will be 
only too willing to put these aside, as they are not 
returnable. About a foot square, and made of a 
soft sound-absorbing material, these trays are ideal 
Glue them to the walls, the ceiling and the door. 
A hardboard shutter to put over the window should 
be made, and treated similarly. The floor should be 
covered from wall to wall with carpet. Any old 
scraps will do, providing the result is thick. The 
furniture in the room should be he minimum. 
Since it is unlikely that you will be able to use an 
adjacent room as the recording booth, and fit a 
partitioning window, you will need a table in your 
studio for the recorder. The microphone must be 
as far away from this as possible to avoid picking 
up even the faint hiss of the tape running past the 
guides and heads. If the microphone is mounted 
on a table, this should be covered with felt or thick 
baize. 

If you have done the sound-damping job well, 
the effect on entering should be one of claustro- 
phobia. Try blindfolding a friend and leading him 
in, asking him to guess there he is. If after a word 
or two he doesn't think he's in the linen cupboard, 
you haven't finished! By the way, this will serve 
to emphasise just how much echo there is in a 
normal room; the absence of any reverberation in 
the studio produces a striking effect of being in a 

tiny cupboard. 
Where there is no separate room available, for 

this treatment, the best possible use will have to be 
made of a living room or, perhaps, bedroom. In 
this case, draw the curtains, remove the clock, and 
if you have a folding screen, stand it about a foot 
away from the barest wall. In this way you will 
reduce echo and unwanted noise at least to some 
extent. 

Naturally, for recordings of day-to-day events, 
a natural background is best. Items such as tea 
being poured, someone writing a letter, coal being 
put on the fire—such sound pictures as these should 
be recorded in their context and not in a studio. 

Splicing Tape 
One of the most convenient points about magnetic 

recording is that the tape can be spliced. By this 
means sounds can be removed, inserted, arranged 
in a different order, or even shortened. There are 
many excellent splicing kits available, complete 
with spools of coloured leader tape. Again, experi- 
ment is the best way to learn. Try recording a 
short speech, and then inching the tape past the 
playback head word by word. The words will, of 
course, be reproduced at a low pitch and very 
slowly, but the gaps between them will be quite 
clear. Using your splicer, cut off each word, and 
lay out the pieces of tape on a table. With a little 
thought you should be able to reshuffle the pieces 
of tape so that, when joined again, the resulting 
speech means something entirely different or is 
rubbish. The voice will be the same and may even 
sound natural but the text of the speech will be 
altered. This can be an amusing game, but one can 
see why tape recorded evidence is not accepted in 
British law courts! 

Splicing should not be a matter of guesswork. 
For serious work you need a ruler and a stopwatch. 
If the tape speed is T^in per second, a sound taking 
one second will occupy exactly l\m of tape. Thus 
it is possible to be very accurate. For instance, a 
wrong note could be cut out of a musical recital, 
recorded again by itself and reinserted. 

Very often one's interest in recording palls for 
the most absurd reason—namely that there is only 
one reel of tape! It seems a pity to erase interesting 
sounds through pure lack of space on the tape. The 
obvious solution is to build a tape library. Start 
with half a dozen reels and add to this number when 
possible. Store the tapes on a bookshelf or rack of 
some kind—a dish-drying rack is admirable. Keep 
a list of recordings, and if you are an experimenter 
note such details as equipment used, position of 
microphone, and so on. For those whose main 
interest is recording music, a gradually increasing 
collection of works will rapidly become a very much 
admired possession. 

A few months after starting to record seriously, 
the writer found he had collected a number of 
oddments which need to be carried around with the 
recorder when used away from home. These 
include: a long mains lead which terminates in a 
three-pin connector, and a variety of mains plugs 
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many variations. As a reproducer of music— 
perhaps from pre-recorded tapes, an instrument of 
correspondence, a critical ear by which to rehearse 
drama or music, an addition to cine photography, 
a record of momentous events . . . the tape recorder 
is a most flexible piece of apparatus. 

Whatever your approach to this fascinating hobby 
you will be immensely helped and encouraged by 
joining the local tape recording club, where you 
will find many who share your problems and 
enthusiasms. 

—in fact all the British types —each fitted on about 
six inches of cable to a mating connector, thus 
enabling instant connection to any point; a number 
of "patch" leads for connecting between recorders, 
mixers, radio, etc; a splicing kit and various empty 
spools. It was found convenient to construct a case, 
to match the recorder, and store in it these items, 
together with microphones and stands. 

An Absorbing Hobby 
Tape recording can be an absorbing hobby with 

RADIO TOPICS . . . 

by Recorder 

UNCONVENTIONAL METHODS OF 
presenting information are 
always of interest and in my 

case the interest becomes consider- 
ably enhanced if the subject dealt 
with has to do with electronics. It 
was, therefore, with two-fold eager- 
ness that I examined the new Mullard 
publication, A Programmed Book on 
Semiconductor Devices. 

This publication is described as a 
"linear programmed instruction 
book", and it is based on A Simple 
Explanation of Semiconductor De- 
vices, previously published by the 
Mullard Educational Service. A 
Programmed Book on Semiconductor 
Devices is believed to be the first of 
its kind published by an industrial 
organisation, and it was prepared 
for Mullard Educational Service by 
Educational Systems Limited of 
Ruislip, Middlesex. 

Programmed Information 
I should imagine that quite a few 

readers will, by now, be scratching 
their heads and wondering what on 
earth a "linear programmed instruc- 
tion book" is. I, similarly, scratched 
my head, until 1 opened the Mullard 
book and started to use it. 

A linear programmed text offers 
a new method of learning which is 
designed to let the reader participate 
to a very large extent, which can be 
studied at the reader's most suitable 
speed, and which is intended to make 
learning as easy as possible. The idea 
is to take the reader through indi- 
vidual steps in the description of the 
subject, each step requiring a written 
response. The written response ne- 
cessitates a little (but quite painless) 
thought on the part of the, reader 
and it means that, before he can 
proceed to the next step, he must 

convince himself that he has mas- 
tered the current one. The written 
responses are very simple, and they 
follow so obviously from what has 
gone before that the reader can 
never feel that something which is 
basically unexplained is being foisted 
on to him. The necessity of thought 
in writing the responses also ensures 
that the reader does not fall into the 
glazed-eye state which we must all 
have experienced at one time or 
another when working our way 
through a standard text-book. The 
act of participation makes the reader 
an active, instead of a passive partner 
in the business of acquiring informa- 
tion. There is the further fact that, 
with many people, the act of writing 
causes a fact to be committed far 
more permanently to the memory 
than occurs when merely reading or 
listening to the information. 

This last paragraph mainly defines 
my own reaction to programmed 
learning after seeing it employed in 
the Mullard book, and it will prob- 
ably also demonstrate how impressed 
I am by its possibilities. In the book 
itself, programmed instruction is 
described in more restrained terms, 
it being stated that programming 
involves breaking down the subject 
into small units called "frames", 
each of which requires a written 
response from the reader. The cor- 
rect answer appears, incidentally, 
alongside each frame in the right- 
hand margin, and there is no neces- 
sity to turn to the back of the book 
or anything like that. Because it is 
difficult for some people, myself in- 
cluded, to avoid "seeing" the answer 
whilst concentrating on the text, the 
latter can be read with the aid of a 
specially-shaped cardboard mask 
which covers the correct answers 

until the associated line has been 
read and dealt with. Such a mask is 
provided with A Programmed Book 
on Semiconductor Devices. Also pro- 
vided is a Colour Supplement which 
gives 24 diagrams in colour and 
which may be consulted whilst read- 
ing the text. 

As an example of the technique, 
let's take a look at frames 77, 78 
and 79 in Chapter Two—"The Tran- 
sistor". After frame 76, the first in 
the chapter, has introduced us to the 
term "junction transistor" and the 
appropriate diagram in the Supple- 
ment, we have: 

"77. The junction transistor con- 
sists of (how many?) regions 
of. arranged in the sandwich 
form  

"78. There are (how many?) 
external connections. You can see in 
the diagram that one is soldered to 
the emitter, one to the b  
and one to the    

"79. Each connection is placed on 
one of the impurity regions, the 
b  being in the middle." 

The model answers, in the right- 
hand margin at the same level as the 
required written entries are, respec- 
tively, "three, germanium, p.n.p., 
three, base, collector, base." (The 
"p.n.p." refers to the type of tran- 
sistor shown in the appropriate 
diagram.) Frames 77 and 78 require 
three answers, but most of the other 
frames in the book require only one 
or two. 

I tried the text myself, working 
through the frames as instructed, and 
I was quite fascinated with the 
manner in which each new point was 
introduced and put over. There is a 
test at the end of the book which is 
intended to reinforce what has 
already been learned. This test could 
also be attempted before starting the 
book, as it will then give the reader 
an idea of what he already knows 
about semiconductors. 

A Programmed Book on Semicon- 
ductor Devices is available, complete 
with its Supplement, from the Mul- 
lard Educational Service, Mullard 
House, Torrington Place, London, 
W.C.l, at a price of 3s. 6d., plus 6d. 
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The "King Karad" booster in use with a car aerial and transistor radio. 
This little device, which is shown here above the radio, offers a minimum of 
20d6 amplification without tuning over the entire medium and long wave 
bands, together with correctly designed matching to both the aerial and the 

postage. If you are a beginner and 
want to learn more about the basic 
functioning of semiconductor de- 
vices, I would say that the 3s. 6d. 
would be money well spent. Even if 
you know everything there is to 
know about semiconductor devices, 
an outlay of 3s. 6d. is still, in my 
opinion, worthwhile in order to gain 
experience in this new method of 
teaching by way of the written word. 

New Addresses 
Electronic Tubes Ltd. inform us 

of a change of address to Suffolk 
Works, 313 London Road, High 
Wycombe, Bucks. This new address 
is for service replacements of Mar- 
coni Valves and Emiscope cathode 
ray tubes. 

Also moving into new premises, 
shortly, are the London headquarters 
of Standard Telephones and Cables 
Ltd. The office block being built in 
the Strand opposite St. Clement 
Danes—the Wren church famous for 
its "Oranges and Lemons" chimes 
and now the official church of the 
Royal Air Force—is to be the new 
H.Q. This new ten-storey building, 
to be completed in early 1965, will 
be air-conditioned and will be known 
as "S.T.C. House". Standard Tele- 
phones and Cables have expanded 
their business, including exports, by 
over 70 per cent in the past three 
years, and their present offices in 
Aldwych and Aldersgate have now 
become totally inadequate as a 
result. 

Car Aerial Booster 
My photograph this month shows 

the new "King Karad" car aerial 
booster and matching unit in action. 
This is the small device (measure- 
ments are 3-J, x 3? x 2in) which 
appears above the transistor radio, 
and it is claimed to be the first of its 
type in the world. 

One of the two functions of the 
"King Karad" booster is to provide, 
for transistor radios used in cars, 
aerial amplification over the entire 
medium and long wave bands with- 
out any tuning adjustment whatso- 
ever. The second function is to offer 
properly designed impedance match- 
ing both to the car aerial and to the 
transistor receiver. The result is that 
received signals turn the receiver 
a.g.c. hard on, whereupon the set 
gives a much improved performance 
and is far less responsive to ignition 
interference inside the car. With the 
booster in circuit there is negligible 
pick-up by the receiver ferrite aerial. 
Instead, there is high-level pick-up 
on the aerial outside the car, which 
is, of course, exactly what is required. 
As readers who have had experience 
with transistor radios in cars may 

agree, coupling the high impedance 
offered by a car aerial directly to the 
few turns of wire fitted on a tran- 
sistor radio's ferrite rod can hardly 
be considered as the dictionary defini- 
tion of the word "match". The input 
circuit of the "King Karad" booster 
is designed to offer a good match to 
even the simplest of car aerials, and 
its output circuit is similarly designed 
to match into the aerial socket input 
impedance of the transistor radio. 

The booster employs a single-stage 
transistor amplifier in the common 
emitter mode with controlled feed- 
back to obtain the required input 
and output impedances. The band- 
width is from 100 kc/s (3,000 metres) 
to 2,000 kc/s (150 metres), with a 
minimum gain of 20dB, The useful 
response is up to 3 Mc/s and models 
can be supplied to special order with 
a response up to 4 Mc/s. 

The amplifier is built on a small 
printed circuit board and uses a 
Mullard OC45. An OC171 can be 
fitted when the extended response is 
required. A 9-volt PP4 battery sup- 
plies power, and has a life of several 
months. In use, the car aerial is 

simply plugged into the booster, 
whose output is then plugged into 
the transistor radio. 

The retail price of the "King 
Karad" booster is 50s., and it is 
manufactured by Transistor Devices 
Limited, New Road, Brixham, 
Devon. 

"Insulating Tape Effect" 
Finally, a little bit of (quite use- 

less) information about static elec- 
tricity which may be of interest to 
the newcomer. 

Take a roll of ordinary black 
insulating tape—the old-fashioned 
variety which is supposed to be 
sticky on one side but which, in 
practice, is pretty sticky on the other 
side, too—and, in a dark room, 
sharply peel the tape off the roll. If 
the tape is dry enough you will see 
a line of surprisingly vivid green 
light at the point where the tape 
leaves the roll. This only works when 
new tape is unrolled; putting the 
tape back on to the roll again and 
trying to get the green light a second 
time produces no results. The green 
light is caused by static electricity. 
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High quality Paxoiin Sheets. Strong high quality Paxoiin sheets. Size 101 x 8^- x l/io". Three for five shillings, p/p I/-. Six for 10/- post free. Twelve for 18/6 post free.  
Tank Aerials Fully interlocking copper sections one foot in length. Will make ideal dipoles, car or scooter aerials. Price 6 sections complete with canvas carrying case 3/6, p/p 1/6. Additional sections 6d. each. Please include sufficient postage. 
Walkie Talkie No. 46. Compactly built to be carried by one man. This has a range of approx. 10 miles, and being crystal controlled, tuning is avoided, and operation is as accurate as a telephone. Frequency 3.6-9.1 Mc/s. Complete station comprising receiver, transmitter rod aerial, one set of headphones and mike, all contained in a canvas carrying bag. Crystal/coil packs available for these sets, 35/- extra per set, post free. Price per complete station £4.10.0, p/p 10/-. Two stations for £9.10.0. post free. 

2-Way Sound Powered Telephone As used by the armed forces. These sound power- ed earpieces will work up to a distance of I mile without the use of batteries. Beautifully made, ideal for use in the house, office, or garden. Com- plete with connecting cable. Price 17/6, p/p 2/6. 
Double Throat Mies Double throat mics can be adapted for use with musical instruments. Price 5/11 each, p/p 9d. 
R.A.F. short wave receiver 35—40 Mc/s. Power supplies 12V and 250V d.c. In excellent condition with exceptionally fine slow motion tuning, and clean component layout. Price £2.19.6, p/p 5/-. 
19 set Trans/Rec. Mains Power Pack Operate your 19 set receiver straight off the mains. Ready built power unit, complete with modification and fitting instructions. Price 59/6 p/p 3/6. Please state Model, MK. 2 or MK. 3. 

19 set Instruction Handbook 3/6 each, p/p 6d. 1155 Instruction Handbook 3/6 each, p/p 6d. H.R.O. Instruction Handbook 3/6 each, p/p 6d. Frequency Meter, BC 221 Instruction Hand- book 3/6 each, p/p 6d. 46 Walkie Talkie Set Instruction Handbook 3/6 each, p/p 6d. 38 set A.F.V. Instruction Handbook 3/6 each, p/p 6d. R.F. Unit 24 Circuit Diagram and Details Price 1/6, p/p 3d. R.F. Unit 25 Circuit Diagram and Details Price 16/, p/p 3d. R.F. Unit 26 Circuit Diagram and Details Price 1/6, p/p 3d. Receiver RI355 Circuit Diagram and Details Price 1/6, p/p 3d. Receiver RI224A Circuit Diagram and Details Price 1/6, p/p 3d. R.ill6/A Circuit Diagram and Details Price 1/9 p/p 3d. 

THE "THIRTY" HI-FI AMPLIFIER 

A high quality 30-watt amplifier developed for use in large halls and clubs, etc. Ideal for bass, lead or rhythm guitars, schools, dance halls, theatres and public address. Suitable for any type of mike or pick-up. Valve line-up: two EF86; one ECC83; one GZ34; two EL34. Four separate inputs are provided with two volume controls. Bass and Treble controls are incorporated. Amplifier operates on standard 50 c/s mains. 3 ohm and 15 ohm speakers may be used. Perforated cover with carrying handles can be provided if required, price now 25'-. 
Customers are invited to see and hear this amplifier at our shop premises in Lambert's Arcade. Send S.A.E. for illustrated leaflet. Or deposit of £1.16.0 and twelve monthly payments of £1.9.2. Carriage 15/— to be sent with order. 

TWICE THE QUALITY — HALF THE PRICE 
Postage rates apply U.K. only. S.A.E. with all enquiries New walk round store open in Lamberts Arcade, Lower Briggate, Leeds I, next to Halfords Cycle Shop. Open all day Saturday. 48 hr. despatch service, all mail orders to our Briggate House address. 

go 16gns. 

mm 

Terms Cash with order 51- extra on C.O.D. orders 
No C.O.D. under 30/- 

Send I/- for lists Trade supplied Orders from abroad welcomed 
SONA ELECTRONIC CO (DEPT RCI) BRIGGATE HOUSE, 13 ALBION PL. LEEDS I. 

LEARN ELECTRONICS AS YOU 

BUILD 25 

CIRCUITS . . . 

EXPERIMENTS . . . 

TEST GEAR 
including 

• CATHODE RAY OSCILLOSCOPE 
VALVE EXPERIMENTS 
BASIC AMPLIFIER 
BASIC RECTIFIER 
PHOTO ELECTRIC CIRCUIT 

SQUARE WAVE GENERATOR 
SIMPLE TRANSMITTER 
TRANSISTOR EXPERIMENTS 
BASIC OSCILLATOR 

SIGNAL TRACER 
BASIC COMPUTER CIRCUIT 
BASIC RADIO RECEIVER 
MORSE CODE OSCILLATOR 

# TIME DELAY CIRCUIT # ELECTRONIC 
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 

SWITCH 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. 

NAME      
ADDRESS       

Please send free details of your electronics kit set to: 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/- 

Box No. 2/- extra. 

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

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 
I.P.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 Setvices, 
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. 2i oz. tins 3s. 6d., I pint 7s. 6d., 1 pint 15s. 
Post 6d. on any order. Trade supplied.—Finnigan 
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. 

CLEARING MAIL ORDER and showroom stock 
at silly prices. Electrical, radio, electronic, television, 
office, philately, toys, musical, auto, plumbing, paint, 
tools, printing, plant machinery, equipment, compo- 
nents, appliances, sundries. 100,000 lots to dispose 
of. Consider offers/exchanges. W.H.Y. ?. S.A.E. 
for list 6d.—Albatross Engineering Company, Dept. 
RC641, 78-80 High Street, Gosberton, Spalding, 
Lines. 

continued on page 501 

BENTLEY ACOUSTIC 

CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
IL4 2/3 6X4 3/9 IRS 4/- 6X5 4/6 IS4 51- 6/30L2 91- IS5 3/6 9BW6 9/6 IT4 2/3 I0CI 8/9 2D2I 5/6 I0C2 12/3 3D6 3/9 I0FI 10/- 3Q4 5/3 I0FI8 9/9 3Q5 71- I0LDI 1 9/6 3S4 4/6 I0PI3 8/3 3V4 5/3 1 OP 14 11/6 5Y3GT 4/9 I2AH8 10/9 5Z4 7/6 I2AT6 4/6 6AQ5 5/9 I2AU6 5/9 6AT6 3/9 I2AV6 6/6 6AU6 5/3 I2BA6 5/9 6AV6 5/6 I2BE6 4/9 6BA6 4/6 I2BH7 61- 6BE6 4/9 I9AQ5 7/3 6BH6 5/3 20DI 10/- 6BJ6 5/6 20 F2 11/6 6BQ7A 7/6 20LI 12/6 6BR7 8/3 20PI 12/6 6BR8 8/- 20P3 12/- 6BW6 8/9 20P4 13/6 6CD6G 18/- 20P5 12/3 6CH6 51- 30CI8 10/6 6FI 9/6 30F5 5/9 6J7G 4/6 30LI5 9/3 6K7G 1/3 30P4 12/3 6K8G 3/3 30PI2 7/6 6LI 10/- 30PI9 12/3 6L6GT 71- 30PLI 8/6 6LI8 10/- 35W4 4/9 6LD20 5/6 85A2 6/6 6Q7G 41- 5763 7/6 6SL7 5/3 AZ3I 6/6 6SN7 41- AZ4I 6/6 6V6G 3/9 DAF96 61- DF96 61- 

DK92 DK96 DL96 DM70 DY86 DY87 E88CC 10/- EABC80 5/9 EAF42 7/6 EB9I EBC33 EBC4I EBC8I EBF80 EBF83 EBF89 EBL2I 10/6 EC70 4/9 EC92 ECC40 ECC8I ECC82 4/6 ECC83 4/6 ECC84 - ECC85 ECC88 ECCI89 11/6 ECF80 6/6 ECF82 6/3 ECF86 11/6 ECH2I 9/- ECH35 ECH42 ECH8I ECH83 6/6 ECH84 9/6 ECL80 ECL82 ECL83 ECL86 

8/- 6/6 6/- 5/- 6/9 8/- 

2/3 6/- 6/6 5/9 5/9 7/3 6/3 

6/6 7/- 3/6 

5/6 5/9 8/9 

6/3 8/- 5/9 

6/- 6/6 9/6 8/9 

EF37A EF40 EF4I EF80 EF83 EF85 EF86 EF89 EF9i EF92 EF97 EF98 EFI83 EFI84 EL33 EL34 EL36 EL41 EL42 EL83 EL84 EL85 EL86 EL95 EM34 EM7I EM80 EM8I EM84 EM85 EM87 EY5I EY8I EY83 EY84 EY88 EZ40 EZ41 EZ80 EZ8I 

6/- 8/9 6/9 4/- 9/9 4/6 6/9 4/- 3/- 2/6 10/- 10/- 7/- 7/- 6/9 8/6 8/9 7/3 7/6 6/9 4/6 7/6 7/3 5/6 11/6 15/6 6/3 7/- 6/9 8/9 7/6 5/9 7/3 9/3 9/6 8/9 5/3 6/- 3/9 4/- 

HABC80 9/3 KT6I 6/9 K.T66 12/3 N339 15/- PABC80 6/9 PC86 10/3 PC88 9/6 PC95 11/8 PC97 7/3 PCC84 5/6 PCC85 6/9 PCC88 10/6 PCC89 8/6 PCCI89 10/6 PCF80 6/6 PCF82 6/3 PCF84 8/6 PCF86 7/9 PCF801 10/- PCF802 10/- PCL82 6/6 PCL83 PCL84 PCL85 PCL86 PL36 PL38 PL8I PL82 PL83 PL84 PM84 PY33 PY80 PY8I PY82 PY83 PY88 PY800 PY80I 

7/9 7/6 7/6 8/9 9/- 16/- 6/9 5/3 6/- 6/6 9/3 8/9 5/- 5/- 4/9 5/9 7/9 6/- 6/3 

TY86F 11/8 U24 12/6 U25 U26 U31 U191 U282 U30I U329 U404 U801 

8/6 7/6 7/- 9/6 12/3 11/6 9/- 6/- 16/3 UABC80 5/- UAF42 7/- UBC4I 6/3 UBC8I 6/3 UBF80 5/9 UBF89 6/9 UBL2I 10/9 UC92 6/9 UCC84 8/3 UCC85 6/9 UCF80 8/6 UCH2I 8/- UCH42 8/9 UCH8I 6/- UCL82 7/6 UCL83 " UF4 UF42 UF80 UF85 UF86 UF89 UY2I UL4I UL84 UM80 UY4I UY85 X78 

9/- 6/6 4/9 6/9 6/9 9/- 6/- 7/9 7/3 6/- 8/3 5/- 5/- 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 including transistor section 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.-l p.m. 

MARTIN F.M. TUNER 
From 3 easy to 
assemble units 

An Audiokit 

Assembly 
Intended basically for adding to 

i <r c ka lj j existing Martin Audio assemblies, this UNIT 15. F.M. Head new F.M. Tuner can also be used with other 
complete with tuning high quality amplifiers. It combines three 
condenser £5.12.6d. new prefabricated Martin Units which when 

assembled make a modern, all-transistor AMPLIFIER 16. 1.F. F.M. Tuner with A.F.C. For 9 volt operation 
Amplifier Strip £5.7.6d. via dropper supplied, or battery. The 

on-off control provides switch-through facil- UNIT 17. Escutcheon, jties for recorder, etc. A well-styled 
drive and controls bevelled perspex escutcheon is included in 
assembly £1.17.6d. Unit 17. These units are individually tested and available boxed separately. 

Fmartin ELECTRONICS, 154 High St., Brentford, Middlesex I 
| Details please of Recordakits EU and F.M. Tuner d] (Tick as required) | 
I Name   I 

Address   
| RC.25     | 
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COMPONENTS FOR THE 

"ALL BAND 
COMMUNICATION RECEIVER 
as featured on page 699 in the May 1964 issue 

COIL TURRET CT.7/B 
This turret is the basic portion of the CT.7. It comprises cadmium 
plated steel frame (5^" 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 excellent per- 
formance at low cost. Coils are litz wound and permeability 
tuned with high-grade iron-dust cores and silver mica capacitors. 
Screening Can 1%" x -1^,/ 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 i ron-dust cores enclosed in an aluminium screening 
can measuring 1|" x ■ff,/ square. Price 5/- each 
Aso available for frequencies of 85 kc/s, 100 kc/s and 1.6 Mc/s. 

KQ "BASIC SUPERHET 

FOR BEGINNERS" 
as featured on page 688 in the May 1964 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 2i,/ x I" (not including 
spindle). Price 49/- plus 8/2 P.T. =Total 57/2 

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 

DENC0 (Clacton) LTD 

(DEPT. RC), 357/9 OLD ROAD 

CLACTON-ON-SEA, ESSEX 

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 

(Nr. AIRPORT) CROYDON 
CRO 5148/9 

IIVI II II II I 

TAPE 
RECORDING MAGAZINE 

lllllll III 

Regular, outstanding features include 

• TEST BENCH 
Reliable, unbiased reports on new Tape Recorders 

• TWO-MINUTE TAPE SKETCH 
Exercises in perspective, acoustics and sound effects 

• TAPE RECORDS REVIEWED 
Latest on tape in Pops. Classics and Jazz 

Get "TAPE Recording Magazine" 

Published 3rd Wednesday each month, price 2/- 

III 

If you have difficulty locating "TAPE" 
contact us at: 7 TUDOR ST., LONDON, E.C.4 

MB li 

nrff 
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SMALL ADVERTISEMENTS 

continued from page 499 

FOR SALE. Television Sets—not working; 17in, £2; 
21in, £3 10s.; 14in mains portables, £2 10s.—Tele- 
phone : Bournemouth 26849. 

SERVICE SHEETS (75,000). 4s. each. Callers welcome. 
Always open, including Sundays.—5 South Street, 
Oakenshaw, Bradford, Yorks. 

FOR SALE. Quantity of new accumulators. Willard 
Radio-20-2, 2 volt. Size: 5in high x 3iin x 24in., 5s. 
each plus carriage.—Box No. F224. 

FOR SALE. Record Players, (jarrard automatic 
changer, four speeds, brand new with maker's guaran- 
tee, British manufacture, two-tone portable cabinet, 
a.c. mains. £11. 19s. 6d., carriage 12s. 6d. C.W.O. 
or C.O.D. Callers welcome.—Sherwood General 
Supply Company, 20 Palmerstone Road, Barley, 
Reading, Berks. 

FOR SALE. Semiconductors 25 for 10s. State a.f., 
r.f., silicone or switching. 100 computer diodes for 
12s. Mainly unmarked but tested. Types and data 
supplied. S.A.E. for bargain list.—L.S.T. Components, 
"Dalama", Villa Road, Benfleet, Essex. 

FOR SALE. New grey cabinet, length 12in, height 7in, 
back to front 7in, £2 post paid. Black crackle cabinet, 
length 16i>in, height 7|in, back to front 7|in, £1 post 
paid. Crystal mic. in G.P.O. type desk stand, 15s. 
post paid.—Box No. F225. 

FOR SALE. New Heathkit signal generator type 
RF-1U. A bargain at £10 or near offer.—Faulkner, 
105 St. Mary's Road, Oatlands, Weybridge, Surrey. 

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 Amateur SWLs, Transmitter 
Section and League affairs, etc. League supplies 
such as badges, headed notepaper and envelopes. 
QSL cards, etc., are available at reasonable cost. 
Send for League particulars. Membership including 
monthly magazine, etc., 21s. per annum.—Secretary, 
ISWL, 12 Gladwell Road, London, N.8. 

continued on page 503 

On and after February 1st 

the following Books 

by G. A. BRIGGS will be 

priced 

as follows ii 

AERIAL HANDBOOK 12^6 

^ AUDIO & ACOUSTICS 12^6 

PIANOS, PIANISTS 

AND SONICS 15'- 

1 thefollowing 

jmum books are 

4,T«S still available 

without 

increase in 

price 

11 

v 

LOUDSPEAKERS 25/- 

M0RE ABOUT 
LOUDSPEAKERS 8/6 

A to Z in AUDIO 15/6 

AUDIO BIOGRAPHIES 19/6 

CABINET HANDBOOK 7/6 

AO these books are available from Radio Dealers and Book 
Shops or in case of difficulty direct from the publishers. 

WHARFEDALE 
WIRELESS WORKS LTD. 
IDLE,BRADFORD,YORKSHIRE 
Tel. Idle 1235/6 
Grams;'Wharfder,Bradford 
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The Radio Amateur 

Operator's Handbook 

NEW EDITION 
TIME CONVERSION 
GREENLAND? 

BEARING KR6? 

64 

pages 

r ^ 

315 

270 

135® 225 

IBO 

LONDON TO VALPARAISO ? PREFIX MADAGASCAR 7 

The Answers to these and many other questions will be found in the latest, ninth 

edition. Of the THE RADIO AMATEUR OPERATOR'S HANDBOOK 

In the ninth edition of this well established handbook, several new features have been included in addition to 
the complete revision of the Amateur Prefix lists—these containing the latest issued information. 

Essential to both the Transmitter and the Listener, it is full of such information as Radio Zone Boundaries— 
1/40, Call Areas, Amateur Band Frequency Allocations, Local Time Conversions, Mileage Table, Amateur Codes 
and Abbreviations, the Amateur Licence, International Morse Code, QSL Bureaux of the World, Standard Frequency 
Transmissions, Operating Technique, Charts on which countries, states, zones and counties worked or heard 
can be recorded, Prefix/Directional Bearing List, 2 Metre and 70 cm. Band Plan with map. Frequency/Wavelength 
Conversion Chart, Amateur Radio News Broadcasts, National Societies with addresses and Call Area Maps of 
Australia, U.S.S.R., South America, Canada, U.S.A. and Weather Forecast Areas, Post Office Regulations, etc. 

To Data Publications Ltd., 57 Maida Vale, London, W.9 
Please supply   copy(ies) of your latest publication "THE RADIO AMATEUR OPERATOR'S 

HANDBOOK" DATA BOOK No. 6 at 5s. Od. each, postage 5d. 

NAME         

ADDRESS            

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 

continued from page 501 
THE INTERNATIONAL HAM HOP CLUB is a 

non-profit-making organisation open to Radio 
Amateurs and Short Wave Listeners. Object: 
to improve international relationships through an 
organised system of hospitality. Members offer 
overnight hospitality to visiting members, subscription 
10s. per annum. Associate Members invite radio 
amateurs to visit their stations. Associate membership 
5s. per annum. Family Exchange holidays arranged, 
also Friendship Links between radio clubs. The 
Club's official journal is free to both Full and Associate 
Members.—Hon. Gen. Secretary; G. A. Partridge, 
G3CED, 17 Ethel Road, Broadstairs, Kent. 

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. 

TESTED TRANSISTORS 

1/- each Red or White Spots. OA81, OA202. 

2/- each XA101. XA102, XA111, XA112, XB103, 
NKT122, OA90, OC430. 

3/- each OC44, OC45, OC81, OC81D, OC200. 
GET16. 

4/- each AF114. AF115, AF117. OC170, OC171, 
SX658, XV611. 

5/- 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 

Engineers: could you 

keep a computer ticking? 
Of course, it's a challenge, but so is any job worth 
having. And it's a fascinating career. Customer 
Engineers with IBM carry great responsibility, get 
wide variety in their work. Electronic and electro- 
mechanical data processing equipment is installed 
in many different scientific, commercial and 
industrial undertakings. Keeping several systems 
working efficiently gives the Customer Engineer 
tremendous scope. He works—within daily reach of 
his home—with his own customers, in their offices, 
helping them to use the equipment more effectively. 
This requires the engineer's skill as well as an 
understanding of his customers' needs and 
business systems. 
It's stimulating work. You need to be able to work 
with all levels of customer management. They 
appreciate young, self-reliant men who are able to 
take decisions. So do we. We also expect you to 
have a working knowledge of electronics. Though a 
formal qualification is not essential, C&G.47, a 
Services Radar/Radio/Control Equipment Servicing 
course, HNC/HND Electronics or Electrical 
Engineering degree would indicate an 
acceptable standard. 
For the right men, IBM offers a thorough training for 
a rewarding career. Starting salaries are generally 
between £800 and £1,000 a year (more if you have 
specific experience and aptitude) and are backed by 
comprehensive benefits. 
Early and substantial in- 
creases are given on merit 
and the Company operates a 
policy of promotion on merit — • — 
from within. If all this IBIV IS EXPANDING 
interests you, please send a summary of your 
education, experience, interests and age to: Mr. I. F. 
Bush, Personnel Selection Department, 
IBM United Kingdom Limited, 101 Wigmore Street, 
London, W.1, quoting reference CE/RC/028. 

ude) and are backed by 

IBM 
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CHASSIS 
and 

CASES br 
cPGWARE ROAD 

287/9 Edgware Road 
London W2 

TELEPHONE 
PADdingto.i 5891/7595 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH Type W 

Type Size Price Type Size Price 
U 4 x 4 x 4"* 9/6 Y 8x6x6" 25/- 
U Sy x 4i x 4^' 14/6 Y 12x7x7" 39/- 
U 8x6x6" 20/- Y 13x7x9" 44/- 
U 15x9x9" 42/6 Y 15x9x7" 46/- 
W 8 x 6 x 6" 19/6 Z 17x10x9" 63/- 
W 12x7x7" 32/6 Z 19 x 10 x 8^" 67/6 
W 15x9x8" 42/- * Height 

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

Type Y 
Type Z 

/ Type U 

BLANK CHASSIS—Same Day Service 
Of over 20 different forms made up to YOUR SIZE. 
Order EXACT SIZE you require to nearest 1/16th. 

(Maximum length 35", depth 4".) 
Specials dealt with promptly. 

SEND FOR ILLUSTRATED LEAFLETS 
or order vcraight 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). 
48sq. in. 4/- 176sq. in. 8/- 304 sq. in. 12/- 
80 sq. in. 5/- 208 sq. in. 9/- 336 sq. in. 13/- 

112sq. in. "6/- 240 sq. in. 10/- 368 sq. in. 14/-- 
144 sq. 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 U" or |"). 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any sire up to 3ft at 4/6 sq. ft. 18 s.w.g. (16 s.w.g 5/3). 
Plus postage and packing (orders over £2 Post Free). 

BRASS • COPPER • LIGHT ALLOYS • ALUMINIUM 
BRONZE • STAINLESS STEEL 

ROD, BAR, SHEET, TUBE, STRIP, WIRE. 3,000 STANDARD STOCK SIZES 
No Quantity too small List on application 

H. ROLLET & CO LTD 
HOWIE ST. LONDON SW11 BATtersea 7872 
 Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow  

the unique PAN L black crackle painl 
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. 

IVB iFBCIAUiE 

in Quality Transistors & Components 

NPN Silicon Planar Power Transistors 
2N3053 fT = 100 Mc/s PT 
BFY17 fT = 245 Mc/s PT 
BUY10 fT = 100 Mc/s PT 

5W 15/- 
25-W 21/- 

= 10W 45/- 
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 & GO. 
208 HAG LEY ROAD 

BIRMINGHAM 16 

Get this Air-drying Grey 
HAMMER FINISH nqw- 

IT'S SUPERB THE PUSHBUTTON WAY ! 
YUKAN Aerosol spraykit contains 16 ozs. fine quality durable easy instant spray. No stove baking required. Available in Grey Hammer at 14/11 at our counter or 15/11, carr. paid, per pushbutton self-spray can. SPECIAL OFFER: I can plus optional transferable snap-on trigger handle (value 5/-) for 18/11. Please enclose cheque or P.O. for total amount to: 

YUKAN 
Dept. RC/2 307a EDGWARE ROAD LONDON W.2 

(Closed Thursday afternoons, open all day Saturdays) 
Choice of 13 self-spray plain colours and primer (motor car quality) also available 

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 A GUILDS EXAMS. (Technicians' Certificates); the Grad. Brit. I.R.E. exam.; the RADIO AMATEUR'S LICENCE; P.M.G. Certificates; the R.T.E.B. Servicing Certificates; etc. Also courses in Television; Transistors; Radar; Computers; Servo- mechanisms; Mathematics and Practical Transistor Radio course with equipment. We have OVER 20 YEARS' experience in teaching radio subjects and an unbroken record of exam, successes. We are the only privately run British home study Institute specialising in electronic subjects only. Fullest details will be gladly sent without any obligation. 

SEND FOR FREE BROCHURE TO: 
BRITISH NATIONAL RADIO SCHOOL 

DERI 4, RADIO HOUSE ■ READING • BERKSHIRE 

THE RADIO CONSTRUCTOR-BOUND VOLUMES 

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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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. 
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 S'7. Mains operated. 
Fully guaranteed. 

Price £13.19.6. P.P. 2/6 
(Probe to extend to 100 Mc/s, 40/- extra) 
* TRANSISTOR TESTER £9.17.6. P.P. 3/6 

BUILD A QUALITY 
TAPE RECORDER 

if Pre-Built Equipment—6 
Valves—Collaro 
Studio Decks— 
Portable 
Cabinets with 
8" x 5" Speakers 
* LEAFLET ON 

REQUEST 
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 and 
manual. Brand New. 
£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/- 

MULTI METERS 
BRAND NEW FULLY GUARANTEED 

PT34 1 kQ/volt 39/6 
CABYM1 2kQ/volt 49/6 * 
THL33 2kQ/volt 75/- 

(illustrated) 
EP10K 10kQ/volt 79/6 
IT12 20kQ/volt 82/6 
TP5S 20kQ/volt £5.19.6 
500 30kQ/volt £8.19.6 
EP30K 30kQ/volt £5.10.0 
EP50K 50kQ/voIt £8.10.0 
EP100K 100kQ/volt 

£9.19.6 
Post and Packing 2/- any 

model 

TRANSISTORS, CRYSTALS, 
VALVES AND COMPONENTS 

THE LARGEST RANGE 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 
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 2kQ 12/6; 4kQ ... ... 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 ... ... ... ... ... £6 
PP3 9V Batt. Eliminator ... ... 18/6 
Transistor Telephone Amplifier ... 59/6 8+8Q Stereo Headphones ... ... 62/6 
Crystal Contact Microphone ... ... 12/6 
MCI Crystal Mic. Insert ... ... 5/- 
Earphones, Crystal or Magnetic 
Complete with Jack and Socket. ... 5/- 
Telephone Recording Attachment ... 9/6 
50-0-50ij.A Edgewise Meter ... ... 25/- 
6/12V Min. 212w Relay  12/6 
Transistor Coil Set With Tuner, 
Ferrite Aerial and Circuit ... ... 20/- 
Complete Test Lead Kit ... ... 8/6 
30W Pocket Mains Solder Iron ... 14/6 
S'7 Hi-Fi 15/16 ohm Speaker ... ... 69/6 
100 kc/s Quartz Crystal ... ... 15/- 
Twin Crystal 1 Mc/s and 100 kc/s ... 22/6 
1 Mc/s B7G Glass Crystal   28/- 

RECORD/REPLAY/ERASE 
TAPE HEADS 

Marriot Type R/RP/3 ^ track record-replay 
head and Mullard type TS erase head with 
mounting post. Ideal for transistor circuits. 
Bargain Offer, 15/- Pair. P.P. 1/- 

* 7000 IMPEDANCE if 
I CRYSTAL MICROPHONES I 

(See Catalogue for details and for 
Dynamic Mies) 

Acos 39-1 Stick Microphone ... 32/6 
Acos 40 Desk Microphone ... 15/- 
Acos 45 Hand Microphone ... 19/6 
Lapel/Hand Microphone ... 12/6 
Acos Stick Microphone ... 15/- 
100C Stick with Stand ... 32/6 
BM3 Stick with Stand... ... 49/6 
Lapel/Hand Magnetic ... ... 8/6 
MM71 2k Mag. Mic   12/6 
MC70 Studio Mic ... ... 42/- 

Trade and Export Enquiries Invited 

INOMBREX 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. 

if Resistance/Capacitance Bridge, £8.5.0. 
if Transistorised Power Supply, £6.10.0. 
if Audio Generator, £16.15.0. 
if Inductance Bridge, £18. 

# 

TRANSISTOR PORTABLE 
WALKIE-TALKIES 

| POCKET RADIOS | 

All complete with battery, 
earphone, carry case and 
fully guaranteed. 6 and 7 
transistor superhet designs. 

6-Transistor Med. Wave, 69/6. P.P. 2/- 
if 7-Transistor Med. Wave, 79/6. P.P. 2/- 
if 6-Transistor Med./Long Wave, 

5 gns. P.P. 2/6 
if 7-Transistor MW/LW/SW, 

£12. P.P. 3/6 

MAINS AND BATTERY 
RECORD DECKS 

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+7 x 377 x 1 +7. Superhet crystal 
controlled on transmit and receive. 

Price £21 per pair. P.P. 3/6 
* DUAL 
IMPEDANCE 
(50 ohm-50k- 
ohm) or 600 ohm 
/50k-ohm dyn- 
amic professional 
quality micro- 
phone. Size 7+' 
long x 1|77 diam. 
40 c/s to 15 kc/s. 
Price 82/6. 

P.P. 2/6 

ALL COMPLETE with ARM 
and CARTRIDGE 

if BSR UA14 4-speed  £5.19.6 
if BSR UA15 4-speed ... ... £6.19.6 
if Garrard Autoslim 4-speed ... £6.10.0 
if Unplugable Head Version ... £6.19.6 

Stereo Version ... ... £7.19.6 
if 6—9 volt version ... ... £8.19.6 ★ SRP10 4-speed or BSRGU7... £5. 0.0 
★ Garrard AT6 with Stereo Cartridge, 4-speed   £10.19.6 
if AT6 with Mono Head ... £10.10.0 

P. & P. 3/6 any type above 
AT6 with EV26 or Sonotone £11.19.6 

★ 9V Star, 45 r.p.m  £1.19.6 if 45 and 33 r.p.m. Star, 9V ... £4.12.6 
if 45 r.p.m. Garrard 6V ... £1.15.0 ★ 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 
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FIRST and BEST PROVED S TESTED DESICNSJIIALIir componentssunits 

TRANSISTOR HI-FI AMPLIFIERS 

MONO or STEREO 

★ 

BUILT 

10 WATTS and 20 WATTS 
15 to 16 ohm 10 
watt Power 
Amplifier 
£5-19-6 "ifs 

(kit £5-10-0 
P.P. 2/6) 

■A: 3 to 4 ohm 
10 watt Power 
Amplifier 

BUILT £5-10-0 ^2/6 
MAINS UNITS 59/6 for one amplifier. (KIT QQ If. P.P. 
or 69/6 to power 2 amplifiers. x z/O 2/6) 

PRE-AMPLIFIERS -k 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 
2j[" x 2". 
BUILT £5-10-0 

(kit 99/6 

ififBlE FUTER P.P VOLUME 
P.P 
2/") 

* FRONT PANEL 
PLATE 8/6 

STEREO PRE AMPLIFIER 

CR 

Two Channel version of above 
For use with two power ampli- 
fiers for 10+10 watts. 
Size: 9" x 3+' x If". 

Kl £10-19-6 ^ 
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. 
PRICE /LCI 
BUILT OD/- 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 bcoperated with two 
9 volt batteries in series or from the power amplifiers. High gain, low 
distortion, excellent quality designs, combined with value for money 

■ 

CIRCUITS AND DETAILS ON REQUEST 
Demonstrations of above equipment and VHF FM Tuner can be heard 
during normal shop hours. All units are fully guaranteed. 

TWO 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 "JQ If. P.P. 

from 12 to 18 volts. BUILT /x/O ★ H watt version from 9 PRICE fiC I P.P. 
to 12 volts. BUILT i/6 * CIRCUITS AND DETAILS ON REQUEST * 

li watt and 4 watt 
300 transistors type 

DIODES AND 
RECTIFIERS 

800 VALVES AND TUBES 
500 QUARTZ CRYSTALS 

FOR THE HOME CONSTRUCTOR 

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. 

'REGENT-r 

^MEDIUM and LONG WAVE 
POCKET SUPERHET RADIO. A 
new 6-transistor printed circuit designed 
with full coverage on both wavebands. 
Features "Cleartone" push-pull speaker 
output, geared tuning and complete set 
of 1st grade components. Moulded two- 
tone cabinet size 5" x 3" x 1^". Easy to 
follow building details. All parts sold 
separately. 
■A" Total cost of all parts 85 /- P. & P. 2/- (Battery 2/6 extra) 
Available mid-February 

All Transistor Car Radio 
* 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. FuM 
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. 

THE "ROADSTER" 
it Total Cost to Build 

£8-19-6 P P 3/« 
★7 x 4 inch, hi-flux speaker with baffle and car fixing kit 
20/- extra. 
it Circuit and details on request. 

VHF TRANSISTOR HI-FI FM TUNER 
* HIGH STABILITY — HIGH 

SENSITIVITY it 
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 

r 

Total Cost with Front I 
£6-19-6 P.I 

(Cabinet Assembly 20/- < 

"1 rnNVAIR" PUSH button V-Vn ™IIX PORTABLE 
CAR RADIO 

* UNBEATABLE FOR PER- 
FORMANCE AND DESIGN it 
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 
lO'' 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 

it Total Cost of All Parts 
£7-19-6 p.p. 3/6 

(Batteries 6/- extra) 
it The Finest Portable 

Available 

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. 
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