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THE MODERN BOOK CO 

The Radio Amateur's Handbook. 1965 ed. 
By A. R.R.L. 40s. Postage 2s. 3d. 
World Radio TV Handbook. 1965 ed. 
26s. Postage 1s. 
The Amateur Radio Handbook 
An R.S.G.B. Publication. 34s. Postage 2/-. 
Amateur Radio Call Book. 1965 ed. 
By R.S.G.B. 5s. Postage 6d. 
Worked Examples in Electronics and Tele- 
communications. Vol. 2 
22s. 6d. Postage 9d. 
A Beginner's Guide to Radio 
8f [ 6d. Postage 6d. 
Transistor Ignition Systems Handbook 
By B. Ward. 20s. Postage 1s. 
Aerial Handbook 
By G. A. Briggs & R. S. Roberts. 8s. 6d. Postage 1s. 
Tape Recorders—How they work 
By G. G. Westcott & R. F. Dubbe. 26s. Postogels. 
Circuits for Audio Amplifiers 
By Mullard. 8s. 6d. Postage Is. 

Complete 

Radio Valve Data 7th ed. 
Compiled by W.W. 7s. 6d. Postage 10d. 
Electronic Organ Handbook 
By H. Emerson Anderson. 35s. Postage 1s. 
Frequency Divider Organs 
By A. Douglas. 25s. Postage 1s. 
An Electronic Organ for the Home Con- 
structor By A. Douglas. 20s. Postage 1s. 
Closed Circuit Television Handbook 
By L. A. Wortman. 42s. Postage 1s. 
Test Gear for Amateurs 
Compiled by Practical Wireless. 3s. 6d. Postage 6d. 
Fault Location Exercises in Radio & Tele- 
vision Servicing Vol. I 
By K. J. Bohlman. 7s. 6d. Postage 6d. 
Radio Servicing Problems 
By W. A. L. Smith. 5s. Postage 6d. 
Short Wave Amateur Radio 
By J. Schaap. 22s. 6d. Postage 1s. 
A Beginner's Guide to Television 
8s. 6d. Postage 6d. 

Catalogue Is. 
We have the Finest Selection of English and American Radio Books in the Country 
19-21 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 

ESTABLISHED 1865 

THE DUCHESS OF KENT 

PERMANENT 

BlIILDING 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) INTEREST 

WITHDRAWALS AT SHORT NOTICE 
O/ 

IS AT 4 /O 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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7 VALVE AM/FM RADIOGRAM CHASSIS 
Valve line-up ECC85. ECH8I EF89, EABC80, EL84 EM81, EZ80 

Three Waveband & Switched Gram positions. Med. 200-550m. Long 1,000- 2,000m. VHF/FM 88-95 Mc/s. Phillips Continental Tuning insert with perme- ability tuning on FM & combined AM/FM IF transformers. 460 kc/s'and 10.7 Mc/s. Dust core tuning all coils. Latest circuitry including AVC & Neg. Feedback. 3 watt output. Sensitivity and reproduction of a very high standard. Chassis size I3i"x 6?". Height 7i". Edge illuminated glass dial 1 Ii"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 knobs—walnut or ivory to choice. Indoor FM aerial 3/6 ex. 3£2 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. 

Aligned and tested Carr. & reaOyfo. £13.10.0 lnS-V6' 

ANOTHER TAPE RECORDER BARGAIN 
Manufacturers' end of production Surplus Offer 

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

" - - + 10/- Carr. BARGAIN PRICE 1 5 Gns. 1 "" 
2-tone Cabinet and 8" x 5" Speaker. Size 14" x I0i" x 7i"  Wired Amplifier complete with 4 Valves, front Panel, Knobs, etc. ... ... ... ... £5 19 B.S.R. Monardeck Type TD2 ... ... ... £7 7 Accessories: Mike, Tape, empty Reel, screen- ed Lead and Plugs, Instructions, etc.... ... £1 0 0+ 2/- Carr. 

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

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

Soldering Irons. Mains 200/220V 
or 230/250V. Solon 25 watt Inst., 
22/6. Spare Elements, 4/6. Bits, 1/- 
65 watt, 27/6 etc. 
Alumin. Chassis. 18g. Plain 
Undrilled, folded 4 sides, 2" deep, 
6" x 4". 4/6, 8" x 6", 5/9, 10"x 7". 
6/9, 12" x 6", 7/6, 12" x 8". 8/- etc, 
Alumin. Sheet. 18g. 6" x 6", 1/-, 
6" x 9", 1/6, 6" x 12". I/-. 12" x 12". 
4/6 etc. 

TAPE Farnous 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 

SPECIAL OFFER. 3" Mes Long Play 900' 17/6 1,200' 19/6 1,800' 28/6 

leader and stop foils. 
Standard Double Play 5" 600' 13/- 1,200' 31/6 5J" 900' 16/- 1,800' 37/6 7" 1,200' 21/- 2,400' 47/6 

Post & Package per reel, I/- piu additional reels. 

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

BNoTed VALVES Reduced Bargain Prices 
IT4 IRS 1S5 3S4 3V4 

3/6 61- 61- 71- 71- 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 9/6 8/- PY33 10/6 PY82 7/- U25 UL84 10/6 9/- 

TUBULAR 25/25V 50/12V 50/50V I00/25V 8/450V 4/350V 16 + 16/450V 32 + 32/450V 1000/25V 

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

COMPLETE KIT £13.19.6 Carr. & ins. 10/-. 
Illuminated Perspex escutcheon, 7/6 extra. Ready wired 30/- extra. 4 Contemporary legs (6" or 13") 12/6 per Catalogue & construction details 2/6 (free with kit) 
STANDARD RECORD PLAYER KIT 
Using BSR UAI4 Unit, complete kit £11.10.0, carr. 7/6. Ready wired Amplifier, 7" x 4" quality Speaker and O/P trans., £3.19.6, carr. 2/6. BSR UAI4 Unit, £6.10.0, carr. & ins. 5/-. Rexine covered cabinet in two-tone maroon and cream, size I5J" X I4J" x Sj" 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 190m-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 ly" x 4", chassis size I If" x 4" x 5|". 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. k 

Bargain Price £12.10.0. Carr. 5/-. We hope to produce this popular unit in kit form very shortly. 

Volume Controls—5K-2 Meg- ohms, 3" Spindles Morganite Midget Type. If" 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), f Meg. VOL Controls D.P. Sw. f" flatted spindle. Famous Mfrs. 4 for 10/- post free. 

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

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

ENAMELLED COPPER WIRE— fib reels, I4g-20g, 2/6; 22g-28g, 3/-; 36g-38g, 4/3; 39g-40g. 4/6, etc. 
TINNED COPPER WIRE—l4-22g- 2/6 f lb. 
PVC CONNECTING WIRE—10 colours (for chassis wiring, etc.)—Single or stranded conductor, per yd., 2d. Sleeving, I mm. and 2mm., 2d. yd., etc. 
KNOBS—Modern Continental types' Brown or Ivory with Gold Ring, I" dia., 9d. each; If", 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 -jV diam. 5/6 Osc. Coil—|V' 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 1 mfd—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. J" DILEMIN lOOpF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control knob, 5kfl with switch, 4/9, ditto less switch, 3/9. 
Speakers P.M.—2" Plessey 75 ohms, 15/6. 2f" 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. 

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. 

1946 

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

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

Basic amplifier kit price £9.19.6. Carr. 7/6. Ready built I If gns. 
CONTROL PANEL KIT Bass, Treble and Volume controls with 4-position selector switch for radio, tape and pick-up and 11" x 4" escutcheon panel. 
Amplifier Kit and Control Panel Kit £11.19.6. Ditto ready wired £14.19.6. 
2-VALVE PRE-AMP. UNIT Based on Mullard's famous 2-valve (2 x EF86) circuit with full equalisation with volume, bass, treble, and 5-position selector switch. Size 9" x 6" x 2f". 
Complete Kit £5.19.6. Carr. 3/6. Ready built £7.19.6. 

Send for detailed bargain lists, 3d. stamp. We manu- facture all types Radio Mains Transf. Chokes, Quality Q/P Trans., etc. Enquiries invited for Specials, Proto- types for small production runs. Quotation by return. 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Road, Thornton Heath, Surrey THO 2188. Hours: 9 a.m.-6.m., I p.m. Wed. Terms C.W.O. or C.O.D. Post and Packing up to f lb. 9d., I lb. 1/3, 31b. 2/3, 5 lb. 2/9, 8 1b. 316. 

MAY 1965 649 
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HI-FI AMPLIFIERS RECORD PLAYERS RADIO TUNERS 

(,0 0 

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

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

Kit £10.19.6 Assembled £15.10.0 
HI-FI MONO AMPLIFIER. Model MA-12. 12W output, wide 
freq. range, low distortion. Kit £11.18.0 Assembled £15.18.0 
R.P.M. IP DIG AT OR (Electronic Rev. Counter). A must for the 
motoring enthusiast. For 4 cylinders, pos. or neg. earth. 12V. Send 
for detail^ (Assembled only) £8.19.0 

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. 

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

INSTRUMENTS 
DE LUXE LARGE-SCALE VALVE VOLT- 
METER: Model IM-I3U. Circuit and speci- 
fication based on the well-known model V-7A but 
with many worth-while refinements. 6" Ernest 
Turner meter. Unique gimbal bracket allows 
operation of instrument in many positions. Modern 
styling. Kit £18,18.0 Assembled £26.18.0 
AUDIO SIGNAL GENERATOR. Model AG-9U 
10 c/s to 100 kc/s, switch selected. Distortion less than 
0.1%, 10V sine wave output metered in volts and dB's. 

Kit £22.10.0 Assembled £30.10.0 
VALVE VOLTMETER. Model V-7A. 7 voltage ranges 
d.c. volts to 1,500. A.c. to 1,500 r.m.s. and 4,000 peak 
to peak. Resistance 0.1Q to 1,000MQ with internal battery. 
D.c. input impedance 11MD. 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.; ISOfiA to 15A d.c.; 0.2G to 20MD. 
4^" 50(iA meter. Kit £12.18.0 Assembled £18.11.6 
R.F. SIGNAL GENERATOR. Model RF-1U. 
Up to 100 Mc/s fundamental and 200 Mc/s on 
harmonics. Up to lOOmV output. 

Kit £13.8.0 Assembled £19.18.0 
T.V. ALIGNMENT GENERATOR. Model 
HFW-1. Offers max performance at lowest cost. 
Covers 3.6 to 220 Mc/s fundamentals. Elec- 
tronic sweep oscillators. Built in marker 

generators (5 Mc/s crystal). 
£34.18.0 Kit 

IM-13U 

V-7A 

RF-1U 

mil. 

10-12U 
ELECTRONIC SWITCH. 
Model S-3U. Converts a single 
beam 'scope to double beam 
operation at low cost. 

Kit £12.18.0 
Assembled £18.10.0 

HFW-I £44.10.0 Assembled 
5" GENERAL-PURPOSE LABORATORY OSCIL- 
LOSCOPE. Model IO-12U. This outstanding oscil- 
loscope, with its professional specification and styling, 
fulfils most laboratory and service requirements. Vertical 
frequency response 3 c/s to over 4.5 Mc/s, sensitivity 
lOmV r.m.s. per cm. at 1 kc/s. T/B covers 10 c/s- 
500 kc/s. Kit £32.12.6 Assembled £41.10.0 
2i" PORTABLE SERVICE 'SCOPE. Model OS-1. This 
is a light, compact oscilloscope, ideal for servicing, etc. 
Dimensions 5" x 8" x 14i" long. Wt. lO^lb. Fitted mu- 
metal CRT shield. Kit £22.18.0 Assembled £30.8.0 

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

Assembled £35.10.0 

FOR THE MUSIC MAKER 

PA AMPLIFIER PA-l. The 
ideal compact unit for VOCAL- 
ISTS, INSTRUMENTALISTS, 
RECORDS, with 50 Watt amp- 
lifier, 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 £197.0.0 Matching bench £14.10.0 extra 

PA 

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

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

Kit £12.11.0 inch P.T. 
JUNIOR EXPERIMENTAL WORKSHOP. 
Model EW-1. More than a toy! Will make 
over 20 exciting electronic devices, incl: 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present! Kit £7.13.6 inch P.T. 
JUNIOR TRANSISTOR RADIO. Model 
UJR-1. Single transistor set. Excellent 
introduction to radio. Kit £2.7.6 inch P.T. 

UXR-2 

UXR-1 

UJR-1 

Honey-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. 

650 THE RADIO CONSTRUCTOR 
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TAPE AMPLIFIERS TAPE DECKS CONTROL UNITS 

STUDIOMATIC 

HI-FI FM TUNER. Model FM-4U. Also available in two units. R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and amplifier 
unit, with power supply and valves (£13.3.0). Total Kit £15.18.0 
TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording indicators, press-button speed compensation and input selection. 
Mono Model TA-1M. Kit £19.18.0 Assembled £28.18.0 
Stereo Model TA-1S. Kit £25.10.0 Assembled £35.18.0 
MONO CONTROL UNIT. Model UMC-1. Designed to work with the 
MA-12 or similar amplifier requiring 0.25V or less for full output. 5 inputs. 
Baxandall type controls. Kit £8.12.6 Assembled £13.12.6 
STEREO CONTjtOL UNIT. Model USC-1. Push-button selection, 
accurately matched ganged controls to i IdB. Rumble and variable low- 
pass filters. Printed circuit boards. Kit £19.10.0 Assembled £26.10.0 

TRUVOX y-- AM/FM 

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

TRUVOX D-93 TAPE DECKS. High quality stereo/mono tape 

D93/2, i track, £36.15.0 D93/4, i track, £36.15.0 

HI-FI AM/FM TUNER: Model AFM-1. Available in two units 
which, for your convenience, are sold separately. Tuning heart 
(AFM-TI—£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 

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

SPEAKER SYSTEMS 
HI-FI SPEAKER SYSTEM. Model SSU-1. 
Ducted-port bass reflex cabinet "in the 
white". Two speakers. Vertical or horizontal 
models with legs, Kit £11.12.0 , without 
legs, Kit £10.17.6 incl. P.T. 

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

Kit £23.4.0 Assembled £30.15.0 

THE "COTSWOLD". This is an acoustic- 
ally designed enclosure 26" x 23" x IS?" 
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 

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 £7.15.0 to £44.2.0 
incl. P.T. 

SEND FOR FREE BRITISH 
HEATHKIT CATALOGUE 

American catalogue also available 1/- post paid 

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

DAYSTR0M LTD 
DEPT. RC. 5 
GLOUCESTER 

RA-l 

"AMATEUR" EQUIPMENT 
AMATEUR BANDS RECEIVER. Model 
RA-l. 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 
COMMUNICATIONS TYPE RECEIVER. Model 
RG-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s- 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

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

Kit £8.5.0 Assembled £10.10.0 

RG-1 

HM-11U 

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)    
{Please write in BLOCK CAPITALS) 
NAME   
ADDRESS « -   

(Tick here) 

DEPT. RC.5 
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AN IMPORTANT ANNOUNCEMENT 

DENCO (CLACTON) LIMITED OLD ROAD CLACTON-ON-SEA ESSEX 

Fifteen Years Ago (1950) our Octal Plug In Coils Blue-Yellow-Red-White retailed at 4s. 1d. each and the Green 
at 5s. 1d. Today they are the same price, 4s. 1d. each, and the Green even lower at 4s. 9d. Anyone of the 
thousands of home constructors and industrial users will confirm the great technical and mechanical improvements 
that have also been made on these coils. 
Fifteen Years Ago (1950) our IFT.8 Transformers 465 kc/s and 1.6 Mc/s sold at 9s. 9d. each. Today these are 
known as 1FT.11 465 kc/s and 1.6 Mc/s selling at one-third less, 6s. 6d. each, they are more robust, more accurate 
and,spot-on aligned. And so we can go on and on with very many static-priced improved products. 
Fifteen Years Ago we sold a simple Spot Frequency 465 kc/s and 1.6 Mc/s Alignment Oscillator known as the 
DAO.1 at £2.7.6. Today we sell an almost fantastic improvement known as the MTO.1 Modulated Test Oscillator 
with two ranges continuously variable through the 170-475 kc/s and 550-1,600 kc/s frequencies, at least three 
times the value but at the low price of £3.17.6. 
During this 15 years wages have more than trebled, Local Council Rates have multiplied five times, Nationalised 
"Services" Gas-Electricity-Transport, Road, Rail and Post, and General Taxation have gone up "Sky High". 
This is the sort of thing our Chancellor of the Exchequer is asking for and an achievement on which we are 
justifiably proud, brought about on your behalf by our constant watch on improved materials available, improved 
designs and modern economic tooling methods. 
Our General Catalogue which fully illustrates our range of productions is priced at 1s. 6d. inclusive of postage, 
and in the interest of continued economy and price stability we shall appreciate a stamped addressed envelope with 
all requests for assistance or information on particular components. 

ARTHUR W. ALLWRIGHT 
Managing Director 

/TmattuTPA DI0 
CHAS. H. YOUNG LTD. 

MIDLAND AGENTS 

FOR 

* EDDYSTONE 

RECEIVERS & COMPONENTS 

* NATIONAL 

RECEIVERS & TRANSCEIVERS 

* GREEN & DAVIS EQUIPMENT 

* KW EQUIPMENT 

* MOSLEY AERIALS 

* WITHERS 

* H.P. FACILITIES AVAILABLE 

* PART EXCHANGES 

AERIAL 
EQUIPMENT 

TWIN FEEDER. 300 ohm twin 
ribbon feeder similar K25, 6d. per 
yard. 75 ohm twin feeder, 6d. per 
yard. Post on above feeders and 
cable, 1/6 any length. 
COPPER WIRE, 14G, H/D, 140ft, 
22/6; 70ft, 11/6. Post and packing 2/6. 
Other lengths pro rata. 
FEEDER SPREADERS. 6" Ceramic 
type F.S., lOd. each. Postage 1/6 
up to 12. 
CERAMIC CENTRE PIECE for 
dipoles, Type AT, 1/6 each. P. & P. 1/—. 
2 METRE BEAM, 5 ELEMENT 
W.S. YAGI. Complete in box 
with 1" to 2?/, masthead bracket. 
Price 49/-. P. & P. 3/6. 
SUPER AERAXIAL, 70/80 ohm 
coax, 300 watt very low loss, 1/8 per 
yard. 50 ohm 300 watt, 1/9 per yard. 
P. & P. 2/-. 
TOUGH POLYTHENE LINE, 
type MLI (1001b), 2d. per yd. or 
12/6 per 100 yds. Type ML2 (220lb), 
4d. per yd. or 25/- per 100 yds., ML4 
(400lb), 6d. per yd., post free. 
Ideal for Guys, L.W. Supports, 
Halyards, etc. 

ABSORPTION WAVEMETERS. 
3.00 to 35.00 Mc/s in 3 Switched 
Bands. 3.5, 7, 14, 21 and 28 Mc/s, 
Ham Bands marked on scale. Com- 
plete with indicator bulb. A MUST 
for any Ham Shack. ONLY 22/6 
EACH. Post free. 
BANDCHECKER MONITOR, 
3.00-35.00 Mc/s in 3 switched Bands. 
0-1 mA Indicator. Monitor Socket. 
Very sensitive, £3.13.6. P. & P. 2/6. 
VARIABLE CONDENSERS. All 
brass with ceramic end plates and 
ball race bearings. 50pF, 5/9; 100, 6/6; 
160, 7/6; 240. 8/6; and 300pF, 9/6. 
Extension for ganging. P. & P. 1/-. 
RACK MOUNTING PANELS: 
19" x 5±". 7", 8i", or 10i", black 
crackle finish, 5/9, 6/6, 7/6, 9/- 
respectively. P. & P. 2/-. 
GELOSO VFO UNITS. 4/102 with 
new dial and escutcheon. Outputs on 
80, 40. 20, 15 and 10. For 2-807 or 
6146 Tubes. Only £8.15.3, valves 
to suit, 24/-. ALL POST FREE. 
30 WATT MOD. TRANS. 2x 
807 mod. to 807 R.F. Few only, 18/6 
each. P. & P. 3/6. 
PARMEKO TRANS. 200/200 
40mA, 6.3V, 3A. New, not ex-W.D. 
Only 12/6. P. & P. 2/6. 

CHAS. H. YOUNG LTD 
170-172 Corporation St., Birmingham 4 
Please print your address. No C.O.D. under £1. 'phone CEN 1635 
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(MANCHESTER) LTD. 

MAIL ORDERS TO: 
ROOM 7, 

54 WELLINGTON ST., 
LEEDS 1. 

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. 

.A.E. with all enquiries, please. Personal 
hoppers welcomed at any of the branches 

below. Open all day Saturday. 
10 North Parade BRADFORD (Half-day Wednesday) 

RDICTOI H Lower Castle Street Half-day Wednesday 
30/31 Gt. Western 
Arcade, opp. 
Snow Hill Station 

BIRMINGHAM 
(No half-day) 
\CPDY 26 Osmaston Rd., The Spot ' (Half-day Wednesday) 
DARLINGTON 

Wednesday) 
133 Leith Street 
(Half-day Wed.) 

326 Argyle Street 
(No half-day) 

Jill I 51 Savile Street 
(Half-day Thursday) 

FlfF^TFR 32 High Street 
(Half-day Thursday) 

| CCnC 5-7 County (Mecca) Arcade 
(No half-day closing) 

I IVFDPOni 73 Dale Street ' tl\r WL (No half-day closing) 

DINBURGH 
GLASGOW 

LONDON 238 Edgware Road 
(Half-day Thursday) 

MANCHESTER (No 
half-day) 

Callers welcome at our extensive new 
)remises at 60A/60B Oldham Street 
MIDDLESBROUGH 
106 Newport Road (Half-day Wed.) 

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

EX-GOV. 2V ACCUMULATORS. 16 A.H. Size 7" x 4" x 2". Lrand New, A/Q Three for 12/6. Carr. 5/—. each W ' 
JASON FMTI V.H.F./F.M. Radio Tuner design. Total cost of parts including valves, Tuning Dial, Escutcheon, etc., £6.19.6. 

12 in. 10-WATT HIGH QUALITY 
LOUDSPEAKER 

In walnut veneered cabinet. Gauss 12,000 lines. Speech coil 3 ohms or 15 ohms. 
Only £4.19.6 Carr. 5/- Terms: Deposit 11/3 and 9 monthly payments of 11/3 (total £5.12.6). 

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

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

simultaneous connection of up to four instrument pick-ups or 

TRANSISTOR SALE 
MULLARD OC7I 2/11; OC45, OC44 3/11 OC72 2/II; OC8I 2/11, OCI7I 8/9. EDISWAN XAI0I 3/9, XAII2 3/9, XCI0IA 3/9. Postage 6d. for up to 3 transistors. 

itr Incorporatingtwo 12" heavy duty 25-watt high flux (17,000 lines) loud- speakers with 2" diameter speech coils. Designed for efficiently hand- ling full output of amplifier at fre- quencies down to 25 c.p.s. 
•jkr 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. ■A: Four jack socket inputs and two independent volume controls for 

microphones. 
-At Separate bass and treble controls providing more than adequate "Boost" or "Cut". 
-A: LEVEL frequency response throughout the audible range. ★ SUPERIOR TO UNITS AT TWICE THE COST. 
Send S.A.E.for leaflet OR DEPOSIT -j of £4.3.0 and 12 CW-i. |,nC monthly pay- m 2 ments of £3.8.4 
Carr. 17/6. (Total 43 gns.) 

HIGH FIDELITY 12-14 WATT AMPLIFIER TYPE All 
PUSH-PULL ULTRA LINEAR OUTPUT "BUILT-IN" 

TONE CONTROL PRE-AMP STAGES 
Two input sockets with associated controls allow mixing of "mike" and gram., as in A10. High sensitivity. Includes 5 valves, ECC83, ECC83, EL84, EL84, EZ8I. High Quality sectionally wound output transformer specially designed for Ultra Linear operation and reliable small condensers of current manufacture. INDIVIDUAL CONTROLS FOR BASS AND TREBLE "Lift" and "Cut". Frequency response—3dB 30-30,000 c/s. Six negative feedback loops. Hum level 60dB down. ONLY 23 millivolts INPUT required for FULL OUTPUT. Suitable for use with all makes and types of pick-ups and microphones. Comparable with the very best designs for STANDARD or LONG PLAYING RECORDS. For MUSICAL INSTRUMENTS such as STRING BASS, LEAD OR RHYTHM GUITARS, etc. OUTPUT SOCKET with plug provides 300V 30mA, and 6.3V 1.5A for supply of a Radio Feeder Unit. Size approx. 12" x 9" x 7". For A.C. ^ mains 200-250V 50 c.p.s. Output for 3 and I5D speaker. Kit is complete to last nut. Chassis is fully X fl|t«e punched. Full instructions and point-to-point wiring diagram supplied Only (This unit can be supplied factory built and fully guaranteed for £10.19.6) Carr. 10/- If required louvred metal cover with 2 carrying handles can be supplied for 18/9. TERMS ON ASSEMBLED UNITS. DEPOSIT 25/- and 9 monthly payments of 25/- (total £12.10.0). Send S.A.E. for illustrated leaflet detailing Cabinets, Speakers, Microphones, etc., with cash and credit terms. 

R.S.C. 4/5 WATT AS HIGH-GAIN AMPLIFIER 

Jl 

. 

R.S.C. MAINS TRANSFORMERS 
FULLY GUARANTEED 
TOP SHROUDED DROP THROUGH 
250-0-250V 70mA, 6.3V 2A, 0-5-6.3V 2A 17/9 350-0-350V 80mA, 6.3V 2A. 0-5-6.3V 2A 21/9 250-0-250V 100mA, 6.3V 2A, 6.3V IA 21/9 250-0-250V 100mA, 6.3V 3.5A. C.T. 19/9 250-0-250V 100mA, 6.3V 4A, 0-5-6.3V 3A 28/9 300-0-300V 130mA, 6.3 V 4A, 6.3 V I A, for Mullard 510 Amplifier 35/9 300-0-300V 100mA, 6.3V 4A. 0-5-6.3V 3A 28/9 350-0-350V 100mA, 6.3V 4A, 0-5-6.3V 3A 28/9 350-0-350V 150mA, 6.3V 4A, 0-5-6.3V 3A 37/9 

FULLY SHROUDED 
250-0-250V 60mA, 6.3V 2A, 0-5-6.3V 2A, midget type 2-Jr" x 3" x 3" 18/9 250-0-250V 100mA, 6.3V 4A, 0-5-6.3V 3A 29/9 300-0-300V 100mA, 6.3V 4A, 5V 3A 29/9 300-0-300V 130mA, 6.3V 4A, C.T. 6.3V I A. for Mullard Amplifier 36/9 350-0-350V 100mA, 6.3V 4A, 0-5-6.3V 3A 28/9 350-0-350V 150mA, 6.3V 4A, 0-5-6.3V 3A 38/9 425-0-425V 200mA, 6.3V 4A, C.T. 5V 3A 59/9 425-0-425V 200mA, 6.3V 4A. C.T., 6.3V 4A, C.T. 5V 3A 63/9 450-0-450V 250mA, 6.3V 4A, C.T. 5V 3A 69/9 

A highly-sensitive 4-valve quality amplifier for home, small club, etc. Only 50 millivolts input for full output so is suitable for use with latest High-fidelity Pick-up heads and all other types of pick-ups and nearly all "mikes". Separate Bass and Treble Controls give full long-playing record equalisation. Hum level negligible, 71dB down, ISdB of Negative feedback used. H.T. of 300V 25mA and L.T. of 6.3V 1.5A available for supply of Radio Feeder Unit, or Tape-Deck pre-amplifier. A.C. mains input of 200-230-250V 50 c/s. Output for 2-3 ohms speaker. Chassis not alive. Kit complete with fully punched chassis (with baseplate). Gold Hammer finish, point-to- point wiring diagrams and instructions. Only £4.15.0, or assembled ready for use 25/- extra. Plus 3/6 carr., or deposit 22/6 and 5 monthly payments of 22/6 for assembled unit. (Total £6.15.0.) 
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 30-20,000 c/s. A specially designed sectionally wound ultra linear output trans- former is used with 807 output valves. All compon- ents are chosen for reliability. Six valves are used EF86, EF86, ECC83, 807, 807, GZ34. Separate Bass and Treble Controls are provided. Minimum input required for full output is only 12 millivolts so that any kind of microphone or pick-up is suitable. The unit is designed for Clubs, Schools, Theatres, Dance Halls or Outdoor Functions, etc. For use with Electronic Organ, Guitar, String Bass, etc. For standard or long-playing records. Output Socket provides L.T. and H.T. for Radio Feeder Unit. An extra input with associated vol. control is provided so that two separate inputs such as Gram and "Mike" can be mixed. Amplifier operates on 200-250V 50 c/s. A.C. mains and has output for 3 and 15 ohm speakers. Complete Kit of parts with fully punched chassis and point-to-point wiring diagrams | | {Iff* 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 34/6 and 9 monthly payments of 33/6 (total 16 gns-). Suitable mikes and speakers available at competitive prices. 

R.S.C. CORNER CONSOLE CABINETS Polished walnut veneer finish. JUNIOR MODEL. Size 20" x I I" x 8"for 8"x 5" or 10"x 6" speakers, £2.9.9. STANDARD MODEL. Size 27" x 18"x 12" for 8" or 10" speakers, £4.11.9. 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.  
Primaries Interleaved and Impregnated, 200/230/250V 50 c/s. Screened 

OUTPUT TRANSFORMERS 
Midget Battery Pentode 66:1 for 3S4, etc. 4/6 Small Pentode, 5,0000 to 3n 4/6 Small Pentode, 7/8,0000 to 30 4/6 Standard Pentode, 5,0000 to 30 5/9 Standard Pentode, 7,0000 to 30 5/9 10,0000 to 3 O 5/9 Push-Pull 8 watts, EL84 or 6V6, to 30 or matched to ISO 9/9 Push-Pull 10-12 watts to match 6V6 or EL84 to 3-5-8 to ISO 19/9 Following types for 3 and ISO speakers: Push-Pull 10-12 watts, 6V6 or EL84 18/9 Push-Pull 15-18 watts, 6L6, KT66 22/9 Push-Pull Mullard 510 Ultra Linear 29/9 Push-Pull 20 watts, sectionally wound, 6L, KT66, EL34, etc. 49/9 
MIDGET MAINS Primaries 200-250V 50 c/s, 250V 60mA, 6.3V 2A 12/9. 250-0-250V 60mA, 6.3V 2A 13/9. Both above size 2i" x 2f" x 2i" FILAMENT TRANSFORMERS All with 200-250V 50 c/s primaries: 6.3V 1.5A, 5/9; 6.3V 2A, 7/6; 12V I A, 7/11; 6.3V 3A, 8/11; 6.3V 6A. 17/6; 12V I.5A. twice 17/6. SMOOTHING CHOKES 150mA 7-IOH. 2500 11/9. 100mA I OH, 200O 8/9. 80mA I OH, 3500 5/9. 60mA I OH 400 O 4/M.   

W.B. "STENTORIAN" HIGH FIDELITY P.M SPEAKERS HFI0I2. 10 watts rating. Where really good quality speaker at a low price is required we highly recommend this unit with an amazinj performance. Only £4.12.0. Please state whether ohm or 15 ohm required.   
CHARGER TRANSFORMERS 
All with 200-250V 50 c/s primaries: 0-9-15V liA, 12/9; 0-9-15V 2A, 14/9; 0-9-I5V 3A. 16/9; 0-9-I5V 5A, 19/9; 0-9-15V 6A. 23/9; 0-9-15V 8A, 28/9. 
AUTO (Step up/Step down) TRANSFOR- MERS. 0-1 10/120-230/250V 50-80W, 14/9; 250W 49/9; I SOW, 27/9. 
MICROPHONE TRANSFORMERS 120-1 high grade, clamped, 8/9.  
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SINCLAIR 

£ 

' SIZE— 
81" x 31" x 1" 

WEIGHT—41 oz 

•jf No. of transistors—12. 

•fa Rise-fall time—less than 0.2 micro-seconds. 

Frequency response—20 to 20,000 c/s ±1dB. 

Total harmonic distortion 0.1% at 10 watts 
R.M.S. 

•jt Input sensitivity—1 mV into 5K ohms. 

Signal to noise ratio better than 70dB. 

Output into 7.5 ohms—20 watts R.M.S. music 
power; 15 watts R.M.S. continuous; into 15 
ohms—15 watts R.M.S. music power; 12 watts 
R.M.S. continuous. 

X-10 P.M.W. AMPLIFIER 
WHERE LESS POWER IS REQUIRED 

Although the X-10 has been superseded in power by the 
X-20, this superb Sinclair integrated P.W.M. amplifier and 
pre-amp gives you all the advantages of quality and effi- 
ciency which makes these Sinclair designs so outstanding 
in every way. It is the ideal hi-fi amplifier where superb 
quality is wanted, with a more moderate output. 

£5.19.6 Ky £6.19.6 
For 12-15 V operation. Tone control system is added to choice. 

20 watt combined 

P.W.M. 

IMPUFIER 

1 PRE-AMP 

New design-New power! 
Here is proof positive of the power and quality that a Sinclair 
Pulse Width Modulated Amplifier can give you. The new 
X-20 which is complete with integrated pre-amplifier uses 
silicon epitaxial planars in the output stage, better than 
anything, ever before offered to constructors in transistorised 
equipment. Many other refinements have been introduced 
into this latest Sinclair design. For example, absolute constant 
amplitude is maintained in the output square wave form 
irrespective of the extent of the modulation applied. Building 
this amplifier is unusually easy and the results to be obtained 
from it are completely rewarding. Unlike many hi-fi 
amplifiers, the X-20 has power and power to spare. It has 
superb quality, too, all from a unit measuring only 8J x 3J" 
x 1"—dimensions which will inspire constructors to build to 
entirely new concepts of design and layout. 

Complete kit of parts and X-20 manual £7.19.6 
£9.19.6 Ready built and tested 

X-20 Power Unit £4.19.6 

SINCLAIR RADIONICS ltd., 
COMBERTON, CAMBRIDGE Telephone: COMBERTON 682 sindair- 
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WHAT YOU SHOULD KNOW ABOUT 

nrL 

ELECTRONIC 
SWITCH CURRENT 

ADDER 
FEED BACK 

INTEGRATOR 
SQUARE WAVE 

GENERATOR 

NEW SINCLAIR DESIGN 

OUTPUT 
STAGE 

THREE STAGE 
PRE AMP 

Many months of research and development have gone into its pro- 
duction and units have been subjected to impossibly severe working 
conditions with sensationally satisfactory results. The X-20 has even 
been run flat out continuously for 12 hours at 40% overload and at 
the end has still shown no signs of strain or distress. Schematic block 
diagram shows principal stages of the X-20. 

CONSTANT AMPLITUDE 
Pulse Width Modulation requires a perfectly formed 
square wave to carry the audio signal and it must be 
of a frequency well above the highest level of the 
audio spectrum. In the X-20, the peak-to-peak 
amplitude of the square wave is constant at all 
times, no matter to what extent it is modulated by 
the A.F. The result is that distortion figures are 
lower than ever. 

PULSE REPETITION FREQUENCY 
In the interests of quality, the P.R.F. must be as 
high as possible without extending into the region 
of radio frequencies. In the X-20, the pulse repeti- 
tion frequency is between 65 and 75 kc/s, a value 
which is found to satisfy the most stringent demands 
likely to be made upon it in terms of uncompromis- 
ing quality. This frequency is generated within the 
circuitry of the X-20 itself and the output has 
rise-fall times of less than 0.2 micro-seconds. 

OUTPUT STAGE — 
95% EFFICIENT 

Rise and fall times of less than 0.2 micro-seconds 
are achieved by using silicon epitaxial planar output 
transistors which makes the efficiency of the output 
stage at least 95%. Thus only 1 watt is dissipated 
in the output stage when the amplifier is giving an 
output of 20 watts R.M.S. The complete linearity 
of the integrater and careful modulator design 
ensure absolutely negligible distortion right up to 
the maximum output. 

LOW-PASS FILTER 
A low-pass filter cutting off above 20 kc/s built into 
the output of the X-20 ensures that the output 
transistors always "see" a high impedance at the 

P.R.F., making the amplifier widely tolerant 
of the type of load to which it is connected. 

PRE-AMPLIFIER 
This consists of three transistors with two 
negative feedback loops which define the 
gain and ensure an absolutely flat frequency 
response. The sensitivity is sufficient for all 
types of pick-ups. Provision is also made for 
connecting high-output devices such as 
F.M. Tuners and Tape Pre-amps. 

TONE CONTROL SYSTEMS 
The Manual included with the X-20 Ampli- 
fier details a variety of tone and volume 
control systems, any one of which may be 
added to the amplifier for very little outlay. 
Full information on stereo operation is also 
provided, of course. 

POWER SUPPLY 
A special A.C. Mains operated power supply 
unit is available for the X-20, delivering 
36 volts D.C. Full wave rectification is used 
and the unit will power up to two X-^O's. 
The power unit is supplied ready built in a 
completely enclosed steel case. 

OTHER SPECIAL FEATURES 
Because of the high energy conversion 
factor of the X-20, it requires no heat sink 
in the output stage. Connected to a 7.5 
ohms loudspeaker, the power output is 
20 watts R.M.S. music power. Using a 15 
ohms loudspeaker, the output is 15 watts 
R.M.S. music power. 

OTHER SINCLAIR 

DESIGNS 

MICRO-6 

THE SMALLEST ON EARTH 
Smaller than a matchbox, this world- 
famous receiver brings in stations from 
all over Europe. It performs with fantastic efficiency in cars, buses, trains and steel- 
framed buildings, yet measures only 
Wx 13/10" xi". The highly stable six- stage circuit provides A.G.C. and band- 
spread for easy Luxemburg reception. 
Tunes over medium waveband. Building 
this smart minute set is easy. Its per- 
formance is wonderful. 

59/6 
All parts inc. 3 Ai.A.T. transistors, case, light- weight earpiece and instructions come to 
MALLORY MERCURY CELL ZM.3I2 (2 required), each l/l I Pack of six, 10/6 

TR.750 POWER AMP 
MEASURES ONLY 2" x 2" 

With built-in switch and volume control. Output 750mW for feeding into standard 25 to 35 ohm speaker. Input lOmV into 2kn. Operates from 9V d.c. 
All parts and "IQ/A Ready built AC/, instructions 3z/0 and tested ^*1 

FULL SERVICE FACILITIES ALWAYS 
AVAILABLE TO SINCLAIR CUSTOMERS 

Please send me 
NAME 

ADDRESS 

for which 1 enclose Cash/Cheque/Money Order 
value £ s.. ..d. 

Should you not be completely satis- fied with your purchase when you receive it from us, your money will be refunded in full and at once without question. Please quote R.C.5 should you prefer to write your order instead of cutting out this coupon. 
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MULTIMINORI/a/ 

The newly improved model of this famous AVO pocket size multi-range 
instrument has been enthusiastically acclaimed in all parts of the world 
for its high standards of accuracy and dependability as well as for its 
modern styling, its highly efficient internal assemblies, and its resistance 
to extremes of climatic conditions. 
It is simple to use, one rotary switch for 
instant range selection, only one pair of 
sockets for all measurements, and a 2^ 
inch clearly-marked scale-plate. It is 
supplied in an attractive black carrying 
case complete with interchangeable test 
prods and clips, and a multi-lingual 
instruction booklet. 

RESISTANCE: O-IMO in 2 ranges, using 1.5V cell 
SENSITIVITY: lO.OOOQ/V on d.c. voltage ranges 

1,000Q/V on a.c. voltage ranges 

A&& 

XTI> 

to send you a full speci- 
fication of this great little 
instrument. It measures 
only 7\* x 4" x fl" and 
and weighs only 24 oz. 

R.E.C.M.F. 
EXHIBITION 
May 18-21 

Stand 152 

AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, 
LONDON, S.W.I Telephone: Victoria 3404 (12 lines) jyt = TCMOV 

DOUBLE-SIDED 

BLUEPRINT 

to build 

GUITAR 

ALSO '^ 'WlN THE JUNE PRflCTICfll WIRELESS 

MODIFYING THE PCR2 by adding Noise Limiter, 
B.F.O., Product Detector, Tuning Indicator and 
voltage regulated built-in power supply. 

2-TRANSIST0R RECEIVER for M.w. and L.w. 
reception. Uses ferrite rod aerial, with provision 
for external aerial. 

AUTOMATIC CONTROL SYSTEM FOR HAMS 
Fully automatic changeover system—-'Press-to- 
talk' switch for listening through —adjustable 
time delay from a few m/s to 1 sec. 

PRACTICAL 

WIRELESS 

JUNE ISSUE Out May 6th-2/- 
ORDER YOUR COPY NOW! 
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Trawler Band Transistor Receiver. A compact 4, semi-conductor receiver, complete with personal listening earpiece, that receives amateurs and maritime stations. You will be amazed at the stations that can be received 0JVth,s.l"' Works from standard batteries. Price 49/6, 
p/p 216. 

CARAVAN RADIOS 
These well made radios were designed for the Governmervf for forces entertainment. Contains 6K8. 6K7,v6Q7, and 6V6 output. Has choke smoothing/ and slow motion tuning. Printed scale. 2CjD-550 metres. In good condition. Complete with built-in 6V power back and 8 high quality speaker, all contained in a sturdy wooden cabinet. Ideal for use with your caravan or car. Will work from standard 6V car battery or easily converted for mains operation. Price £3.19.6, p/p 10/-. 

TYPE 19 SHORT WAVE RECEIVING SET 
Works straight off the mains. An excellent short wave receiver, requires only phones for immedi- ate oreration. Price £5.19.6, p/p 10/-. During an evening's testing of this excellent receiver, we optained clear reception from scores of stations, many of them thousands of miles distant, including ship stations, government transmissions, maritime broadcasts, etc., and also the short wave Radio Luxembourg broadcasts. 

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

CRYSTAL SET m A wonderful educational kit for all children. Provides hours of amuse- ment while following the easy step by step instruc- tions. It is powered entirely by wireless waves, eliminating the expense of batteries. No soldering required. Receives all main stations. Price 25/-, p/p 2/6. 

19 set Instruction Handbook 3/6 each, p/p 6d 
1155 Instruction Handbook 3/6 each, p/p 6d. 
H.R.O. Instruction Handbook 3/6 each, p/p 6d. 
Frequency Meter, BC 221 Instruction Hand book 3/6 each, p/p 6d. 
46 Walkie Talkie Set Circuit and Notes 3/6 each, p/p 6d. 
38 set A.F.V. Instruction Handbook Price 3/6 each, p/p 6d. 
R.F. Unit 24 Circuit Diagram and Details Price 1/6, p/p 3d. 
R.F. Unit 25 Circuit Diagram and Details Price 1/6, p/p 3d. 
R.F. Unit 26 Circuit Diagram and Details Price 1/6. p/p 3d. 
Receiver RI355 Circuit Diagram and Details Price 1/6, p/p 3d. 
Receiver RI224A Circuit Diagram and Details Price 1/6, p/p 3d . 
R.I 116/A Circuit Diagram and Details Price 1/9 p/p 3d. 
Wave Meter Class D Handbook, Mk. I, II 111 Price 3/6, P/P 6d. 

2-WAY RADIOS 

THE GOLDENAIR "THIRTY" 
HI-FI AMPLIFIER 

A high quality 30-watt amplifier developed for use in large halls and clubs etc. Ideal for bass, lead or rhythm guitars, schools, dance halls, theatres and public address. Suitable for any type of mike or pick-up. Valve line-up; two EF86; one ECC83; one GZ34; two EL34. Four separate inputs are provided with two volume 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 at Lambert's Arcade or our new York shop. Send S.A.E. for illustrated leaflet. 16 gns. cash. Carriage 15/- to be sent with order. 

A compact V.H.F, trans/rec. that can be held in the hand. Size approx. 12 x 3 x 2±. Range up to 3 miles under favourable conditions. Uses 3 miniature valves and self contained standard batteries. Easy to operate, economical to run. Ideal for fixed or mobile authorised operation. Limited number left. Price 12 gns per pair- Post free. 

- 

High Impedance Personal Listening Ear- piece. Suitable for all types of crystal sets and transistor sets. Complete with lead and plug. Price 4(11, p'p 6d. 

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

SENSITIVE MULTIMETER RES|STOr COLOUR CODE INDICATORS 

20,000 ohm per volt, 1% resist- 
ance used throughout. Single 
control system for all ranges. 
Compact and lightweight. Highly 
accurate. £5.10.0, p/p 3/6. 

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

TRANSISTOR SALE 

YORK SHOP NOW OPEN 
We have just opened extensive new shop 
premises at 97 Walmgate, York. 
We have a large range of short wave communica- tion equipment, audio high fidelity amplifiers and accessories, and a full range of radio components and parts. Callers welcome. 

Open 9.30 a.m. to 5.30 p.m. weekdays 
9.0 a.m. to 6.0 p.m. Saturdays. 

Double Throat Mies. Double throat mics can be adapted for use with musical instruments. Price 5/11 each, p/p 9d. 

Mullard OC44. Price 3/11, p/p 3d. Mullard OC45. Price 3/1 I, p/p 3d. Mullard OC7I. Price 2/11, p'p 3d. Mullard OA90. Price I/I I. p/p 3d. Ediswan XD202 Germanium diodes. Price l/l I, p/p 3d. Mullard OA79. Price l/l I, p/p 3d. Transistor holder 3-pin. Price 1/6 each, p/p 6d. 

Valve Sale. 2'6 each, p/p 9d. 2 for 51- post free. —6V6, 807, 6H6, 6K7, 6B8G; EF50, IL4, 

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

High quality Paxolin Sheets. Strong high quality Paxolin sheets. Size 10^ X 8-i X MJO ■ Three for five shillings, p/p I/—. Six for 10/— post free. Twelve for 18/6 post free. 

WIRELESS SET No. 38 
AFY 

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

DYNAM0T0R 
Run all your mains A.C./D.C. equipment from your car battery. 6V input gives 250V output, or 12V input gives 500V output at 30 watts. Very low battery dram. Size only 5* x 3* . A must for the caravanner. ONLY 25/-, p/p 3/6. 

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

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

New welK round ..ore open in Lenrb^^ ^™ CCe Shop. Op   Sa.urde., luew W.IK rom.u k An orders to oul. Bnggate House address. 

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 RC4) BRIGGATE HOUSE, I] ALBION PL. LEEDS I. 
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HO Mi RADIO (MUCHAM) LTD, Dept. RC, 187 London Road, Mitcham, Surrey. MIT 3282 

From time to time we have shown you pages from our Components Catalogue, to whet your appetite! We 
usually pick out pages that we consider photogenic or particularly interesting. This month we show one of 
the Resistor pages—after all, resistors are a basic requirement of any electronic circuit. If we tell you that 
our Resistor section runs to six pages, and that we list, and stock, some 22 different types and some 890 
different values—are you interested? You are? Then send in 6s. (5j. plus Is. p. and p.) and we will send 
you a copy by return. Incidentally in the catalogue you will find five coupons, each worth Is. if used 
as directed. 

RESISTORS 
Metal Oxide High Stability Resistors 

The general rating of these resistors is 1 watt at 70° C. At the maximum working load the drift figures are 2% and 4% 
for 2,000 and 25,000 hours operation respectively. Derating to I watt at 70° C will improve the stability to 1 % and 2 %, 
and stjll further derating to i watt at 70° C will bring these resistors into the Laboratory Standard with a stability rating 
of O.ifX, and 1 % for the operation periods mentioned. 

The temperature coefficient is within the limits ± 150 parts in 106 over the range —55° C to + 150° C. 
The noise is less than 0.1(jiV. per volt. 

R9M Metal oxide resistors 1 watt 2% HSY. 2s. 3d. each. 

Range as Below:— 
68 fl 2000 5600 2 K 5.6K- 18 K 47 K 150 K 390 K 
750 220O 680O 2.2 K 6.8 K 20 K 56 K 180 K 470 K 
820 2700 8200 2.7 K 7.5 K 22 K 68 K 200 K 560 K 

1000 300O 1 K 3 K 8.2 K 27 K 75 K 220 K 680 K 
120O 3300 1.2 K 3.3 K 10 K 30 K 82 K 270 K 750 K±5% 
150O 3900 i.5 K 3.9 K 12 K. 33 K 100 K 300 K 820 K±5% 
180O 4700 1.8 K 4.7 K 15 K 39 K 120 K 330 K 1 M±5% 

Miniature Resistors 
R1A. ±10% 8rf. each (Make as available), ^in x (in, watt. Tolerance 10%. Breach. 

Range as Below :- 
10 33 100 330 1 K 3.3 K 10 K 33 K 100 K 330 K 1 M 3.3 M 
12 39 120 390 1.2 K 3.9 K 12 K 39 K 120 K 390 K 1.2 M 3.9 M 
15 47 150 470 1.5 K 4.7 K 15 K 47 K 150 K 470 K 1.5 M 4.7 M 
18 56 180 560 1.8 K 5.6 K. 18 K 56 K 180 K 560 K 1.8 M 5.6 M 
22 68 220 680 2.2 K 6.8 K 22 K 68 K 220 K 680 K 2.2 M 6.8 M 
27 82 270 820 2.7 K 8.2 K 27 K 82 K 270 K 820 K 2.7 M 8.2 M 

R5. RS. 4in x ^in. 
R6. RS. |tnx Jin. 
R7. RS. fin x fin. 

watt. Tolerance 10%. 4d. each. 
6d. „ 
9d. „ 

CARBON 
RESISTORS 

Range as Below;— 
In addition to the ranges set out below R5 and R6 have the following additional values: 

4.7, 5.6, 6.8, 8.2 ohms. 
But the price is R5 Id. and R6 8d. in these particular values. 

10 39 120 430 1.5 K 4.7 K 18 K 56 K 220 K 680 K 2.7 M 8.2 M 
12 43 150 470 1.8 K 5.6 K 22 K. 68 K 270 K 820 K 3.3 M 10 M 
15 47 180 560 2.2 K 6.8 K 27 K 82 K 330 K 1 M 3.9 M 12 M 
18 56 220 680 2.7 K 8.2 K 33 K 100 K 390 K 1.2 M 4.3 M 15 M 
22 68 270 820 3.3 K 10 K 39 K 120 K 430 K 1.5 M 4.7 M 18 M 
27 82 330 1 K 3.9 K 12 K 43 K 150 K 470 K 1.8 M 5.6 M 22 M 
33 100 390 1.2 K 4.3 K 15 K 47 K 180 K 560 K 2.2 M 6.8 M 
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FMQUDia SOB-niMD 

By CRAIG MACKAY 

This article describes a 100 kc/s sub-standard frequency generator which may be set up against 
standard frequency transmissions. Optional extras ore multivibrators offering outputs at 

10 kc/s and 1 kc/s, these being locked to the basic 100 kc/s signal 

A ,LL MEASUREMENT MUST HAVE AS ITS BASIS A 
unit (usually arbitrary) in terms of which 
the quantity to be measured is expressed. It 

must be possible, also, to have some sub-standard 
which bears a certain relation to the standard unit, 
and which can be used for comparison with the 
quantity to be measured. 

Clearly, the accuracy with which the quantity can 
be measured is directly dependent upon the 
accuracy of the sub-standard. 

For the person concerned with electronics in its 
widest sense, time or frequency is a most important 
quantity, and the accuracy of the sub-standard 
which is used will largely determine the accuracy 
and value of any work which might be done. 

This article is intended to describe the construction 
of a frequency sub-standard which has a basic 
long-term accuracy of 0.002%, and a short-term 
stability of one part in 250,000 (over any half-hour 
period) or better. 

The General Circuit 
The sub-standard oscillator circuit (see Fig. 1) 

uses a crystal mounted in an evacuated envelope 
with a B7G base, this oscillating at 100 kc/s in a 
modified Colpitts oscillator circuit. Such a crystal 
is marketed by the Quartz Crystal Company, and 
is known as crystal unit type Q7/100. Provision is 
made for slight adjustment of the frequency of 
oscillation by means of Cz- 

V2 is a buffer amplifier stage to isolate the 
oscillator from succeeding stages, and, like V), is 
an EF91. 

V3 is a double triode type ECC83 connected in 
the familiar multivibrator configuration and syn- 
chronised with the 100 kc/s oscillator to operate 
at 10 kc/s. The signal thus produced has exactly 
the same accuracy as the original 100 kc/s signal. 

Fig. 2 shows the output stages. V4 amplifies the 
100 kc/s signal, or amplifies and limits the 10 kc/s 
signal. This produces a square wave for the 10 kc/s 

HT+ vwv 250V 

1 C5 =6 =8 ECC83 
11 

I v3a 6 "Sb EF9 EF9I 

ww 

y 
c„.^ 

^ : 
Crystal 

R9 

Pre-set 
Sync 
JOKc/s 

0(a) 
o(d) 

o(b) 
Fig. 1. The 100 kc/s sub-standard crystal oscillator, together with the buffer amplifier and 10 kc/s multivibrator 
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HT + 
250V 

Modulated 
lOO 

10^» J ^IOKc/s (c) (b) 
lOOKc/s 

I S|a 

R14 EF 91 slb 

WW II ww 

EF9 NE 

0 

ac 
x R 

20 
Output 

r23 ar 

T 
CI6 

Fig. 2. The output amplifier, cathode follower and neon modulator stages 

signal. The output from V4 is fed to V5, which is 
connected as a cathode follower giving a relatively 
low impedance output. Both V4 and V5 are type 
EF91. 

It is often necessary to be able to pick out the 
signal from the chaos present these days in the 
amateur bands and a neon modulator is incor- 
porated which produces a most distinct "bleeping" 
note which is very easy to recognise. The modulation 
on-off switch Si(a) is incorporated in the frequency 
selector switch. 

Vs is a power rectifier type EZ80. The power 
supply circuit is given in Fig. 3. 

Additions 
Different people will obviously have varying 

requirements for an instrument of this type. If the 
10 kc/s facility is not required, then V3 and V4 
(with their associated circuitry) may be omitted. 
The grid of V5 is then connected, through a lOOpF 
capacitor, to the anode of V2. This, of course, 
considerably simplifies the instrument. 

However if, in addition to the 10 kc/s facility, a 
signal at 1 kc/s is required with the same very high 
accuracy, then the circuit of Fig. 4 may be added. 
This consists of a buffer stage V7, and a syn- 
chronised multivibrator operating at 1 kc/s (Vg). 
V7 is type EF91, and Vg is type ECC81.* 

The switching circuit shown in Fig. 2 assumes 

* In the multivibrator circuits shown in Figs. 1 and 4, the sync 
level controls (R9 and R28) serve also as frequency controls, in that 
they vary the grid leak values of the associated triodes. In con- 
sequence, these controls may vary the mark/space ratio of the square 
wave. The circuit is, however, designed to give approximately 50:50 
square waves when the controls are set to the position at which 
synchronising occurs.—Editor. 

that both 10 kc/s and 1 kc/s multivibrators are 
employed. When only the 10 kc/s multivibrator is 
used, a 2-pole 4-way switch may be fitted instead 
of the 6-way component shown. 

If more than one additional output channel is 
required, the circuit of Fig. 2 may be duplicated as 
necessary. In this way, more than one frequency 
may be made available at the same time. 

If different sub-multiples of the synchronising 
frequency are required then the value of the multi- 
vibrator coupling capacitors between the anode 
and "opposite" grid of Vg will have to be altered. 
This can easily be done as the frequency of oscillation 
is inversely proportional to the values of these 

HT+ 63V 

2SOV3 

EZSO 
CisS 

2SOV , 

n 
63V 

A-C. 
mams 

Fig. 3. The circuit of the power supply 
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Fig. 4. The Ikc/s synchronised multivibrator, preceded by its buffer stage 

capacitors, e.g. halving their value doubles the 
frequency of oscillation. Both capacitors should 
have, of course, the same value. 

Building the Instrument 
The constructor must first make up his mind 

exactly what his requirements are, or are likely to 
be in the future, and build accordingly. 

Because of the large number of variations 
possible, no definite layout will be given, and only 
a few "rules" will be mentioned. 

The final layout depends to some extent on the 
size of the mains transformer, which must be 
chosen to deliver the required currents. The basic 
circuit, with the 1 kc/s frequency divider requires 
an h.t. current of 55mA. 

The chassis to be used is very much a matter of 
personal preference. The author used one of 
the "Universal Chassis" sold by Home Radio 
(Mitcham) Ltd., which can be supplied with a 
baseplate as well as the usual top plate. This, with 
a few ventilation holes suitably drilled, met all 
requirements. 

The crystal has a low temperature coefficient 
(less than 2 parts per million per degree C tempera- 
ture change at normal room temperature), but it 
should nevertheless be kept well away from all 
sources of heat. As it is mounted in a B7G glass 
valve envelope, it helps if a screening can is used, 
and this should preferably be polished aluminium. 
The can considerably reduces the effect of valve heat 
generation. The valves should be mounted well 
away from the crystal, and should be positioned so 
that no unwanted feedback occurs. Use under- 
chassis screening, if necessary. If feedback does 
occur, it is unlikely that it will affect the oscillator 
frequency very much, but it will certainly cause 
some confusion when the output signals come to 
be sorted out. 

Setting Up the Instrument 
Once the instrument has been built and thoroughly 

tested, it will require to be adjusted for correct 
operation. 

First, set Si to 100 kc/s and couple the oscillator 
to a receiver receiving one of the standard frequency 
transmissions. In Britain, the most convenient 
station is the B.B.C. Light Programme 200 kc/s 
transmitter, which is maintained very accurately 
at this frequency. Elsewhere, one of the WWV 
transmissions could be employed. 

Coupling may take the form of a lead from the 
sub-standard output loosely wound around the 
aerial lead to the receiver. This will give enough 
signal, and the two signals should be heard beating 
against each other. If they are not heard, adjust 
C2 until they are. C2 is then adjusted so that the 
beat frequency is reduced to a minimum, this being 
done, preferably, after the instrument has reached 
its working temperature after, say, 45 minutes. 

It is easier to "see" the beat frequency by 
measuring the receiver a.g.c. voltage and watching 
it vary. Do not try to make the beat frequency 
zero; this will be very difficult to achieve and will 
only be maintained for a matter of a few seconds. 

Once the crystal oscillator has been adjusted it 
will be necessary to set up the multivibrators (if 
they are included). For the 10 kc/s multivibrators, 
first set Si to 100 kc/s with modulation on and, with 
the output coupled to a receiver working this time, 
on the medium waveband, vary the receiver tuning 
control until two adjacent points are found where 
the "bleeps" are coming through loud and clear. 
Then switch to 10 kc/s, modulation on, and count 
the number of points where the bleeps are heard 
between, but not including, the two chosen end- 
points. Adjust R9 until they are nine in number 
and evenly spaced between the two 100 kc/s end- 
points. 

662 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



The 1 kc/s multivibrator is not quite as easy to 
set up because, unless a very narrow band com- 
munications receiver is available, the above method 
(scaled down by 10) will be of little use. Probably 
the easiest method is to feed the output of the 
instrument into an audio amplifier and compare 
the frequency with either a piano or some other 
source whose frequency is known within about 5 %. 

If the sync control for this multivibrator, R28, is 
varied, the oscillator may be heard to switch from 
one sub-multiple of the basic frequency (in this case 
10 kc/s) to another; i.e. from 833 c/s to 909 c/s to 
1,000 c/s to 1,111 c/s to 1,250 c/s, etc., as the sync 
level is adjusted. 

The multivibrators should stick to their frequency 
permanent^, but it is advisable to carry out the 
above procedure from time to time just to check 
that everything is working correctly. 

Using the Instrument 
The three oscillators will produce a signal which 

is very rich in harmonics. The 2,000th harmonic 
(200 Mc/s) of the 100 kc/s oscillator has been 
detected with the prototype, and it will produce 
signals at 100 kc/s intervals which will be readily 
found at least up to 30 Mc/s. By using these 
harmonics it is possible to calibrate receivers, 
signal generators, etc., with very high accuracy. 
The 100 kc/s and 10 kc/s harmonics may be used as 
standard markers throughout the commonly used 
radio frequency spectrum for precision calibration, 
while the 10 kc/s and 1 kc/s oscillators may be used 
for precision calibration of audio generators. 

For really good stability it is necessary to put the 
completed instrument on a quiet shelf in the work- 
shop where it can be used without being moved or 
bumped. The final adjustments should be carried 
out on this shelf, and the instrument should be left 
in peace and never nechanically disturbed. It 
should, nevertheless, be periodically checked for 
drift in the manner described above. 

Components List 
(Note.—As explained in the text, some com- 

ponents are not required if one or both of the 
multivibrators are omitted.) 

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

Ri iokn Ris 470k 
R2 470k ft R19 100ka 
R3 100k a R20 ison 
RA 22k fl ^ watt R21 IMfl 
R5 470kfl R22 1 son 
Re,? lOOkn R23 10k 11 potentiometer 
Rs 22k O ^ watt R24 lOOkO 
r9 20kn pre-set R25 470kfl 
Rkmi 10kn R26 100kn 
R12 5.6ka R27 22k n ^ watt 
Rl3 4.7ka 20% R28 20k O pre-set 
Rl4 lOMQ R29,: 30 iokn 
Rl5 18ka R31 22k O 
Rie,!? iMa 

Capacitors 
Q 1,000pF 
C2 lOOpF air-spaced variable 
C3 0.1 [xF 
C4 8(xF electrolytic 300V wkg 
C5 lOOpF 
C6 l,000pF 
€7,8 5,600pF C20 22,000pF 
C9 lOOpF C21 I,000pF 
Cm 0.1 jxF C22,23 56,OOOpF 
Cn 1,00OpF 
Cn 0.1 (xF 
C13 25(xF electrolytic 25V wkg. 
C]4 0.01 }xF 
C15 25(xF electrolytic 25V wkg. 
C16 0.1 txF 
C17 16|xF electrolytic 300V wkg. 
Cig 32(xF electrolytic 300V wkg. 
C19 l,000pF 

Inductors 
Li Smoothing choke, 10H 60mA 
Tj Mains transformer. Secondaries (all 

currents minimum rating required when 
both divider circuits are incorporated) 
250-0-250V at 55mA; 6.3V at 0.6A; 
6.3V at 2.1 A 

Valves 
Vi,2 EF91, 6AM6, Z77 
V3 ECC83, 12AX7 
V4,5 EF91, 6AM6, Z77 
Ve EZ80 
V7 EF91, 6AM6, Z77 
Vg ECC81, i2AT7 

Crystal 
100 kc/s crystal type Q7/100 (Quartz Crystal Co., 

Wellington Crescent, New Maiden, 
Surrey) 

Switches 
S] (a)i(b) 2-pole 6-way (see text) 
S2 d.p.s.t. toggle 

Fuse 
j amp cartridge fuse 

Neon 
Neon bulb, MES (Radiospares) 

Sockets 
6 B7G valveholders (one with screen, see text) 
3 B9A valveholders 
1 coaxial output socket 
1 cartridge fuse holder 
1 socket for neon bulb 
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SUCiGESTED CIRCUIT No. 174 

TRANSISTOR RADIOS 

By G. A. FRENCH 

IN THE PRECEDING ARTICLE IN 
this series (published in last 
month's issue of The Radio 

Constructor) the writer discussed 
several simple methods of employing 
moving-coil meters as add-on tuning 
indicators for conventional medium 
and long wave a.m. transistor 
superhets. He also stated that he 
had devised a somewhat more 
complex circuit which enabled tuning 
indication to be given by varying 
illumination in a small m.e.s. 
bulb, but that considerations of 
space necessitated that this be 
described in the following article. 
In consequence, the present "Sug- 
gested Circuit" describes the bulb 
tuning indicator referred to. 

Before proceeding further, it 
should be pointed out that the 
circuit described this month is of 
an experimental nature. This is 
for two reasons. Firstly, the circuit 
may, in some cases, necessitate the 
selection of transistors to obtain 
satisfactory results. Secondly, the 
circuit is intended to be added to 
existing receivers whose individual 
performances cannot be accurately 
assessed, with the result that success 
may not always be achieved. The 
circuit requires a basic knowledge 
of transistor operation and its 
assembly should preferably be tack- 
led by constructors who understand 
the principles involved. The writer 
suggests that the circuit be initially 
checked in a temporary experimental 
manner with the particular transistor 
receiver with which it will be 
employed before any permanent 
installation is carried out. 

A.M. Receiver A.G.C. Circuits 
To understand how the tuning 

indicator circuit functions it is 
first of all necessary to examine 
the a.g.c. circuits employed in 
conventional a.m. transistor super- 
hets. As was checked by the writer 

(who examined a large number of 
commercial receiver circuits to verify 
the point) it is conventional practice, 
with medium and long wave tran- 
sistor superhets, to connect the 
diode detector following the last 
i.f. transformer in such a manner 
that the non-earthy end of the 
diode load goes positive as signal 
strength increases. This positive- 
going voltage is applied, as an 
a.g.c. potential, to a potentiometer 
which provides bias for the first 
i.f. transistor. The potentiometer 
is shown, in Fig. 1, as Ri, R2. 
In the absence of signal, Ri and 
R2 bias the i.f. transistor such 
that maximum i.f. amplification is 
given. When a signal is received 
the positive-going voltage from 
the diode load causes the transistor 
base to go positive also, thereby 
reducing its gain. Thus, an a.g.c. 
loop is set up. 

A small standing forward current 
flows through the diode detector, 
with the result that the a.g.c. 
potential from its load is slightly 
negative of chassis in the absence 
of signal, and only swings positive 
of chassis on reception of a signal 
of sufficient strength. The small 
forward bias can result in an appar- 
ent delay in the a.g.c. characteristic 
of the receiver, since very weak 
signals can be detected and repro- 
duced at acceptable loudspeaker 
strength without causing any ap- 
preciable positive excursion of the 
a.g.c. voltage. This effect (which 
will vary in degree between receivers 
of different manufacture and design) 
prevents any tuning indicator opera- 
ted by a.g.c. potential from giving 
indications with very weak signals, 
and represents a limitation in 
performance which has to be ac- 
cepted if simple circuits are to be 
used for coupling the indicator 
to the receiver. 

These points summarise the re- 

ceiver features which are applicable 
to the present circuit. They were 
dealt with in greater detail in last 
month's "Suggested Circuit", and 
readers requiring further information 
should turn to that article. 

Adding A Tuning Indicator 
The preceding article also gave 

details of several methods in which 
a meter could be employed as a 
tuning indicator. However, such a 
meter cannot be mounted on the 
restricted panel space available with 
the smaller transistor radios, and 
an alternative means of indication 
is required. The lack of a suitable 
h.t. supply makes it impossible to 
fit a conventional type of tuning 
indicator (as is employed with valve 
receivers), and it was this which 
prompted the writer to investigate 
the possibilities of a tuning indicator 
employing a small m.e.s. bulb 

The result is shown in Fig. 2. 
In this diagram the input emitter 
of a pair of directly coupled tran- 
sistors, TRi, TR2, is connected, 
via the contacts of press-switch Si, 
to the junction of Ri and R2 of 
Fig. 1. A low-consumption pilot 
lamp appears in the collector circuit 
of TR2. The remaining contacts 
of Si cause the receiver battery 
supply to be applied to TRi and 
TR2 when it is depressed, with the 
result that these transistors are 
only connected to the receiver 
battery when it is required to use 
the tuning indicator. Additional 
battery consumption is, in conse- 
quence, kept at a low level. A 
9 volt supply is assumed in Fig. 2, 
but the circuit could be readily 
adapted to operate from a 12 volt 
supply. 

The functioning of the circuit is 
quite simple. In the absence of 
signal, maximum negative voltage 
appears at the junction of Ri and 
R2. In addition to providing bias 
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for the i.f. transistor, this condition 
allows sufficient current to flow 
in the base circuit of TRi to cause 
the bulb in the collector circuit 
of TR.2 to be fully illuminated. 
On reception of a" signal the junction 
of Rj and R2 goes positive, this 
resulting in a reduction in the base 
current for TRi and the dimming 
of the lamp. Receiver tuning is, 
therefore, carried out for minimum 
illumination in the bulb. Checks 
of the circuit made by the writer 
with a standard 6-transistor medium 
and long wave superhet gave quite 
impressive results, the bulb il- 
luminatic^ changing from full bril- 
liance infthe absence of signal to 
almost complete extinction on recep- 
tion of local stations. Signals of 
intermediate strength (apart from 
very weak signals, which did not 
cause the appearance of a.g.c. 
voltage) gave corresponding amounts 
of dimming in the bulb. 
Component Details 

Despite the simple manner of 
circuit operation, there are a number 
of points which have now to be 
dealt with in detail, and these can 
be conveniently approached by dis- 
cussing the individual components 
specified in Fig. 2. 

TR2 is an ACY18. This is a 
small wire-ended transistor which is 
readily available, and it is capable 
of controlling the bulb illumination 
for short periods, as is anticipated 
in the present application, without 
distress. It should be pointed out, 
nevertheless, that the circuit causes 
it to be operated at a fairly high 
dissipation figure, and it would be 
advisable to fit it with a well- 
coupled cooling fin if the indicator 
is to be switched on for anything 
longer than occasional short periods. 

The remaining transistor in the 
direct-coupled pair, TRi, may be 
any small transistor having a reason- 
ably high gain. Under correct 
operating conditions, a direct- 
coupled pair such as is given by 
TRi and TR2 can offer an overall 
gain which is equal to the product 
of the gains in each transistor. 
Thus, very high overall gain figures 
are feasible. To give an idea of 
what may be given, the writer 
initially checked the direct-coupled 
pair in the prototype circuit (with 
R3 set to zero resistance) by the 
delightfully simple process of holding 
the unconnected base lead-out of 
TRi between thumb and forefinger, 
and touching a finger of the other 
hand to the negative terminal of 
the battery. The small base current 
which then flowed was more than 
sufficient to cause the bulb to become 
fully illuminated! 

(Supply) 

First I.F 
transformer , \ First I.F 

1 § ^ 
T1 § 

c + 

viS, 
/ transistor 

□ ; :r2 : 

A.G.C. voltage 
^ from diode 

load Rl 33-68kn 
R2 8-2-l2kn 

Fig. 1. The basic a.g.c. circuit in a conventional a.m. transistor superhet. 
The values shown for Ri and R2 represent the range most likely to be 

encountered in conventional receivers 

The transistor chosen for the 
TRi position can be any small 
p.n.p. type whose maximum Vce 
is greater than 9 volts. It may, 
however, be necessary to select 
this transistor for adequate gain. 
The operating current available 
from the receiver for the direct- 

coupled pair depends upon condi- 
tions in the first i.f. transistor base 
circuit and, in particular, upon the 
value of Ri- As shown in Fig. 1, 
the value of Ri in most receivers 
likely to be encountered ranges 
from 33 to 68k 11. In the receiver 
used with the prototype circuit it 

-9V 

TRi 
fsee text) 
€) 

R4 • , 33rx • 
74 Watt- 

O- 
ACY 18 

lead-outs 

6V 
O.O 6 A" 

IT 

w- 
R3 

2kn 

TR2 
ACY 18 

- AG.C. 

R| R^are in receiver 
Fig. 2. Adding the tuning indicator to the basic circuit of Fig. 1. Si is a 
two-pole press-switch, one pole of which connects the negative supply to 
TRi collector and R4 whilst the other pole connects the junction of Ri and 

R2 to the base of TRi 
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was 39k O, and the writer found 
that he could obtain satisfactory 
operation of the bulb with any of 
several transistors of the OC71 
class in the TRi position. He 
then increased the value of Ri 
in the receiver to 75kfi (this repre- 
senting a slightly worse case than 
the maximum of 68kn shown in 
Fig. 1) and found it necessary to 
select transistors for gain in order 
to obtain satisfactory results. This 
selection gave rise to little trouble 
in practice, however, and several 
OC44,s which happened to be on 
hand all gave the desired results 
in the fRi position. 

It \k the fact that selection of 
transistors for gain may be required, 
and that it is impossible to predict 
circuit conditions in the particular 
receiver to be modified, which 
puts this circuit in the experimental 
category. As was mentioned above, 
it should be tried out experimentally 
before making a permanent installa- 
tion. 

The changes in TRi carried out 
by the author assumed, of course, 
adequate gain in TR2, and a low 
gain transistor in the latter position 
will naturally require a higher gain 
transistor in the TRi position to 
compensate. However, the writer 
felt that there was little point in 
going to exceptional lengths in 
investigating gain requirements be- 
cause of the inability to predict 
receiver circuit conditions. It should 
be added that, in all cases checked, 
connecting up the indicator circuit 
(with R3 correctly adjusted) caused 
no significant drop in the negative 
voltage at the junction of Ri and 
R2. 

Since carrying out his experi- 
ments, the writer has encountered 
a commercial receiver circuit having 

a value of 120kH in the Rj position. 
If a value as high as this is employed 
in the receiver it is intended to 
modify, more careful selection of 
transistors in the direct-coupled 
pair may be needed. The writer 
has not checked the circuit for a 
value, in Ri, above the 75kfl 
figure just referred to. 

Variable resistor Rj is inserted 
between TRi and TR2 to provide 
a sensitivity control. An alternative 
position for such a sensitivity 
control would be given by a variable 
resistor in series with the input 
connection to TRi base, but the 
writer found that indications for 
weak signals appeared to be mar- 
ginally better with the sensitivity 
control inserted between TRi and 
TR2, as shown. 

The press-switch, Sj, requires 
two sets of contacts, since it is 
necessary to disconnect the direct- 
coupled pair from Ri and R2 
when its supply circuit is broken. 
If this is not done, the base-emitter 
junctions of TRi and TR2 operate 
as diodes, and draw the junction 
of R] and R2 towards chassis 
potential when their collector sup- 
plies are removed. The switch 
may be any spring-loaded rotary 
or toggle type having two poles. 

The lamp is a Radiospares 6 volt 
0.06 amp m.e.s. type, and its low 
current consumption makes it par- 
ticularly useful in the present 
application. Resistor R4 limits the 
voltage across the bulb to ap- 
proximately 6 volts when TR2 
is fully conductive. If it is intended 
to use the circuit with a 12 volt 
supply, R4 should be increased to 
820, j watt. In this instance, 
TRj should be a transistor having 
a maximum Vce greater than 12 
volts. 

Setting Up 
After the circuit has been as- 

sembled in experimental fashion it 
should be coupled up to the receiver. 
At this stage it may prove helpful 
to use a separate battery for the 
tuning indicator circuit proper and 
to dispense with Si, connecting 
the base of TRi direct to the point 
in the receiver corresponding to 
the junction of Ri and R2 in Fig. 1. 
The fact that this point is bypassed 
by a large value capacitor (see 
Fig. 1) allows the connecting lead 
to be routed through any section 
of the receiver without undue risk 
of instabihty. R3 should be set to 
insert maximum resistance. 

The receiver should then be 
switched on and tuned to a blank 
section of the dial. If there is 
sufficient gain in TRi and TR2, 
and if the receiver circuit permits 
sufficient input base current for the 
direct-coupled pair, the lamp should 
reach full brilliance as the resistance 
inserted by R3 is decreased. R3 
should be initially left at the setting 
at which the lamp just reaches 
full brilliance under no-signal condi- 
tions, and the receiver tuning control 
adjusted to check the performance 
of the indicator with various re- 
ceived signals. If necessary, R3 
should then be given a final slight re- 
adjustment to give optimum per- 
formance with all signal strengths 
received. 

As has already been mentioned, 
results with the prototype were 
very satisfactory for values in Ri 
of 39kfl and 75kO, the bulb illumina- 
tion responding to all signals which 
caused the appearance of an a.g.c. 
potential. In the writer's case, 
the most powerful local station 
caused the bulb to be very nearly 
completely extinguished whilst, under 
no-signal conditions, it glowed at 
full brilliance. 

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. 
Smith Radiomobile Model 4220.—I. H. Wand, 49 Derwent 
Road, Scunthorpe, Lines.—any information. 

* * * 
Verdik SI Tape Recorder.—R. Bruce, 123 East Parade, 
York—service sheet, circuit diagram or any information. 

* * * 
Verdik SI Tape Recorder.—S. C. Kinnoo, Goodlands, 
Mauritius—service sheet, circuit diagram or any informa- 
tion. 

* * * 
Hallicrafters S38 Receiver.—P. E. Stone, 25 Swallow- 
fields, Totnes, S. Devon—purchase or borrow circuit or 
manual. 

"Faraday Challenge" Receiver.—W. Fancourt, 20 
Knightcott, Banwell, Weston-Super-Mare, Somerset 
—circuit or any details. 

+ ♦ * 

American IFF Units.—I. G. Mant, 28 Welboume Road, 
Childwall, Liverpool, 16—any information on CZR-43- 
AAY (part of ABK-5); CZR-43-AAX (part of ABK-4) 
or BC-966 believed to be part of SCR-695. Also, any 
information on modifying Indicator Type 62 to an 
oscilloscope. 
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NEWS AND COMMENT . . . 

Oscar III 
Attention was drawn to the 

Orbital Satellite Carrying Amateur 
Radio projects in "News and Com- 
ment", in our February 1964 issue. 
Oscar III was successfully launched 
from a rocket launching site in 
California on 9th March last at 18.30 
G.M.T. 

This satellite is a far more am- 
bitious project than the previous 
two. It is designed so that it can 
receive amateur radio signals directed 
at it and then re-transmit them, in 
much the same manner as the relay 
satellites of the Telstar type. This 
type of satellite is known as a 
translator satellite. It receives 
amateur transmissions in the ap- 
proximate range 144.1 Mc/s, ampli- 
fies them and then re-transmits them 
at approximately 145.9 Mc/s. It also 
carries normal beacon transmitters 
similar to those in previous satellites; 
one on 145.85 Mc/s sending the 
Morse signal "HI" and the other a 
continuous signal for tracking pur- 
poses on 145.95 Mc/s. The satefiite 
measures approximately 18 x 12 x 
6in and weighs about 30 pounds. It 
has four aerials, one for receiving 
and three for transmitting, and 
extensive use is made of transistors. 
Solar cells provide part of the power 
supply. 

The successful launching naturally 
produced much excitement in the 
amateur radio world, particularly 
amongst v.h.f. enthusiasts. Its 
characteristic "HI" signal was being 
reported, within an orbit or two, 
from amateur stations all over the 
world. The orbit time was found to 
be 103J minutes and the orbit path, 
from pole to pole, almost circular; 
its height was about 575 miles. 

Reports soon came in, too, of the 
reception of amateur radio signals 
from it. Experience so far has shown 
that whilst it is comparatively easy 
to pick up amateur signals from it, 
two way communication is extremely 
difficult, and we will watch with keen 
interest for the official reports on 
this use of the satellite to appear. 

May we add our congratulations 
to the many which have already been 
extended to the band of enthusiasts 
in the U.S.A. who saw this project 
through to success. We hope they 
will go on to even more ambitious 
projects in the future. The success 

of Oscar HI speaks very highly 
indeed for the scientific and technical 
ability which is to be found within 
the sphere of amateur radio, and 
shows, once again, in a new field this 
time, that amateur radio can still 
play a part in promoting technical 
advances. 

Quote 
"If the Drury Lane Theatre were 

filled for eight performances a week, 
it would take 27 years to reach the 
audience which Steptoe and Son 
attracted in one night."—Lord 
Willis, during a debate in the House 
of Lords on television. 

Radio Energy from Distant Galaxy 
Radio energy which originated 

more than 300 million years ago was 
harnessed to open a curtain during 
the dedication ceremonies in the 
United States of, it is claimed, the 
world's most sensitive radio aerial. 

The aerial, known as the Haystack 
Radar Facility, stands on a hill near 
Tyngsboro, Massachusetts. The 
aerial is designed for tracking space- 
craft and for exploring radio waves 
spontaneously emanating from still 
little-understood sources in the 
universe. 

During the dedication ceremonies, 
the aerial was focused on the Cygnus 
A galaxy, one of the "brightest"— 
most powerful—radio sources in the 
universe, which few optical telescopes 
can observe. 

Cygnus A is believed to have 
originated from the collision of two 
galaxies at about the same time the 
earth was in its early stages of 
development. The collision sparked 
radio energy which has been travel- 
ling ever since towards the earth and 
is only now arriving after traversing 
300 million light years. 

(A Ught year is the distance over 
which light—moving at a speed of 
about 186,000 miles a second— 
travels in a year's time—about six 
million mifiion miles.) 

The radio energy picked up by the 
aerial was translated into static noise 
which was broadcast over the public 
address system for the audience at 
the ceremony. The noise then 
triggered a relay which slowly opened 
a curtain on the stage, unveiling the 
dedication plaque for the Haystack 
facility. 

The aerial is so sensitive that it can 
track an object the size of a needle 
orbiting 500 miles above the earth! 

Solder Remover 
An effective solder remover is an 

invaluable aid to the radio and 
electronic engineer enabling speedy 
and efficient repairs or replacements 
of components to be carried out. 

W. Greenwood Electronic Limited 
has introduced a precision tool for 
the instant removal of solder from 
printed circuits and all other solder 
joints. 

The tool is an invaluable aid to 
the radio and electronic engineer. 
It enables much quicker and more 
efficient repair or replacement to be 
carried out and completely eliminates 
the risk of damage to either unit or 
component. 

The nozzle of the tool is placed 
adjacent to the solder joint and on 
depression of the release button the 
hot solder is immediately and com- 
pletely sucked into the nozzle. 
Re-loading is easily carried out by 
pressing the piston knob and the 
tool is then ready for the next 
operation. 

This new and patented device 
costs 79s. 6d. 

i 

Removing solder from a printed 
circuit with this new solder 
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Improving die PerfomMice 

of die Uti 

/ 
By J. HOLLINGWORTH 

Improve signal-noise ratio by fitting a frame-grid pentode in the 
aerial stage 

AS A GENERAL PURPOSE COM- 
munications receiver, the AR88 
is excellent in most respects, 

but by present-day standards the 
signal/noise ratio and sensitivity 
leave much to be desired. It was 
therefore decided to attempt a 
modification to improve the per- 
formance in this respect. 

Design Considerations 
At this stage, a few words about 

the basic design considerations for 
an r.f. amplifier may not be amiss 
(with apologies to any readers who 
are already familiar with these). 

The first point to consider is 
noise. Any receiving system gener- 
ates some noise, and unless the 
wanted signal is stronger than this 
noise, no amount of amplification 
will make it audible. Sources of 
noise are the aerial system, the 
components in the grid circuit of the 
first stage, the first amplifier valve 
itself and, to some extent, the second 
r.f. amplifier or mixer stage. 

There is, for all practical purposes, 
little that can be done about the 
first two sources of noise. The last 
can be taken care of by ensuring that 
the gain of the first r.f. stage is 

HT+ 
kn 

Anode 
components 

33kn 6SG7 
6SG 7 

OOS 

OOS Mn 
22 
Vln 

1! 
Okn 6-3 V 

A-G.C 
Fig. 1. The existing aerial r.f. amplifier 

sufficiently high to make its noise 
output large compared with the 
noise generated by the next stage. 

The noise generated by the valve 
itself is due to a number of effects, 
generally lumped together as a 
factor "Req" which is simply the 
value of resistance which would 
generate the same value of noise as 
the valve, under the conditions 
specified. This value of "Req" 
should ideally be as small as 
possible. 

A second matter to consider is 
a.g.c. and its application. The 
method of applying a.g.c. to an r.f. 
stage is extremely important. Con- 
sider for example a receiver tuned 
to a weak signal, and giving a 
reasonable signal-to-noise ratio. 
With a high gain receiver, it is 
possible to generate quite large 
a.g.c. voltages for comparatively 
small input signals. Thus, if our 
weak signal is slightly increased, the 
a.g.c. could bias back the r.f. stage 
to a point on its characteristic which 
gives a low value of gm and hence a 
low gain. Under these circumstances 
it would be possible for the noise 
generated by the second r.f. stage or 
mixer to be significant compared to 
the noise output of the first r.f. stage, 
leading to a deterioration in signal/ 
noise ratio as the input signal is 
increased. 

The solution to this problem is to 
delay the application of a.g.c. to the 
first r.f. stage until the input signal 
is sufficiently strong to overcome the 
effect, relying on i.f. gain control 
alone up to this point. 

Lastly, the problem of stability 
must be considered. This is most 
important, since even if actual 
oscillation does not take place, feed- 
back may cause undesirable effects 
on the tracking of the grid and anode 
tuned circuits. Apart from reducing 
anode-to-grid capacitance by the 
choice of a valve with low Ca-g, and 
careful screening, it is necessary to 
avoid having impedances common 
to input and output circuits. For 
example, a.g.c. lines, heater lines, 
portions of the chassis carrying 
currents from tuned circuit or bypass 
components, cathode circuit com- 
ponents and even the shafts of 
variable capacitors can all contribute 
to this type of coupling between 
input and output circuits. 

Modifications 
Considering, now, the AR88 itself, 

the r.f. stage uses a 6SG7 variable- 
mu r.f. pentode. This has the 
following approximate characteris- 
tics: Req = 3,0001), gm = 3.5mA/V 
and Ca-g=3 mpF. The EF183, a 
readily obtainable modern pentode, 
has Req =4900, gm = 12-15mA/V, 
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and Ca-g=5.5 mpF. 
As the actual noise voltage 

generated is roughly proportional to 
Req an improvement of about 2.5:1 
can be obtained using the EF183. 
The stability however will be re- 
duced, due to the increase in gain of 
around four times and the almost 
doubled Ca-g. It would be possible 
to operate the EF183 at reduced 
gm but, as the noise has been 
reduced, an increase in gain is 
desjrable to take full advantage of 
this. It is simpler to provide this 
gain in the r.f. stage, as part of the 
modification, than elsewhere. 

Fig. 1 shows the original circuit 
and Fig. 2 the modified version. As 
can be <ccn, the a.g.c. and heater 
supplies'have been rearranged, and 
the decoupling components and 
cathode circuit rewired to reduce 
feedback. 

The un-bypassed cathode resistors 
serve to keep the input capacitance 
more constant with a.g.c. voltage 
variations, thus preventing detuning. 
With the layout shown in Fig. 3, 
and the adaptor plate and screen 
shown in Figs. 4 and 5, the amplifier 
remains stable at all frequencies for 

3-3 kn 

Anode 
components 

It 

33 kn OOb >Jr 

EF 183 OOSpF 

Mn 

OOb 47 
O- 

T 

lO kn 63V 

Zener ^ ^ 
diode 

K S56 

lOOkn 

A.G.C 

Fig. 1. The modified circuit incorporating an EF183 

Soldered to screen 

New tog-strip 

O-OSuF 

47a 
OOSuF OOSgF 

2-2 
Ma O-mF 
IOO 

New stand-off 
47a insulator 

IOOka o e o i 

AGC. 6-3 v Zener 
diode 

Additional hole 
and grommet 

-2CW 

E = chassis tag 
Points marked * 
are soldered to 
top of screens. 

KS56 having a nominal zener 
voltage of 5.6.* 
Realignment 

The only adjustment necessary is 
the re-trimming of the pre-set 
capacitors in the first r.f. anode 
circuit. This is best done at the 
correct frequencies using a signal 
generator, but can be carried out 
quite successfully on received signals 
at the high frequency end of each 
range. 
Performance 

Accurate measurements of noise 
performance require a correctly 
matched noise generator and an 
output meter capable of reading 
r.m.s. noise, preferably before the 

♦ An OAZ202, with a zener voltage of 5.6 
at 1mA, should provide a satisfactory alter- 
native.—Editor. 

Fig. 3. The new layout around the EF183 valveholder 

Ca-g up to 25 mpF, thus retaining a 
good margin of safety when Ca-g 
is 5.5 mpF. 

The operation of the transistorised 
a.g.c. delay circuit is as follows. For 
low a.g.c. voltages TRi is cut off, the 
valve grid being returned to earth 
via the lOkfl resistor, R. As the 
a.g.c. voltage increases TRi con- 
ducts, the emitter following the base, 
with Vbe in the order of 0.6 volts. 
Most of the voltage between emitter 
and earth is dropped across the 
zener diode, which exhibits a high 

reverse resistance up to the zener 
voltage. After this point, the drop 
across the zener diode remains 
substantially constant, any further 
increase in emitter voltage appearing 
across R. Thus, when a.g.c. is 
applied progressively, very little bias 
is applied to the r.f. stage until a 
voltage (determined by the zener 
voltage) is reached. The—20V 
supply is derived from a convenient 
point in the receiver bias circuit (at 
the junction of R43 and R44)- 

The zener diode is a Ferranti 

O 3/4 dia O 

Fig. 4. The valveholder adaptor plate 
which takes the new B9A valveholder. 
The dimensions are the same as for the 
octal adaptor removed, and the 69A 

valveholder is sweated to the plate 
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Copper foil screen 
A 

Chassis 

Original screen 

Adaptor plate Valve holder 
(with skirt) 

. 5. Side view of the screen assembly. The copper foil screen is cut to fit 
and sweated to the original screen and to pins 5, 6 and the spigot 

detector. As only a 700 generator 
and an ordinary valve voltmeter 
were available, no absolute measure- 
ments could be easily made, but 
some indication of the degree of 
improvement is given by measured 
noise factors of 5.5 before modifica- 
tion, and 2.2 afterwards, taken under 
otherwise similar conditions. 

Conclusion 
In conclusion it may be stated that 

a worthwhile improvement in per- 
formance can be obtained by using 
a modem low-noise r.f. pentode in 
the first r.f. stage of the AR88. The 
performance after modification then 
compares favourably with most 
modem receivers. 

INEXPENSIVE TRANSISTOR SUPERHET 

By G. F. PARKER 

How does one build a transistor superhet really cheaply? In this article our contributor 
approaches the ultimate because not only are most component values not critical but all 
inductors, including the i.f. transformers, are home-wound! A further saving is given by the 
use of a complementary output stage which requires no a.f. transformers. The result is a 
medium wave receiver which gives excellent results on local stations and on Luxembourg, 

combined with quite an adequate performance with other transmitters 

The radio to be described in this article is a 
7-transistor portable giving good quality sound 
with adequate volume on the medium wave- 

band. A large 3Q speaker, Sin diameter, is used, 
and the reproduction compares favourably, both in 
volume and quality, with that of commercial types 
costing many times as much as the original. 

The first aim in construction was to produce at 
superhet at the absolute minimum of cost. In fact 
the author built the prototype with parts found in 
the spares box, and bought no components specific 
ally for this set. This was possible because most of 
the parts, except the coils and the components 
associated with the tuned circuits, are not critical. 

S=start 
F=finish 

l4 
■ TW TR 

C4 
L| - 

=5 tap 
TC| 

C3 

A 

1 

FT, 

A 
l| Dl c9 

JI 

R? 

1 
Cr 

Output 
to fig-2 

Fig. 1. The r.f. and i.f. section of the receiver. The numbers on Lj to t4 indicate the leads identified in the layout 
diagram of Fig. 5. Also indicated are the start (S) and finish (F) of each winding. It is most important that the oscillator 

coil, in particular, be connected as shown here 
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ww 

Rll C12 rI6 TR 
p.n.p 

H6 rI8 □ TR TR 

CP-4 nh- 9V 
Input 
from 
fig.l 
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TR RIO 20 

Uc 

n.p.n volume 
MS 

1 

Fig. 2. The a.f. section of the receiver. The output stage employs a complementary pair of transistors 

Resistors 
(All fixed values 20% i watt) 

Ri 68kn 
Rz lOkQ 
R3 3.9ka 
R4 lOOkQ 
Rs 4.7ka 
r6 looka 
R7 4.7ka 
Rs 22k fl 
Rg lOOkQ 
Rio 10 or 20kfl potentiometer, log track 
Rn 2.2kn 
Ru Ikft 
R13 lOkfl 
Rh ioon 
Ris ikn 
R16 100a 
Rn ikn 
Ris 4.3n 
R19 4.3a 
R20 iokn 

Capacitors 
(Electrolytics may be sub-miniature types. Working 
voltages should be at least 12) 

Ci,C4 500-l-500pF variable (air-spaced) 
C2 0.01 (xF 
C3 0.01 (xF 
C5 200pF silver mica 
Co 0.01 [xF 
C7 200pF silver mica 
C8 0.01 (xF 
C9 200pF silver mica 
Cjo 0.01 (xF 

Components List 
(Figs. 1 and 2) 

Cn 
C12 
Cl3 
C14 
Cl5 
Ci6 
TCi 
TC2 

lOixF, electrolytic 
100(xF, electrolytic 
30 to IOOjxF, electrolytic 
IOjxF, electrolytic 
30 to 100|xF, electrolytic 
lOOuF, electrolytic 
500pF trimmer 
50pF trimmer 

Semiconductors 
(Alternative transistors are discussed in the text) 

TRi OC44, SB305, AF115, surplus r.f. tran- 
sistors 

TR2,3 OC45, AF117, surplus r.f. or i.f. tran- 
sistors 

TR4 OC71, GET113, surplus a.f. transistors 
TR5 OC71, GET113, OC81D, surplus a.f. tran- 

sistors 
TRg XA701, OC140, OC139 
TR7 OC72, OC81, surplus a.f. transistors 

Loudspeaker 
See text 

Inductors 
(All inductors are home-wound, and construction 
is described in the text) 

Li,2 Ferrite rod aerial 
L3,4 Oscillator coil 
IFTi.zo I.F. transformers 

Switch 
Si s.p.s.t. (may be ganged with Rio) 

Battery 
9V type PP9 or similar 
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Finish Start 

Finish Start 

Finish of first 
winding Layer of 

tape^ 

Finish of second 
winding 

igi 3. Details of the fern'; 
5 turns of 30 or 32 s.w.g. co 
'ire. Li is 1 turn of the : 

ferrite aerial. Li consists of 
cotton-covered or enamelled 

of the same wire wound at the 
earthy end of Lj 

The Circuit 
The circuit, which is shown in Figs, 1 and 2, was 

evolved after considerable experiment towards 
obtaining good results with the materials to hand 
at the time. It was essential, therefore, to hand-wind 
the i.f. and oscillator coils. The a.f. amplifier was 
also constructed with little expenditure. It does not 
contain the usual push-pull output stage having 
two transformers and a matched pair of transistors, 
but the less common complementary circuit. In this 
the p.n.p. transistor, TR7, conducts for the negative 
half, and the n.p.n. transistor, TRg, for the positive 
half of the signal. A matched pair of transistors 
is not required in this circuit. The main drawback 
of this circuit, so far as the home constructor is 
concerned, is the fact that an n.p.n. transistor is 
used. Most constructors will probably not have one 
of these in their spares box, and it will have to be 
purchased. Any n.p.n. transistor, such as the 
Ediswan XA701, OC139 or OC140, should be 
suitable in this position. The author used an 
XA701. 

TRi is the frequency changer, oscillation being 
achieved by coupling the emitter of this transistor 
to the collector by means of L4. Any r.f. transistor 
will work in this position. The author has tried 
OC44, SB305, surplus white spot and various surplus 
Ediswan transistors, and all were found to be 
satisfactory. However, new transistors, as would be 
expected, gave slightly better results than surplus 
types. The 3,9kfl bias resistor, R3, is shunted by 
the O.OljxF capacitor, C3, this being tapped into the 
earthy end of L3 (the emitter impedance of TRj is 
very low). The bias resistors for the first transistor 
are Ri and R2, and these are not critical. 

The intermediate frequency resulting from mixing 
the oscillator and signal frequencies is selected by 
the tuned i.f. circuit represented by the primary of 
IFTj and C5. It should be noted that the values of 
C5, C7 and C9 are critical. The intermediate 
frequency is then fed into the emitter of TR2 by a 
low impedance coupling coil. TR2 is connected in 
the common base mode rather than in the more 
usual common emitter circuit, even though it gives 
slightly less gain as a result. It was thought, 

Start of second 
winding 

Start of first 
winding 

Former with dust core 
Fig. 4. The first and second i.f. transformers. The 
first winding has 33 turns of 30 to 32 s.w.g. 
cotton-covered or enamelled wire, and the second 
winding has 330 turns of 36 s.w.g. enamelled or 
cotton-covered wire. The third i.f. transformer has 

a single 330 turn coil 

however, that some gain could be spared in the 
interest of stability. 

TR3 amplifies the i.f. signal in similar manner. 
The signal at the collector of TR3 is demodulated 
by diode Di, which may be of any type (even 
surplus) and it is then fed via Qi to the slider of the 
10 or 20kfl volume control Riq. This potentiometer 
forms part of the potential divider supplying the 
base of TR4 and its value is not very critical. The 
bypass capacitors in the emitter leads of TR4 and 
TR5 need to be fairly large, about 30 to lOOixF. 

TR4 and TR5 amplify the a.f. signal, this appearing 
at the collector of TR5. TRg and TR7 provide 
further amplification, these transistors being con- 
nected in the common-collector mode. This 
arrangement gives a high current gain and faithful 
reproduction of the signal. 

For TR4 and TR5, OC71, GET1I3 and various 
surplus transistors have been found to be satisfactory. 
An OC81D would probably be satisfactory for 
TR5, with an OC72 or OC81 for TR7. In the 
original, TR7 was a surplus Ediswan transistor 
selected for its high gain and low leakage. 

R14 (100fl) and C12 (100g.F) form the decoupling 
circuit for the receiver. If decoupling is found to 
be unsatisfactory, R14 may be increased to, say, 
300a 

The loudspeaker may be any type, preferably of 
slightly higher impedance than the 2-3 fl employed 
in the prototype. Smaller speakers than the Sin 
diameter unit used in the original may be employed, 
but quality of reproduction will, however, suffer. 

The Ferrite Aerial 
Details of the ferrite aerial are given in Fig. 3. 

This was wound on two pieces of ferrite rod fin in 
diameter, the complete assembly being approxi- 
mately 6in in length. The size is not critical, and 
any available piece of rod of reasonable size may 
be used, the larger the better. If rods of different 

672 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



dimensions are used the number of turns on Lj 
may have to be changed slightly. In the original, 
the two pieces of ferrite were bound together with 
Sellotape, and the coils were wound over this 
material. 

Li consisted of 35 turns of 30 or 32 s.w.g. cotton 
covered or enamelled wire, slightly spaced at one 
end. Lz was one turn of the same wire wound in 
the same sense at the earthy end of Lj. 

The coils should not be fixed permanently in place 
yet, as they may have to be adjusted when alignment 
is commenced. 

If a smaller rod than that used by the author is 
to hand, several more turns may have to be added 
to Lj. If & larger diameter rod is available, several 
turns may need to be removed from Li. 

The Coils 
The coils comprise the three i.f. transformers and 

the oscillator coil, and these are all wound on coil 
formers having an approximate diameter of iin. 
In one version of this radio made by the author, 
small TV i.f. coil formers were used. Some further 
notes on these formers are given at the end of this 
article. 

The oscillator coil consists of two windings. 
The first, L4, has 30 turns of 30 s.w.g. enamelled 
or cotton-covered wire, close-wound on the jin 
former. This winding is covered with Sellotape, and 
the second winding, L3, which consists of 80 turns 
of a thinner wire, around 36 s.w.g. enamelled or 
cotton-covered, and tapped at 70 turns, is wound 

in the same sense over this. The winding should be 
done neatly, but does not have to be close-wound. 
When the coil is finished, L3 should be sealed in 
place with Sellotape, or polystyrene cement. 

The first and second i.f. transformers come next. 
(See Fig. 4.) Each of these, again, consists of two 
separate windings. The first has 33 turns of 30 to 
32 s.w.g. cotton-covered or enamelled wire close- 
wound on the former. This is then covered with a 
layer of Sellotape, and the second winding is 
started. The second winding consists of 330 turns 
of 36 s.w.g. enamelled or cotton-covered wire 
random-wound, and is fixed with a second layer of 
adhesive tape. Both windings must be in the same 
sense. The 330 turn winding is that which is tuned. 

The third i.f. transformer has a single tuned 
winding only. This consists of 330 turns of 36 s.w.g. 
enamelled or cotton-covered wire wound directly 
on to the former in the same manner as the other 
i.f. transformers. The windings are sealed in place 
with adhesive tape or cement. 

Construction 
The original was built for convenience in two 

parts, these being the r.f. and i.f. section, and the 
a.f. section. The r.f. and i.f. section (Figs. 1 and 5) 
was constructed on a piece of ^in plywood. Four 
holes were drilled in the wood to take four bolts 
which held solder tags in place. To these tags were 
soldered parallel bus-bars of 20 s.w.g. tinned copper 
wire. Components were then soldered to these 
bus-bars, using the layout shown. If some alterna- 
TERRY dip 20s.w.g. tinned copper wire bus-bar 

I » r^i 
Iand3 

Sleeving Ferrite rod 

Cs IF! IFT I FT Osc coil C9 TC 

a 
2'/4 TR 

red 
TR 

" R 2 

B+ 

To slider of 
volume control 

MAY 1965 

Fig. 5. Layout (not to scale) of the r.f. and i.f. section 
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4* 
20sw,g. tinned copper 
wire bus-bar 

i/zl* 172 

'M 

Ro ;R|i r16 TR? To A flg.5 
R|8 CI4 

c!6 TR5 CI2 
TR R.n 11 

few. 'e 

TR 015 
To 3 fig.S 43 Rq 

/ 

To loudspeaker 

To battery via S| 

To track of volume control Solder tag held by 'M* bolt 
Fig. 6. Layout of the a.f. section. Again, this is not to scale 

tive arrangement of the components is preferred by 
the constructor, he must ensure that the coils are 
not too close together or the connecting wires too 
long, as instability may occur in the form of oscilla- 
tions when stations are tuned in. 

It is important to note that, for correct results, 
the oscillator coil and i.f. transformers must be 
connected as shown in Fig. 1. This indicates the 
start (S) and finish (F) of each winding. 

The a.f. section (Figs. 2 and 6) is built in the same 
way as the i.f. section, a piece of iin plywood, with 
bus-bars, again being used. The layout of this 
section is shown in Fig. 6. 

With both sections, care should be taken, when 
soldering transistors and other delicate com- 
ponents, to use heat shunts on the lead-out wires. 

Alignment and Testing 
Before the set is switched on for the first time, 

the circuit should be checked to ensure correct 
connections of the transistors, the electrolytic 
capacitors and the diode. The polarity of the 
battery should be double-checked, as reversal of the 
battery connections could damage the transistors. 

If possible, a meter reading up to 50 or 100mA 
should be inserted in one of the battery leads, 
whereupon the set should be switched on. if a high 
current passes (above 20mA) switch off immediately 
and again check the circuit. Current consumption 
should be about 10mA with no signal. If the 
consumption is more than 5mA greater, or about 
3mA less than this, something is probably wrong. 
If the set goes into violent oscillation when it is 
switched on, the decoupling components C12 and 
Rh should be suspected. If necessary, increase the 
value of R14 as mentioned above.1 

If all is satisfactory so far the tuning capacitor 
should be rotated throughout its range, whereupon 

some stations may be heard faintly. If nothing is 
heard, an aerial should be connected temporarily 
via a 50pF capacitor to the non-earthy end of Lj. 
At least the local station should now be heard, even 
if only at low level. The cores of the i.f. trans- 
formers are then adjusted for best results. These 
adjustments should preferably be made with an 
insulated tool. The cores of the transformers should 
not be fully in nor fully out. During final adjust- 
ments the volume control should be turned up, the 
signal level being kept down by tuning in to a weak 
station or by using the directional effect of the 
aerial. Small increases in signal strength during 
alignment can then be checked more easily. 

Alignment of the aerial and oscillator sections 
may next be carried out. 

Radio Luxembourg on 208 metres should be 
tuned in, and TQ and TC2 adjusted so that this 
station is received at almost minimum capacitance 
of the two-gang capacitor. If the tuning capacitor 
is then rotated throughout its entire range, several 
stations should be heard. Select a station near the 
maximum capacitance end of the tuning capacitor 
range. The core of the oscillator coil is then 
adjusted for maximum volume, readjusting the 
tuning capacitor as necessary to keep the station 
tuned in. Spacing the turns of Lj, the tuned coil, 
may have a similar effect at this end of the tuning 
range. At the high frequency end of the scale 
results will now probably have deteriorated, and 
adjustment of TC2 will again be necessary. 

By repeating this procedure several times— 
varying the trimming at the high frequency end, and 
the inductances at the low frequency end—good 

1 If instability is particularly troublesome, it may prove helpful to 
insert a further 100Q resistor in the negative supply line. This can 
be inserted between R4 and the primary of IFTi, it being bypassed 
on its left hand side to the positive line by a 0.5[xF capacitor. 
—Editor. 
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results should be obtained over the whole tuning 
scale. 
Results 

Although the hand-wound coils used in this set 
must necessarily be less efficient than the manu- 
factured article, the original gave very good results. 
Selectivity was excellent. During the daytime, 
about five or six stations were received at good 
volume, and after dark many more, about thirty, 
were picked up. At full volume, several stations 
were too loud to listen to in comfort. 

Battery consumption at normal volume was about 
15mA, but at maximum volume went up to about 
50mA. A PP9 9-volt battery was used by the author 
and this ^an be expected to last about a month, 
depending obviously upon the amount of use. 
Smaller batteries can be used if miniaturisation is 
attempted, but these cannot be expected to last as 
long as the PP9. 
Further Details 

Before concluding, some further details are now 
given to clear up any points not fully covered earlier 
in this article. 

It will be noticed that no a.g.c. circuit is employed. 
A number of circuits were tried, but the complication 
introduced in what is intended to be a simple 
receiver for local station reception did not make 
their inclusion attractive. 

As was mentioned earlier, several versions of the 
receiver have been made up using different types of 
former for the oscillator coil and i.f. transformers. 
The great advantage of this radio is the fact that 
components are not critical, and that latitude is 
possible in almost all sections. Almost any former 
with a diameter of approximately ^in and having 
a dust core may be employed, provided that the 
number of turns specified is closely observed. In 
one version, small formers of the type shown in 
Fig. 7 (a) were used and it was even found possible 
to employ them without screening cans. In another 
version, TV i.f. coil formers, as in Fig. 7 (b), were 
employed, these using screening cans.2 

The intermediate frequency is about 300 kc/s. 
The tuning capacitor specified for Ci,C4, has a 

value of 500+500pF. Normally, a 208 + 176pF 
tuning capacitor is used in transistor circuits but 
the writer has found that the 500 + 500pF component 
offers wider coverage and includes all stations on 
the medium waveband.3 

The author has also tried transistors type AF115 
in the TRi position and transistors type AF117 in 

3/4* 

— approx 1/4* 

Mounting holes 

2 

SIDE VIEW 

(a) 

3/4* 

approx. 

Mounting 
hoes 

BASE 

Lead-out eyelets 
(b) 

Fig. 7. Coil former dimensions are not critical. As a 
guide, both the types shown in (a) and in (b) have been 
used successfully. The coil former assemblies of (b) 
were taken from a TV set and a readily-obtainable 

alternative is discussed in the text 

the TR2 and TR3 positions. These gave extremely 
good results. There was, however, a tendency to 
squegging which was completely cured by inserting 
a 39 H resistor between C3 and the tap in the 
oscillator coil. 

2 The coils and i.f. transformers will have a fairly low Q and the 
risk of instability resulting from the absence of screening cans may 
not be high. Nevertheless, we would definitely advise the use of 
screening cans. A readily obtainable version of the former shown 
in Fig. 7 (b) is the Denco type 5000A/4PL, which may be used with 
the Denco screening can Ref. 1.—Editor. 

3 This is probably due to a high self-capacitance in the home- 
wound coils. If adequate tracking is difficult to obtain with the 
500+500pF capacitor, a fixed silver mica padding capacitor of 
around 700pF could be connected in series with the fixed vanes 
of C4.—Editor. 

REDESIGNED STUDIOS TO HAVE MARCONI MARK V CAMERAS 
Granada Television Network Ltd., one of the largest of the British independent programme contractors, is to be 

among the first users of the Marconi Mark V camera. 
The Marconi Company are engineering consultants for a major re-development of the principal Granada Centre at 

Quay Street, Manchester. The new studios will provide Granada with the most up-to-date production facilities, including 
full 625-line capability. Marconi's, acting on behalf of Granada, will undertake all aspects of the work involved in 
providing Granada with this entirely new installation. 

The Mark V camera, smallest and lightest 4Jin image orthicon camera available in the world, is as simple to operate 
as an ordinary amateur photographic camera. With its integrated zoom lens, it brings a new degree of freedom to 
television production, by eliminating the restriction of having a number of lenses of fixed focal length on each camera. 
The zoom lens can frame each scene accurately at the producers direction, and either manual or servo control can be 
provided. With the servo control, up to four zoom positions can be pre-set. 
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SUPER-REGENERATIVE 

Transistor Circuit for 

Medium and Long Waves 

Sir Douglas Hall, K.C.M.G., B.A. Oxon 

Daylight reception on medium and long waves can be 
considerably enhanced by the use of super-regenerative 
detection. In this article our contributor describes a 
complete receiver, based on his "Spontaflex" circuit, 
which offers super-regenerative reception during the 
day and normal reception after dark. An additional feature 
is that one transistor serves the dual function of a.f. 

amplifier and quench oscillator 

'iiii mill I. 

SUPER-REGENERATION IS A MEANS 
of obtaining a very high degree 
of radio flequency amplication 

with the minimum of components 
and power. The processes involved 
are complicated, but basically the 
system can be described as a means 
of quenching oscillation so that 
regeneration can be used far beyond 
the point which would otherwise 
be possible. A regenerative detector 
or radio frequency amplifier is 
taken beyond the point where 
oscillation starts, and an external 
oscillation at a frequency of about 
10 kc/s is injected into its circuit. 
This quenches the radio frequency 
oscillation so that the amplified 
signal is available without the 
distortion which would otherwise 
render it useless. The radio frequency 
amplifier or detector is moved in 
and out of oscillation, the resistance 
of the tuned circuit becoming 
alternatively positive and negative 
at the frequency of the quench 
oscillation. 

If the radio frequency oscillations 
are allowed to reach the highest 
point made possible by the circuit 
constants and direct voltage before 
they are quenched, the output will 
be logarithmically proportional to 
the input and so no use for the 
reception of speech or music. 

But if they are quenched before the 
maximum is reached the output 
will be arithmetically proportional 
to the input, and all will be well. 
Whether the one set of circumstances 
or the other prevails depends on the 
frequency and amplitude of the 
quench oscillation. It should be as 
far removed from the radio signal, 
in frequency, as possible; and 
design should allow for the amplitude 
to be adjusted, once and for all, 
when the receiver is set up.1 

Producing the Quench Oscillation 
There are various ways in which 

the quench oscillation can be 
produced. The simplest is to make 
use of the time constant of a capacitor 
and resistor so that the quench 
frequency is produced by the detector 
or radio frequency oscillator, the 
quench oscillation being caused 
by the capacitor charging up and 
discharging through the resistor. 
This is attractive, as (assuming 
transistors instead of valves) one 
transistor can be used to do both 
jobs. But in the author's experience 

1 Notes on the linear and logarithmic 
modes of super-regenerative detection are 
given in some of the general text books, 
including Radio Engineering Handbook 
(K. Henney) and Radio Engineers' Handbook 
(F. E. Terman). Both of these are published 
by McGraw-Hill.—Editor. 

the result is logarithmic in nature 
and therefore unsatisfactory. A 
second method is to use a tuned 
circuit resonant at 10 kc/s and by 
means of a feedback coil produce 
the necessary oscillation, again using 
the radio frequency transistor. But 
here again it is difficult, if not 
impossible, to obtain the maximum 
results which super-regneration can 
give. The most effective arrange- 
ment, and at the same time the 
easiest to set up and most stable 
in operation, is to use a separate 
transistor for quench oscillation. 
Experiments have shown that this 
need not, in practice, mean the 
use of an extra transistor in the 
overall circuit, as it is possible to 
use an audio frequency amplifier 
to double up as quench oscillator 
without any loss in efficiency or 
quality. 

The gain which can be obtained 
is very great. It is proportional 
to the frequency of the signal being 
received, and at very high frequencies 
can only be described as phenome- 
nal. On the medium wave band 
the extra gain is such as to increase 
the output from a station which 
can only just be received with 
nonnal regeneration at the critical 
point to an output which is ample 
for a large room. Even on the 
long wave band reception of the 
Light programme can be stepped 
up from being too quiet for com- 
fortable listening to a point where 
a simple Class A output transistor is 
overloaded. 

If this were the whole of the 
story, there might be no need for 
any other circuits. But super- 
regeneration has its snags. Back- 
ground noise on weak stations is 
very loud—though the stations might 
be inaudible without super regenera- 
tion—and there is a 10 kc/s whistle 
which, oddly enough, is not nearly 
such a nuisance as it might appear, 
and on some loudspeakers may be 
inaudible! There is also radiation 
if an aerial is used. However 
an aerial is not necessary and 
with a frame or rod aerial, the 
receiver described in this article 
can be used within a few feet of 
another without any interference 
being caused. 

The most serious fault is lack of 
selectivity. This is not as bad as 
often described, since it is seldom 
that two programmes, as such, 
are heard together. In fact there 
is less spread from a powerful 
station than with ordinary regenera- 
tion. But after dark, when many 
stronger signals are available, there 
is scarcely a station on the medium 
waveband which can be received 
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without a heterodyne whine which 
ruins it. For this reason the circuit 
is virtually useless after dark, except 
for powerful stations for which 
the extra sensitivity is not really 
required. 

Daylight Reception 
It is during the hours of daylight 

that the circuit excels. The really 
weak signals do not produce their 
whistles, and stations in the middle 
distance, which would be too weak 
to be of use with a normal simple 
receiver, can be brought up to 
excellent strength. In fact the 
circuit giies the listener a choice 
of severaffcontinental stations during 
the day, nn an area where only the 
local station might be receivable 
at anything like programme value 
without super-regeneration. Sen- 
sitivity becomes at least as good as 

Components List (Fig. 1) 

Resistors 
(All fixed resistors 10% J watt) 

R, 47kD 
Rz 27 D 
Rs 750 
R4 ikn 

*R5 iooo 
*VRi 2MCi potentiometer, log 

track 

Capacitors 
Ci lOOixF electrolytic, 6V wkg. 
Cz 0.01 (iF 
C3 LOOOpF 
C4 O.InF 
C5 lOOaF electrolytic, 6V wkg. 

*c6 0.05|j.F 
VC! 500pF variable 

♦VCz 500pF pre-set 

Inductors 
Li,2,3,4 (see text) 
Ti Output transformer. Type 

LT700 (Rex) or type TT5 
(Repanco) 

Tz Output transformer. Type 
TT46 (Repanco) 

Semiconductors 
TRi MAT101 
TR2,3 OC72 
Di OAS! 

Switches 
Si 3-pole 3-way 

*82 s.p.s.t. 

Speaker 
30 moving-coil 

Battery 
9 volt battery 

* Only these components are needed 
if the original three-transistor "Sportaflex" 
circuit is to be modified. 

that of a transistorised superhet 
with two i.f. stages using similar 
sized frame aerials. 

Fortunately, it is easy to switch 
the circuit from super-regeneration 
to a straight reflex design which is 
almost identical to the three-tran- 
sistor version of the "Spontaflex" 
circuit described earlier by the 
author in this magazine.2 The 
previous circuit is switched in as 
soon as the sun begins to set, the 
full sensitivity of the super-regenera- 
tive circuit being available for the 
hours of daylight. 

The comparative simplicity of 
the circuit may not represent very 
accurately the many hours of 
experimenting which went into pro- 
ducing an arrangement which was 
stable throughout the medium and 
long wavebands without involving 
any extra control or other complica- 
tion in tuning. The circuit is 
shown in Fig. 1. In this diagram, 
Li and Lz form the medium wave 
frame aerial which, in the case of 
the prototype, consists of a single 
pile of 12 turns (Li) of 32 s.w.g. 
enamelled wire wound on top of 
2 turns (Lz) of 38 s.w.g. enamelled 
wire on a 9in square frame. The 
long wave frame aerial is of the 
same size. L3 has 3 piles of 20 
turns each of 38 s.w.g. enamelled 
wire, each pile separated by iin 
with L4, iin away consisting of 
one pile of 8 turns of 38 s.w.g. 
enamelled wire. In each case the 
outside ends of the windings connect 

2 See the article by Sir Douglas Hall 
in the June 1964 issue, and our note on 
page 56 of the August 1964 issue.—Editor. 

slc ganged with 

to Si. Ferrite rod aerials have been 
tried and can, of course, be used. 
On Sin rods of fin diameter, 50 
turns and 8 turns for Li and Lz 
will be suitable, and 200 turns 
and 25 turns for L3 and L4. Enamel- 
led wire of 32 s.w.g. can be used 
throughout for rod aerials. The 
frames were adopted for use in 
the prototype as giving rather 
greater sensitivity. 

Circuit Operation 
The signal is received by the 

main frame aerial winding and is 
amplified by TR] as a common 
collector amplifier. Oscillation takes 
place owing to the coupling winding 
in the emitter circuit, depending on 
the setting of VRi which controls 
the amplification given by TR1.3 

It was found preferable for super- 
regeneration, to control oscillation 
by regulating the amplification of 
TRi rather than by varying the 
coupling. VRi can give complete 
attenuation, down to zero if neces- 
sary, and has the advantage of 
reducing the current consumption 
of the whole receiver when backed 
down for quiet bedside listening 
to the local station. The ratio 
of the windings is such as to allow 
considerable amplification by TRi 
before oscillation starts. 

The signal is demodulated by 
Di and TRi amplifies again as 
an audio frequency common base 
stage with a very high output 

3 VRi varies the negative potential 
available for the collector of TRj, this 
potential being applied via the upper winding 
of T2.—Editor. 

-9V 
Sia and S|t> 

1-off 
2-M.W 
3-LW. 

TRp 
TR. 

VR LS 
So 

Sla slb vc Black ^5 Blue TR3 
3 1 

Red 
C6 

vc. 
Brown Violet 

Li> ■MM Uc 

WM 

1 T 

Fig. 1. The circuit of the receiver with optional super-regeneration 
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S|c ganged with 
S|a and 

1- off 
2-M.W. 

-9V 

LW. 

L.S. 
3n 

sla TR3 

■ ■r vc. 

10? 
Sic 

ww 

Fig. 2. First step in modifying the original receiver shown in Fig. 2 of the 
article published in the June 1964 issue. The circuit should take up the 
form shown here before the components needed for super-regeneration are 

added 

impedance consisting of Rj and 
partofVRi. Further audio frequen- 
cy amplification is given by TRj 
as a common collector amplifier. 
At the same time, this transistor 
oscillates at about 10 kc/s due to 
the presence of T2. Tj is a small 
output transformer with the large 
winding (half the primary) in the 
base circuit, and the small winding 
(the secondary) in the emitter 
circuit. The frequency of the 
oscillation is determined by the 
inductance of the half-primary and 
the capacitance of Cj. VC2 controls 
the amplitude of the oscillation. 
It is necessary to use a variable 
capacitor here, though it may be pre- 
set, because of varying characteristics 
in different OC72,s. It will be found 
that the correct setting with most 
specimens is about half-way. 

R5 prevents spurious oscillation 
at unwanted frequencies in TR2. 
S2 can short-circuit the secondary 
of T2 and thereby prevent quench 
oscillation taking place when super- 
regeneration is not needed. The 
circuit then becomes a fairly normal 
three-transistor "Spontaflex" except 
for the modified volume control. 

The receiver should be tested 
in daylight. S2 should be closed 
and VC2 turned to about the half- 
way position. It should then be 
checked that the receiver works 
properly without super-regeneration, 
tuning with VQ and bringing the 
strength up with VRi. When this 

has been done S2 should be opened 
and, if VC2 is set approximately 
correctly, it should be found possible 
to advance VRi considerably with 
a great increase in volume. There 
will be a lot of noise between 
stations but this will disappear 
completely with a loud signal, 
and particularly with weaker ones. 

The right setting for VC2 should 
be found by trial and error, first 
choosing a weakish station near 
the low wavelength end of the 
medium waveband, and then a 
similar station near the high wave- 
length end. The correct setting will 
be fairly critical, but not exasperat- 
ingly so. Next switch to the long 

To base 
of TR2 

waveband and check that all is well. 
Provided L3 and L4 are in correct 
proportion there should be no 
difficulty, as quench oscillation 
amplitude is less critical on the long 
wave band. 

As an aid to adjusting VC2, 
it may be said that if the capacitance 
is too low there will be whistles, 
as VCi is rotated, of the kind 
produced by normal regenerative 
receivers when reaction is advanced 
too far. If capacitance is too high 
there will be a loud growling 
type of instability. The right posi- 
tion, between these two extremes, 
will result in good, sensitive recep- 
tion, unless VRi is advanced too 
near to maximum. 

Modifying the "Spontaflex" 
Constructors who have built the 

three-transistor version of the "Spon- 
taflex" circuit, described in the 
previous article and who wish to 
modify it will find that they can 
use nearly all the components 
specified for the earlier receiver, 
the original volume control, VRi, 
being the only surplus item. It 
may prove necessary to remove a 
turn or two from the reaction 
windings of the frame aerials in 
order to prevent a loss of amplifica- 
tion resulting from the tighter 
coupling. The tighter coupling may 
cause the new VRj to be turned 
back to a point which seriously 
reduces the current flowing through 
TRi. It may also be necessary to 
rearrange the switching to the 
method shown in this article, in 
order to keep the two aerials 
separate. As a double-pole switch 
was specified for wave changing, 
(coupled with a third pole for the 
battery) no new switch, apart from 
S2, should be required. 

Referring to Fig. 2 in the previous 
article, VRi will have to be removed. 

To emitter of 
1 *3 ToR TOC3 

VCo 
Blue Black 

C6 Red 
-IH fWOOO) rown| Violet To base 

of TR3 

To-T To R4 line 
Fig. 3. The additional components for super-regenerative operation 
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Cj being taken straight to Si. 
The emitter of TR2 will need to 
be disconnected from R4, C3 dis- 
connected from the positive line, 
Ri disconnected from the base of 
TR2, and the base of TR3, the 
emitter of TR2 and R4 all discon- 
nected from each other. VRi 
can take up the physical position 
occupied by its predecessor, though 
this and other new components 
will be wired up as shown in Fig. 3 
of the present article. Fig. 2 shows 
how the original three-transistor 

receiver circuit should appear when 
modified for inclusion of the new 
components, whilst Fig. 3 shows the 
new part of the circuit required for 
super-regeneration. 

VRi should be wired so that 
volume increases in an anti-clockwise 
direction, with the slider approaching 
the negative line. Control will 
then be very smooth with oscillation 
starting in the second half of the 
movement, and nearly the whole 
of the movement being of use 
with super-regeneration. VC2 can 

be tucked away, as it is adjusted 
once and for all, but S2 must be 
mounted in an accessible position. 

Finally, the author would reiterate 
that the circuit should only be 
used as a super-regenerator during 
daylight, as it will give disappointing 
results on stations other than the 
locals after dark (except, possibly, 
in a very bad reception area). 
After dark plenty of programmes 
will be available without super-regen- 
eration. During daylight the extra 
amplification available is really useful. 

I 

SIMPLE MIXER UNIT 

By S. G. WOOD, G5UJ 

From time to time the need is felt for a 
"fader" or mixer unit, and the circuit described 
here may be of interest. 

As will be evident from the diagram, few com- 
ponents are required. In fact, most of the parts 
needed may be found in the junk box. The main 
item, the valve, can be of the 6SN7 or 12AU7 class, 
which is well suited to this particular application. 

The two potentiometers are of the small carbon 
variety and the fixed resistors are standard i watt 
types. The bias capacitor in shunt with the 1.2kfl 
biasing resistor is of 25u.F 10 volt rating. 

Little is needed in the way of power supplies, and 
6.3V at 0.6 amp (6SN7) or 0.3 amp (12AU7) 
together with around 200 volts h.t. are the total 

Components List 

Resistors 
(All fixed resistors -4- watt 10%) 

Ri,2 250k fl potentiometer, log track 
R3 1.2kn 
R4,5 1MQ 
R6,7 lOOkH 
R8 IMH 

Capacitors 
Cj 25(j.F electrolytic 10V wkg. 
C2 0,05y.F paper 

requirements here. In most cases the main amplifier 
power unit could provide the power required. In 
any case, neither the cost of building, nor the 
running of this little unit can be regarded as 
expensive. 

The construction of the unit should not raise any 
difficulties, owing to the small number of com- 
ponents required. The two input circuits are shown 
in the diagram as being screened. Such screening 
will be necessary in most instances to obviate hum. 

HT+ 

Valve 
Vi 6SN7 or 12AU7 

200-250 v 
6 7 

—VMF-MVW— 
C2 
il 

R4 
VAV vwv 

5SN7 Input 2 Input 1 

£ I2AU7 
Output 

Sc, 
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AMPLITUDE MODULATION 

AND THE 

DIODE DETECTOR 

By W. G. Morley 
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IN LAST MONTH'S ISSUE WE CONCLUDED OUR 
consideration of the diode when employed as a 
rectifier for power supply circuits. We shall now 

carry on to its use as a detector of amplitude 
modulated signals. 

It is interesting to note, in the discourse which 
follows, that we shall be calling on a wide range of 
subjects which were covered in previous "Under- 
standing Radio" articles, these including such things 
as audio and radio frequencies, r.f. transformers and 
tuned circuits, and sound reproducing devices. 

Transmitting Information 
In an earlier article in this series1 we saw that 

radio waves may be assumed to travel from a 
transmitter to a receiver by way of the "ether" (a 
medium which pervades all space and matter) and 
that they may be described as radio frequency (or 
r.f) signals. Also that it is difficult, in practice, to 
transmit radio waves having frequencies lower than 
10 kc/s, with the result that the radio frequency 
range may, in general, be assumed to commence at 
this figure. So far as domestic equipment is con- 
cerned, the highest frequency currently envisaged 
for radio reception in the U.K. is 854 Mc/s, this being 
the highest frequency in the range allocated for 
625-line television. 

Another point noted in the previous article is 
that, since radio waves travel through the "ether" 
at almost exactly 300,000,000 metres per second, we 
may obtain the following simple relationships 
between the frequency and wavelength of a trans- 
mitted radio signal: 

f= 300,000 
  X  

1 Published in the March 1963 issue. 

where f is frequency in kc/s; and 
f=300 

X 
where f is frequency in Mc/s. In both cases, X is 
wavelength in metres. 

Thus, the "medium waveband" of about 200 to 
600 metres may also be expressed as 1,500 to 500 
kc/s, and the "long waveband" of about 1,000 to 
2,000 metres as 300 to 150 kc/s. Some domestic 
sound receivers have a short wave range of about 
20 to 60 metres, this corresponding, in terms of 
frequency, to 15 to 5 Mc/s. 

Also transmitted in this country are the v.h.f. 
sound-only signals in Band II. Band II extends 
from 87.5 to 100 Mc/s and it is common practice 
to refer to Band II signals in terms of their frequency 
rather than their wavelength, as is our custom on 
medium and long waves. 

The previous article also referred to audio 
frequency (or a.f.) signals, these being signals which 
may be heard by the human ear when the air is set 
in vibration. The audio frequencies range from 
some 30 c/s to 20 kc/s2. 

Let us now turn our attention to the manner in 
which a radio signal may be used to transmit 
information from the transmitter to the receiver. 

The easiest method of passing such information 
is by connecting a Morse key to the transmitter in 
such a manner that the latter only gives an output 
when the key is depressed. (See Fig. 276 (a).) If 
the Morse key is operated to send the letter "L" 
(• — • •) the resultant signal from the transmitter 
may then look like that shown in Fig. 276 (6). At 
the receiver, it is normal practice to employ a circuit 

2 The upper and lower limits in the audible range vary slightly for 
different individuals. 
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which enables an audible a.f. tone to be heard from 
a loudspeaker or pair of headphones when the 
transmitter signal is present, with the result that 
this tone is given when the key at the transmitter 
is pressed. The overall effect, therefore, is that 
depressing the key at the transmitter causes an 
audible tone to be heard at the receiver, whereupon 
a workable system for sending a signal in Morse 
code is set up. In the instance shown in Fig. 276 (b), 
the a.f. tone at the receiver will follow the . —.. 
sequence sent from the transmitter. 

The circuit at the receiver which causes an audible 
tone to be heard on reception of the transmitted 
signal is desirable because the transmitted signal 
is not otherwise capable of being readily understood. 
The operator at the receiver could not "listen" to 
the r.f. cf cles in the transmitted radio signal because 
these will have a frequency which is much higher 
than the upper limit of human hearing. 

This explanation ignores the possibility that the 
transmitted signal may have a frequency lower than 
20 kc/s and be, therefore, within the audible range. 
However, unless he is undertaking specialised work, 
it is extremely unlikely that the amateur will 
encounter transmissions below about 100 kc/s, 
whereupon all the transmitted signals he works 
with will be well above the upper limits of audibility. 
It should be added that, for purposes of illustration, 
Fig. 276 {b) shows the r.f. cycles as having a much 
lower apparent frequency than would in actual fact 
be possible. In practice there would be so many 
cycles in each section of the Morse character that 
the lines representing them in the diagram would 
merge together and could not be reproduced. (In 
the diagrams which follow, the r.f. cycles will 
similarly be shown as representing a much lower 
frequency than would actually be the case.) 

The transmitted wave shown in Fig. 276 {b) is 
quite satisfactory for the transmission of Morse 
code signals because it can be controlled by a Morse 
key. But this is only a "switching on and off" 
process, and it is obvious that a different approach 
is needed if we want to transmit speech and music 
by way of a radio frequency signal. The r.f. signal 
is itself inaudible, but we can employ it for the 
transmission of a.f. signals in a manner which is 
very easy to understand. 

Modulation 
Fig. 277 (a) shows the radio frequency signal as 

it appears when the transmitter is continually 
switched on. At the same time, Fig. 277 {b) shows 
a cycle of an audio frequency signal which we wish 
to transmit. In order to transmit this audio 
frequency signal we now apply it to the transmitter 
in such a way that it regulates the amplitude of the 
radio frequency signal. This process is known as 
modulation, and the result is shown in Fig. 277 (c). 
As may be seen, the radio frequency signal now has 
greatest amplitude when the audio frequency 
waveform is at its uppermost peak, and has lowest 
amplitude when the audio frequency waveform is 
at its lowermost trough. The modulation process 
has allowed the transmitted radio frequency signal 

to convey audio frequency signals to a receiver. 
Since the audio frequency signals imposed on the 

radio frequency signal vary its amplitude, the 
process is known as amplitude modulation (or a.m.). 
It is usual to show an amplitude modulated wave in 
the manner shown in Fig. 277 (d), in which lines are 
drawn along the outside of the waveform joining 
the peaks of the r.f. signal, and these lines constitute 
the modulation envelope. (In practice, there would 
be far more radio frequency cycles than are shown 
in Fig. Ill (d), with the result that the distance 
between peaks would be almost negligibly small 
when compared with the length of a single cycle of 
the modulating audio frequency signal.) 

The process of modulation causes the maximum 
peak-to-peak amplitude of the radio frequency 
signal to be greater than occurs in the unmodulated 
state, resulting in the effect shown in Fig. 278 (a). 
In this diagram a modulating audio frequency 
signal is applied, starting at line XY, to a previously 
unmodulated radio frequency signal. The degree 
of modulation is referred to as modulation depth, 
and is equal to the ratio of dimension P or dimension 
Q to dimension R. In Fig. 278 (a) dimensions P 
and Q are one-half of dimension R, and so the 
modulation depth is 50%. If no modulation were 
applied there would be no dimensions P and Q, 
and modulation depth would be zero. Fig. 278 {b) 
shows the case where dimensions P and Q are equal 
to R, giving 100% modulation depth. This is the 
maximum modulation depth which may be employed 
without introducing serious distortion of the 
modulating signal. The effect of over-modulation, 
given by too great a modulating audio frequency 
signal, is shown in Fig. 278 (c). As may be seen, 
the radio frequency signal now disappears com- 
pletely during part of the audio frequency cycle. 

The modulated radio frequency signal is described 
as the carrier, this being a well-chosen term since 

Morse key 
Transmitter 

(a) 

(b) 

Fig. 276. By suitably connecting a Morse key to a 
transmitter, (a), so that it controls the output, Morse 
characters may be transmitted. The transmitter 

output for the letter "L" is shown in (b) 
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(a) 

(b) 

i 

(c) 

(d) 
fig. 277 (o). The output of an unmodulated radio 

transmitter 
(b). An audio frequency waveform 

The r.f. signal of (a) modulated in amplitude by 
the a.f. waveform of (b) 

. , Two outside lines joining the peaks of the 
modulated waveform constitute the "modulation 

envelope" 

(c). 

(<0- 

the r.f. signal "carries" the audio frequency signal 
imposed on it. 

We should, at this stage, briefly note another 
factor which results from the process of amplitude 
modulation. If an r.f. signal is modulated by an 
a.f. signal of frequency xc/s, two new r.f. signals 
appear on either side of the original r.f. signal and 
are spaced away from it by xc/s. Thus, if we 
amplitude modulate a 500 kc/s r.f. signal by an a.f. 
signal of 1 kc/s, the transmitter will provide an 
output consisting of the original 500 kc/s signal 
(the carrier), plus a new signal 1 kc/s below at 
499 kc/s, and another new signal 1 kc/s above at 
50' kc/s. These two new signals are known as 
sidebands. Speech and music are more complex than 
the single frequency a.f. signals we have been 
considering here, and they contain a large number 
of audio frequencies. So, if we modulate the carrier 
signal by speech and music signals, we will cause a 
correspondingly large number of sideband frequen- 
cies to appear on either side of the carrier. 

Amplitude modulation represents only one 
method of transmitting audio frequencies by way 

of a radio frequency signal. Other types of modula- 
tion are frequency modulation (or f.m.), and phase 
modulation (or p.m.). With frequency modulation, 
it is the frequency of the carrier which is varied by 
the audio frequency signal, and with phase modula- 
tion it is the phase which is so varied. We shall 
not, however, go into any further detail with these 
two alternative types of modulation at the present 
stage. 

Both amplitude and frequency modulated signals 
are encountered with domestic radio equipment. 
Sound transmissions on the medium and long 
wavebands are amplitude modulated, whilst those 
in Band II are frequency modulated. At the same 
time, the sound channel accompanying the 405-line 
television signal is amplitude modulated, whilst 
that accompanying the 625-line signal is frequency 
modulated. 

Reverting to our Morse signal of Fig. 276 {b) we 
may now add that this is described as a continuous 
wave (or c.w.) transmission. This is because, being 
unmodulated, it is "continuous" in amplitude and 
frequency. 

-U1UUL 

P=0=0-5R 

(a) 

P=Q=R 

(b) 

(c) 

fig. 278 (o). The waveform given by 50% modulation 
depth 

(b). An example of 100% modulation depth 
(c). Serious distortion results from over-modulation, 
which causes the complete disappearance of the r.f. 

signal during part of the a. f. cycle 
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i' Headphones 

Fig. 279 (o). Coupling an aerial and earth to an r.f. 
transformer whose secondary is tuned to a station in 

the medium wave band 
(b). Attempting, unsuccessfully, to hear the 
transmitter modulation by adding a pair of headphones 
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Self-capacitance 
of headphones 

(b) 

Fig. 280. The modulation of the signal selected by 
the tuned circuit of Fig. 279 becomes audible if we 
insert a diode, as in (a). But it is necessary to add 
the self-capacitance of the headphones to the overall 
circuit, (b), if the functioning of the diode is to be 

fully understood 

Average 
direct 
voltage 

Voltage across capacitor 

Average A.F 
voltage 

Positive half- 
cycles 

Fig. 281. The effect of the diode of Fig. 280 (b) in 
terms of the voltage on the upper headphone terminal 
with respect to the lower terminal. The voltage across 
the capacitor {the self-capacitance of the headphones) 
is shown in heavy line, as also is the average a.f. 
voltage. The positive half-cycles of the carrier, shown 
in light line, are included to demonstrate the manner 
in which the voltage across the capacitor is developed 

The A.M. Detector 
In two other preceding articles3 we described r.f. 

transformers and showed that these could be used 
for tuning over, for example, the medium or long 
waveband. We employ such an r.f. transformer in 
Fig. 279 (a), the primary winding being coupled to 
an aerial and an earth connection.4 The secondary 
has an inductance such that, when a variable 
capacitor of suitable value is connected across it, 
the pair may resonate at (or become "tuned to") 
any desired frequency in the medium waveband. 
The secondary tuned circuit offers maximum 
impedance at the frequency at which it is resonant, 
with the result that signals at this frequency may be 
passed on to a subsequent circuit at greater amplitude 
than other signals of different frequency. 

Let us now adjust the variable capacitor of 
Fig. 279 (a) so that the secondary circuit is tuned 
to an amplitude modulated transmitter in the 
medium waveband. The result is that a wave-form 
similar to that of Fig. 277 (d) appears at the output 
terminals. How are we to make the modulating 
signal audible to us? 

3 In the September and October 1963 issues. 
4 This diagram also introduces us to the circuit symbol for an 

aerial. 

Self - capacitance 
of headphones 

Fig. 282. Reversing the Diode 
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We could commence by experimentally connecting 
a pair of headphones across the output terminals, 
as in Fig. 279 (b). We should, preferably, use high- 
resistance headphones, (say 2,000n for earphones5) 
because the secondary tuned circuit offers a signal 
at high impedance. But, however acutely we listened, 
we would hear nothing. It is obvious, of course, 
that the headphones cannot respond to the high 
frequency of the r.f. carrier, but we could at least 
expect them to respond to variations in the average 
value of the waveform if these occurred at an 
audible frequency. As is evident from Fig. 277 (d), 
however, the sections of the waveform which 
appear on either side of the central zero voltage 
line are, at all points along the waveform, equal 
and opposite; with the result that the average value 
of the^vaveform remains constant at zero volts and 
does not vary. Thus, our headphones will not 
reproduce any audible signal. 

In Fig. 280 (a) we introduce a diode, whereupon 
we at once hear, in the headphones, the modulation 
of the transmitted signal. The reason for this 
dramatic change in performance is that the diode 
acts as a rectifier but, before finally evaluating the 
manner in which it works, we must first take the 
intermediary step of adding the self-capacitance of 
the headphones to the circuit, as is done in Fig. 
280 (b). As we may now see, the diode functions 
in much the same manner as the half-wave power 
supply rectifier with reservoir capacitor which we 
have discussed in the last few issues. The diode 
causes the capacitor to charge during peaks of the 
applied alternating voltage (which in this case is the 
carrier signal) and to discharge between these 
peaks. The resultant effect, and the consequent 
average a.f. voltage, are shown in Fig. 281. The 
average a.f. voltage varies in sympathy with the 
modulating voltage at the transmitter, and the 
headphones can now reproduce the sound signal 

5 See "Understanding Radio" in the April 1964 issue. 

which originally modulated the carrier. It should 
be added that, in practice, the peaks of the carrier 
signal will be much closer together than is shown 
in Fig. 281 whereupon, assuming sufficient capa- 
citance in the capacitor, there will be only a small 
difference between the average a.f. voltage and the 
voltage appearing across the capacitor. Fig. 281 
shows also the positive half-cycles which are applied 
to the anode of the diode, in order to illustrate the 
manner in which the rectified voltage is formed. 

If we reverse the diode, as in Fig. 282, we will still 
be able to hear the original modulating signal. This 
is because a rectified signal once more appears, the 
only difference being that it has opposite polarity 
to the one shown in Fig. 281. It will still have an 
average a.f. voltage varying in sympathy with the 
sound signal which originally modulated the trans- 
mitter, and the headphones will once more reproduce 
the signal. 

The rectified signal of Fig. 281 has an average 
direct voltage as well, this direct voltage being the 
average over all portions of the audio frequency 
cycle. With the circuit of Fig. 280 (b) the average 
direct voltage has a polarity such that the upper 
terminal of the headphones is positive relative to 
the lower terminal. If we reverse the diode, as we 
did in Fig. 282, the upper terminal of the headphones 
becomes negative with respect to the lower terminal. 
The presence of the average direct voltage will not 
affect operation in the simple headphone circuits we 
are discussing here, but it can be of considerable 
importance in more complex arrangements. 

The diode of Figs. 280 {b) and 282 is normally 
described as a detector, this being a term dating 
from the early days of radio in which any device 
which enabled radio signals to be "detected" was 
so called. It is also, but less frequently, referred to 
as a demodulator. 
Next Month 

In next month's issue we shall continue to discuss 
the diode detector. 

Simple Shorted 

Turns 

Detector 
By A. C. NORMAN 

The unit described here will provide, in 
conjunction with an oscilloscope, either a 
convincing demonstration of damped oscilla- 

tions or a shorted turns indicator for air-cored 
coils up to Sin in diameter. 

Pulse Generator 
A pulse generator using two OC71's in a multi- 

vibrator circuit energises a tuned circuit consisting 
of Lj and C3. R5 is a pre-set damping resistor. 
(See Fig. 1.) 

The coil L] consists of 1,000 turns of 36 s.w.g. 
enamelled wire wound to a length of 2in, it being 
wound on one end of a Sin length of in diameter 
ferrite rod. The remainder of the rod protrudes 
from the instrument. Coils being checked are then 
passed over the protruding section of the rod. 

With R5 set for a resistance of about 2k fl, the 
oscilloscope should be adjusted to give a steady 
trace showing two pulses. No difficulty should be 
experienced from hum as the impedance of Lj at 
50 c/s is very low. R5 is then adjusted so that the 
oscillations in the tuned circuit just die out by the 
time the next energising pulse arrives. (See Fig. 
^ (^)*) 

Any increase in the damping of the tuned circuit, 
such as would be given by a shorted turn passed 
over the protruding ferrite rod, is immediately 
noticeable as an increase in the rate at which 
oscillations in the tuned circuit decay. A typical 
example is illustrated in Fig. 2 (c). 
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Components List 

Re sis to fs 
(All fixed resistors 4 watt 20%) 

R! 3.3ka 
R2,3 22kn 
R4 IkQ 
Rs Skfl, pre-set potentiometer, log track 

Capacitors 
Q 0.02(rF paper 
C2 0.1 nF paper 
C3 500pF silver-mica or ceramic 

Inductor ■ 
Li Coil on ferrite rod (see text) 

Transistors 
TRi,2 OC71 (see text) 

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

Battery 
9-volt battery 

(a) 

(b) 

(l)lr 

(c) 

fr- 

Fig. 2 (a). The output from the pulse generator 
(b). The voltage across Li when no shorted turn is 

present 
(c). The waveform across Li changes, typically, to 
that shown here if a shorted turn is passed over the 

ferrite rod 

-9V 

Oscilloscope 

I 

TR TR 

0C7I OC7I 
Fig. 1. The circuit of the shorted turns detector 

Frequency 
In the prototype the multivibrator offered 500 

pulses per second but, using components of 20% 
tolerance, this figure could be anything between 
350 and 700. As Li and C3 resonate at a frequency 
of about 15 kc/s, 30 cycles of damped oscillations 
can be seen. This is enough to give a well defined 
envelope but not enough for individual cycles to 
merge with each other. 

A logarithmic track in R5 is desirable, although 
not essential, as it gives closer control over the 
damping of the tuned circuit. R5 should be con- 
nected so that it offers minimum resistance to the 
circuit when adjusted fully anticlockwise. 

The current drain is fairly low at 10mA, so a 
small battery can be used. Excluding the fernte 
rod, the complete prototype was built on a chassis 
less than 3in square. By using miniature components 
it could have been considerably smaller. 

Care should be taken in the construction of Li 
as it will "detect" short-circuits in itself as well as 
in any metallic mounting components that encircle it. 

The detector is very simple to use on any air-cored 
coil. It will be found particularly useful when 
winding the bobbins for home-made transformers 
as the coil can be tested every 50 or so turns, thus 
minimising the amount of unwinding if a short- 
circuit is discovered. 

Testing Large Coils 
The detector can be used, without adjustment, 

to test coils with from 1 to 10,000 turns. With the 
larger coils it may be found that the resonant 
frequency of the coil being tested (given by its 
inductance and stray capacitance) is near the 
resonant frequency of Li and C3. In this case a 
second train of damped oscillations will be set up 
in the coil being tested and these will beat with the 
oscillations in Li. With practice it is still easy to 
distinguish between good and faulty coils. 

In some circumstances it may be necessary to test 
coils which are too small to fit on the it in ferrite 
rod. For these a smaller version of Li could be 
wound on a thinner piece of rod. This would, 
however, be less sensitive to the larger diameter 
short-circuits. . 

Cheap, low gain surplus transistors work well in 
this circuit as all frequencies are low, and plenty of 
drive is available at the bases. If these are used, the 
total cost of the detector can be kept to quite a 
low figure. 
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Innsisloi 

PlieilC ADDRESS 

-24V 

Microphone 
3nto50n 
impedance 

-I 

TR, 
OC8ID 

Output 

Fig. 2. The microphone pre- 
amplifier circuit. This may be 
separately powered by a PP4 

battery or similar 

Input Ci 
Mr 

A. KINLOCH 

An experimental design intended 
for the more experienced con- 
structor. 

The amplifier described in this 
article was designed for public 
address purposes and can 

provide 20 watts into a 1.5n load 
or 10 watts into a 3n load. A 
suitable power supply would consist 
of two 12 volt accumulators con- 
nected in series to form a centre- 
tapped 24 volt supply. If a centre- 
tapped supply is not available 
one side of the load can be connected 
to the positive supply line and the 
other connected to the output 
terminal via a 5,000ij.F 25V wkg. 
electrolytic capacitor. 

Output Stage 
The output stage is a Class B 

transformerless push-pull type, the 
-9V 

R? 
WW 

eL C2 TR4 
OC 35 ^6 

-12 To output ^   
5n TR| 

ACY2I 
TR3 RI2 load TRo OC 35 

ToR 17 ACY 21 R|3 
■ic R2 R4 TR5 

OC35 *5 vwv 
Re 

R, R|4 R|6 R| R3 
ww cs £ 

I 
C3 

£ 

Fig. 1. The circuit of the main amplifier. The 1.50 load could conveniently 
consist of two 3C1 speakers connected in parallel 

load being provided directly by 
the speaker or speakers. The JO 
emitter resistors improve thermal 
stability and frequency response 
whilst lessening crossover distortion. 
The upper resistors of the potential 
dividers which bias the output 
transistors, Rn, Ru, are connected 
directly to the transistor bases so 
that they provide negative feedback. 
The 60 preset resistors are adjusted 
to set the quiescent current in the 
output transistors to the lowest 
value consistent with low crossover 
distortion. The voltage at the output 
terminal (at the collector of TR5) 
should be half the supply voltage, 
i.e. there should be an equal voltage 
across each output transistor under 
quiescent conditions. The peak 
current on full drive is about 6 
amps. 

In the prototype amplifier the 

Components List (Fig. 2) 
Resistors 
(All fixed values i watt 10%) 

Ri 68kH 
R2 8.2kn 
R3 2.2kQ 
R4 6.8kn 
Rs lOkO potentiometer, log 

track 

Capacitors 
Ci 100|jF electrolytic 12V wkg. 
Cz 10|xF electrolytic 12V wkg. 
C3 10(xF electrolytic 12V wkg. 

Transistor 
TR! OC81D 

output and driver transistors were 
mounted with mica washers and 
insulating bushes on a heat sink 
made up of two 12 x Sin 18 s.w.g. 
aluminium plates. These were bolted 
together to give twice the thickness, 
and sprayed matt black. This was 
found to be adequate for speech 
and music at ordinary room tem- 
peratures (about 25° C). 

The driver stage is an OC35 
transistor operating in Class A 
at a current of 0.3 amp. It provides 
more power than is necessary 
to fully drive the output stage. 
It is thus possible to increase the 
local negative feedback in the 
output stage or to increase the 
output power by replacing the 
OC35 output transistors with other 
types having a higher current 
rating. The output could, of course, 
be increased by raising the supply 
voltage, but this would make it 
diflficult to provide a "non-mains" 
power supply for outdoor use. 

The Driver Stage 
The OC35 driver transistor is 

directly coupled to a "compound 
transistor" amplifier stage consisting 
of two ACY21's. D.C. and a.c. 
negative feedback is applied from 
the emitter resistors of the OC35 
driver to the base of the first ACY21. 
C4 is included to prevent high 
frequency instability and is a tubular 
ceramic type. R5 could be a variable 
lOkD control, and could then be 
used to adjust the current in the 
OC35 driver. 
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Components List (Fig. 1) 

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

Ri 2.2ka 
R2 1.8ka 
R3 2200 
R4 82a 
Rs 10ka 
Ra 470a 
R7 470a 
Rg lawirewound 
R9 4a 1 watt wirewound 
Rio 4a 1 watt wirewound 
Rn 180a 1 watt wirewound 
R12 6q wirewound preset poten- 

tiometer 
R13 110 a 1 watt wirewound 
R14 6a wirewound preset poten- 

tiometer 
R15 ia 5 watt wirewound 
Ris ia 5 watt wirewound 
R17 1.8ka 

Capacitors 
Ci 10(iF electrolytic 25V wkg. 
C2 250[iF electrolytic 25V wkg. 
C3 20014 F electrolytic 6V wkg. 
C4 l,OOOpF tubular ceramic 
C5 l,000|j.F electrolytic 12V 

wkg. 
500nF electrolytic 6V wkg. Cs 

Transistors 
TRi ACY21 
TRz ACY21 
TR3 OC35 
TR4 OC35"l . . . 
TRj OC35/matched palr 

Transformer 
Ti 1.3 + 1.3:1 + 1, Type TT24 

(Repanco) 

Pre-Amplifler 
The pre-amplifier stage and the 

gain control are separate from the 
main amplifier and are intended 
to be sited near the microphone. 
The writer is, at the time of writing, 
employing a grounded base stage 
as shown in Fig. 2, but this can be 
rearranged as a grounded emitter 

Collector TR3 

§ § 

^^ § 

2 R|4 \ R|2 

-24V 

Base TR4 BaseTRc 

Fig. 4. A suitable power supply 
for operation from the mains 

Fuse Bndqe metal 5A rectifier 
(48V Peak 4A) 

17V AC Mams 4A 

2500>jFi 
25 Vwkgf 24V 

stage, if desired, by connecting 
Ci to the positive rail and con- 
necting the microphone between C2 
and the positive rail. An OC81D 
is used in the pre-amplifier because 
of its low cost. If noise is evident 
when the OC81D is used as a 
grounded emitter amplifier, Ri and 
R2 should be replaced by new, 
high stability, resistors before any 
blame is cast on the transistor. 
Noise caused by the base biasing 
resistors is avoided when a grounded 
base stage is employed. 
Construction 

The main amplifier was con- 
structed on a 26-way tagboard, 
with TRi, Ci, Ri, R2 and C3 
enclosed in a flat tin-plate box 
on which was mounted the coaxial 
input socket. 

2OKC/5 

The Repanco transformer type 
TT24 is a 1.3 + 1.3:1 + 1 component, 
and is used here as a 2.6:1 trans- 
former. As is indicated by Fig. 1, 
the primary offers a 2.6:1 ratio 
to both secondaries, i.e. the 1.3 
sections of the primary are con- 
nected in series. External physical 
connections to the transformer, as 
used in the prototype, are shown 
in Fig. 3. If, by any chance, there 
is a reversal in phase in the signal 
fed to the output transistors, R17 
will provide positive feedback in- 
stead of negative feedback, and 
this may be corrected by reversing 
the connections to the primary. 

The transistor heat sink is mounted 
vertically to allow cooling by 
convection. 

IOKcA 

ISKcA 

5Kc/s 

400 
c/* 

IOO 200 
cA c/s 

IKc/s 

Fig. 3. Connections to the 
Repanco TT24 transformer 

Fig. 5. Output waveforms given by square wave inputs at the frequencies 
indicated 
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Mains Power Supply 
The circuit of a suitable mains 

power supply is given in Fig. 4. 
The hum level is low with this 
power unit, and 20 watts of "speech 
and music power" are available. 
A 5 amp fuse is inserted between 
the transformer and the rectifier. 
There may be transient currents 
greater than 5 amps, but these are 
unlikely to blow the fuse. 

With the mains power supply, 
the load is coupled to the output 
terminal via a 5,000ixF capacitor, 
as mentioned in the opening para- 
graph. 

Output Waveforms 
A selection of output waveforms 

is illustrated in Fig. 5. These 
were taken with a 24 volt supply 

haying no centre-tap, the load 
being a 30 speaker coupled to the 
output terminal via a 5,000^ 
capacitor. The oscilloscope was a 
Solarscope type CD711S.2 on the 
3 volt Y range, and the generator 
an Advance HI. The oscilloscope 
was connected between the output 
terminal and the positive supply 
line. Input signals were square 
waves at the frequencies indicated. 

2-TRANSISTOR 

MINIATURE A.F. 

AMPLIFIER 

KENNETH JONES 

A very simple circuit design which, at the expense 
of increased battery consumption, offers 
reproduction superior to that given by the normal 

Class 6 transistor output stage 

This amplifier was designed by the writer 
to be reasonably small and to have a higher 
output quality than usual. It was decided 

that a transformerless circuit should be employed, 
using only a driver and output transistor. Direct 
coupling between stages, and to the speaker, was 
used to ensure good quality. 

Power Transistor 
In order that the output should be reasonably 

loud, a single power transistor was used. The 
Mullard AD140 was chosen here because of its 
high gain and output, but in this circuit no heat 
sink is required. A high gain driver using an 
OC44 was employed, and an OC45 was also success- 
fully used in the prototype. 

5n 

 € WW  

AD 40 

TR 
OC44 

Input C, 

Fig- 1. The circuit of the amplifier 

Connection between the amplifying stages is 
made via the driver's emitter, so the base of the 
AD 140 has the correct polarity bias when using 
p.n.p. driver transistors. This also allows for the 
use of a higher impedance input than usual, because 
of the impedance step-down effect of a grounded 
collector stage. Further, the d.c. coupling reduces 
the number of components required for the complete 
circuit. Only two transistors, two resistors and one 
capacitor are needed, making the complete circuit 
inexpensive even though the output transistor may 
not be obtainable cheaply. 

The prototype amplifier was built on a small 
Paxolin sheet, on to which the AD 140 and remaining 
components were mounted, including miniature 
input and output sockets. If miniature components 
are used throughout, a really small and powerful 
amplifier may be constructed. 

Soldering 
Care must be taken when soldering in the tran- 

sistors, and a heat shunt must be used. The author 
found a pair of fly-tying pliers extremely useful 
when soldering transistor leads. The pliers are 
spring-loaded, and may be clipped on to the leads, 
leaving the two hands free. They may be obtained 
from most large fishing tackle shops, the larger 
size being the best investment. 

The amplifier requires a potential of 4 to 5 
volts at up to 90mA, but if more output is required, 
at a correspondingly higher current, a 6 volt battery 

Components List 

Resistors 
Ri 6.8kII ^ watt 20% 
Rz 33kn ^ watt 20% 

Capacitors 
Ci lOgF electrolytic 3V wkg. 

Transistors 
TRi OC44 (or OC45) 
TRz AD140 

Loudspeaker 
ISO impedance 

Sockets 
Coaxial input socket 
Output sockets 
Transistor holder for TRj (optional) 
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may be used. After 6 volts, the current consumption 
rises sharply.* A flat torch battery containing 
three single cells at Is. 3d. should give reasonable 
life. The amplifier could be used as the audio and 
output stages following a 3-transistor superhet 
tuner, and wilTgive full output straight off the 
diode. Such a radio may be used as a car radio 
in cars having 6 volt systems. 

The amplifier gives an output power commen- 
surate with a 2 x OC81 push-pull circuit, and has 
an excellent frequency response together with 
(because of the negative feedback taken from 
TR2 to the base of TRi) little distortion even at 
full output. The quality was much preferred to 
that given by two OCSl's in push-pull with a 
similar sftzed speaker. There is no reason why 
  

• Due to the d.c. flowing in the speaker and the absence of a 
heat sink, it would probably be preferable not to employ supplies 
considerably in excess of 6 volts.—Editor. 

Output 
sockets 

To supply 
- + 

TR, 

Coaxial input 
socket 

Transistor holder 
(optional) 

Paxolin sheet (3*x2'/2*) 
Fig. 2. A suitable layout. The transistor holder shown 

is optional 

really good quality reproduction should not be 
obtained, especially when a large 15^ speaker is 
used. 

SIMPLE ECHO UNIT 

By P. F. EXETER 

An inexpensive sound delay unit employing readily obtainable parts 

Commercially manufactured echo units are 
expensive to buy and so the writer tried to 
find a simpler method which could be con- 

structed cheaply. Several attempts were made, and 
the most successful is described in this article. The 
author's unit can be easily fitted to any radio or 
small a.f. amplifier and, when used, gives the effect 
of being in a large hall. 

As shown in Fig. 1, the amplifier drives the 
speaker in the normal way, but a portion of the 
output is fed into the echo unit, which is an electro- 
mechanical time delay device. This includes two 
2,000U headphones placed approximately 15in 
apart with a metal spring coupling the two dia- 
phragms together. 

Construction 
To commence construction, a small hook is first 

soldered on to the diaphragm of each headphone, 
as shown in Fig. 2. Before soldering it is necessary 
to scrape and clean the central area of the diaphragm, 
as this has an enamelled surface. The writer used a 
penknife and fine glass paper to prepare the surface 
and obtained a satisfactory joint with resin-cored 
solder. The diaphragm is then refitted to the 
headphone and the cap screwed on. The latter 
must, of course, have a hole in its centre to allow 
the hook to pass through. 

The headphones are then fixed to the ends of a 
wooden box, as illustrated in Fig. 3, rubber 
grommets being placed between the inside surface 
of the box and the headphones to act as shock 
absorbers and prevent vibrations being transmitted 
along the wooden sides. The dimensions of the box 
used by the writer were 16 x 3 x 3in, and it was 

Ampltfier 
Loudspeaker 

Radio 

Matching 
transformer 

Gain control 
(see text) Z High Low- 

Headphones 

Echo unit 

Fig. 1. The echo unit coupled up to an a.f. amplifier 
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Solder joint Wire hook Headphones 

J 
Diaphragm 

Fig. 2. Soldering a hook to the headphone diaphragm 

constructed from plywood. These measurements 
may need to be adjusted to suit different headphones. 

The component which provides the time delay is 
the spring, and this is attached to the hooks on the 
headphones at each end of the box. The size and 
tension of the spring depend upon the amount of 
time delay required. The writer obtained best 
resujts with an electric fire spiral element of the type 
which can be obtained from hardware and electrical 
shops for several shillings. Home-made springs 
using copper or steel wire were not as successful. 

The output of the headphone at the other end of 
the box is then fed back into an early stage of the 
amplifier or, if desired, into a separate amplifier. 

Operation 
The echo unit operates in the following manner. 
When a signal is fed from the amplifier output 

to the echo unit it is passed through a matching 
transformer to match the speaker impedance to the 
impedance of the headphone. This signal causes the 
diaphragm to vibrate in sympathy with the signal. 
fed to the headphone. As the spring is connected" 
to the diaphragm by the hook, the diaphragm 
vibrations are transmitted along the spring to the 
other headphone. Again, the spring is connected 
to the diaphragm, and vibrations in this cause an 
alternating voltage to develop across the coils in 
the second headphone, this voltage being fed back 
into the amplifier for further reproduction by the 
speaker. As there is a time delay along the spring 
the voltage fed back into the amplifier will appear 
at the speaker shortly after the original sound, 
giving hence the effect of an echo. 

The headphones and spring are fitted in a sealed 
wooden box to prevent "outside" sounds being 
picked up. 

Rubber 
2^/9 rommets 

4 

Spring 
Fig. 3. The echo unit assembly. The headphones 
must be mounted such that direct vibrations cannot 
be transmitted along the wood of the box, and they 
can be held in place by pieces of sponge rubber or 

similar material 

Further Points 
Originally, the output of the amplifier was fed to 

the first headphone of the echo unit without a gain 
control but, as there was evidence of overloading, 
the control was then inserted. A standard speaker 
transformer with its secondary connected to the 
speaker and its primary to the headphone (so that 
it acts as a step-up transformer) should give a 
reasonable match. The gain control may be a 
lOkfl or 20k H potentiometer and should be wire- 
wound. If the amplifier has a high output power, 
the matching transformer should be of appropriate 
size. Also, further resistance may need to be 
inserted between its high impedance winding and 
the gain control to prevent excessive dissipation here 
and in the headphone. 

The output from the second headphone is at high 
impedance, and may be coupled directly to any grid 
circuit without a transformer. 

Due to the simplicity of the device some distortion 
must be expected, but this was not found to be very 
noticeable with the prototype. A correct setting in 
the gain control helps in the reduction of distortion. 

The time delay offered by the unit is fairly short 
but is readily discernible. An increased time delay 
would be given by using a longer box and a longer 
length of spring between the headphones, but this 
was not checked by the writer. 

I QUIZ TIMEl 

'The trouble with you is you ask too many questions!" 

TELEVISION AND RADAR 

An interesting demonstration of how radar and closed 
circuit television can be linked as a navigational teaching 
aid was recently mounted at the Navigation School of 
Hull Trinity House. 

A Marconi Marine "Radiolocator IV", with 9in P.P.I., is 
installed on the second floor of the School for radar 
training purposes, and for the demonstration the new 
Marconi V322 television camera was linked to a 27in 
receiver in the main hall two floors below. The radar 
"picture", enlarged from 9in in diameter to 27in, could be 
seen in comfort by a number of viewers at one time—an 
obvious boon in class teaching where a large television 
picture could be employed as a lecturer uses a projected 
lantern slide. 
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Cover feature 

MAMMA 

Dymut Gain Transistor Tester 

By D. BOLLEN 

An inexpensive instrument which gives comparative tests of transistor performance at 2 Mc/s, 
10 Mc/s and 30 Mc/s 

IT IS WELL KNOWN THAT TRANSISTORS EXHIBIT A 
"spread" in their characteristics, this being 
especially true of the cheaper surplus types. 

Current gain is easy enough to check at zero 
frequency, but it bears little relation to the actual 
gain given in a grounded emitter circuit operating 
near the transistor's cut-off frequency. Now that 
r.f. transistors are readily available to the home- 
constructor some simple means of checking their 
gain at working frequency is particularly desirable 
in order to avoid the wasted time and inconsistent 
results obtained from "try it and see" methods. 

Components List 

Resistors 
R! 12kf2 10% i watt 
Ra 6.8ktl 10% i watt 
R3 2,5kn potentiometer, preset, linear track 
Rx Series meter resistor (see text) 

Capacitors 
Q l,000pF ceramic or silver-mica 
C2 120pF ceramic or silver-mica 
C3 81J.F electrolytic, 12V wkg. 

Inductors 
Li,2,3 See text 

Diodes 
Di,2 OA81 

Switches 
si(a).(b) 2-pole, 3-way 
S2 s.p.s.t. on-off 

Miscellaneous 
Meter (see text) 
Transistor holder 
3 coil formers, A dia by l^in (see Fig. 2) 
3 dust cores 
Tagstrip 
Paxolin panels 

The easily built tester described here has shown 
that surprising variations do exist between tran- 
sistors in respect of gain. In some cases ordinary 
audio transistors will give useful gain at higher than 
2 Mc/s, while types designed to operate at 10 Mc/s 
sometimes show only a small gain at 2 Mc/s and 
will not amplify much beyond that. An old XA123 
drift transistor, scrapped by the writer because its 
beta was less than 15, was found to out-perform a 
new alloy-diffused transistor with a beta of 100. 
Subsequent "in circuit" tests confirmed its usefulness. 

The Circuit 
The circuit is shown in Fig. 1, and it incorporates 

a straightforward inductance-coupled oscillator. 
Switch tuning is employed for simplicity with 
feedback between collector and base, the transistor 
under test operating in the common emitter mode. 

There are three ranges, chosen to suit the p.n.p. 
r.f. transistors which are most commonly en- 
countered, i.e. i.f. amplifiers, m.w. r.f. amplifiers 
and self-oscillating mixers, and.transistors operating 
in s.w. circuits up to 30 Mc/s. With the coils 
specified the transistor under test oscillates at 
2 Mc/s on range 1,10 Mc/s on range 2. and 30 Mc/s 

'-21b) 
£ ■-2(0) 

Li(b) '-3(a) '-1(a) 

■^o 
Sitol 

Transistor under 
C2 test 

Fig. 1. The circuit of the dynamic gain tester. Rx 
has a value which causes full-scale deflection to be 

given in the meter with 1 volt applied 
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Internal view showing the three coils, the tagstrip, 
and associated components 

on range 3. These frequencies can be varied by 
adjustment of the dust cores. 

If the transistor under test is near its cut-off 
frequency on the selected range it will oscillate 
feebly or not at all. A transistor with a low overall 
dynamic gain will also give a low reading even if 
it is operating well within its frequency limits. 

The r.f. output from the transistor is rectified and 
the resultant d.c. indicated by the meter. The 
writer used a 200(j.A movement, but it is possible 
that anything up to 1mA f.s.d. could be employed 
if Rx is selected to give a full scale deflection of 
1 volt. 

Construction 
The tester was constructed on a piece of Paxolin 

measuring 6 x 4in. Holes were drilled to take the 
meter, the on-off switch, the range switch, the 
transistor holder, and the pre-set gain control R3. 

The three coils were wound on formers having 
the dimensions shown in Fig. 2. Li(b) consists of 
60 turns of 36 s.w.g. silk-covered wire close-wound 
and fixed in place with polystyrene cement. Over 
this is wound a further 10 turns (Li(a)) placed 
centrally. For Lz the first winding (L2(b)) is 30 turns, 
and the second (L2(a)) 5 turns of the same wire. L3 
consists of 10 turns (Lsq,)) and 3 turns (L3(a)) of the 
same wire. Dust cores are fitted. 

Fig. 2. Details of the coils, and 
former dimensions. Li(a) and 
f-Kb) are wound on a single 
former, as are /.2(a) ""d 1.2(b). 
and 1.3(a) and 1.3(b). The lead-out 
numbers correspond to those 

given in Fig. 1 

The coils were mounted on a smaller piece of 
Paxolin measuring 3 x 2in, together with a slim 
tagstrip sawn from Veroboard, which was then 
screwed to the back of the meter. The three 
resistors, three capacitors, and two diodes can all 
be soldered direct to this tagstrip. 

When connecting the coil leads to the tagstrip 
it is important to observe the lead numbering 
sequence shown in Figs. 1 and 2. 

As the consumption of the unit does not exceed 
2.5mA, and then only for short periods, the smallest 
type of 9 volt battery (such as the PP4) can be used. 
This is clamped to the Paxolin panel by a thin strip 
of aluminium. The battery was removed for the 
photographs so that construction could be more 
easily seen. 

Operation 
Insert a transistor and check that the battery 

consumption does not exceed 2.5mA. Set R3 to 
mid-point and insert a good high frequency tran- 
sistor with the range set at 2 Mc/s. An OC171 is 
ideal for this purpose. Adjust R3 until the meter 
reads slightly less than full-scale, then switch to the 
other two ranges. The meter reading should 
remain approximately the same if all is well. If no 
reading is obtained on one of the ranges check the 
coil connections and reverse one winding if necessary. 

All that remains is to try various transistors. An 
OC45 should read high on range 1, with no reading 
at all on ranges 2 and 3, indicating that its gain has 
fallen steeply between 2 and 10 Mc/s. An OC44 
will show a fair reading on range 2, but nothing on 
range 3. Transistors of the same type can be com- 
pared with one another by noting the meter reading 
for each one. Only the higher frequency transistors 
will give a reading on range 3. To increase the range 
frequencies unscrew the dust cores, or completely 
remove them. The exact frequency of oscillation 
can be checked by finding the fundamental on a 
short wave receiver, but if the coils are wound 
according to the instructions they should be near 
enough to the specified frequencies for practical 
purposes. 

Obviously the flexibility of the instrument could 
be increased by extending the ranges to include 
300 kc/s for audio transistors, and 100 Mc/s or more 
to suit the very high frequency transistors now 
available. 

THE NEW DUAL-STANDARD TV SETS 
The last of this series of articles (Part 13) has been unavoidably held over and will appear in the next issue. 
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The "Athenian" 4-Band Superhet Receiver 

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

By James S. Kent 

In the last issue, the circuit of this receiver was fully described. In this instalment, the 
construction will be similarly dealt with in order that the beginner to superhet construction may 

build the design with the minimum of trouble 

Having decided to construct the "Athenian" 
receiver, whose circuit was described last 
month, and having obtained the parts as 

listed in the Components List, the intending con- 
structor will no doubt be waiting for this issue so 
that operations can commence. 

The first step is probably the least exciting but 
nevertheless it must be carried out accurately if 
every panel and chassis mounted component is to 
fit in the correct place. 

Drilling the Chassis and Panel 
Fig. 2 (a) shows the front panel measurements, 

this having an overall size of 14 x Sin. Holes A, B, 
C, D, and E are all -ftin diameter. They should 
first be marked out with a centre-punch on the rear 
of the panel before drilling, and the dimensions 
double-checked. The reason for marking the rear 
of the panel is that any error in measurement, or 
false markings, will not show on the front. Hole A 
is for the wavechange switch; B for the b.f.o. pitch 
control; C for the function control; D for the 
audio gain control; and E for the phone jack. 

Next, mark and drill holes F and G to A in 
diameter, these being the apertures for the handset 
and bandspread spindles respectively. Refer to 
Fig. 2 (d) for the remaining drilling details required 
for holes F and G in order that the two dials may 
be fitted correctly, as is done at a later stage. 

The drilling details for the pilot lamp assembly 
and the "Athenian" motif have not been given in 
Fig. 2 (a) as these will depend on the type of fitment 
obtained. In the prototype, the drilling measure- 
ments for the lamp assembly are lin from the edge 
of the right-hand side of the panel (looking at the 
front) and Hin down from the top edge of the panel. 
Those for the medallion are exactly the same except 
that it is lin from the left-hand side of the panel. 

Next, place the front panel against the front apron 
of the chassis, and clamp (or secure by other means) 
these together in exactly their final relative position, 
the two edges and bottom of both panel and chassis 
being square and level. 

Centre-punch in the centre of holes A to E 
inclusive, remove the panel and drill the same size 
holes as hitherto in the chassis apron. The holes 
in the panel and front apron of the chassis should 

now coincide. If not, then a small amount of filing 
with a round or half-round file will be necessary 
when these two parts are later fitted together. 

Fig. 2 (b) shows the main details for the chassis 
deck. Holes H, K, M and O are for Vi, V3, V2 
and V4 respectively. These should be marked out 
first and circular holes having a diameter of fin 
made in the chassis deck. The easiest method of 
accomplishing this is to obtain a Q Max chassis 
punch complete with Allen key,1 this tool cutting a 
smooth round hole in one operation after a centre 
hole has been initially drilled. Failing this, it will 
be necessary to mark out a circle of the diameter 
stated and to drill holes round this mark, finally 
removing the unwanted centre by a slight tap with 
a ball-pane hammer and filing clean with a half- 
round file. The latter is a most laborious business 
and the small investment involved in obtaining the 
Q Max tool is well worthwhile—particularly as it 
will last a lifetime and be constantly in use during 
constructional operations. Do not drill any of the 
valveholder mounting holes yet. 

1 Home Radio Cat. No. TL10 with key Cat. No. TL12, 17s. 9d. 
post paid. 

-rm 

Above-chassis view of the completed prototype 
receiver. The components, from left to right at 
bottom, are Vi, handset capacitor, b.f.o. coil, I FT2, 
bandspread capacitor, V3 and pilot lamp assembly. 
Left to right, above, IFTi, V2, C28, 29> ^4 ond mains 

transformer Tj 
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TOP 
VIEW 
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-I*- -|3/4V —z'/z*—-   73/4* - -I*- 
(c) 

Hole 4BA 
Na26 drill 

clearance 1-1 

  

--0-630* Centre of spindle of component 

(d) 
Hole N should next be dealt 

with, and this should have a 
diameter of l^in (the same size 
as is required for an octal 
valveholder). A Q Max chassis 
cutter is also available for this 
size.2 

2 Home Radio Cat. No. TL14, with Allen 
key Cat. No. TL15C, 19s. 6d. post paid. 

Holes I, J and L should now 
be marked, these being the centre 
points for the transformer hole 
groups; I being that for the 
b.f.o. coil, L for IFTj and 
J for IFr2. The three centre 
holes should have a diameter 
of ft in. Six other holes are 
now required at positions I, 
J and L, and details of these are 
given in Fig. 5 (a). Before 
marking and drilling, however, 
ensure that with IFTi (hole L) 
pins 1 and 6 are positioned 
nearest the rear edge of the 
chassis and pins 3 and 4 are 
nearest the front edge. (See 
Fig. 5 {b). A useful dodge here 
consists of marking the metal 
cans with a pencilled number 
corresponding to the various 
pins, this helping to ensure that 
the orientation of these compo- 
nents is correct. IFT2 (hole J) 
should now be similarly drilled 
(see Fig. 5 (a).) with pins 1 and 
3 nearest the rear and pins 
4 and 6 nearest the front of the 
chassis. The b.f.o. coil is next 
dealt with in a similar manner, 
pins 1 and 3 being nearest the 
front and pins 4 and 6 being 
nearest the rear edge of the 
chassis. 

The next task is to mark out 
and drill the holes required for 
mounting the mains transformer. 
These are not shown in Fig. 2 
(Jb) but a glance at the accompany- 
ing illustration (above chassis) 
shows the location and orientation 
of this component. The thin red, 
yellow, green, black, brown and 
black/yellow leads, together with 
the two yellow heater wires, 
should be nearest the rear edge 
of the chassis. Mark and drill 
the four 2BA holes required 
to hold the transformer in position 
using the mounting lugs as a 
template. Mark and drill two 
iin holes mid-way between the 
fixing lugs and fit these with 
suitably sized rubber grommets. 

Fig. 2 (a). Pane/ drilling details. The wavechange switch is positioned at A, 
the b.f.o. pitch control at 6, the function swhch at C, the Yolume control 
at D, the phone jack at £, the handset capacitor at F and the bandspread 

capacitor at G 
(b). Chassis drilling details. V! is fitted at H, the b.f.o. coil at I, IFT2 at J, 
V3 at K, IFTi at L, V2 at M, £28,29 N and V4 at 0 
(c). Rear chassis apron details. The mains input lead passes through P, the 
mains filter unit is fitted at Q, the power outlet socket at R and the aerial 

input socket at S 
(d). Drilling details required for fitting the handset and bandspread dials, 

together with their associated slow motion drives 
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The 9-way tagstrip should now be fitted (see 
illustration) and this should occupy a position 
midway between Vj and IFTx at one end and V2 
and L4 (b.f.o. coil) at the other end. This tagstrip 
has two earthed tags (tags 2 and 8) and each of these 
must be reliably secured to the chassis. 

The 4-way tagstrip can now be fitted and this 
should occupy a position to the left of V3 (looking 
from the rear of the chassis) such that tag 1 (see 
Fig. 13) is level with pin 9 of the valveholder. 

The hole for the aerial i.f. filter unit should now 
be drilled, this being lin from the left-hand edge of 
the chassis and 2in from the rear edge. Do not 
secure any component into position as yet. 

Refer now to Fig. 2 (c) and mark and drill the 
holes P, Q, R and S. Hole P should have a diameter 
of iin, and is fitted with a rubber grommet. This 
is for the mains input lead. Hole Q is 4BA clearance 
to take the mains input filter unit. Hole R is for 
the power outlet socket and should be 1 iin diameter 
to take an octal socket. Finally, hole S is for the 
coaxial aerial input socket and should have a 
diameter of ^in. 

The next task is to drill and bend the two variable 
capacitor mounting platforms (see Fig. 3 (a) and 
lb)). In each case, the components themselves may 
be used as templates for marking out the fixing 
holes, 4BA nuts, bolts and shakeproof washers 
being used for securing purposes. Dealing with 
Fig. 3 (a) first, it will be noted that there is a cut-out 
portion on the right-hand side of the metalwork, 
this being required to give clearance for the b.f.o. 
transformer, the depth of this cut-out being iin. 
Drill the platform as shown, not forgetting the two 
4BA chassis securing holes and the fin hole required 
beneath each solder tag of the capacitor (two in all); 
fit these two holes with small rubber grommets. 
Each corner of the platform should be trimmed as 
shown, this avoiding possible cuts on the hands at 
a later stage. Bend along the two lines as shown 
in the side view of Fig. 3 (a). Similarly deal with 
the platform shown in Fig. 3 (ft). Here, no connec- 
tions pass through the platform from the variable 

t 

1/2* 

'•x 
* 
X Holes to suit smoothing 

choke T| 

4BA fixing 
nut and 
bolt 

Fit '/a'grommet here 
PLAN 

Bend line 

SIDE 
Fig. 4. Metalwork required for mounting the I.f. 

smoothing choke to the underside of the chassis 

x 
-1/4* 

3/8 grommets 

3/4- 

Bend 

4BA fixing to chassis 

PLAN 

®-Fixing holes to suit 
variable capacitor 
Caa'b 

(a) 

\ 
m 

SIDE 

Bend 

4BA fixing to chassis 

PLAN 

®-TosuitC3a,b 

(b) 

SIDE 

irm 

Fig. 3 (a). Plan and side view of the metal platform 
required for mounting the handset two-gang capacitor 
to the chassis (b) the platform required for the 

bandspread capacitor 

capacitor, and no cut-out is required in the metal- 
work. Having drilled the metalwork, bend along 
the lines as shown. Both of the capacitors should 
be mounted on the metalwork such that the spindles 
protrude as much as possible, fs in of spindle being 
required to extend beyond the front panel for dial 
fixing purposes. Mount the capacitors to the 
metalwork but do not secure to the chassis as yet. 

To the right-hand apron of the chassis, on the 
outside, place the output transformer Ti into 
position. Mark the fixing holes with a centre-punch 
and drill the four holes. The position of this 
transformer is such that its centre is 3 Jin from the 
front of the chassis and Hin from the top of the 
chassis. The transformer is used as a template on 
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CM 
O

 @50 

O 1 0 n 
Underside view 

(b) 

Fig. 5 (o). Drilling details for the i.f. transformers 
and b.f.o. coil. (b). Underside view of these 

components 

the outside of the chassis for the reason that it is 
almost impossible to employ it in this manner from 
inside the chassis. 

Midway between this transformer and the rear 
edge of the chassis, place the speaker output 
Paxolin strip upright, mark out, drill and secure 
into position. Mount under one of the fixing nuts 
an earth tag. (See below-chassis illustration and 
Fig. 16.) 

Tog 9 
tagstrip k 

Tag 4 - 
tagstrip 2 

To smoothing 
choke 

Refer next to Fig. 4, which shows the mounting 
bracket for the smoothing choke. Mark out, drill 
and bend as shown, using the component itself as 
a template for its four mounting holes, then mount 
the choke in position on the bracket. 

Returning again to the chassis deck, position Vi 
valveholder (which requires a screening can) such 
that pins 1 and 9 are nearest the front of the chassis, 
drill the two fixing holes and mount into position, 
placing an earthed solder tag under the nut nearest 
the front of the chassis. With V2 valveholder, 
(which also requires a screening can) place this with 
pins 1 and 9 nearest aperture N, and secure with 
a solder tag under the nut nearer the same hole. 
For V3, position so that pins 4 and 5 are nearest the 
side of the chassis and, with V4, so that pins 1 and 9 
are nearest hole N. Secure these two valveholders 
and ensure that a solder tag is mounted under the 
nut nearer the centre of the chassis in each case. 
Mount the smoothing capacitors C28, C29 into 
position by using the metal clip as a template, 
ensuring that the red tag is nearest the V4 valve- 
holder. Secure into position the i.f. filter unit; the 
aerial input socket; the international octal valve- 
holder used as the power outlet socket, mounting 
an earthed solder tag under one of its nuts; the 
mains input filter; IFTi (pins 1 and 6 nearest the 
rear of the chassis) and the mains transformer. 

Place temporarily into position firstly the handset 
variable capacitor on its platform, mark on the 
chassis deck the two positions for feeding the two 
connecting leads required, remove the mounting, 
drill the two holes and fit two fin rubber grommets. 
Similarly deal with the bandspread capacitor. In 
this case the connecting leads pass through two 
holes in the chassis between the bandspread capacitor 
bracket and IFT2. The two platforms are now 

Grommet 

A. From To 
Grommet on Toped 

(see text) chassis deck red 250V 
2A. 

black C28 c29 
yellow red From To 

HT+ to power 
outlet socket 

Tag B,R|9 TagA,R|9 

Pin 4 V3 Mains filter unit 
(lower togs) ,  % 

T2 (black) T2(red) 
Mains filter unit 

Fig. 6. Point-to-point diagram of the power stage at V4. Note that the spigot 
earth tag appears between pins 1 and 9 
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LW. MW.SW|SW2 LW M.WSW| SW2 LW 

SWi SWo 
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Osc. input Switch SW| SW2 

(6) 
red 

L.W. gree 
yellow 

Blue lead 

■Tag 6 tagstripl 

cl'C2a'C3a'R6'Pin2vl 
r4'C8 

Pin 6 Pin 4 
Coil pack blue IFT2 IFT 

yel low "15 ^6 

C|6 

S2d 
RiO R3 C28 

CI8 

Fig. 7. Rear view of the coilpack, showing the 
connection points 

ready for mounting but, first of all, a small soldering 
process is required. 

When dealing with the handset two-gang capaci- 
tor, it will be found much easier to solder to the 
respective tag of each fixed vane section a 3in 
length of p.v.c. covered wire before securing the 
assembly into position, feeding the two wires 
through the platform and the chassis prior to 
mounting into position. The two platforms may 
now be mounted. 

Mount and secure into position the b.f.o. coil 
(pins 4 and 6 nearest the rear of the chassis) and 
IFT2 (pins 1 and 3 nearest the rear edge of the 
chassis). Under the right-hand fixing bolt of the 
b.f.o. coil (that nearer IFT2) secure an earth solder 
tag. 

Secure into position the smoothing choke 
assembly using the metalwork as a template for the 
two fixing holes to the chassis deck. The illustration 
shows the position for this assembly, the screen 
protruding beyond hole N and being placed midway 
between this hole and V2 valveholder. 

c2a>c3a and 

9r««n 

Tag 6 tcgstrtp I ^-Ta9 1 1W 
Tag I tagstripl ^^7 ^ ta9sWP I 

-Tag 3 tagstrip I 
-Tag 2 tagstrip I 

eg 

5-3VAC. 

® O ® 

® O 0 

Sy red 

Tag I tagstrip I 
Tag 2 tagstrip I 

c7| 

Tag 4 tagstrip I 

Pin 2 V, 

IFT. 

Fig. 8. Point-to-point wiring diagram of the first stage 
(V) and /FTj). In all the point-to-point diagrams, 
where a resistor or capacitor is designated within a 
-ectangle, that component should be soldered into 

circuit at that particular stage of construction 

Fig. 9. Wiring-up details of the 9-woy tagstrip. 
Note that both tags 2 and 8 must be secured to chassis 

Next, fit the panel to the chassis by feeding the 
two variable capacitor spindles through their 
respective holes, and securing into position in hole A 
the coilpack, hole B the 25pF variable b.f.o. pitch 
capacitor, hole C the 4-pole, 3-way function switch, 
hole D the volume control and E the phone jack. 
Note from the below-chassis illustration the 
orientation of these components. 

Finally, fit the pilot lamp assembly and drill 
through the chassis, directly underneath, a ^in 
hole, which is fitted with a small rubber grommet. 
Secure the assembly into position. If using the 
medallion, drill the panel as previously described 
but do not fit the medallion as yet. The drilling 
and fixing of components is complete and wiring-up 
may now commence. 

Wiring-up the Circuit—V4 
The best method of carrying out this task is to 

commence at V4 and to follow this by connecting 
up all the respective valve heater supplies. In this 
manner, heater leads may be so positioned and 
routed that they do not run near tuned or "hot" 
leads, thereby reducing the risk of induced 50 c/s 
mains hum. 

Chassis- 

Earthed screen 

S2d 

R|2 

52b 

Pin 3 
IFT2 H3 

m 

"15 

6-3V AC 

Pin I L4 EFQ 
Pin 4 L4 

■Tog 9 tagstrip I 

■Tag8 tagstripl 

Tag 8 tagstrip I 

Pin 6 IFT 1 

Fig. 10. Point-to-point wiring details at V2 valveholder 

MAY 1965 697 

www.americanradiohistory.com



' |i 

a i 

Below-chassis view of the receiver showing the 
positions of the main components. The l.f. smoothing 
choke is mounted at the rear and the output 
transformer at the side of the chassis. The mains 
filter unit and the power outlet socket are positioned 
on the rear chassis apron alongside the mains input 
wires—note the knot tied in the latter to avoid undue 
strain being applied to the soldered connections at 
the on/off switch. The aerial input socket and the 
i.f. filter unit Li appear at the lower left of the 

photograph 

The diagram of Fig. 6 shows the required connec- 
tions from the mains transformer T2 to the rectifier 
V4, the smoothing capacitors C28,C29 and the mains 
filter unit (shown in inset). 

Commence by soldering into position the following 
leads connecting to V4: red 250V to pin 1; green 
6.3V to pins 3 and 4; white to pin 5; black to the 
centre metal spigot and from there to the spigot 
tag and chassis, and red 250V to pin 7. Note that 
both of the 6.3V leads (green and white) will have 
to be scraped in order to remove the protective 
enamel covering prior to soldering. From pin 4, 
a length of p.v.c. covered wire is taken to the tag 
of C29 (red). To this latter point, one of the smooth- 
ing choke leads (it does hot matter which one) is 
also soldered. 

Dealing next with the wires from the other 
grommet, the black/yellow, green, yellow wires will 
have to be taped separately in such a manner that 
their bare ends are covered and will not make 
contact with each other or the chassis. These wires 
should now be folded, taped so that they are 
retained in the fold, and tucked away under the 
other wires once these are connected. The two 
yellow 6.3V wires should now be scraped and 
connected, one to pin 4 of V3 (output stage) and one 
to the earth tag. The black 0V a.c. input wire 
and the red 250V a.c. input wire should now be 
soldered to the two lower tags of the mains filter 
unit (see inset to Fig. 6).3 The brown wire is 
connected to the earth tag. The remaining smooth- 
ing choke wire should now be connected to the tag 

3The connections to the mains input filter unit assume a 240-250 
volt ax. mains supply, as will be in existence in most instances. For 
lower mains voltage supplies, the appropriate primary leads should 
be selected, following the circuit diagram shown last month in 
Fig. 1 —Editor. 

of C28 (yellow). Other connections to this tag are: 
a p.v.c. covered wire to pin 4 of the power outlet 
socket; a p.v.c. covered lead to tag 9 of tagstrip 1 
(Fig. 9) and to tag 4 of tagstrip 2 (Fig. 13). The 
connection to Ru will be dealt with later. Carefully 
check to ensure that the correct connections have 
been made and constantly refer to the circuit 
diagram in Fig. 1, published last month. 

Next connect a small length of bare wire from 
pin 2 of the power outlet socket to its adjacent 
earth tag. 

From pin 4 of V3, continue the heater supply to 
pins 4 of both V2 and Vi. Place the heater lead as 
close to the chassis deck as possible. 

The Circuit of Vi 
The wiring-up details for this are shown in Figs. 

7 and 8. Fig. 7 is for the coilpack but it will be 
found easier to commence by wiring the circuit of 
Vj and make the necessary connections to the coil- 
pack as they become necessary. 

With a short length of bare wire, connect pin 5, 
the central metal spigot and the spigot tag to the 
earth tag. To pin 1, solder one end of Ri (33kU, 
orange, orange, orange) and Cg (0.1 (xF), the other 
end of Ri being soldered to tag 1 and the other end 
of Cg to tag 2 of tagstrip 1 (see Fig. 9). To pin 2 
of Vi connect one end of both Rg (1MD, brown, 
black, green) and Q (lOOpF); the other end of Rg 
being soldered to tag 3 of tagstrip 1 and the other 
end of Ci to the green tag of the coilpack (see 
Fig. 7). From the green tag of the coilpack connect 
a length of p.v.c. covered wire to C3(a) (bandspread 
capacitor section nearest the front panel, feeding 
this wire through the associated rubber grommet in 
the chassis deck). Also to the green tag of the 
coilpack connect the length of p.v.c. covered wire 
previously connected to C2(a) (front section of the 
handset capacitor nearest the front panel). 

To pin 3 of Vi, connect one end of both Rg 
(47k O, yellow, violet, orange) and R7 (220fl red, 
red, brown). The other end of R5 connects to pin 9 
and that of R7 to pin 5 (chassis). C4 (0.01 (xF) is 
also connected to pin 3, its other end connecting to 
tag 2 of tagstrip 1. Pin 4 has already been dealt 
with (6.3V a.c.). Pin 6 is connected directly to 
pin 3 of IFTi. 

Pin 7 of Vi has soldered to it one end of C9 
(50pF) the other end of which is connected to tag 6 
of tagstrip 1; also a short length of wire, the other 
end of which connects to pin 9 of Vi. 

To pin 8 connect one end of both R3 (33kfl 
orange, orange, orange) and Cs (200pF). The other 
end of R3 connects to tag 1 of tagstrip 1, whilst the 
free end of Cs is connected to one end of R4 (150fl 
brown, green, brown). Before soldering these two 
latter ends, each must be cut as short as possible 
and twisted together. The free end of R4 is then 
connected to the red tag of the coilpack (see Fig. 7). 
The connections to pin 9 of Vi have already been 
completed. 

The next step is that of completing the wiring to 
IFTi. To pin 1, connect one end of both R2 (10kft 
brown, black, orange) and C7 (0.1 (xF). The other 

698 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



end of R2 now connects to tag 1 and that of C7 
to tag 2 of tagstrip 1 (see Fig. 9). Pin 4 of IFTi 
is soldered direct to tag 4 of tagstrip 1 and pin 6 
is connected to pin 2 of V2. 

Return now to the coilpack and complete the 
following wiring. The yellow tag (this is a stand-off 
pillar with wire insert, the latter being, in effect, the 
tag) is now connected to tag 8 of tagstrip 1. This 
yellow tag connection constitutes the coilpack earth 
and is shown in the circuit diagram of Fig. 1 
(published last month) as such. The blue lead of 
the coilpack connects to tag 6 of tagstrip 1 and the 
black lead to Li (aerial filter unit, if included) and 
from that point to the aerial input. Alternatively, 
the black lead connects direct to the latter point if 
the filter unit is not included. 

Fig. 7 shows, in addition to the various connec- 
tions, the positions of the various coils, both aerial 
and oscillator, and also the trimmer capacitors for 
each range. 

The Circuit of V2 
Before commencing with this part of the circuit, 

beginners should check with the foregoing instruc- 
tions and the circuit of Fig. 1 to ensure that all 
connections have been made as described, whereupon 
those portions of the circuit completed may be 
"blacked in" on the circuit diagram with the aid 
of a ball-point pen. It should be noted, however, 
that the tags of tagstrip 1 are used as junction points 
and in case some confusion arises when checking 
and "blacking out" the circuit, a reference to Fig. 9 
will assist in assuring the beginner that the correct 
connections have been made. For instance, Rj in 
the Vi circuit (pin 8) is shown in Fig. 8 as being 
connected between that pin and tag 1 of tagstrip 1 
whereas in the circuit it is shown as being connected 
at one end to tags 2 and 3 of 82(3)- A reference to 
Fig. 9 will show that it is, in fact, so connected to 
82(3) whilst a further reference to Fig. 11 (82(3), (b)> 
(c), (d)) will show that tag 5 of the tagstrip is connected 
t0 S2(a)- . ^ In all the pomt-to-pomt diagrams, it has been so 
arranged that where a component is actually shown, 
i.e. designation within a rectangle, it should be 
wired in at that stage. 

Referring to Fig. 9, complete the following 
wiring. Connect tag 1 of the tagstrip to tag 5 with 
a length of p.v.c. covered wire. To tag 2 connect 
one end of C5 (0.01 ^F), the other end of this 
capacitor going to tag 3. To tag 3 connect one end 
of Rg (220kred, red, yellow), the other end of 
this being soldered to tag 4. To tag also solder 
one end of Rg (2.2Mfl red, red, green) and Qg 
(0.01 (i.F), the other end of Rg connecting to tag 7 
and that of Qg to tag 8. To tag 4 also connect a 
length of p.v.c. covered wire, the other end of which 
is soldered to one end of Rig (lOOH brown, black, 
brown). The free end of Rig is then connected to 
tag C of 82(0)—see Fig. 11. 

To tag 5 of tagstrip 1 solder a length of p.v.c. 
covered wire the other end of which connects to 
tags 2 and 3 of 82(3). To tag 6 of tagstrip 1 connect 
a length of p.v.c. covered wire, the other end of 

AGCIine 
(tag 4 of 
tagstripl) 

Chassis (pin 3 
of BJrQ coil L4) 

s2d 

/r* 
s2b 

s2a 

Tagb of tagstrip I 

HT + (tag 9 of tagstrip 0 

Pin 9 of V2 

Chassis (tag I of 
volume control) 

in 7 of V2 

Fig. 11. Connections to the function switch S2(a)> 
(b). (c). (d) 

which is connected to Cgft,) (bandspread capacitor 
section nearest the rear of the chassis). One end 
of the wire previously soldered to C2(b) should now 
also be connected to tag 6 of the tagstrip. 

With a short length of p.v.c. covered wire, connect 
tag 7 of the tagstrip to pin 6 of IFT2. To tag 8 
of the tagstrip, connect one end of Cie (140pF), 
leaving the other end free for the moment. To 
tag 9 connect a length of p.v.c. covered wire, the 
other end of which is now connected to tag D of 
S2(d)—see Fig. 11, The remaining connections to 
the tagstrip will be completed later as the wiring 
process continues. 

We deal next with the connections to the valve- 
holder of V2. (See Fig. 10.) With a short length 
of bare wire, connect pin 5 to the central metal 
spigot and the spigot tag to the earthed tag. A 
small metal screen should now be soldered across 
the valveholder as shown by the dotted line. This 
screen should be soldered to both the central metal 
spigot and the spigot tag and care should be taken 
to ensure that the screen does not make contact 
with any other valve pin. A suitable metal screen 
may be made by cutting out a piece of tin from a 
discarded cocoa tin or similar with the aid of a 
pair of tinsnips, and trimming to shape. 

To pin 1 of V2 connect one end of both Rio 
(lOOkfl brown, black, yellow) and C10 (0.1 [xF), the 
other end of Rio being connected to tag 9 of tag- 
strip 1 and that of Qo to the earth tag as shown. 
To pin 3 of V2 solder one end of R14 (22011 red, red. 

C|4,Ci5,C|6 

®4 

4® 03 
IFT Rll 

CI3 Pin 6 V 

Tag I of R|g 

Tag 3 of R|g 

-Tag 7 of tagstrip I 

■Si— | Chassis 
Itag | of R|g) 

c28 

Fig. 12. Wiring-up details for IFT2 and the b.f.o. coil 
L4. Note particularly the polarity of the diode 

detector 
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Rn8,V3 ^22 ^21^23 
R24— ^ T S -—Phone jack (tag C) 

■28 (HT +) 

Bolted to chassis 

Fig. 13. The 4-way togstrip. Tag 3 must be connected 
to chassis 

brown) and C17 (0.01 (xF), the other end of R14 
being soldered to tag 8 of tagstrip 1 and that of 
C17 to the same tag. To pin 6 of V2 connect a 
length of p.v.c. covered wire, its other end connecting 
to pin 3 of IFT2. To pin 7 of V2 solder a length of 
p.v.c. covered wire connecting to tag B of S2(b) 
—see Fig. 11. To pin 8 of V2 solder one of both 
R13 (22k n red, red, orange) and Cp (50pF) the 
other end of the latter component being connected 
to pin 4 of the b.f.o. coil (L4) and that of Ro to 
one end of both R12 (ISOkil brown, green, yellow) 
and C12 (0.1 g.F). This junction should be formed 
by cutting the wire ends as short as possible and 
twisting them together prior to soldering. The free 
end of C12 is now connected to tag 3 of S2(c), the 
other end of R12 being connected to tag 3 of S2(d) 
—see Fig. 11 for these two latter connections. 
Pin 9 of V2 should now have one end of C14 (lOOpF) 
connected, the other end of this component being 
connected to pin 1 of the b.f.o. coil L4—see Fig. 12. 
A short length of p.v.c. covered wire should next 
be soldered to pin 9 of V2, the other end of which 
is connected to tag 3 of S2(b). 

The switch wiring should now be completed 
—see Fig. 11. Commence with the 82(3) section and 
join tag A to tag D of S2(d)- Dealing with S2(b) 
section, connect tag 2 to tag 1 of the volume 
control. (See Fig. 15). To complete S2(c), connect 
tag 3 to pin 3 of the b.f.o. coil L4. This completes 
the switch wiring. 

Refer now to Fig. 12. To pin 1 of L4 connect a 

Tag C of phone 
jack (chassis) 

Yellow of T2 
,6-3V AC. to V. .V^ 

-6-3V AC. to power 
outlet socket 

Tag 2 R orange ToT 
24 Tag C27 

tagstrip 
C23 Tag c26 phone Tag 3 

tagstrip 2 jack r2I 
c2 

Tag 
r22 Tag 2 tagstrip 2 

Tag C of phone 
jack (chassis) 

tagstrip 2 

Fig. 14. Point-to-point wiring details for V3 
valveholder 

short length of p.v.c. coverea wire and connect the 
other end to the stator vanes tag of C15 (b.f.o. pitch 
control variable capacitor). With a short length of 
bare wire, join pins 3 and 6 of L4 and connect these 
to the chassis earth tag. 

Dealing next with IFT2, connect to pin 1 one end 
of both Rn (lOkfl, brown, black, orange) and Cn 
(0.1|j.F), the other end of Rn being connected to 
the tag of C28 (32(xF electroiytic) and that of Cn 
to chassis (tag 1 of the volume control R19—see 
Fig. 15). To pin 4 of IFT2 solder the black end of 
the diode, using a pair of pliers as a heat shunt. 
The other end of this component (red) is now 
soldered to the earth tag as shown (using a heat 
shunt). Obtain R17 (270kfl, red, violet, yellow), 
Cjg (lOOpF), C20 (lOOpF) and a length of p.v.c. 
wire, suitably shorten one wire end of each com- 
ponent and twist these and the wire together and 
solder. Place the pliers against the red end wire 
of the diode to form a heat shunt and connect the 
twisted ends of the components mentioned above 
to the earth tag as shown in Fig. 12. Connect the 
other end of the p.v.c. covered wire to tag 1 of the 
volume control, that of C19 to pin 6 of IFT2, C20 
and Ru to the ends of Rjg (22kf2, red, red, orange) 
and C21 (0.01 [j.F), cutting the wires forming this 
latter junction as short as possible, twist them 
together and solder. The other end of Rjg connects 
to pin 6 of IFT2 and that of C21 to tag 3 of the 
volume control R19. 

The Circuit of V3 
This is the last stage to be dealt with and opera- 

tions should commence with wiring-up tagstrip 2, 
as shown in Fig. 13. 

Connect R23 (I.SkH 5 watts) between tags 1 and 
4 of this tagstrip as shown. Solder the end of C24 
(8[iF electrolytic) which is marked with a plug sign 
or is coloured red to tag 1, the other end of this 
component being connected to tag 3. Join tags 1 
and 2 of the tagstrip as shown. From tag 2 connect 
a length of p.v.c. covered wire and connect the other 
end of this wire to pin 8 of V3. From tag 3 connect 
a short length of p.v.c. covered wire and connect 
the other end to tag C of the phone jack—see 
Fig. 15 (b). From tag 4 solder a length of p.v.c. 
covered wire, the other end of which connects to 
the tag of C28 (32gF electrolytic). The remaining 
connections will be made to this tagstrip as the 
wiring-up process of V3 continues. 

Refer now to Fig. 14 in which is shown the 
connections to V3. With a short length of bare wire 
connect pin 5 to the central metal spigot, the spigot 
tag and the earth tag. To pin 1 connect one end of 
R24 (lOOkfi, brown, black, yellow), C25 (0.01 gF) 
and C26 (0.1 gF). Connect the other end of R24 to 
tag 2 of tagstrip 2, that of C25 to pin 9 of V3 and 
that of C26 to tag B of the phone jack—see Fig. 
15 (ft). Pin 2 of V3 should now be connected to 
tag 2 of the volume control R19—see Fig. 15 (a)— 
and this connection should be made by using a 
short length of coaxial cable, the metal outer 
braiding of which is connected to chassis by soldering 
to the central metal spigot of V3 valveholder. Note 
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here that in the photograph of the prototype (below 
chassis view) this coaxial cable is shown connected 
incorrectly, being soldered to tag 3 of R19 instead 
of tag 2. 

To pin 3 of V3, connect one end of both R20 
(l.Skfl, brown, grey, red) and C22 (IOjxF electro- 
lytic) the positive end of the capacitor being that 
connected to this pin. The other wires of these two 
components should now be cut to a suitable length, 
twisted together and soldered to tag C of the phone 
jack (chassis). To pin 4 of V3, to which two con- 
nections have already been made when dealing with 
V4, solder a length of p.v.c. covered wire, the other 
end of which connects to pin 7 of the power outlet 
socket. Next, obtain two lengths of p.v.c. covered 
wire of similar length (sufficient to reach from V3 
valveholder to the pilot lamp assembly via the 
rubber grommet when twisted together) and solder 
one end of each length of wire to a tag of the pilot 
lamp assembly. The other end of one length of this 
wire is now connected to pin 4 of V3 and the remain- 
ing end to tag C (chassis) of the phone jack. 

To pin 6 of V3 solder one end of C27 (0.01 [J.F), 
the other end connecting to tag C of the phone jack. 
Connect the orange wire of Ti (output transformer) 
to pin 6 of V3. To pin 7 of V3 connect one end of 
R21 (470fl, yellow, violet, brown) and the positive 
end of C23 (25IJ.F electrolytic), the other ends of R21 
and C23 being connected to tag 3 of tagstrip 2. To 
pin 8 of V3 connect the white wire of T2 and a short 
length of p.v.c. covered wire, the other end of which 
connects to tag 2 of tagstrip 2. To pin 9 connect 
one end of R22 (220kH, red, red, yellow) the other 
end being soldered to tag 3 of tagstrip 2. 

One connection now remains to be made to the 
volume control and that is the 
coupling of tag 1 to chassis. The 
connection may be made by 
connecting a length of wire 
to tag 3 of 82(9)—see Fig. 11. 

To tag D of the phone jack 
solder the black wire of Tj. 

The yellow and green wires of 
Tj should be taped separately to 
ensure that the wire ends do not 
make contact with each other 
or the chassis and these wires 
should then be tucked away. 
The red wire from Tj—see Fig. 
16—should now be soldered to 
the lower tag of the speaker 
output socket, the upper tag 
of this strip being soldered to the 
chassis earth tag. 

R25 (10a, brown, black, black) 
is now wired between the lower 
speaker output socket tag and 
tag D of the phone jack. To 
accomplish this it will be necessary 
for one of the resistor leads 
(that connecting to the phone 
jack) to be extended by solder- 
ing on an additional length of 
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LFC. mounting 
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Mains filter unit 

C2I 
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(a) 
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Blank —c26 V HA 

back 
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(b) 

Fig. 15 (o). Connections to the volume control Rig. 
Ensure, before soldering, that tags A, 6, C and D 
agree with the switching circuit shown in the inset, 

(b). Details of the phone jack wiring 

insulated wire, the joint being covered by sleeving. 
The resistor is positioned near the speaker output 
socket. 

Finally, complete the mains input circuit. This 
consists of fitting the mains input lead and com- 
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pleting the wiring between this and the on-off 
switch, and between the on-off switch and the mains 
filter unit. (See Figs. 6 and 15 (a).) Ensure that 
switch tags A, B, C and D are those which corre- 
spond to the switching circuit shown in the inset 
in Fig. 15 (a). 

The wiring of the receiver is now complete. 
Carefully check all the wiring against the circuit 

diagram of Fig. 1 and the foregoing textual instruc- 
tions to ensure that all connections have been made 
correctly. 

Part 3, the conclusion of this series, is to be 
published next month, and will deal with treating 
the front panel, testing and operation of the 
receiver. 

(To be concluded) 

\r 

HOW 

yrrM 

This month Smithy the Serviceman, aided as always by his able assistant, Dick, turns away from 
the more complex aspects of servicing to consider the simpler problems involved in meter series 

resistors and shunts. 

The nominal resistance per 
yard," called out Smithy, "is 
1.130." 

"Fine," declared Dick, jotting the 
figure down in his notebook. "That's 
got 22 s.w.g. Eureka wire sorted out! 
Now, what about 24 s.w.g. Eureka?" 

Smithy consulted his tables once 
more. 

"That," he pronounced gravely, 
"has a nominal resistance of 1.830 
per yard." 

"Good," said Dick enthusiastic- 
ally, "and 26 s.w.g.?" 

"The nominal resistance there," 
Smithy replied, "is 2.730 per yard." 

"Excellent," said Dick, scribbling 
in his notebook. "Well, that's got 
me sorted out so far as resistance 
wire is concerned. Incidentally, why 
did you keep referring to nominal 
resistance values just now ? Why not 
just say what the actual value is ?" 
^ "It's necessary," replied Smithy, 
"to refer to nominal resistance 
values with resistance wire because 
of the inevitable tolerances which are 
involved. To start off with, there's a 
tolerance on the diameter of the 
wire itself." 

Smithy returned to his wire tables. 
"For instance," he continued, 

"the diameter of 22 s.w.g. wire is 
nominally 0.028 inches, but it has 
top and bottom limits of 0.0283 and 
0.0277 inches. With 24 s.w.g. wire, 
the nominal diameter is 0.022 inches, 
with top and bottom limits of 0.0222 
and 0.0218 inches. Again, with 26 
s.w.g. wire the nominal is 0.018 
inches, with top and bottom limits 
of 0.0182 and 0.0178 inches. These 
tolerances on wire diameter are just 
one reason why you have to refer to 
resistance values in resistance wire as 
being nominal." 

A Simple Power Unit 
Dick groaned. 
"This tolerance business," he 

complained, "doesn't half make life 
complicated. Why can't people 
make things exact T' 

"Because it's impossible," replied 
Smithy. "What you have to do is 
make things to tolerances which are 
sufficiently tight for the job in hand." 

"I suppose," grumbled Dick, 
"that tolerances are just one of those 
things I must learn to put up with." 

"Since everyone else in any other 
branch of engineering," commented 
Smithy sarcastically, "has to work 
with tolerances, it would seem 

reasonable for you to join in as 
well. I assume, incidentally, that you 
won't need any help in working out 
the correct value for this meter shunt 
you're making up?" 

Dick's jaw dropped. 
"How on earth?" he gasped in- 

credulously, "did you know I was 
making up a meter shunt?" 

"You don't need," grinned 
Smithy, "to be a Sherlock Holmes 
to work that one out. Whenever 
anyone starts nattering ibout re- 
sistance wire, it's a 99.8 to 100% 
chance that he's going to make up a 
meter shunt!" 

"I can see," said Dick quickly, 
"that even that chance has a ±0-1 % 
tolerance on it!" 

Smithy chuckled, and leaned back 
lazily against his bench. 

Both he and Dick were spending 
a relaxed half-hour before leaving 
the Workshop for the evening. They 
had managed to clear all receivers 
which were in for repair, and had 
now assumed the postures of men 
who had worked well and who were 
very well aware they had worked 
well. Smithy squatted comfortably 
on his stool, tilting it negligently 
backwards towards his bench. Dis- 
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daining the conventional, his youth- 
ful assistant had perched himself on 
the surface of his bench, taking up 
an attitude reminiscent of the Lotus 
Position in Yoga. There had been 
no squabbles during the day to 
disrupt the harmony of Workshop 
operations, and the pair were now 
in complete rapport. 

"Are you," asked Smithy, return- 
ing to the resistance wire theme, 
"knocking up a multi-testmeter, or 
something like that?" 

"Nothing so complicated," re- 
plied Dick. "I'm just finishing off a 
little power supply unit I've made up 
in my bedroom at home." 

"In your bedroom?" 
"There's nowhere else in the 

house," replied Dick mournfully, 
"where they'll let me do any ex- 
perimenting. Anyway, all this power 
unit consists of is a mains trans- 
former giving two lots of 6.3 volts 
and 250-0-250 volts at 70mA, 
together with a rectifier, a choke and 
a double electrolytic. I'll be using 
this power pack to run a few odd 
bits of valve equipment I'm dreaming 
up, and I'll be fitting a meter to it to 
read h.t. current and voltage." 

"Hmm," commented Smithy. 
"All this seems nice and straight- 
forward." 

Dick fished a sheaf of papers out 
of an inside pocket, selected a sheet, 
and tossed it over to the Serviceman. 

"There you are," he announced. 
"That's the circuit. Dead simple, 
isn't it?" 

Smithy unfolded the paper and 
examined the circuit carefully. 
(Fig. 1.) 

"Very good," he remarked. "Your 
meter switching is quite neat, too. 
On one switch position, the meter is 
connected across a 100mA shunt in 
the h.t. positive line. In the other 
switch position it's in series with a 
resistor which allows it to read h.t. 
voltage." 

"That's right," agreed Dick. 
"Incidentally, I thought I'd do the 
current reading bit in the h.t. 
positive line rather than the h.t. 
negative line for several reasons. If 
I'd put the shunt in the h.t. negative 
line I would have had to make the 
power unit chassis connection to one 
side of it. A chassis connection at 
the output terminal side of the shunt 
(Fig. 2 (a)) would mean that the can 
of the double electrolytic in the 
power unit would need insulating 
from chassis. At the same time, a 
chassis connection on the trans- 
former side (Fig. 2 (6)) would have 
meant that the power unit chassis 
wouldn't have been common with 
the h.t. negative output terminal 
nor, as a result, with the chassis of 
any gear I connected it up to. So 

HT+o 

6-3V 

On-Otf 
250-0-250 

70mA Smoothing 
choke 

WW mr> 
AC 

Current Mams cn 

t®1 ^2 Itaqe l6pF IduF 
O-lmA EZoO 

HT-o 

6-3V 6-3V AC. 

Rj lOOmA shunt 
R2 500V series resistor 

Fig. 1. The circuit of Dick's power supply unit. Q and C2 are in a single can 

it seemed easier in the long run to 
put the sh unt in the h.t. positive line 
instead." 

"Very sensible," pronoxmced 
Smithy approvingly. "I can see that 
you've given some consideration to 
this little power pack of yours." 

"I'm not," said Dick modestly, 
"just a pretty face, you know." 

"Perhaps not," replied Smithy 
hurriedly. "Anyway, what is the 
full-scale deflection of your meter?" 

"It's a 0-lmA movement," said 
Dick, "with an internal resistance of 
750. It's one of those surplus 2i 
inch jobs which still seem to be 
knocking around these days." 

"Fair enough," said Smithy. 
"Have you worked out the value of 
the shunt?" 

"Of course," said Dick proudly, 
as he ruffled through the sheaf of 

papers he had extracted from his 
pocket. "I started off by assuming 
that, with the shunt, I wanted the 
meter to give a full-scale deflection 
of 100mA. (Fig. 3.) This meant 
that 1mA would flow through the 
meter and 99mA would flow through 
the shunt. So the shunt resistance 
needed to be one ninety-ninth of the 
meter resistance, or 75 x ^ ohms. 
And you don't need to be Einstein 
to find that that comes to 7.5811!" 

"I would jolly well think you 
shouldn't," snorted Smithy, who had 
been scribbling out a quick calcula- 
tion. "Especially when the correct 
answer is 0.75813!" 

"Well, I'm dashed," said Dick 
mildly. "Come to think of it, my 
answer must have had something 
queer about it. I'd have needed a 
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Fig. 2 (o). If the current-reading meter shunt is inserted in the h.t. negative 
line as shown here, the negative connection to C1C2 is not at chassis potential 
(b). Shifting the chassis connection to the transformer side of the shunt 
results in the h.t. negative output terminal not being at chassis potential 

MAY 1965 703 

www.americanradiohistory.com



lOOmA 

^99mA 
 WW  

■vlmA 

W 

lOOmA 

Fig. 3. A shunt which converts 
a 0—1 mA meter to give an f.s.d. 
of 100mA must pass 99mA 
when the meter passes 1mA. 
Its resistance is, therefore, g\ 
of the internal resistance of the 

meter 
dickens of a lot of that Eureka wire 
to have made up the resistance value 
/ got!" 

Smithy raised an eyebrow. 
"You don't," he commented re- 

provingly, "seem particularly wor- 
ried about your calculation being 
wrong." 

"Why should I be?" replied Dick 
airily. "It was only the decimal 
point in the wrong position. That 
can happen to anyone!" 

Making a Shunt 
"I should hate," said Smithy, "to 

think of you attempting any real 
design work. Anyway, hadn't you 
better start working out the length 
of resistance wire you need for the 
shunt?" 

"I'm beginning to wonder whether 
it will be O.K. to work to wire 

J" ww- 

i 
w- 

-<s>- Standard 
meter 

Standard 
meter 

length," said Dick with a frown, as 
an earlier cause of annoyance came 
to his mind. "Don't forget you told 
me just now that the resistance 
figures per yard for the resistance 
wire are only nominal anyway." 

"Nominal or not," said Smithy, 
"they're more than good enough for 
your power unit application. I must 
admit, though, that in this particular 
instance I wouldn't bother to work 
out the length of wire required to 
any great accuracy. I'd use quite a 
different approach for making up the 
shunt." 

"That," remarked Dick, "sounds 
interesting. How would you tackle 
it?" 

"I'd begin," replied Smithy, "by 
making a very approximate calcula- 
tion for the length of wire required. 
Let's assume we're going to use the 
22 s.w.g. wire, which has a nominal 
resistance of 1.1311 per yard. The 
present shunt requires 0.7580, which 
is a little less than three-quarters of 
1.13n. So I'd start off by cutting 
myself three-quarters of a yard of 
the resistance wire with some four 
inches or so spare." 

"Which," chimed in Dick, "would 
come to 31 inches." 

"Right," confirmed Smithy. "I'd 
then pass a current through this wire 
with a standard meter in series, if 
possible adjusting the current by a 
variable series resistor so that the 

lest 
Resistance wire current 
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(a) 
Test 

Resistance wire current 
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O-l mA 
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"1 
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(c) 
Fig. 4. Illustrating a simple method of finding the length of resistance wire 
required for a meter shunt. In (a) the variable resistor is set up such that 
a test current flows through the resistance wire, this being monitored by the 
standard meter. In (b) the meter to be shunted (shown here as a 0—1mA 
instrument) taps into the resistance wire. When the readings of the two 
meters agree, the correct amount of wire for the shunt has been tapped off. 
The alternative method of finding the requisite length of resistance wire 
illustrated in (c) is not recommended, as it may result in damage to the 

meter 

standard meter reads a nice round 
value near f.s.d. (Fig. 4 (a).) You 
could obtain this current from the 
power unit itself, but its maximum 
transformer rating of 70mA means 
that you'd have to choose a current 
which didn't exceed this value. The 
next process would consist of 
connecting one terminal of your 
O-lmA meter to one end of the 
resistance wire, and sliding a flexible 
lead from the other terminal up and 
down the resistance wire at the other 
end. (Fig. 4 (b).) When the 0-lmA 
meter gave a reading corresponding 
to that in the standard meter, say 
0.6mA to correspond with 60mA, 
then you'd know that the length of 
resistance wire across which the 
meter was connected was exactly 
that needed for the 100mA shunt." 

"Blimey," said Dick, impressed. 
"That's a neat approach." 

"I've used it on quite a few 
occasions," replied Smithy. "The 
main advantage is that there is no 
risk of damage to the meter move- 
ment because the heavy current 
always flows through the resistance 
wire. If you're going to find the 
length of resistance wire experi- 
mentally, the method I've described 
is a far safer idea than another that 
is occasionally advised, and which 
consists of applying the heavy 
current to the meter terminals with 
a variable length of shunt resistance 
wire across them. (Fig. 4 (c).) 
With such an approach, you only 
need a momentary open-circuit to 
the shunt resistance wire and the 
heavy current goes straight through 
the meter." 

"Not," remarked Dick, "a very 
good way of tackling things." 

"Indeed not," agreed Smithy. 
"Incidentally, finding the length of 
resistance wire you need with the aid 
of the actual meter with which it 
will be used offers a small but quite 
useful advantage. If the meter 
resistance varies a little from the 
value it's supposed to have, this 
error is automatically cancelled out." 

"With your method," said Dick 
critically, "there is the disadvantage 
that you need a standard meter for 
comparison purposes." 

"True enough," agreed Smithy. 
"But some sort of standard meter 
would also be desirable if you 
worked all the way through by 
calculations of resistance wire length. 
It would still be preferable to check 
the final result with another meter, 
if only to assure yourself that you'd 
got everything right. The standard 
meter I referred to would, normally, 
be a multi-testmeter which you knew 
to be reliable." 

"I see," said Dick, "Well, having 
found the length of resistance wire 
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Effective length of wire 
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(b) 

Solder tag 

Resistance wire 

Effective length of wire solder extended along 
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(c) 

Fig. 5 (o). When the requisite length of resistance wire has been found, 
the shunt may be made up as shown here 

(b). An enlarged cross-sectional view of one of the solder joints, illustrating 
that the effective length of the resistance wire extends only to the start of 

the solder in the joint 
(c). Extending the solder from the Joint along the wire reduces the effective 

length of the latter 

needed, what's the next job?" 
"Making up the shunt," replied 

Smithy. "Usually, this process will 
consist of winding the wire round a 
strip of Paxolin or something 
similar, and anchoring the ends at 
solder tags. (Fig. 5 (a).) Don't 
forget that the effective length of the 
resistance wire is that between the 
points at which the solder joints 
start. (Fig. 5 (h).) If you're aiming 
at a very high level of accuracy, it's 
a good plan to make this effective 
length very slightly longer than that 
you actually need. You can then 
'trim' the shunt when it's finally 
mounted in position by extending 
the solder joint along the wire by the 
requisite amount. (Fig. 5 (c).) You 
do this, of course, whilst checking 
against the standard meter as 
before." 

With these words, Smithy came 
to a stop. Surprised at a lack of 
audible response from his assistant 
the Serviceman glanced up, to see 
that Dick's face had become con- 
torted in the scowl which signified 
that he was about to indulge in one 
of his occasional outbursts of 
doggerel. His heart sinking, Smithy 
prepared for the worst. 

Suddenly Dick's face cleared. 
"Here we are. Smithy," he an- 

nounced proudly. "Just listen to 
this! 

"A serviceman living in Beckenham 
Makes meters read high without 

wrecking 'em. 
He's developed a stunt 
Where the shunt bears the brunt 

Of the current which flows when 
he's checking 'em!" 

Series Resistors 
"Well," said Smithy after an 

embarrassed silence, "I can see 
you've achieved your old form once 
more." 

"I'm glad you liked it," replied 
Dick, pleased. "It seems to be quite 
a long time since I last gave you one 
of my offerings." 

"Perhaps," offered Smithy hope- 
fully, "you're getting out of prac- 
tice?" 

Dick considered this question 
carefully. 

"I don't think so," he remarked 
eventually. "At the same time, 
though, I mustn't let the old Muse 
get all rusty and clogged up. I think 
I'll try my hand at this sort of thing 
a little more often in the future." 

"I can," commented Smithy, 
"hardly wait. In the meantime, I 
see that we've now cleared up the 
shunt resistor for the meter in your 
little power supply. What about the 
series resistor?" 

"That's easy," said Dick promptly, 
as he consulted his sheaf of papers 

once more. "What I need there is a 
1% high-stability resistor having a 
value of 499,9250!" 

"You're in luck," said Smithy, 
with heavy irony. "It was only last 
week that I got in a box of resistors 
with just that particular value and 
tolerance." 

"That's great," said Dick en- 
thusiastically, taking out a pen and 
ticking off an item on his papers with 
a flourish. "If I can scrounge one 
of those resistors off you, then. 
Smithy, I can get my power pack 
finally completed tonight." 

Smithy swallowed. 
"Tell me first," he asked gently, 

"how you arrived at that resistance 
figure." 

"That's easy," replied Dick. "I 
want the meter to read 500 volts 
full-scale and, since it is a 0-lmA 
movement, I need to connect a 
resistor in series with it which causes 
1mA to flow when 500 volts is 
applied." (Fig. 6.) 

"So?" 
"Well," continued Dick. "A 

current of 1mA flows in 500k 11 when 
500 volts is applied. So the series 
resistor will be 500k fl minus the 
7511 internal resistance of the 
meter." 

"And that," queried Smithy, "is 
499,92511?" 

"Isn't it?" 
"Of course it is." 
"Well," said Dick confidently, 

"there we are then." 
"You thundering twit," exploded 

Smithy. "Where the dickens are you 
going to find a resistor like that? 
You said a tolerance of 1 %, which 
means plus or minus 5kn out of 
SOOkll. So, if you state a tolerance 
of 1 %, all you need is any resistor 
whose actual value lies between 495 
and 505kl2." 

"What about the 7511 resistance 
in the meter?" 

"When compared," snorted 
Smithy, "with resistances of the 
order of 500kll, 7511 is just a flea- 

 T +500V 

( \ J O-lmA 

Series resistor 

Fig. 6. Fitting a series resistor 
to enable a 0-1 mA meter to read 

500 volts full-scale 
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Fig. 7. Obtaining a suitable 
value of series resistor with low 
tolerance components. In (a) 
different resistors are 
experimentally connected in 
series with the 0-1 mA meter 
until one is found which makes 
it read slightly high. Then, in 
(b), low value resistors are 
experimentally connected as 
shown to bring the meter 
reading finally correct. An 
alternative approach, when the 
required series resistor is low in 
value, is to find an initial value 
which makes the 0-1 mA meter 
read slightly low, (c), then apply 
high value resistors across that 

initially selected 

bite. SOOkH at 1 % will be more than 
adequate for your particular applica- 
tion." 

"Well, can I scrounge one of 
those, then?" 

"I'm afraid," said Smithy un- 
graciously, "you've had it. The 
resistors I keep in stock are preferred 
values which are intended for 
repairing radios and TV's, and they 
don't include 500k tl at 1 %!" 

"Then how," wailed Dick, "am I 
going to get this power unit of mine 
finished?" 

"You can always," suggested 
Smithy, "buy the resistor." 

"What," exclaimed Dick, aghast. 
"Buy a resistor? When I work in a 
servicing shop!" 

"I can see," said Smithy re- 
signedly, "that you're quite definitely 
a product of the New Morality. 
Anyway, it shouldn't be too hard to 
fix you up from my resistor stock, 
even if it doesn't include 500k 11 at 
1 %. All that's required is to find 
any low tolerance high-stability 
resistor that's near to the value you 
want and trim it up a bit." 

"Trim it up?" 
"That's right," confirmed Smithy. 

"What I would do, in the present 
case, is to start off by connecting up 
a standard voltmeter across the 
meter and series resistor points in 
your power pack, and then trying a 
few low tolerance 470k 11 resistors in 
the series resistor position. (Fig. 
7 (a).) If you're lucky you may even 
find a 470kfl resistor which gives you 
a reading in the meter corresponding 
almost exactly with that in the 
standard voltmeter, whereupon all 
you do is to wire that particular 
resistor permanently into circuit and 
all your troubles are over. It is much 
more probable, however, that you'll 
be unlucky, whereupon you select a 
470k 11 resistor which is just a little 
too low in value, so that the reading 
in your meter is just a wee bit high. 
All you then have to do is find a low 
value resistor which you can pop in 
series with the first one to bring the 
meter reading right. (Fig. 7 (b).) 
The low value resistor will probably 
be in the region of Ikfl to 33kll 
and, provided you have a reasonable 
stock of such resistors on hand to 
choose from, you should be able to 
get a meter reading which agrees 
almost exactly with that shown by 
the standard voltmeter. It will be 
easy to select the second resistor 
because quite large relative changes 
in value here will correspond to low 
changes in meter reading. For 
instance, changing from a lOktl to 
a 15kn resistor will cause the meter 
reading to shift by about 1 % only." 

"That's quite a snazzy idea," 
remarked Dick appreciatively. "So 
far as I can see, the only disadvantage 
is that you have to fit two resistors 
into circuit instead of one." 

"That's right," confirmed Smithy. 
"I've used this approach myself on 
stacks of occasions in the past when 
I couldn't get hold of close tolerance 
resistors. Incidentally, if the series 
meter resistance you require is fairly 
low, say around 5000 or less, you 
want to try a different method. In 

this case you commence by finding 
a resistor which is a wee bit too high 
in value. You then trim it down by 
putting high value resistors across it 
(Fig. 7 (c)) starting from around 
IMO or so and working down. 
You'll again find that quite a high 
relative change in value in the second 
resistor results in a small change in 
meter deflection whereupon, pro- 
vided you have a reasonable stock 
of high value resistors to choose 
from, you should be able to obtain 
a final value of combined series 
resistor which is just about spot-on." 

"That's fine," said Dick enthu- 
siastically. "Can you let me have 
a few assorted resistors to take home 
tonight Smithy?" 

"All right," agreed the Serviceman, 
"but you must bring them all back 
again in the morning." 

"Except two?" 
"Except two," conceded Smithy. 
Dick's grin of pleasure was 

suddenly transformed, for the 
second time that afternoon, into the 
agonised grimace which accom- 
panied the labours of metrical 
composition. Helplessly, Smithy 
waited until the attack passed over. 
After some moments, Dick's fea- 
tures relaxed. 

"Now, how," he remarked 
grandly, "about this?" 

"That serviceman's moved now to 
Twickenham, 

And makes voltmeters using a 
minimum 

Of close tolerance R's; 
He don't need them, because 

He combines 20. percenters to 
stick in 'em!" 

There was silence as the last 
echoes died away. 

"That last line," commented 
Smithy dispassionately, "doesn't 
even scan." 

"What d'you mean, doesn't scan?" 
"It doesn't," explained Smithy, 

"agree with the rules of metre." 
"I wouldn't know about that," 

commented Dick cheerfully, "I leave 
all that sort of thing to the pro- 
fessionals, like Patience Strong and 
John Betjeman. So long as the lines 
more or less rhyme at the ends 
they're good enough for me!" 

Bypass Electrolytics 
"Well, that," remarked Smithy, 

hastily changing the conversation, 
"seems to have buttoned up your 
little power unit. There's one thing 
that worries me about it, though." 

"Oh yes," said Dick, "and what's 
that?" 

"The question of limiting resist- 
ance for the rectifier. It's one of 
those things that so many home- 
constructors seem to forget about." 

"You mean," queried Dick, "en- 
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suring that there is sufficient resist- 
ance in each rectifier anode circuit 
to meet the valve manufacturer's 
requirements?" 

"That's right." 
"In that case," said Dick con- 

descendingly, "I can set your mind 
at complete rest. I've been following 
the recent 'Understanding Radio' 
articles, which have been all about 
things like rectifier limiter resistors,* 
and I'm not so big-headed as to 
refuse to pick up a few points from 
some other geyser in the electronics 
game!" 

"You're not so whatT' spluttered 
Smithy. 

"So big-headed." 
"Blimey," gasped the Serviceman, 

"and it was only two months ago 
that you were going around upsetting 
G. A. French. What I can't under- 
stand is why, at that last statement 
of yours, the heavens didn't open 
up and a great streak of forked 
lightning come down and hit you on 
the bonce!" 

"I can't see," said Dick carelessly, 
"what you're making all the fuss 
about. Anyway, since the rectifier 
anodes need a limiting resistance I 
checked up in the valve book. I'm 
using an EZ80 which, with 250-0-250 
volts applied, requires minimum 
limiting resistances in each anode of 
1250 when the reservoir capacitor 
is 50(j.F. I measured the resistance of 
each half of the mains transformer 
h.t. secondary and these came to 
slightly more than 200O. So the 
effective limiting resistance in each 
rectifier anode must be well above 
the minimum of 1250. Also, I'm 
using a IfinF electrolytic instead of a 
SOu-F component, so that makes 
things easier still." 

"Fair enough," commented 
Smithy. "Although I shouldn't look 
upon the reduction in reservoir 
capacitance as necessarily arguing 
that limiting resistance may be 
reduced below the valve-manufac- 
turer's minimum figures. One thing 
the limiter resistor does is to keep 
the current down if you switch on 
with the rectifier cathode hot, and 
at a time when the mains voltage is 
at a peak and the reservoir capacitor 
is discharged. Under these con- 
ditions, even the 16nF electrolytic 
will still act more or less as a dead 
short at the instant of switching on. 
The same applies also, of course, to 
any limiting resistor values quoted 
for silicon and selenium rectifiers, 
with the exception that these don't 
require a hot cathode to operate." 

But Smithy's words fell on deaf 

♦ See "Understanding Radio" in the 
February and March issues.—Editor. 

ears, and Dick offered no reply when 
the Serviceman finished. 

"What's up?" asked Smithy. 
"There's something," said Dick 

pensively, "which has just occurred 
to me. I think I'll have to change 
that meter switching circuit." 

"What on earth for?" asked 
Smithy. "It seems perfectly good 
to me." 

"There's a snag in it," pronounced 
Dick. "The meter shunt resistance 
appears between the smoothing 
electrolytic and the h.t. positive 
terminal. This means that the h.t. 
lines to equipment run from the 
supply won't be as well bypassed as 
they would be if the smoothing 
electrolytic connected directly to the 
h.t. positive terminal." 

"You've got a minor point there," 
admitted Smithy. "But I shouldn't 
worry too much about it, if I were 
you." 

"Why not?" 
"Because," explained Smithy, "if 

your power unit is going to supply 
any equipment which needs a well 
bypassed h.t. supply, I'd strongly 
advise you to fit another electrolytic 
across the h.t. lines on the equipment 
chassis itself." 

"What's the reason for that?" 
"You're bound," said Smithy in 

reply, "to have fairly long leads 
between the equipment and the 
power supply, and these will act as 
a common impedance to all h.t. 
circuits in your equipment, with a 
consequent risk of instability. It's 
almost always desirable to use short 
wiring to any h.t. bypass capacitor. 
So far as this particular problem is 
concerned, what I've usually done 
in the past, when making up a power 
unit of the type you've got here, is 
to omit the smoothing capacitor 
altogether. I've then fitted h.t. 
bypass electrolytics in all the pieces 
of equipment which are intended to 
connect to the supply, whereupon 
these also act as smoothing capaci- 
tors." 

"That's a neat idea," commented 
Dick. "I wish I'd used it with my 
own power unit now. The trouble 
is that I can't take out the smoothing 
capacitor because it's in a double 
electrolytic with the reservoir capa- 
citor." 

"Not to worry," replied Smithy 
soothingly. "Every microfarad on 
the h.t. line makes the ripple 
smoother!" 

Time To Go 
"There's another thought that's 

occurred to me," said Dick, who 
seemed to have entered into a mood 
of despondency. "I haven't made 
any provision for discharging the 
electrolytics in the power pack when 

there's no equipment connected to 
it. You can get some nasty shocks 
from charged electrolytics, you 
know!" 

"You've forgotten something." 
"Have I?" 
"You've forgotten," said Smithy, 

"your built-in voltmeter circuit. If 
the electrolytics in the power pack 
are charged up, and no external 
equipment is connected, all you've 
got to do is to switch in the volt- 
meter. You can then sit down and 
watch its needle go slowly down to 
zero as it bleeds the charge off the 
electrolytics." 

"Of course I can," exclaimed Dick, 
reverting to his usual optimistic self. 
"I'd forgotten all about the volt- 
meter circuit." 

He paused for a moment. 
"Oh no," said Smithy, watching 

his assistant with the helpless 
fascination of a rabbit before a 
snake, "not againV 

But it was too late. 
"Our serviceman's fees are essen- 

tially 
The lowest you'll find, confiden- 

tially. 
Since all his voltmeters 
Work also as bleeders. 

His charges reduce exponen- 
tially!" 

Despite himself. Smithy couldn't 
help but grin at his assistant's latest 
excursion on the sea of verse. 

"All right, boy," he chuckled. 
"I'll allow that that one wasn't quite 
as corny as the previous ones." 

"All my stuff," pronounced Dick, 
with the air of Royalty unbending 
graciously to accept a small favour, 
"is good. Even though middle-aged 
Philistines such as yourself may not 
always understand its greater 
depths!" 

Whereupon Smithy's assistant, 
seeing from the Workshop clock that 
it was time to leave for the day, and 
forgetting all about the resistors he 
had intended to borrow, nipped 
smartly through the door, leaving a 
wrathful Serviceman to switch off 
and lock up. 

But Smithy's indignation soon 
changed into more purposeful con- 
templation as, later, he drove home 
in his car. If, he meditated, the gods 
that be couldn't get organised on 
that business of opening up the 
heavens for the streak of forked 
lightning, perhaps a little mortal 
assistance might not come amiss. 
Mentally considering the number of 
kilovolts he could conjure up from 
his stock of line output transformers, 
together with their possible effect on 
his assistant, Smithy the Serviceman 
drove happily away into the gentle 
May evening. 
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The Use of 

Heat Sinks with 

Power Transistors 

A. FOORD, Grad. I.E.R.E. 

How to calculate heat sink dimensions 

For almost every transistor the manu- 
facturer specifies a maximum junction tem- 
perature which must not be exceeded under 

normal operating conditions. This temperature 
is denoted by the symbol Tj max. For a silicon 
transistor this may be of the order of 150oC, and 
for a germanium transistor about 90°C. 

Thermal Equilibrium 
The heat generated inside a transistor is conducted 

away to the case and absorbed by the surroundings. 
When the transistor is operated continuously 
the device must reach a thermal equilibrium with 
its immediate surroundings; with the result that 
the collector junction remains at a steady temperature 
above the ambient value. Since almost all the 
internal heat dissipation is at the collector junction, 
power transistors have the collector in contact with 
the mounting base. Thus, conduction of heat 
from the semiconductor wafer to the case takes 
place over a large cross-section. By attaching a 
cooling fin to the case, or by mounting the case 
on a heat sink, the effective surface area is increased. 
This gives a considerable improvement on the 
speed of heat transfer to the air. 

Where no potential exists on the heat sink which 
might affect the collector voltage, the transistor 
is bolted directly to the heat sink. In other instances 
the transistor is isolated electrically from the heat 
sink by means of a mica washer and two bushes. 
Since this washer is thin, there is very little resistance 
to the flow of heat. If possible, it is better to 
isolate the heat sink electrically from the chassis 
and mount the transistor directly on the heat sink, 
since this gives the least possible thermal resistance 
from the transistor mounting base to the sink 

Thermal Resistance 
From the junction to the air we have a temperature 

gradient, this extending from junction temperature 
(say 90°C) to air temperature (say 250C). The 
temperature gradient is shown in Fig. 1, and it 
will be noted that we have a temperature drop 
from the junction to the mounting base, from the 
base to the heat sink, and from the sink to the air. 

Then: Tjmax—90oC, 

The terms "air temperature" and "ambient 
temperature" are used as synonyms, although for 
equipment working in a confined space ambient 
temperature may be 450C and not the 250C normally 
associated with air temperature. Ambient tem- 
perature simply means the temperature of the 
air surrounding the heat sink. The various tem- 
perature gradients will depend on the power 
dissipated in the transistor, and are given as thermal 
resistances in degrees per watt. The symbols 
used for the various thermal resistances are given 
in Fig. 1. 

Example 1 
To take an example, let us suppose that the 

maximum rated junction temperature of a transistor 
is 90°C. The thermal resistance from the junction 
to the mounting base is quoted as 1.50C per W. 
If we wish to dissipate 10W, what is the maximum 
temperature we can allow the mounting base to 
attain? 

Ptot = low 
9m = 1.50C/W, Tcase=? 

If we dissipate 10W, the temperature drop 
from the junction to the mounting base is given 
by: 

Tjmax —T case =Ptot x 9m 
90-T case =10x1.5 
Tease =90-15 
T case =75°C 

We must, therefore, keep the mounting base 
temperature below 750C. 

In this example we saw how to work out the 
mounting base temperature for a given power 
dissipation and junction thermal resistance. If 
we wish to work out the heat sink temperature we 
can deal with 0; by adding it on to 9m in our cal- 
culations. 

If a mica washer is employed 9i is, typically, 
equal to 0.5oC/W and, with a lead washer, to 
0.2°C/W. A lead washer is sometimes used between 
the transistor case and the heat sink since it moulds 
itself to the contours of the two surfaces and causes 
good thermal contact between them. With a 
mica washer the transistor mounting base is some- 
times smeared with high thermal conductivity 
silicone grease before mounting in order to minimise 
any air gaps due to surface irregularities. 

Up to now we have considered the thermal 
resistance to the case, and the thermal resistance 

©m'' 

©i'" 

©h^" 

Junction temperature T; 

- Mounting base temperature 
Tcase 

' Heat sink temperature 
Th 

- Ambient temperature 
^ambient 

Fig. 1. The thermal resistances associated with a 
power transistor 
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of the lead or mica washer (if used). These two 
values are fixed by the manufacturer, and are 
beyond our control. We therefore only have 
control over one part of the system—the heat 
sink or cooling fin. 

Heat Sink Design for Natural Air Cooling 
The thermal resistance of a flat heat sink or 

fin supported in free air depends on its thickness, 
shape, orientation, surface area, temperature, 
material, nature of its surface, and the temperature 
of the cooling air. The curve given in Fig. 2 may 
be used to determine the fin area required for a 
given value of Oh.1 This curve applies under the 
following conditions: 

(1) The fin is vertically mounted. 
(2) It is made of bright aluminium or copper 

^in. thick or thicker. 
(3) The ratio of length to breadth should be less 

than 2:1. 
(4) The hottest point is at least 250C above the 

surrounding air temperature. 
(5) The transistor is mounted near the centre of 

the fin. 
In the curve the heat dissipated due to radiation 

is neglected since the surface is assumed to be 
bright. If appreciable radiation occurs, the fin 
area can be reduced. For a single fin with a matt 
black surface, the area can be reduced to 0.7 times 
the value calculated from Fig. 2. 

Our heat sink must, then, have a thermal resistance 
given by: 

eh= 
T case T ambient -6i

0C/W 
rtot 

or, if we work from the heat sink temperature, 
then: 

Th—T ambient 
eh = - rtot 

°C/W 

If we work directly from the junction temperature, 
we have: 

6 
Tj max~T ambient °c/w 

rtot 

-V-Qj 

1Jmax=90oC, 9h=2.2°C/W, 

'C/W 

where 9 is the total thermal resistance from the 
junction to air, and is given by; 

9 =9m+9j+9(1 
Thus: 

n Tj max —T ambient 
6,,= iw  

Example 2 
If T; 

Pt0t=iow, ei=o.50c/w, 
9m = 1.50C/W, 

Calculate T caSe, Th and T ambient-2 

From the junction to the case the temperature 
drops by: 

—i=Ptot x 9m 
T case=Tj Ptot x 9m 

=90-10 x 1.5 
T case=75 C. 

Tj max T case - 

i 
k 

in tr 
< 2 
s 

23 
22 
21- 

20 
19 
18 
17 
16 
15 
14- 
13 
12 
II 
IQ 
9 
8 
7 
6 
5 
4 
3 
2 
I 
a I 2 3 4 5 6 7 8 

LENGTH OF SIDE OF SQUARE ( indies) 

Fig. 2. Heat sink sizes for various thermal resistances 
of a fin. (Courtesy Electric Valve and Semiconductor 

Manufacturers Association) 

From the case to the heat sink the temperature 
drops by: 

T case T|1=Ptot x 9; 
Th=T case Plot x 9i 
T|j=75 —10 x 0.5 
Th=70oC. 

Similarly: 
T ambient=70 10 X 2.2 
T ambient=48 C. 

Example 3 
IfTjmax=90oC, 9i=0.5oC/W, 

Ptot=5W, 6m = 1.5°C/W, 
T ambient-25 C, . jo 

what is the minimum size of heat sink required 
If it were painted matt black, what size would it 
need to be? 

Now: 
Tj max—T ambient „ „ 

0h=— -fi -0' 
Tot 

=90-25 
1.5-0.5 

9h=irc/w. 

1 This curve is taken from the booklet The Use of Semiconductor 
Devices, published by the Electronic Valve and Semiconductor 
Manufacturers' Association. Acknowledgements are due to the 
Association for permission to reproduce the curve here.—Editor. 

2 The value for 6h chosen for this example (2.20C/W) is a little 
lower than the range covered by the curve of Fig. 2^ which indicates 
heat sink dimensions that may under normal conditions be safely 
applied. The figure of 2.20C/W is quoted by Mullard, in their 
literature on the OC28 series, as the Oh for an air-cooled heat sink 
of 7 x 7 x T^in made of blackened aluminium.—Editor. 
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From the curve of Fig. 2 we may then see that 
this gives us a length of side of square of about 
4in. 

We thus have a heat sink of minimum area about 
16 sq. in. This can be made up as (say) 4 x 4in. or 
5.3 x Sin. We cannot use a fin 2 x Sin. because 
this would violate one of the conditions we must 
work to if we use the curve. 

If we use a fin painted matt black on both sides, 
then: 

fin area = 16 x 0.7=11.2 sq. in. 
A matt black fin 3 x 4in. would thus be suitable. 

Checking the Design 
The design for the heat sink can be checked by 

measuring the mounting base temperature with 
the equipment operating at the required total 
dissipation and maximum ambient temperature. 
From these readings the junction temperature 
can be calculated (provided 6m is known from 
the data sheets). If the junction temperature 
is greater than the permitted value, then the design 
is unsatisfactory, and the heat sink must be im- 
proved. 

Example 4 
IfPtot=5W, Tcase=60oC 

em=3°c/w, 
are we withm the specified Tj max of 90°C? 

Then ; 
Tj max-T case=Ptot X 6m 

Tj max=Ptot x 6m+ T case 
=3 x 5+60 

Tj=750C. 
The design is, therefore, well within the rating. 

Conclusion 
Although this article has shown how to determine 

the size of heat sink required for a particular 
application the method should be treated only 
as an accurate guide. It should be remembered, 
also, that Fig. 2 only applies under specified condi- 
tions. In practice it may be necessary to fold the 
heat sink, or use more than one fin. If conditions 
depart from those recommended, the results 
provided by Fig. 2 must be modified to suit the 
application. In any case it is always advisable 
to check the results and, wherever possible, keep 
the junction temperature as far below the maximum 
permitted temperature as possible. 

RADIO TOPICS . . . 

by Recorder 

ONE OF THE MINOR. DIFFICULTIES 
which beset audio enthusiasts 
is the problem of coupling the 

sound channel of a mains-operated 
television receiver to a high fidelity 
amplifier or to a tape recorder. The 
reason for the difficulty is that, 
whereas the high fidelity amplifier or 
tape recorder chassis are fully 
isolated from the mains supply, that 
of the television receiver is not. 
Practically all the exposed metalwork 
on high fidelity equipment is at 
chassis potential and, because of the 
mains isolation, offers no shock 
hazard at all. On the other hand, 
television chassis are connected to 
one side of the mains supply and 
must not, under domestic conditions, 
be touched at all. 

Isolation by Capacitors 
How, then, can the sound channel 

of a television receiver be safely 
coupled to the input of a high 
fidelity amplifier? It might at first 
sight be thought that the coupling 
could be made by means of isolating 
capacitors as shown in my accom- 
panying diagram. Fig; 1 (a). In this, 

the television receiver is connected 
to the mains supply such that its 
chassis is at neutral potential. An 
a.f. signal is taken, for the purpose of 
illustration, from the sound detector 
load, and it is assumed that the high 
fidelity amplifier chassis is at earth 
potential. But there is a hidden snag 
in this arrangement. The neutral 
line of the mains supply is rarely at 
true earth potential, and it normally 
carries a volt or so with respect to 
earth. For instance, in my own 
house at the moment (I've just got 
out the testmeter to check it!) the 
a.c. potential between the neutral 
line and earth is 0.7 volts. 

This small alternating voltage 
appears across C2 in Fig. 1 (a), 
whereupon this component can be 
replaced by a generator offering the 
same voltage, as in Fig. 1 (6). The 
result is that the voltage applied to 
the high fidelity amplifier input is 
the sum of the signal voltage plus 
the alternating voltage between the 
neutral side of the mains and earth, 
and reproduction from the hi-fi 
loudspeaker will be marred by a 
continuous, and probably very loud. 

hum. If, due to incorrect connection 
to the mains, the television chassis 
assumes live mains potential, the 
generator of Fig. 1 (b) will be 
churning out some 240 volts a.c., 
and there will then be a prodigious 
hum, to say the least, from the hi-fi 
amplifier! 

Even if the hi-fi amplifier chassis 
is not connected directly to earth, 
the hum problem will still exist. 
This is because the hi-fi chassis will 
be coupled capacitively to the mains 
via stray capacitances in its mains 
transformer and any anti-mains- 
modulation capacitors which may be 
fitted, and will then take up an a.c. 
potential relative to earth which will 
almost inevitably be different from 
that on the TV chassis. Increasing 
the value of C2 doesn't provide an 
answer under these conditions, 
either. For safety reasons, the sum 
of Ci and C2 should not be allowed 
to exceed 0.02U.F. 

Isolation by Transformers 
Isolation between the two chassis 

by way of capacitors offers, therefore, 
no help at all towards solving the 
present problem. The only other 
simple means of isolation is by way 
of transformers and here, fortunately, 
there are two very simple solutions 
to the problem. One of these solu- 
tions, the cheaper, has the dis- 
advantage that the circuitry involved 
is not quite hi-fi. The other allows 
full hi-fi techniques to be followed 
but at much greater expense. 
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TV RECEIVER HIGH FIDELITY 
AMPLIFIER 

To TV power 
"supply circuits 

Sound 
detector L 

AC u Mains   
N 

Isolating 
Ci / capacitors To input 

circuit 

"X- 

TV Chassis 

C2" 

Sound detector 
load 

Amplifier 
"hassis 

"J— 
Earth 

(a) 

Detected 
A.F. 

Sound detector 
^ load  

"0" 
-SOc/s- 

Detected A.F 
plus SOc/s 

S 
Amplifier 
chassis 

(b) 
Fig. 1 (a). An unsatisfactory method of attempting to couple the sound 
channel of a mains-operated television receiver to a high fidelity amplifier. 
To assist the explanation, unscreened cable is shown between the two chassis 
(b). A small a.c. voltage appears between the two chassis in (a), and becomes 

added to the detected a.f. voltage fed to the amplifier 

Fig. 2 (a) shows how an isolating 
transformer may be coupled to the 
existing output transformer in the 
receiver, the secondary of the added 
transformer coupling to the high 
fidelity equipment. The isolating 
transformer is a special type which 
is specifically designed to offer full 
isolation, at mains voltages, between 
its primary and secondary. Two 
transformers in this category are 
manufactured by Radiospares Ltd., 
and I must hasten to add that they 
can onfy be obtained through radio 
retailers. Radiospares do not supply 
components direct to members of 
the public. 

The two Radiospares transformers 
are known as the "Universal" 
Speaker Isolating Transformer and 
the "Midget" Speaker Isolating 
Transformer. As a guide to prospec- 
tive purchasers these transformers 
are available from Home Radio 
(Mitcham) Ltd. under Cat." No. 
T070 for the "Universal" and Cat. 
No. T071 for the "Midget". Alter- 
natively, you can obtain them from 
your own local component supplier. 

The main function of these trans- 
formers is to isolate extension loud- 
speakers or headphones when em- 
ployed with live chassis radio and 
television receivers. They may also 
be used to provide isolated feeds for 
tape recorders and the like. The 
"Universal" has the further advan- 
tage of being able to match loud- 
speakers to various impedances. 
Both transformers are flash-tested at 
2.000 volts a.c., and the insulation 
between primary and secondary is 
completely adequate for mains isola- 
tion. The "Universal" measures 
2.12in wide by 1.87in high by 1.62in 
deep, and has fixing centres at 
2. Sin. Both the primary and 
secondary are tapped at 3, 7 and 
ISO to provide any particular 
speaker matching which may be 
required. The transformer has a 
"snap-on" cover to guard the 
terminals when mounted in acces- 
sible positions, and its power rating 
is 5 watts maximum. The "Midget" 
is a smaller and more inexpensive 
component which is intended to give 
a 1:1 ratio for 30 speakers (although 
good results are claimed up to ISH). 
It is 1.75in wide by l.Sin high by 
1.1 Sin deep, the fixing centres being 
at 2.12in. 

Either of these transformers could 
be employed in the Fig. 2 (a) circuit, 
A better idea, in which either 
transformer could also be used, is 
shown in Fig. 2 (b). In this diagram, 
an internal switch fitted to the 
television receiver changes the 
secondary of the speaker trans- 
former from the internal speaker to 

the isolating transformer, the secon- 
dary of the latter being loaded with 
a fixed resistor. Assuming a 1:1 
ratio in the isolating transformer, the 
fixed resistor has the same value as 
the loudspeaker impedance. 

The switch wiring of Fig. 2 (b) 
should be inside the television 
cabinet so that none of the connec- 
tion points can be inadvertently 
touched, and it will probably be 
found that the switch, itself, may be 
readily mounted on the back cover 
of the TV set. A rotary type with 
insulated knob is preferable. High 
a.f. voltages can be developed across 
the primary of a valve speaker 
transformer if its secondary is 
unloaded, whereupon the switch 
should, ideally, be of the make- 
before-break type. However, the 
ordinary type of switch should 
suffice in practice if the output 
transformer is not carrying high level 
signals at the moment of switching 
over. 

The circuits of Fig. 2 represent the 
instance I mentioned earlier where 
the circuitry is not quite hi-fi. This 
is because the detected sound signal 
has to pass through the a.f. stages 
of the receiver, which are almost 
certain to include a single-ended 
output pentode, and two trans- 

formers. Fig. 2 (a) is a little worse 
than Fig. 2 {b) because the output 
valve load is a loudspeaker whose 
impedance will vary quite consider- 
ably with frequency. Nevertheless, 
if the volume control in the television 
receiver is kept at a low level (mainly 
to keep down distortion introduced 
in the receiver a.f. stages) reproduc- 
tion over the hi-fi system should be 
quite acceptable and should be 
noticeably better than occurs with 
the TV receiver speaker on its own. 
If the output from the secondary of 
the isolating transformer is coupled 
to a tape recorder, the results 
obtained will, of course, be streets 
ahead of what is given by such 
artifices as placing the tape recorder 
microphone in front of the TV 
loudspeaker. 

The voltage available across the 
secondary of the output transformer 
should be more than adequate for 
normal purposes. If, for instance, 
the TV volume control is set to 
produce an output of 50mW, this 
corresponds to nearly 0.4 volts 
across an impedance of 30. The 
secondary of the isolation trans- 
former could, therefore, be plugged 
direct into the "radio tuner" socket 
of any normal high fidelity amplifier. 
No trouble should be given by 
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- HT+ 

Internal 
speaker 

Coaxial 
plug 

■ 
Screened lead 
to amplifier 

Isolating 
transformer 

TV Sound output 
valve 

TV Chassis 

(a) 

HT+ 

Internal Load 
speaker resistor 

Coaxial 
plug 

Screened lead 
to amplifier 

Isolating 
transformer 

TV Sound output 
valve 

TV Chassis 

Fig. 2 (o). Incorporating an isolating transformer between the TV receiver 
and the amplifier 

(b). An alternative way of using the isolating transformer. The load resistor 
should have a wattage rating equal to the output power of the output valve 

feeding the "radio tuner" input of 
the amplifier from the very low 
source impedance offered by the 
isolation transformer. 

These last comments assume that 
the TV volume level will be turned 
well down when coupling up to the 
hi-fi equipment. This should satisfy 
most instances likely to be en- 
countered in practice, but it may 
occasionally be found that, with 
some TV sets, the level of back- 
ground noise (hiss, "frame tick", 
etc.) relative to sound level increases 
at low volume control settings. If 
this occurs, a compromise setting of 
the TV volume control is needed 
which causes these background 
noises to be over-ridden by signal 
level, without the latter being too 
high to introduce excessive (by hi-fi 
standards) distortion. 

Isolating the TV Set 
The use of an isolating output 

transformer offers a safe, inexpensive, 
and very simple method of coupling 
a mains-operated TV set to high 
fidelity equipment. But it may not 

TV Mains 
input i—\ 

AC 
Mams 

Isolating 
transformer 

satisfy the seeker after perfection, 
who will want to take his output 
direct from the sound detector 
circuit in the television receiver. 
There is, however, one completely 
practicable answer for the per- 
fectionist, and it consists of isolating 
the entire TV set! 

A suitable component for carrying 
out this function is the Radiospares 
200 Watt Mains Isolating Trans- 
former, and I must once again state 
that this component can only be 
ordered through a retailer and not 
direct from Radiospares Ltd. This 
transformer is primarily intended to 
isolate a.c./d.c. equipment being 
serviced on the test bench, and its 
power rating of 200 watts is quite 
adequate for any conventional tele- 
vision receiver. The transformer has 
a 1:1 ratio and can handle the full 
rated load at any voltage in the range 
of 200 to 250. Its width is 4in, its 
height is 4.75jn, its depth is 4.5in, 
and its fixing centres (four holes) are 
3.5 by 3.31in. The weight is a good 
solid 121b. As is to be expected, this 
transformer is considerably more 
expensive than the two output 
isolating transformers of Fig. 2, and 
readers contemplating its use should 
ascertain its cost before ordering. 
It offers, nevertheless, an extremely 
tidy solution to the problem of 
obtaining really high fidelity coupling 
from the sound channel of a mains 
operated TV set. The transformer 
is connected up between the mains 
supply and the TV receiver in the 
manner shown in Fig. 3. 

One final point needs to be 
resolved. When the circuit of Fig. 3 
is used, the constructor may find 
difficulty, even with the service 
manual of the TV receiver before 
him, in finding a suitable take-off 
point for the hi-fi amplifier input. 
This is because the television sound 
detector is normally followed by a 
sound interference limiter, where- 
upon the circuitry tends to become 
rather complicated. Further com- 
plexity is introduced if the TV 
receiver is a dual-standard model, in 

^To TV power 
""supply circuits 

Sound take-off 
point (see text) 

zvz 
TV Chassis 

Screened 
lead to 
amplifier 

Fig. 3. Isolating the TV set. S2 is the on-off switch installed in the television 
receiver, whilst Sj is an external switch. The outer conductor of the screened 

cable now connects direct to the TV chassis 
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which the 405-625 switching arrange- 
ments cause an output to be taken 
either from the 38.15 Mc/s a.m. 
detector on 405 lines, or the 6 Mc/s 
f.m. detector on 625 lines. Yet 
another pitfall for the unwary is that 
the input resistance of the amplifier 
should not cause the a.c./d.c. a.m. 
diode load ratio to be seriously 
upset. (For the record, the d.c. 
diode load is the resistor im- 
mediately following the a.m. detec- 
tor, and the a.c. diode load is this 
resistor in parallel with any other 
resistors coupled to it by way of 
capacitors. The ratio should not be 
too far re moved from unity if 
distortion on certain types of 
modulation is not to occur.) 

Fortunately, these problems may 
all be overcome with nearly every 
type of TV set by the simple process 
of taking the detected a.f. from the 
slider of the television receiver 
volume control, as in Fig. 4. This 
should ensure that the take-off point 
is after the sound interference 
limiter and the 405-625 switching 
circuits. Also, provided that the 
television volume control is not 
advanced more than about one-third 
of full travel when the high fidelity 
equipment is connected, the input 
resistance at the "radio tuner" input 
socket of a conventional amplifier 
should not unduly upset the a.c./d.c. 
diode load ratio. Although unlikely 
in conventional TV receiver circuits, 
it is possible that a direct voltage 
may appear on the track of the 
volume control due to a.g.c. circuits 
and the like. If such a voltage is 
present, a 0.01 ^F capacitor may be 
inserted at the point marked with a 
cross in Fig. 4. 

A.C./D.C. Receivers 
Up to now we have concerned 

ourselves mainly with the problem 
of taking an a.f. output for high 
fidelity equipment from a TV 
receiver. The techniques used will 
also, of course, apply equally well 
to taking a similar output from an 
a.c./d.c. sound receiver. In this case, 
it should be possible to use a smaller 
and more inexpensive mains isolating 
transformer if a similar circuit to 
that of Fig. 3 is to be employed, and 
the Radiospares range includes a 
75 Watt Mains Isolating Trans- 
former which is ideal for this 
purpose. This has a 1:1 ratio and 
can operate at full load for input 
voltages from 200 to 250. The 
dimensions are 3.12in wide, 4in 
high, 3.80in deep, with fixing centres 
(four holes) at 2.62 x 2. Sin. The 
weight is 5ilb. 

TV Volum 
Coaxial 
plug 

control < —X—^  ;;  
Screened lead 
to amplifier 

TV Chassis 

fig. 4. A convenient sound take-off point will usually be given at the slider 
of the television receiver volume control 

Camera Tube Assembly 
I seem to have taken up nearly all 

my space this month discussing 
isolating transformers, but I would 
just like to slip in a few more words 
before finishing on the subject of the 
accompanying photograph. 

This shows an operator spot- 
welding the electrodes of a Ajin 
image orthicon TV camera tube, one 
of the processes carried out at the 
Hayes plant of E.M.I. Electronics 
Ltd. The particular electrode 
assembly shown is quite a "handful", 
as you can see, and it constitutes, in 
fact, the image transfer system 
between the photo-cathode and the 

glass storage target of the E.M.I, 
tube. The upper welding contact 
protrudes vertically downwards from 
the block above the girl's right hand, 
the heavy welding current flowing 
through the six flexible copper 
straps connecting to this block from 
the main body of the spot-welding 
jig- 

The electrode assembly shown is 
of particular importance so far as 
the quality of focus and accuracy of 
geometry of the resulting TV picture 
is concerned, and it is necessary to 
observe careful alignment of its 
constituent parts. 

Spot-welding the electrodes of the image transfer system for a A^in image 
orthicon television camera tube at the Hayes plant of E.M.I. Electronics Ltd. 
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LEARN ELECTRONICS AS YOU 

BUILD 25 

including 

CIRCUITS . . . 

EXPERIMENTS . . . 

TEST GEAR 

• CATHODE RAY OSCILLOSCOPE 
VALVE EXPERIMENTS 
BASIC AMPLIFIER 
BASIC RECTIFIER 
PHOTO ELECTRIC CIRCUIT 
TIME DELAY CIRCUIT 

SQUARE WAVE GENERATOR 
SIMPLE TRANSMITTER 
TRANSISTOR EXPERIMENTS 
BASIC OSCILLATOR 
ELECTRONIC SWITCH 

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 

# SIGNAL TRACER 
# BASIC COMPUTER CIRCUIT 
# BASIC RADIO RECEIVER 
# MORSE CODE OSCILLATOR 

ETC. ETC. 
demonstrated—radio reception and transmission; photo- 
electrics; computer basics; timers; control circuits; etc.; 
including servicing techniques. NO MATHS USED OR 
NEEDED. NO THEORY NEEDED. NO PREVIOUS 
KNOWLEDGE OR EXPERIENCE NEEDED. Tutor ser- 
vice available. No extras needed—tools provided. Send 
now, for Free Details without obligation, to address below 

I POST 

NOW ■i 

To RADIOSTRUCTOR, Dept. K3, READING, BERKS. Please send free details of your electronics kit set to: 

NAME          
ADDRESS  

 SMALL ADVERTISEMENTS  
Use this form for your small advertisement 

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

16 words at 9d. 

= 12/- 

ALL WORDING 

IN 
BLOCK LETTERS 

PLEASE 

I enclose remittance of being payment at 9d. a word. MINIMUM 12/-. 
Box Number, if required, 2/- extra. 

NAME  
ADDRESS   

Copy to be received four weeks prior to publication. Published on the 1st of every month 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/-. 

Box No. 2/- extra. 

Advertisements must be prepaid and all copy must 
be received by the 4th of the month for insertion 
in the following month's issue. The Publishers 
cannot be held liable in any way for printing errors 
or omissions, nor can they accept responsibility for 
the bona fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No. —, The 
Radio Constructor, 57 Maida Vale, London, W.9.) 
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IL4 2/3 6X5 4/6 DK96 6/6 EF4I 6/9 HABC80 9/3 U25 8/6 IRS 4/- 6/30L2 91- DL96 61- EF80 41- KT66 12/3 U26 7/6 IS4 5/- 9BW6 9/6 DM70 51- EF83 9/9 N339 15/- U3I 71- IS5 3/6 I0CI 8/9 DY86 6/9 EF85 4/6 PABC80 6/9 U 191 9/6 IT4 2/3 I0C2 12/3 DY87 81- EF86 6/6 PC86 10/3 U282 12/3 2D2I 5/6 I0FI 10/- E88CC 101- EF89 41- PC88 9/6 U30I 11/6 3D6 3/9 I0FI8 9/9 EABC80 5/9 EF9I 3/- PC95 6/9 U329 91- 3Q4 5/3 1 OLD 1 9/6 EAF42 7/6 EF92 2/6 PC97 6/9 U404 61- 3Q5 71- I0PI3 8/3 EB9I 2/3 EF97 10/- PCC84 5/6 U80I 16/3 3S4 4/6 1 OP 14 11/6 EBC33 61- EF98 10/- PCC85 6/9 UABC80 51- 3V4 5/3 I2AH8 10/9 EBC41 6/6 EFI83 71- PCC88 10/6 UAF42 71- 5Y3GT 4/9 I2AT6 4/6 EBC8I 5/9 EFI84 71- PCC89 8/6 UBC4I 6/3 5Z4 7/6 12AU6 5/9 EBF80 5/9 EL33 6/9 PCCI89 10/6 UBC8I 6/3 6AQ5 5/9 I2AV6 6/6 EBF83 7/3 EL34 8/6 PCF80 6/6 UBF80 5/9 6AT6 3/9 I2BA6 5/9 EBF89 61- EL36 8/9 PCF82 6/3 UBF89 6/9 6AU6 5/3 I2BE6 4/9 EBL2I 10/6 EL4I 7/3 PCF84 8/6 UBL2I 10/9 6AV6 5/6 I2BH7 61- EC92 6/6 EL42 7/6 PCF86 7/9 UC92 6/3 6BA6 4/6 I9AQ5 7/3 ECC40 71- EL83 6/9 PCF80I 10/- UCC84 8/9 6BE6 4/9 20DI 10/- ECC8I 3/6 EL84 4/6 PCF802 10/- UCC85 6/6 6BH6 5/3 20 F2 i i 16 ECC82 4/6 EL85 7/6 PCL82 6/6 UCF80 8/9 6BJ6 5/6 20LI 12/6 ECC83 4/6 EL86 7/3 PCL83 9/6 UCH2I 81- 6BQ7A 7/6 20PI 12/6 ECC84 5/6 EL95 5/6 PCL84 7/6 UCH42 81- 6BR7 8/3 20P3 12/- ECC85 5/9 ELL80 13/6 PCL85 7/6 UCH8I 6/6 6BR8 8 - 20P4 13/6 ECC88 8/9 EM3 4 11/6 PCL86 8/9 UCL82 7/9 6BVV6 8/9 20P5 12/3 ECCI89 1 1,6 EM7I 15/6 PL36 91- UCL83 91- 6CD6G 18/- 30CI8 10/6 ECF80 6/6 EM 80 6/3 PL38 16/- UF4I 6/9 6CH6 51- 30F5 5 9 ECF82 6/3 EMS 1 71- PL8I 6/9 UF42 4/9 6FI 9/6 30FLI 9/6 ECF86 1116 EM84 6/9 PL82 5/3 UF80 6/3 6J7G 4/6 30LI5 9'3 ECH2I 9/- EM85 8 9 PL83 61- UF85 6/9 6K7G 1/3 30PI2 7 6 ECH35 6/3 EM87 7/6 PL84 6/6 UF86 91- 6K8G 3/3 30PI9 12/3 ECH42 8/- EY5I 5/9 PM84 9/3 UF89 61- 6LI 10/- 30PLI 9/6 ECH8I 5/9 EY8I 7/3 PY33 8/9 UL4I 7/3 6L6GT 71- 30PLI3 9/6 ECH83 6/6 EY83 9/3 PY80 51- UL84 61- 6LI8 101- 35W4 4/9 ECH84 9/6 EY84 9/6 PY8I 51- UM80 8/3 6LD20 5/6 85A2 6/6 ECL80 61- EY86 5/9 PY82 4/9 UY2I 7/9 6Q7G 41- 5763 7/6 ECL82 6/6 EY88 8/9 PY83 5/9 UY4I 5/- 6SL7 5/3 AZ3I 6/6 ECL83 9 6 EZ40 5/3 PY88 7/3 UY85 51- 6SN7 41- DAF96 61- ECL86 8/9 EZ4I 6/3 PY800 61- VP4B 12/- 6V6G 3/9 DF96 61- EF37A 6/- EZ80 3/9 PY80I 6/3 X41 10/- 6X4 3/9 DK92 8/- EF40 8/9 EZ8I 4/6 U24 12/6 X78 20/6 
Terms of business: Cash with order or C.O.D. only. Post/packing 6d. per item. Orders over £5 post free. C.O.D. 3/6 extra. All orders despatched same day. Complete catalogue including transistor section and components with terms of business 6d. Any parcel insured against damage in transit for 6d. extra. We are open for personal shoppers 9a.m.-5.30p.m. Saturdays 9 a.m.-5.30p.m. 

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (l.P.R.E.) LTD. 
Membership conditions booklet Is. Sample copy of 
l.P.R.E. Official Journal 2s. post free.—Secretary, 
Dept. D, 32 Kidmore Road, Caversham, Reading, 
Berkshire. 

SERVICE SHEETS, 1925-1965. From Is. Catalogue 
6,000 models, Is. 6d. S.A.E. enquiries.—Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

HAMMER FINISH PAINT. The modern finish for 
electronics. Can be BRUSHED or sprayed. Blue 
or Silver. 2|- oz tins 3s. 6d., post 8d., i pint 7s. 6d., 
post Is. 9d., 1 pint 15s., post 2s. 9d. Orders over 
30s. post free. Retailers supplied. Write for details. 
Amazing results! Return of post service.—Finnigan 
Speciality Paints (RC), Mickley Square, Stocksfield, 
Northumberland. 

LAFAYETTE "INTERNATIONAL" TAPE. Example: 
7" 2,400ft Polyester, 22s. 6d. P. & P. 2s. Wide 
range. S.A.E. list.—Leda Tapes, 27 Baker Street, 
London, W.l. 

FOR SALE. Over 300 electronic components in one 
great parcel including printed circuit pane! with 
condensers, resistors, coils, diodes, transistors, silicon 
rectifiers, potentiometers, IP's, valve bases, tuning 
condensers, transformers, etc. You can't afford 
to miss this great bargain offer. Send 10s. plus P. & P. 
2s. 6d. to—D. & W. Ltd., 224 West Road, Westcliff- 
on-Sea, Essex. 

FOR SALE. Teleprinters 7B complete from £5. Also 
auto-transmitters, reperforators, signalling rectifiers, 
etc. from—William Batey & Co. (Exports) Ltd., 
77 Akeman Street, Tring, Herts. Please ring Tring 
3476. 

TO CLEAR. VT62 (VHP triodes), SYSGT, 807, 
830B, 801, 5R4GY, 6B4G, 12AT7, 6AT6, 6AG5, 
KT66, EB91, DL92, ECC82, DK81, IS5, 6BR7, 
1625, EF40, EF92, 114, EL91. All at 3s. 6d. post 
paid. Labgear DSL/4 push-pull P.A. coils for 80 
and 20 metres, plug-in, with base and link and split- 
stator variable capacitor to match. 30s. plus postage.— 
Box No. F23L 

WANTED. Marine sextant and chronometer.—Box 
No. F232. 

SILICON TRANSISTORS. 4W NPN type 2S017. 
3 for 7s. 6d.—30 Farm Way, Elm Park, Hornchurch, 
Essex. 

FOR SALE. Labgear LG300 Tx with p.s.u. £75 o.n.o.— 
Box No. F234. 

WANTED. Someone to make me a 6-transistor receiver 
circuit to receive on 26 Mc/s only. Or to make 12 
small receivers of this sort.—Mr. Black, 85 Cambridge 
Road, Hastings, Sussex. 

continued on page 717 

JACKSON » 
the big name in PRECISION components 

Precision built radio components are an 
important contribution to the radio and 
communications industry. 

UJ 
No. 6/36 DRIVE 

Incorporating the Dual Ratio Ball Drive providing 36-1 Slow drive 
and 6-1 Fast drive under one knob with co-axial control. Scale is 
calibrated 0-100 and an extra blank scale is provided for individual 
calibration. 
The unit consists of aluminium back plate, drive unit, scale, spare 
scale, transparent cover, hair-line pointer, escutcheon and knob. 
Fits in front of panel which may be any thickness up to i7' (or more 
by providing longer screws). 

Stand 267, R.E.C.M.F. Exhibition, Olympia, May 18-21 
JACKSON BROS. (LONDON) LIMITED 

Dept. RC, KINGSWAY-WADDON, CROYDON, SURREY 
Phone Croydon 2754-5 Grams Walfilco, Souphone, London 
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UNDERSTANDING 

TELEVISION 

by 

J. R. Davies 

512 pages 299 diagrams 37^6 

UNDERSTANDING TELEVISION deals with the principles of 625 line reception as fully as 405 line 
reception, and explains in detail: the nature of the television signal; the cathode ray tube; receiver tuner 
units; receiver i.f. amplifiers; a.f. and video amplifiers; vertical and horizontal timebases; deflector coil 
assemblies; synchronising: automatic gain and contrast control; power supplies and receiver aerials There is 
also a very comprehensive section dealing with present-day colour television. 

The reader is required to have only a basic knowledge of elementary radio principles. The treatment 
is non-mathematical throughout, and there is no necessity for any previous experience in television whatso- 
ever. At the same time, UNDERSTANDING TELEVISION is of equal value to the established engineer 
because of the very extensive range it covers and the factual information it provides. 

Some Recent Reviews 

i i J^n extr
L
eme|y ws'l written book which will be useful to anybody who wishes to gain or consolidate knowledge on the practical aspects of television . . ."—British Communications & Electronics. 

The text is well written, the diagrams well drawn and to the point, and the printing is good. 
Apprentices and all service engineers who wish to obtain a greater grasp of this subject will find this book 
very useful "—Radio & Electrical Retailing. 

"The author goes very fully into the circuitry and theory of receiver design, and his technical 
explanations are easy to understand "—Wireless & Electrical Trader. 

The treatment is entirely non-mathematical and should be well suited to anyone who has a reasonable 
knowledge of radio theory. The text is profusely illustrated with diagrams and explanatory captions 
succinctly hammer home the relevant points—a valuable supplementary to the main text. . . ." 

—Practical Television. 

To Data Publications Ltd., 57 Maida Vale, London, W9 

n "T6    copy(ies) of your latest publication "Understanding Television", Data Book No. 17. Price 37/6. Postage 2/-. 

NAME  

ADDRESS   
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SMALL ADVERTISEMENTS 

continued from page 715 
GOVERNMENT SURPLUS electrical and radio 

equipment. Our new catalogue No. 16 ready now, 
2s. 6d. post free, cost refunded on purchase of goods 
over £2.—Arthur Sallis Radio Control Ltd., 93 
North Road, Brighton, Sussex. 

WANTED. Designer (and possible constructor) sought, 
preferably Midlands, for a set to receive Medium 
wave continental stations at maximum quality. 
Should include sharp directional aerial, continuously 
variable selectivity, tuneable whistle filter and other 
useful refinements.—G. Ramage, Copehall, Coppin- 
hall, Stafford. 

FOR SALE. Components new and used. Bargain 
prices. S.A.E. for list.—Cummings, 6 Holly Street, 
Salford 5 Lanes. 

FOR SALE. Silicon controlled rectifier SCR 7s. 6d. 
Silicon transistors, 2N706, 3 for 10s. Also other 
devices, 2S017 4W 2s.—30 Farm Way, Elm Park, 
Homchurch, Essex. 

FOR SALE. Television Sets—not working. For 
callers only. 17in, £1 10s.; 21in, £3 10s.; 14in mains 
portables, £2 10s.—Telephone: Bournemouth 26849. 

KITS CONSTRUCTED, repaired. Designs built and 
tested. S.A.E. to—Trask, 5 Fronheulog Terrace, 
Glanrafon Hill, Bangor, Caerns. 

FOR SALE. Set Newnes Radio & Television Servicing. 
14 volumes including 1964-65. £10 plus carriage. 
—Hoole, 19 The Pastures, Downley, High Wycombe, 
Bucks. 

FOR SALE. Transmitter receiver top band 20 watt 
crystal microphone in grey hammertone cabinet, 
brand new, £40. Also R107 receiver, perfect, £8. 
—Stevenson Electronics, 45 Woodgrange Drive, 
Southend-on-Sea, Essex. Telephone 62237 evenings. 

TO CLEAR BOOKSHELVES: Practical Wireless 
Service Manual, 1950 (F. J. Camm) 5s.; Introducing 
Radio Receiver Servicing, 1946 (E. M. Squire) 2s. 6d.; 
Foundations of Wireless, 3rd edition (A. L. M. Sowerby) 
3s.; Electronics, 1955 (A. W. Keen) 5s.; Radio Operat- 
ing, 8th edition, (Nilson & Hornung) 5s.; Book of 
Practical Television, 1952 (T. J. Morgan) 7s. 6d.; 
Television Viewers' Handbook, 1954 (A. C, Armstrong) 
2s. 6d.; Radio Receiver Circuits Handbook, 1955 
(E. M. Squire) 5s.; A Beginner's Guide to Radio, 
3rd edition (F. J. Camm) 3s. 6d.; Introduction to 
UHF Radio Engineering 1954 (S. A. Knight) 5s. 
All offered at less than half price.—Box No. F235. 

FOR SALE. Small 4 watt amplifier for mic. or record 
player. 230V a.c. 5 x 5 x 6in, £3 plus carriage. E.D. 
single channel R/C transmitter, 27 Mc/s, £3 plus 
carriage. Co-ax. switch, type 10FB-1363, 15s. 75/75 
p.f. split-stator variable capacitor, 10s.—Box No. 
F233. 

INTERESTED IN AMATEUR RADIO TELEPRINT- 
ING? Then join the British Amateur Radio Tele- 
printer Group. Details from Hon. Sec., G3LLV, 
15 Havelock Square, Broomhill, Sheffield 10. 

FOR SALE. Components ex TV sets. Satisfaction 
guaranteed. S.A.E. list. Examples: Sobell, 171, 
172, TS17, the lot 28s. 6d. Turrets 5s. Speakers 
6X4 3s. Scan coils 5s. 12 pots 4s. 6d. 6 presets 
4s. 6d. 24 knobs 5s. 24 valve bases 5s. 100 resistors 
6s. 6d. 12 mains droppers 5/-. P. & P. 2s. Mail 
only.—SMCO, 20 Palmerstone Road, Earley, Reading, 
Berks. 

continued on page 719 

A.C. input, output Meter for checking 

REJECTOR UNITS 1.2-10 Mc/s in 4 switched ranges. Ideal for Harmonic suppression of TX, or as a station rejector for RXS, just plug aerial into one socket and connect to other socket, large tuning knob and dial, in small grey case. BRAND NEW, only 35/-, post 5/-. 
CHECKING RADIATION? 
SCINTILLATION COUNTER 1093 (B) using 6097B tube, plus 10 other valves, magnetic counter with lens. Each unit in case but made for 19" rack mountings x 8^". 
POWER UNIT 1093 (B) for above. 200-50 stabilised adjustable (I) 0-2kV, (2) 300V 120mA. output voltages, same size as above using 10 valves, made by Ferranti. These two units are the complete counter, and checked complete, but as we know very little of this type of equipment no enquiry can be answered. £12.10.0 B.R.S. 10/- or either unit £7.0.0. B.R.S. 10/-. 
SCALING UNITS 1009 A X B S.A.E. 
50-75 WATT TANNOY AMPLIFIER 200-50 A.C. input, using 6 valves, circuit and handmike also 2 spare 6L6 and 2 FW4/500 Valves. BRAND NEW £10.0.0 B.R.S. 10/-. 
12 VOLT—150 Vibrator pack made for 52 Set. BRAND NEW in Sealed Cartons, less 6x5 Rectifier, 15/-. Post 2/6. 
AERIAL MATCHING TUNING UNITS 
Latest American release bulk purchase of 3,000 
These well-made tuning units, made for the American 19. T.X.-R.X. are housed in a metal case, green or brown, using a large precision calibrated scale, are an essential piece of equipment for the serious T.X. or R.X. operator. This unit will match an untuned wire or whip aerial to almost any short wave receiver or transmitter, exception- ally good for mobile Top Band use. This American version being well noted as far superior to any other. GUARANTEED BRAND NEW, only 20/-, post 7/6. Instructions supplied. 
U.H.F. RADIO RECEIVER RIO Fx 4840 Mc/s-4475 Mc/s (6.2-6.7 cms). These recently made sets are supplied in two units: 1. Receiver. This is manual or auto-tuned, by an internal motor, using a total of 18 valves, osc. mixer CV90, IF 45 Mc/s, aerial input via ordinary Rye co-axial plug (supplied). 2. Power unit & output stage. Contains 300V H.T. and—50V bias supplies, also Receiver auto-tune supply. Both units housed in matching metal cases sizes 17^" x 8" x 10". Supplied in first-class order, complete with circuit and connecting cable from power unit to set. Mains 230V input. Offered at a fraction of cost £4.10.0 per unit. Carr. 10/-. 
19" RACKS 5ft and 6ft high, 50/- each, carr. 10/-. 

J. T. SUPPLY (Dept. F), 38 MEADOW LANE, LEEDS 11 

MARTIN F.M. TUNER 
From 3 easy to 
assemble units 

An Audiokit 

Assembly 

UNIT 15. F.M. Head 
complete with tuning 
condenser £5.12.6(1. 
AMPLIFIER 16. 1.F. 
Amplifier Strip £5.7.6d. 
UNIT 17. Escutcheon, 
drive and controls 
assembly £1.17.6d. 

Intended basically for adding to 
existing Martin Audio assemblies, this 

new F.M. Tuner can also be used with other 
high quality amplifiers. It combines three 
new prefabricated Martin Units which when 
assembled make a modern, all-transistor 
F.M. Tuner with A.F.C. For 9 volt operation 
via dropper supplied, or battery. The 
on-off control provides switch-through facil- 
ities for recorder, etc. A well-styled 
bevelled perspex escutcheon is included in 
Unit 17. These units are individually 
tested and available boxed separately. 

["martin ELECTRONICS, 154 High St., Brentford, Middlesex"! 
| Details please of Recordakits I I and F.M. Tuner I I {Tick as required) | 

:::::;::::zzzz:zzz=i) 
Address . 
RC.25 .... 
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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 (fMeg

s) 
(Nr. AIRPORT) CROYDON 

CRO 5148/9 

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, XU611. 

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 

BARGAINS 
FOR THE HOME 
CONSTRUCTOR 

SINCLAIR SUPER MINIATURES 
THE SLIMLINE. The new 2-transistor pocket radio, size only 2}" x If" x If". Easy to assemble. Complete kit 49/6 
THE MICRO-6. Self-contained pocket radio. Size only I 4/e " x I 3/10" x f" Complete with earphone.—CAN BE BUILT FOR 59/6 
THE X-10 10-watt power amplifier with integrated pre-amp., size only 6" x 3" x f". Complete kit £5.19.6 
HOME CONSTRUCTION RADIOS-aii parts sdd ..p^iy 
"REALISTIC 7" 7-transistor portable £5.19.6. De luxe model £6.19.6 "SKYROVER" standard Mark III transistor portable £8.19.6 "SKYROVER" de luxe model £10.19.6 Full data available 2/6—refunded if you purchase parts 
SUB-MINIATURE TRANSISTORISED AMPS. British made, 
these sub-min. transformerless amplifiers come to you fully built and ready for immediate use. All use NPN-PNP circuit powered by 9V battery. 
PCI, input 50mV, output ISOmW at 40Q, size 2" x 1" x f". PRICE 29/6 PC2, input I mV, output 400mW at ISQ, size 2" x 2f" x f". PRICE 37/6 PC3, input 5mVf output 400mW at 15^. size 2f" x If'xf". PRICE 37/6 PC4, input 150mV, output400mWat 1513, size2f"x lf"xf". PRICE 37/6 Add I/- P. & P. on each. 
VFRHRnAPn 's a h'8h grade laminated board with copper strips bonded to it, pierced with a regular matrix of holes. 
BOARDS ACCESSORIES Terminal pins—packet of 36 ... 3/3 Spot face cutter tool ... ... 9/- Pin inserting tool  9/9 
42/1503 2f" x 5" 43/1504 2f" x 3f" 45/1507 3f" x 5" 46/1508 3f" x 3f" 44/1505 3}"xl7" 

3/8 
31- 5/2 3/8 13/6 P. & P. 6d. per item extra 

TRANSISTORS GET.SI, GET.S5, GET.S6—M; 873A, 874P—3/6: 
OC.45. OC.71, OC.8ID—4/6; OC.44, OC.70, OC.76. OC.8I—5/6 (matched pair 10/6); AF.I 17, OC.75. OC.200—6/6; OC.42, OC.43, OC.73, OC,82D— 7/6; OC.20I. OC.204—15/-; OC.205. OC.206—10/6; 00.28—24/6. 

by BRUSH CRYSTAL CO. TRANSFILTERS 
TO-OI B 465 kc/s ±2 kc/s TO-02D 470 kc/s ± I kc/s Z /# TO-OID 470 kc/s ±2 kc/s TF-0IB 465 kc/s ±2 kc/s O/O TO-02B 465 kc/s ±1 kc/s TF-OID 470 kc/s ±2 kc/s ' each 

P. & P. 6d. 
323 EDGWARE ROAD, LONDON, W.2. AMBassador 71 Is 
378 HARROW ROAD, LONDON. W.9. CUNningham 9530 

Both branches often all day Sot. Early closing Thurs. Mail orders to Harrow Rd, 

YOUR CAREER IN RADIO ? 
Big opportunities and big money await the qualified man in every field of Electronics today—both in the U.K. and through- out the world. We offer the finest home study training for all subjects in radio, television, etc., especially for the CITY & GUILDS EXAMS. (Technicians' Certificates); the Grad. Brit. I.R.E. Exam.; the RADIO AMATEUR'S LICENCE; P.M.G. Certificates: the R.T.E.B, Servicing Certificates; etc. Also courses in Television; Transistors; Radar; Computers; Servo- mechanisms; Mathematics and Practical Transistor Radio course with equipment. We have OVER 20 YEARS' experience in teaching radio subjects and an unbroken record of exam, successes. We are the only privately run British home study Institute specialising in electronic subjects only. Fullest details will be gladly sent without any obligation. 

SEND FOR FREE BROCHURE TO: 
BRITISH NATIONAL RADIO SCHOOL 

DEFT 4, RADIO HOUSE • READING • BERKSHIRE 

HifHuao KEY BOOK paperbacks 

mmi 

HI-FI AND AUDIO 
By A. T. Collins 
Modern Designs for the Amateur Constructor. High Sensitivity Amplifier, Two-valve Pre-amp and Equaliser, Mains Gramophone Amplifier, Output Transformers and Loudspeakers, Crossover Networks for Loudspeakers, Seven-watt Quality Amplifier, Five-valve Stereo Amplifier, Bass Reflex Cabinet and Radiogram Cabinet Design. 
SIMPLE RADIO CIRCUITS 
By A. T. Collins 
A Complete 'Build Your Own Radio* Guide. Simple Mains Short Wave Receiver, Medium Wave Transistor Receiver, Dual Wave One-valver, Broadcast Bands Receiver, Two- valve Short Waver, Amateur Bands Hybrid, Transistor Superhet Tuner, Battery-operated Short Wave Converter, Five-transistor T.R.F. Receiver, Four-valve Portable. 

3s. 6d. EACH FROM ALL BOOKSELLERS 
or, in cose of difficulty, 4s. each by post from George Newnes Ltd., Tower House, Southampton Street, London, W.C.2. 
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continued from page 717 

THE INTERNATIONAL HAM HOP CLUB is a 
non-profit-making organisation open to Radio 
Amateurs and Short Wave Listeners. Object: 
to improve international relationships through an 
organised system of hospitality. Members offer 
overnight hospitality to visiting members, subscription 
10s. per annum. Associate Members invite radio 
amateurs to visit their stations. Associate membership 
5s. per annum. Family Exchange holidays arranged, 
also Friendship Links between radio clubs. The 
Club's official journal is free to both Full and Associate 
Members.—Hon. Gen. Secretary: G. A. Partridge, 
G3CED, 17 Ethel Road, Broadstairs, Kent. 

SITUATIONS VACANT 

RADIO OFFICERS (M.N.) COURSES. Full time 
courses for the P.M.G. Certificates of Competence 
in Radiotelegraphy and the Board of Trade Certificate 
in Radar Maintenance will begin in September, 1965. 
Apply to the Principal of the College for full details. 
—Lowestoft College of Further Education, St. 
Peter's Street, Lowestoft, Suffolk East. 

RYE TELECOMMUNICATIONS LTD 

Have vacancies in 
CAMBRIDGE. 

VHF ENGINEERS 

Experience of A.M. and F.M. Transmitters and 
Receivers essential. Some transistor circuit 
experience desitable. Men who have had 
training in the Services may be suitable. 
Excellent rates of pay and good prospects 
for promotion. Applicants who wish to seek 
a career with Europe's leading Radiotelephone 
manufacturers should apply to: 

Personnel Manager 
P/e Telecommunications Limited, 
Newmarket Road, 
Cambridge. 
Te/ephone Teversham 3131 

Could you 

trouble shoot a computer? 

Keeping a computer working smoothly is only part 
of a Customer Engineer's job at IBM. He works 
with his customers, (within daily reach of his home) 
in their offices, helping them to use the equipment 
more effectively. He meets all levels of customer 
management in different branches of commerce 
and industry. He should have the ability to produce 
fresh ideas and have confidence in his own 
judgment. He must be able to combine his en- 
gineering skill with an understanding of his custo- 
mers' needs and business systems. The job is a 
challenge, so is any work worth doing. And it's 
never dull. 
We offer a thorough training. Starting salaries are 
normally in the region of £1,000 a year, with special 
consideration for men with special aptitude or spec- 
ific experience. Increases are on individual merit. 
As a Customer Engineer you could be earning 
between £1,250and £1,700 in three years. Promotion 
also is on merit and from within the company. 
Is this the kind of career you're looking for? if you 
are between 21 and 29 and have a working know- 
ledge of electronics (e.g. through a Radar/radio 
Fitters Course, Telecommunications experience or 
ONC/HNC Electrical or Electronic) we'd like to 
discuss your plans with you and show you how 
they could be realised in our rapidly growing 
organisation. 
If you're not quite old enough to have reached the 
standards we've indicated, we'd still like to hear 
from you. If you've just left school with 'A' level 
Maths and English or are studying for ONC Elec- 
trical Engineering, we invite you to apply to us.There 
could be a place for you. 
Please send a summary of your education, experi- 
ence, interests and age to Mr. I. F. Bush, IBM 
United Kingdom Limited, 101 Wigmore Street, 
London, W.1., quoting reference 
CE/RC/196. 

You can grow with IBM 
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CHASSIS 
and 

CASES by EDGWARE ROAD 

287/9 Edgware Road 
London W2 

TELEPHONE 
PADdington 5891/7595 

"CASES 
ALUMINIUM, SILVER HAMMERED FINISH Type W •Type Y 

Type Size Price 
U 4x4x4"* 10/- 
U 5ix4ix4r 15/. 

Type Size 

U 8x6x6" 
U 15x9x9" 
W 8x6x6" 
W 12x7x7" 
W 15x9x8" 

21/- 
44/6 
21/- 
34/- 
44/- 

8x6x6 
12x7x7" 
13x7x9" 
15x9x7" 
17x10x9" 
19 x 10 x 85" 71/- 

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

Type Z 
Type U 

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

(Maximum length 35", depth 4".) 
SEND FOR ILLUSTRATED LEAFLETS 

or order straight away, working out total area of ma- 
terial required and referring to table below which is for 

four-sided chassis in 16 s.w.g. aluminium. 
48sq. in. 4/3 176 sq. in. 9/- 304 sq. in. 13/6 
80sq. in, 5/6 208 sq. in. 10/- 336 sq. in. 14/9 

112sq. in. 6/6 240sq. in. 11/3 368 sq. in. 15/9 
144 sq. in. 7/9 272 sq. in. 12/6 and pro rata 

P. & P. 2/6 P. & P. 2/9 P. & P. 3/- 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES d" or |"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS Any size up to 3ft at 5/3 sq. ft. 16 s.w.g. (18 s.w.g. 4/6). 
Plus postage and packing (orders over £2 Post Free). 

NYLON P.T.F.E. 
ROD BAR SHEET TUBE STRIP WIRE 

No quantity too small List on application 
BRASS COPPER BRONZE ALUMINIUM LIGHT ALLOYS 

STAINLESS STEEL 
H. ROLLET & CO LTD 

HOWIE STREET, LONDON, S.W.11 BATtersea 7872 
 Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow  

the unique PAN L black crackle paint 
4/-d. per 1/8 pt. Can 

(We regret we can only supply on cash with order basisJ 
BRUCE MILLER LTD., 
219 Coastal Chambers, 
Buckingham Palace Road, S.W.1. 

WB JFBCIAUiE 

in Quality Transistors & Components 

For Discerning Enthusiasts 
Our March Supplement is now available to bring your June '64 

Reference Catalogue up to date. 
It contains Gen on more 'EXOTIC transistors, tunnel diodes and 

components, etc. 
Please send one shilling (stamps) for Reference Catalogue — sixpence 

for March Supplement. 
Please remember our new address:— (Callers welcome all day Saturdays) 

176 HAGLEY ROAD, HALESOWEN, BIRMINGHAM 

I. WILLIAMS & CO . John Williams Electronics Ltd. 

J. B. LOWE 
115 CAVENDISH ROAD 
MATLOCK, DERBYSHIRE 

ALL ITEMS BRAND NEW 
Mofse keys, good, fully adjustable, 3/-. Rotary switches, all types from 2/-. Miniature pots., Ik, 50k, I Meg., carbon, 2/-. Chokes of every type. 
Relays. Hundreds in stock, 6V, 12V and 24V, from 2/-. 
Vibrators 12V, 4 pin, 6d. Practice buzzers, 2/—. 
Terminal boards all shapes and sizes, 6d. each, 10 for 4/-, A must for any construction work. 
Dubilier I.OOOmF 12V miniature electrolytics, 1/6; 15 for £1. Miniature colour-coded iW resistors, 2d.; 100 for 15/-, your choice. Lots of miniature ceramics, etc., ideal for transistor work, from 2d. Power Supplies: 250 V.a.c. or 12 V.d.c. in; 12.6 V.a.c. and 175 V.d.c. out. Brand new Marconi, a beautiful rugged bench supply at an incredible £2.10.0. 
Transistor supply. 250 V.a.c. in, 10 volts zener diode regulated out. Brand new, modern, miniature for 30/-, 
Lots of other good buys in components, receivers, transmitters, test gear, etc. A s.a.e. will get you my latest price list. 
Orders over 10/-, POST FREE; 5/- and under, add I/-; 10/- and under, add 2/—. 

Get this Air-drying Grey 
HAMMER FINISH 
NOW — 

THE PUSHBUTTON WAY ! 

KC/KAVL 

S&F-SVVJSH 
IT'S SUPERB .... 
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 ckn. 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/5 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 

THE RADIO CONSTRUCTOR - BOUND VOLUMES 

LIMITED NUMBER ONLY: 

Volume 17, August 1963 to July 1964 Price £1 10s Od Postage 3s Od 
Where all issues are returned : Price £1 Postage 3s Od 

We regret Volumes 13, 14, 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 

720 THE RADIO CONSTRUCTOR 
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Scottish Insurance Corporation Ltd 

38 EASTCHEAP • LONDON • ECS 

TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

Television Sets, Receivers and Short Wave Transmitters 
are expensive to acquire and you no doubt highly 
prize your installation. Apart from the value of your 
Set, you might be held responsible should injury be 
caused by a fault in the Set, or injury or damage 
by your Aerial collapsing. 

A "Scottish" special policy for Television Sets, 
Receivers and Short Wave Transmitters provides the 
following cover: 

(a) Loss or damage to installation (including in the 
case of Television Sets the Cathode Ray Tube) 
by Fire, Explosion, Lightning, Theft or Accidental 
External Means at any private dwelling-house. 

(b) (i) Legal Liability for bodily injury to Third 
Parties or damage to their property arising 
out of the breakage or collapse of the Aerial 
Fittings or Mast, or through any defect in 
the Set. Indemnity £10,000 any one accident, 

(ii) Damage to your property or that of your 
landlord arising out of the breakage or 
collapse of the Aerial Fittings or Mast, but 
not exceeding £500. 

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

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

WRITE FOR FULL DETAILS TO:— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD., 

38 EASTCHEAP, LONDON E.C.3 
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FIRST and BEST proved s tested designs, quality, compokenis & units 

TRANSISTOR HI-FI AMPLIFIERS 

10 WATTS and 20 WATTS 
15 to 16 ohm 10 
watt Power 
Amplifier 
£5-19-6 76 

MONO or STEREO 

BUILT 

3 to 4 ohm 
10 watt Power 
Amplifier 

built £5-10-0 2/6 

PRE-AMPLIFIERS 

■* MAINS UNITS 59/4 for one amplifier, 
or 69/6 to power 2 amplifiers. 

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 
2i" x 2". 

BUILT £5-10-0 
M/rn. VOLUME 

* FRONT PANEL 
PLATE 8/6 

STEREO PRE-AMPLIFIER 

© 

Two Channel version of above. 
For use with two power ampli- 
fiers for 10 + 10 watts. 
Size: 9" x 3+' x If". 

K £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. 

65/- p.P. 1/6 
Front Panel Plate 6/6. 

All the above pre-amplifiers can be used 
with any valve or transistor power amp- 
lifier requiring 250mV for full output. They can be operated with two 
9 volt batteries in series or from the power amplifiers. High gain, low 
distortion, excellent quality designs, combined with value for money. 

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 
it 6-Transistor^printed^arcmt^des^gns. Push-pull 
output for 3 to 5 ohm speakers. Can be battery 
operated. 6mV into 1 kO 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 +'. 
■it 4 watt version operates PRICE from 12 to 18 volts. BUILT ★ H watt version from 9 PRICE 

to 12 volts. BUILT 
79/6 

1i watt and 4 watt 

LATEST 5th EDITION 
90-PAGE CATALOGUE 

Fully detailed and illustrated. 
Price 2/6 post paid. 

P.P. 
1/6 

65/- 76 
it CIRCUITS AND DETAILS ON REQUEST * 

FOR THE HOME CONSTRUCTOR 

•REGENI-r New! 

-^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 || ©^.©7^+::. 
of 1st grade components. Moulded two- s '• 
tone cabinet size 5" x 3" x I?". Easy to P ' -jt," 
follow building details. All parts sold  s 

separately. 
★ Total cost of all parts 85/- P- & P- 2/- (Battery 2/6 extra) 

All Transistor Car Radio 
it ONE HOUR TO BUILD 

WITH FACTORY 
ASSEMBLED CHASSIS 
AND PANELS 

6-transistor 3 diode Med. and Long 
Wave Superhet Design. Features 
double tuned IFT's, AVC. Permea- 
bility tuning with geared drive, 
push-pull car filling volume. Full 
tuning of both wavebands. A high 
sensitivity design on printed 
circuits to fit any type of vehicle. 
12 volt positive earth only. All 
parts available separately. After 
sales service and guarantee. 

THE "ROADSTER" 
it Total Cost to Build 

£8-19-6 P P 3 ' 
*7x4 inch, hi-flux speaker 
with baffle and car fixing kit 
20/- extra. 
it Circuit and details on 
request. 

VHF TRANSISTOR HI-FI FM TUNER 
it HIGH STABILITY — HIGH SENSITIVITY * 
Features 5-Mullard transistors with 
4 diodes, compact printed circuit, 
high gain, low distortion, superhet 
design. Full tuning from 87/105 
Mc/s with geared tuning. AVC and 
AFC. 9 volt 9mA operation. 50dB 
S/N. Output up to 1 volt audio. 
Easy to build and align. Overall 
size in cabinet 3^" x 2^" x 4". All 
parts sold separately and guaran- 
teed. 

AFTER SALES SERVICE 
★ CIRCUIT AND DETAILS ON REQUEST 

r 
4 

§ 

Total Cost with Front I 
£6-19-6 p.I 

(Cabinet Assembly 20/- 

« CONVAIR" "IMT 
CAR RADIO 

it UNBEATABLE FOR PER- FORMANCE AND DESIGN * 
Printed circuit 6-Transistor 2-Diode 
superhet radio with full tuning on 
medium and long wavebands. 
Push-pull output up to 1 watt. 
Attractive portable cabinet, size 
lO'' x 1" x 3Y' 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. 

it 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 

NEW! VHF FM TUNER 

HENRY'S RADIO LTD., 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Man to Sat. 9-6. Thurs. 1 p.m. 

New 6-transistor superhet 
design. 
Factory built and aligned 
units. 
Covers 88 to 108 Mc/s. Hori- 
zontal tuning scale. 
Total Leaflet on 
Cost Request 
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