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THE MODERN BOOK CO miammommr 
Understanding Amateur Radio. By 
A.R.R.L. 18s. Postage 1 s. 3d. 

The Radio Amateur's Handbook. By 
A.R.R.L. 1963 ed. 36s.. Postage 2s. 6d. 

Electronic Organ Handbook. By H. E. 

Anderson. 40s. Postage Is. 
TV Fault Finding A Data Publication. 
5s. Postage 6d. 

Fun With Radio -controlled Models. 
By E. L. Safford. 25s. Postage 9d. 

Learn Electronics By Building. Easy 
to build projects. By J. Schroeder. 27s. 
Postage 1s. 

Maintenance Manual. By Mullard. 16s. 
Postage 1s. 

Radio Valve Data 7th ed. Compiled 
by "WW". 6s. Postage 10d. 

Semiconductor Circuit Design. By 
R. V. Leed ham. 7s. 6d. Postage 6d. 

Basic TV Course. By G. Kravitz. 30s. 
Postage 1s. 

Elementary Telecommunications Ex- 
amination Guide. By W. T. Perkins. 
17s. 6d. Postage 9d. 

Manual of Sound Recording. By J. 
Aldred. 75s. Postage 1s. 

A Beginner's Guide to Radio. By 
F. J. Camm. 7s. 6d. Postage 6d. 

Cabinet Handbook. By G. A. Briggs. 
7s. 6d. Postage 6d. 

Worked Radio Calculations. By A. T. 
Witts. 15s. Postage 6d. 
Hi Fi For Beginners. By J. Borwick. 
7s. 6d. Postage 6d. 

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

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

THE DUCHESS OF KENT 

PERMANENT 

BUILDING SOCIETY 
Member of the Building Societies Association 

ESTABLISHED 1865 

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

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

Shares -all interest accrues monthly 
WITHDRAWALS AT SHORT NOTICE 

INTEREST IS AT 34% PER ANNUM 
(There is NO DEDUCTION FOR INCOME TAX, as 

this is paid by the Society) 

FOR FURTHER INFORMATION APPLY TO 

DUCHESS OF KENT 
PERMANENT BUILDING SOCIETY 

103 Cannon Street London EC4 
Telephone MANsion House 8011 

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

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

Address 

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

the EDDYSTONE `960' 
500 Mc/s 
Nineteen semi -conductor devices 
Six ranges cover 500 kc/s to 30 Mc/s 
Good frequency resolution 
High sensitivity 
Two selectivity positions-one with crystal filter 
Excellent frequency stability 
Audio output up to one watt 
Precision slow motion drive 
Internal heavy duty battery 
Provision for using external power supply 
Robust construction 
High reliability 
Modern styling and finish 

illustrated brochure giving full specification and other information available on request from the manufacturers: 

STRATTON & CO. LTD 
Telephone Priory 2231/4 BIRMINGHAM 31 Telex 33708 

AUGUST 1963 
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Scottish Insurance Corporation Ltd 
38 EASTCHEAP LONDON EC3 

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 will complete 
and return this form to the Corporation's Office 
at the above address, a proposal will be submitted 
for completion. 

NAME (Block letters) 
(If lady, state Mrs. or Miss) 

ADDRESS (Block letters) 

/TB 
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-------a+---ssa- 
ANOTHER TAPE RECORDER BARGAIN 

I 

I 

I 
I 

I 
I 

I 
I 

Mfrs.' end of production Surplus Offer 

A 24 gns. Tape Recorder offered at the 
bargain price of only 15 gns. plus 10/- I 
Carr. Supplied in 3 Units already wired 
and tested. A modern Circuit for I 
quality recording from Mike, Gram or 
Radio, using latest B.S.R. Twin Track I 
Monardeck Type TD2. 
Valve line-up-EF86, ECL82, EM84, 1 
EZ280 and Silicon Diode. 

2 tone Cabinet and 8" x 5" £3.10.0 Speaker. Size 14" x 104" x 74" 
Wired Amplifier complete with £5.12.6 4 valves, Front Panel, Knobs 

B.S.R. Monardeck Type T.D.2 £7. 7.0 
Accessories -Mike, Tape, £1. 1.0 Screened Lead, Plugs, etc. 

COMPLETE KIT comprising 15 gns. items above 
Leaflet, Circuit and Instruction 2/- post free L__ --__- 

All 
8 xed VALVES Guaranteed 
1T4 6/- 
1 RS 7/6 
155 7/6 
354 7/6 

.3V4 7/6 
DAF96 9/- 
DF96 9/- 
DK96 9/- 
DL96 9/- 
ECC81 8/- 
ECC82 8/- 

ECL82 10%6 
ECL80 10/6 
EF80 8/- 
EF86 12/6 
EL84 8/6 
EY51 9/6 
EY86 10/- 
EZ81 7/6 
GZ32 12/6 
EM84 9/6 

PCC84 9/6 
PCF80 9/6 
PCL83 12/6 
PCL84 12/6 
PL81 12/6 
PL82 9/6 
PL83 10/6 
PY32 12/6 
PY81 9/6 
PY82 7/6 
U25 12/6 

+ 5/- carr. 

+ 3/6 carr. 

+ 4/6 carr. 

+ 2/- carr. 

+ 10/- carr. 

Electrolytics All Types New Stk. 
TUBULAR CAN TYPES 

25/25V 1/9 8+8/450V 4/6 
50/12V 1/9 16+16/450V 5/6 
50/50V 2/- 32+32/275V 4/6 
100/25V 2/- 50+50/350V 6/6 
8/450V 2/3 60+250/ 
4/350V 2/3 275V 12/6 
16+16/450V 5/6 100+300/ 
32+32/450V 6/6 275V 12/6 
1000125V 3/9 2000+4000/ 

6V 3/6 
Ersin Multicore Solder 60/40 3d. 
per yard. 41b. 2/6, etc. 

NEW BRITISH RECORDING TAPE 
Famous Mfr. Bulk Purchase --Genuine recommended Tape Bargain. 
Uncond. Guar. Fitted Leader & Stop Foils (except 3"). 

Standard (PVC base) Long Play (PVC base) D'ble Play (Myiar base) 
3" 150ít. ... 3/9 225ft. ... 4/9 300ft. ... 6/6 
5" 600ft. ... 11/6 900ft. ... 15/- 1,200ft. ... 25/- 
54" 850ft. ... 14/6 1,200ft. ... 17/6 1,8001t. ... 32/6 
7" 1,300ft. ... 17)6 1,800ft. ... 22/6 2,400ft. ... 42/3 
Post and Packing -3" Reels 6d. Each additional Reel 3d. 4" to 7" Reels I /-. 
Euh additional Reel 6d. 
EMPTY TAPE REELS (Plastic): 3" 1/3; 5" 2/-, 54" 2/-, 7" 2/3. 
PLASTIC REEL CONTAINERS (Casettes): 5" 1/9, 54" 2/-, 7" 2/3 
lack Plugs. Standard 24" Igranic 
Type, 2/6. Screened Ditto, 3/3. 
Miniature 14", 2/3. Screened Ditto. 
2/6. 
Jack Sockets. Open Igranic 
Moulded Type, 3/3. Closed Ditto, 
3/9. Miniature Closed Type, 1/9. 
Sub -min (deaf aid) ditto, 1/3. 
Phono Plugs 1/-. Phono Sockets 
(open), 1/-. Ditto Closed, 1/6. 
Twin Phono Sockets (open), 1/6. 

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

MULLARD " 3-3 " HI-FI AMPLIFIER 

3 VALVES 3 WATT 
3 ohm and 15 uhm Output 
A really first-class Amplifier 
giving Hi-Fi quality at 
reasonable cost. Mullard's 
latest circuit. Valve line-up: 
EF86, EL84, EZ81. Extra H.T. 
and L.T. available for Tuner 
Unit addition. This is the ideal 
companion Amplifier for FM 
tuner Units. 

TECHNICAL SPECIFICATION-Freq. Response: ± IdB. 10 kris. Max. Bass 
Boost 14d8 at 80 c/s sensitivity: I00MV for 3W output. Output Power (at 
400 c/s); 3W at I% total harmonic distortion. Hum and Noise Level: At 
lent 70dB below 3W. 
COMPLETE KIT (incl. valves, all B Escutcheon Panel Print - 
components, wiring diagram and ed Vol., Treble, Bass, On -Off, 
special quality sectional Output Trans.) supplied with each Kit. 
ONLY £6.19.6 cur. 4/6. Recommended Speakers -R. & A. 
Complete wired and tested, 8 gnu. 12" with tweeter 52/6, WBHFI0-12 
Wired power 0/P socket and addi- £4.7.6, Goodmans Axiette £5.5.O, 
tional smoothing for Tuner Unit. Axiom 10 £6.5.0. Carr. extra 
10/6 extra. 

Volume Controls -5K-2 Meg - 
ohms, 3" Spindles Morganite Midget 
Type. 14" diam. Guar. I year. 
LOG or LIN ratios less Sw. 3/-. 
DP. Sw. 4/6. Twin Stereo less Sw. 
6/6. D.P. Sw. 8/-. 

COAX 80 OHM CABLE 
High grade low loss Cellular air 
spaced Polythene - 4" 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 1/-. Sockets II-. 
Couplers 1/3. Outlet Boxes 4/6. 

Close Tol. S/Mitas-10% SpF-500pF 
8d. 600-5,000pF 1/-. 1 % 2pF-100pF 
9d. 100pF-500pF IId. 575pF-5,000pF 
1/6. Resistors -Full Range 10 ohms - 
10 megohms 20% f and 4W 3d., 1W 
5d. (Midget type modern rating) IW 
6d., 2W 9.1. Hi -Stab 5% 4.4W 100 
ohms 1 megohm 6d. Other values 9d. 
I% 4W 1/6. W/W Resistors 25 
ohms to IOK 5W I/3, IOW 1/6, 15W 
2/-. Pre-set T/V Pots. W/W 25 
ohms -50K 3/-. 50K-2 Meg. (Carbon) 
3/-. 

JASON FM TUNER UNITS 
Designer -approved kit of parts: 

FMTI, 5 gns. 4 valves, 20/-. 
FMT2, E7. 5 valves, 37/6. 
JTV MERCURY 10 gnu. 
JTV2 ¿13.19.6. 4 valves, 32/6. 

NEW JASON FM HAND- 
BOOK, 2/6. 48 hr. Alignment 
Service 7/6. P. & P. 216. 

Speakers P.M. -3 ohms 24" E.M.I 
17/6. Goodmans 34" 18/6. 5" Rola 
17/6. 6" Elac 18/6. 7" x 4" Goodmans 
18/6. 8" Rola 20/-. 10" R. x A. 25/-. 
9" x 6" Goodmans 25/-. E.M.I. 
Tweeter 29/6. 

Speaker Fret -Expanded gilt ano- 
dised metal 4" x 4" diamond mesh, 
4/6 sq. ft., multiples of 6" cut. Max. 
width 4 ft. 4 ft. x 3 ft. 47/6. Carr. extra 

TYGAN FRET (contemp. pat.) 
12" x 12" 2/-. 12" x 18" 3)-, 12" x 24" 
4/-, 18" o 18" 4/6. 
BONDACOUST Speaker Cabinet 
Acoustic Wadding, 12" wide, any 
length cut I-6 ft. 

BARGAINS PLAYER UNITS 
Single Players Car, 3/6 
Garrard-SRPIO ¿5.5.0 
B.S.R. Latest Model TUI2 72/6 
E.M.I. Junior "985" 67/6 
Auto -Changers 

ca 
.5/- 

Garrard AT6 Mono 9 gns. 
Garrard "Auto -Slim" 66.15.0 
Collaro C60 ¿6.19.6 
B.S.R. (UA14) 66.10.0 

ENAMELLED COPPER WIRE - 
*lb reels, 14g -20g, 2/6; 22g -28g, 3/-; 
36g -38g, 4/3; 39g -40g, 46, etc. 

PVC CONNECTING WIRE -I0 
colours (or cheuis wiring, etc.) -Single 
or stranded conductor, per yd., 2d 
Sleeving 2d. yd. 

TRANSISTOR COMPONENTS 
Midget I.F.'s-165 kc/s p" diam. 5/6 
Osc. Coil -fr" diam. MIW. 5/3 
Osc. coil M. & L.W. 5(9 
Midget Driver Trans. 3.5:1 6/9 
Ditto 0/Put Push-pull 3 ohms 6/9 
Elect. Condensers -Midget Type 15V 
I mfd-50mfd, ea. 1/9. 100mfd. 21-. 

Ferrite Aerial -M. & L. W. with car 
aerial coupling coil, 9/3. 

Condensers -150V. wkg. .01 mfd. to 
.04 mfd., 9d. .05 mfd., .1 mfd., II-. 
.25 mfd., I/3. .5 mfd., 1/6, etc. 

Tuning Cond . 1.8. "00" 208+ 
I76pF, 8/6. Ditto with trimmers 9/6. 
365pF single, 7/6. Sub -min. 4" DILÉMIN 
IOOpF, 300pF, 500pF, 7/-. 

Midget Vol. Control with edge control 
knob, 5kG with switch, 4/9, ditto less 
switch, 3/9. 

Speakers P.M. -2" Plessey 75 ohms, 
15/6. 24" Continental 8 ohms, 1316. 
7" x 4" Plessey 35 ohm, 23/6. 

Ear Plug Phones -Min. Continental 
ty 
HighImp.8/ . Low Imp., f 

e plug socket. 

TRANSISTOR BARGAINS 
Brand New-BVA Ist Grade 

0C44 8/6 0070 5/6 
OC45 8/- OC71 6/- 
OCBl 7/6 GEX34 2/9 
2/OCBI 15/6 0A70 2/9 
GETI 4 6/6 OA81 2/9 
0072 7/6 

TRIMMERS, Ceramic (Compression 
Type)-30pF, 70pF 9d.; 100pF, 150pF, 
1/3; 250pF, 1/6; 600pF, 1/9. 

PHILIPS Bee Hive Type (conc. air 
spaced)-2-8pF, 1/-; 3-30pF, If-. 
KNOBS -Modern Continental types; 
Brown or Ivory with Gold Ring, I" die., 
9d. each; I}", If- each; Brown or Ivory 
with Gold Centre, 1" dia., 10d. each; Ir. 1/3 each. LARGE SELECTION 
AVAILABLE. 
METAL RECTIFIERS- STC Types- 
RMI, 4/9; RM2, 3/6; RM3, 7/6; RM4, 
16/-; RM5, 211-; RM4B, 1716. 

BARGAIN CORNER 
Brand New. Mfrs. surplus 1st grade 
I 0C44 & 2 0C45, 15/6. 
I OCI81D & OC81, 15/6. 
All above and OA81, 32/6 post free. 
}Meg. VOL Controls D.P. 5w. i" flatted spinale. Famous Mfrs. 
4 for 10/- post free. 

RECORD PLAYER CABINETS 
Contemporary style, rexine covered cabinet 
in mottled red and white polka dot. Size 184" 
x 134" x ht. 84", fitted with all accessories 
including baffle board and anodised metal fret. 
Space available for all modern amplifiers and 
auto -changers, etc. Uncut record player 
mounting board 14" x 13" supplied. 
Cabinet Price £3.3.0 Carr. and Ins. 5/- 

2 -VALVE 2 WATT AMPLIFIER 
Twin stage ECL82 with vol. and neg. feedback 
tone control. A.C. 200/250V with knobs, etc., 
ready wired to fit above cabinet. 62.17.6. 
P. & P.1/6. 6" Speaker and trans, 22/-. P.P. 2/ - 
COMPLETE R/PLAYER KIT. Ditto RECORD PLAYER KIT 
A. ill. inc. BSR UA14 Unit with BSR UA20 Unit. New 
Reduced Price 612.10.0. Carr. 7/6. Reduced Price 611.10.6. Carr. 7/6. 

Send for denied bargain lists 3d. stamp. We manu- 
facture all types Radio Mains Trend. Chokes, Quality 
OIP Trans., a c. Enquiries invited for Specials, Proto- 
types for small production runs. Quotation by return 
RADIO COMPONENT SPECIALISTS 
70 Brigatock .ld., Th Heath, Surrey 
THO 2188 4oura; 9 a.m., -6 p.m., 1 p.m. Wed. Terms 
C.W.O. or C.O.D. Pont and Pocking up to f lb 9d., 1 1b., 
113 31b., 213 S Ib., 219 8 Ib. 3/6. 

AUGUST 1963 3 
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efflyil Enjoy Yourself and Save Money 
SINGLE SIDEBAND ADAPTOR. Model 
SB -10U. May be used with most A.M. trans - 
mitten. Less than 3W R.F. input power 
required for 10W output. Operation on 80, 
40, 20, 15 and 10m bands on U.S.B., L.S.B. 
or D.S.B. £39.5.0 

AMATEUR TRANSMITTER. Model DX - 
40U. Coven all amateur bands from 80 to 
10 metres; crystal controlled. Power input 
75W C.W., 60W peak controlled carrier 
phone. Output 40W to aerial. Provision for 
V.F.O. Filters minimise TV interference. 

£33.19.0 
GRID -DIP METER. Model GD -LU. 
Functions as oscillator or absorption wave 
meter. With plug-in coils for continuous 
frequency coverage from 1.8 Mc/s to 250 
Mc/s. £10.19.6 
Q MULTIPLIER KIT. Model QPM-1. 
May be used with receivers having 450-470 
kc/s I.F.; provides either additional selectivity 
or signal rejection; self powered. £7.12.6 
2$ SERVICE 'SCOPE. Model OS -1. 
Light, compact portable for service engineers. 
Dim. 5' x 8' x 14}' long. Wt. 10}Ib. 

£19.19.0 

SB -10U 

DX -40U 

GD -1U 

S33 
111 

COLLARD UXR-2 

LATEST MODEL! "OXFORD" LUXURY TRANSISTOR PORTABLE 
Model UXR-2. Specially. designed for use as a domestic, car or personal portable 
receiver. Many features, including solid leather case. Send for full details! 

£14.18.0 

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. £15.17.6 

HI-FI 6W STEREO AMPLIFIER. Model S-33. 3 watts per channel 0.9% 
distortion at 2.5W/chnl., 20dB N.F.B. Inputs for Radio (or Tape) and Gram, 
Stereo or Monaural, ganged controls. Sensitivity 200mV. £13.7.6 

COLLARO "STUDIO" TAPE DECK. The finest buy in its price range. 
Operating speeds: l}", 31" and 71" p.s. Two tracks "wow" and flutter" not 
greater than 0.15% at 7} p.s. Long Term Speed stability better than 0.5%. 

£17.10.0 

Prices include free delivery in U.K. 

* We guarantee that without previous experience 
5" OSCILLOSCOPE. Model O -12U. Has 
wide -band amplifiers, essential for TV servicing, 
FM alignment, etc. Vertical frequency response 
3 e s to over 5 Mc/s, without extra switching 
T/B coven 10 c/s to 500 kc/s in 5 range 

£38.10.0 
ELECTRONIC SWITCH. Model S -3U 
(Oscilloscope Trace Doubler.) Enables a 
single beam oscilloscope to give simultaneous 
traces of two separate and independent signals. 
Switching rates approx. 150, 500, 1,500, 5,000 
and 15,000 c/s. Sig. freq. response 0-100 kc/s. 
}} 1dB. Separate gain controls and sync. output. 
Sig. input range 0.1-1.8V r.m.s. £11.15.6 
RESISTANCE CAPACITANCE BRIDGE. 
Model C3U. Measures capacity 10pF to 
1,00011F, resistance 1000 to 5ML1 and power 
factor. 5-450V test voltages. With safety 
switch. £9.5.0 
AUDIO SIGNAL GENERATOR. Model 
AG -9V. 10 c/s to 100 kc/s, switch selected. 
Distortion less than 0.1%, 10V sine wave 
output metered in volts and dB's. £21.9.6 
TRANSISTOR INTERCOM. Models XI -1U 
& XIIt4U. The master unit uses a 4 -transistor 
amplifier, constructed on a printed circuit 
board, and an internal 9V battery. 
Remote stations use a similar battery for 
call only. Up to five remote units can be 
ordered for each master. 
XIR-IU (remote) £4.7.6 
XI -1U (master) 10.19.6 
SUGDEN MOTOR UNIT "C NNOIS- 
SEUR CRAFTSMAN". Heavy duty 
motor operating at 334 and 45 r.p.m. Very 
heavy 12" turntable. Virtually no rumble. 

£16.6.6 

O -12U 

C3U 

AG -9U 

250 AMERICAN HEATHKIT MODELS 
MANY PREVIOUSLY UNOBTAINABLE 
All for direct delivery from U.S. Plant to 
your U.K. address. Illustrated Catalogue 

and full details of Mail Order scheme can be obtained from us for 
the nominal charge of 1/- post paid. 

"GLOUCESTER" GL -58 AM/FM TUNER 

HI-FI AM/FM TUNER, Model AFM-1. Available in two Onits which, for 
your convenience, are sold separately. Tuning heart (AFM-T1-C4.13.6 Ertel 
P.T.) and I.F. amplifier (AFM-A1- 20.13.0). Printed circuit board, 8 valves. 
Covers L.W., M.W., S.W., and F.M. Built-in power supply. Total £25,6.6 

HI-FI EQUIPMENT CABINETS. Our four cabinets meet a wide variety of 
tastes and requirements: the "CHEPSTOW" aesigned for those who have little 
flooand r tec"l the 

GLOUCESTE 
for 

R" Mk. I and II forthose with traditional 
enthusiast, 

tastes 
Supplied "in the white". Prices from £11,12.6 to £18.10.0 
An additional range of assembled and finished cabinets is now available from 
us, details on request. 

GOLDRING LENCO TRANSCRIPTION RECORD PLAYER. Model 
£18.19.2 GL -58 with G-60 pick-up arm and Ronette 105 cartridge. 

GARRARD AUTO/RECORD PLAYER, Model AT -6. With Ronette 
105 cartridge. £13.12.1 With Decca Deram pick-up £14.6.1 

HI-FI MONO AMPLIFIER. Model MA -5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Presentation similar to S39. 

£10.19.6 

4 W -B TRANSISTOR PORTABLE RECEIVER. Model 
RSW-L In a handsome leather case it has retractable whip 
aerial and socket for car radio use. Covers Med., Trawler and 
two S wave bands. £19.17.6 

HI-FI SINGLE CHANNEL AMPLIFIER. 
Model MA -12. 12W output, wide freq. 
range, low distortion. £11.9.6 
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.C. £5.2.6 

MA -12 RSW.1 

SEND FOR FREE ILLUSTRATED BRITISH CATALOGUE TO *********************-****************** 
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Nai'Wi'ng Your Own Equipment 

RA -1 VF -1U GC -1U 

NEW MODEL! AMATEUR BANDS RECEIVER. Model RA -1. 
To cover all the Amateur Bands from 160-10 metres. Many special features, 
including: half -lattice crystal filter; 8 valves; signal strength "S" meter; tuned 
R.F. Amplifier Stage. Full specification sheet available on request. £39.6.6 
THE "MOHICAN" GENERAL COVERAGE 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 circuit boards, telescopic whip antenna, tuning 
meter and large slide -rule dial, 10 transistors. £39.17.6 
AMATEUR TRANSMITTER. Model DX -100U. The world's most popular, 
compact and completely self-contained Amateur Transmitter. Covers all amateur 
bands: 160-10 m. 150W d.c. input. Careful design has achieved the stability 
and high performance for which the DX -100U is noted and no less than 35 disc 
ceramic capacitors reduce TVI to a minimum. £74.19.0 
VARIABLE FREQUENCY OSCILLATOR. Model VF -1U. Calibrated, 
160-10 m. Fundamentals on 160 and 40 in. Ideal for our DX -40U and similar 
transmitters. £11.17.6 

Deferred terms available over £10 

V -7A 

MM -1U 

RF -111 

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 0.1f1 
to 1,000M9 with internal battery. D.C. input 
impedance 11Mí, dB measurement, has centre - 
zero scale. Complete with test prods, lead and 
standardising battery. £13.18.6 
MULTIMETER. Model MM -1U. Ranges 
0-1.5V to 1,500V A.C. and D.C.; 1501.i.A to 15A 
D.C.; 0.20 to 20M12. 44" 50µA meter. 

£12.10.0 
R.F. SIGNAL GENERATOR. Model RE -1U. 
Up to 100 Me/s fundamental and 200 Mc/a on 
harmonics and up to 100mV output on all bands. 

£12.15.6 
AUDIO WATTMETER Model AW-1U. Up 
to 25W continuous, 50W intermittent. 

£15.15.0 
AUDIO VALVE MILLIVOLTMETER. Model 
AV -3U. ImV-300V A.C. 10 c/s to 400 kc/s. 

£14.17.6 
AUDIO SINE -SQUARE WAVE GENERA- 
TOR. Model AO -1U. Covers 20 c/s to 150 
kc/s and square waves to 50 kc/s in four ranges. 
Maximum output 10V, distortion less than 1%. 

£13.15.0 

anyone can build any of these Meathki't models* 

TA -1S Trove: D83 FM TUNER 

TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type re- cording indicators, press -button speed compensation and input selection. 
PrintedCircuit Board. 

Mono Model TA -1M £19.2.6 Stereo Model TA -1S £24.10.0 
11I -F1 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 (£12.6.0). Total £15.1.0 

TRUVOX D83/2 & D83/4 TAPE DECKS. High quality mono/ 
stereo tape decks. 
D83/2, 2 track, £31.10.0 D83/4, 4 track, £29.8.0 

STEREO CONTROL UNIT. Model USC -1. Push-button 
selection, accurately matched ganged controls to ±1dB. Negative 
feedback, rumble and variable low-pass filters. Printed circuit 
boards £19.10.0 
AVAILABLE SHORTLY! 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. £8.12.6 
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. £12.11.0 
TELEPHONE AMPLIFIER. Model TEA -1. Easy -to -assemble. 
Transistorised, enables hand -free conversation. Ivory toned cabinet. 

£7.9.6 

UXR-1 TEA -1 

SSU-1 

UJR-1 

HI-FI SPEAKER SYSTEM. Model SSV -1. 
Ducted -port bass reflex cabinet "in the white". 
Two speakers. Vertical or horizontal models 
with legs £11.12.0 without legs £10.17.6 
CAPACITANCE METER. Model CM -1U. 
Direct -reading 41' scale. Full-scale ranges 
0-10014µF, 0-1,000µµF, 0-0.01µF and 0-0.1µF 

£15.15.0 
HEATHKIT ELECTRONIC WORKSHOP. 
Model EW-1. This educational kit will teach ar,d amuse your children. It can make 21 
exciting experiments including transistor radios, 
burglar alarm, radio or TV silencer, intercom, 
etc. £7.13.6 
JUNIOR TRANSISTOR RADIO. Modal 
UJR-1. Single transistor set. Excellent intro- 
duction to radio. An instructive present. 

£2.7.6 
HI-FI STEREO AMPLIFIER. Model S-99. 
18W output. Ganged controls. Stereo/mono 
gram., radio and tape recorder inputs. Push- 
button selection. Printed circuit construction. 

£27.19.6 
THE "COTSWOLD". This is an acoustic- 
ally designed enclosure 26' x 23' x I5' 
housing a 12' bass speaker with 2" speech 
coil, elliptical middle speaker together with 
a pressure unit to cover the full frequency 
rane 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. 
COTSWOLD "MES" SYSTEM. Spe- 
cially developed to give best possible 
results in small rooms. This tntntmum 
floor space model is based on standard 
Cotswold. Size: 36' high x 164' wide 
x 144" deep. Either Model, £23.4.0 

Without obligation please send me (Tick here) 

DEPT. RC8 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Assembled models also ¡ FREE BRITISH HEATHKIT CATALOGUE... 

available -prices 011 
FULL DETAILS OF MODEL(S) _....__.._..__._.. 

request. I 
(Please write in BLOCK CAPITALS) 

iNAME ..............................._..................................................._...._.........__........... 

DAY S T R O M LTD GLOUC s R: 

ADDRESS ...._...._............_._..__ ................_.........___.._....__.._____..... i 
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SPECIAL OFFER! 
OBTAINABLE ONLY FROM RADIO & T. Ve COMPONENTS LTD 

THE 

Ieant 4even 
COMBINED PORTABLE & CAR RADIO 

The Radio with the 
* 7 -transistor superhet. 

Output 350mW 

* Two-tone grey wooden 
cabinet, fitted handle with 
silver coloured fittings. 
Size 121" x 81" x 3f" 

* Horizontal tuning scale, 
size II}" x 2f", in silver 
with black lettering 

* All stations clearly marked 

* Ferrite -rod internal aerial 

* I.F. 470 kc/s 

(`STAR" features 
* Operated from PP9 battery 

* Fully comprehensive in- 
structions and point-to- 
point wirinh diagram 

* Printed circuit board, 
back -printed with all com- 
ponent values 

* 

Parts list and circuit diagram 2/6. 

Fully tunable over medium 
and long waveband 

Car -aerial socket 

Full after -sale service 

FREE with parta Plus 5/6 Postage and Packing 

RADIO & T.V. COMPONENTS (ACTON) LTD 21D High St., 
Open 9 a.m.-6 p.m. including Sots. Early closing Wed. 

Acton, London, W3 

equal to top studio 
quality... 

build it yourself or 
buy it complete 

In kit form for assembly 20 gns 
Assembled and tested 25 gns 

Output impedance: 
600 ohms cathode follower 

This is a microphone of outstanding performance with an unusually 
high output (150mV) which enables it to be fed into any amplifier 
or tape recorder. Available in kit form, with easy step-by-step 
manual or assembled, tested and ready for use. ONE YEAR FREE 

replacement/service guarantee with either version. Write, call or 
telephone for technical specification-and remember, delivery 
is from stock. 

World distribution 

,.Vi 
i i 

CHATEAU PRODUCTIONS LTD 
Distributors of Professional Electronic Recording Equipment 

25 DENMARK STREET LONDON WI Telephone: COY 3026 
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E FRgi IOAMBIIIOUSENCINEERS 
- THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

Have you sent for your copy? 
ENGINEERING OPPORTUNITIES 
is a highly informative 156 -page guide to 
the best paid engineering posts. It tells 
you how you can quickly prepare at home 
for a recognised engineering qualification 
and outlines a wonderful range of modern 
Home Study Courses in all branches of 
Engineering. This unique book also gives 
full details of the Practical Radio & Elec- 
tronics Courses, administered by our 
Specialist Electronics Training Division- 
the B.I.E.T. School of Electronics, explains 
the benefits of our Employment Dept. and 
shows you how to qualify for five years 
promotion in one year. 

We definitely Guarantee 
K NO PASS- NO FEE" 
Whatever your age and experience you can- 
not afford to miss reading this famous book. 
If you are earning less than £25 a week. 

send for your copy of "ENGINEERING 
OPPORTUNITIES" today-FREE. 

BRITISH INSTITUTE OF ENGINEERING 

WHICH IS YOUR 

PET SUBJECT? 

Meth.Rlal Eng, 
Electrical Eng.. 

Civil Engineering. 
Radio Engineering. 
Automobile Eng.. 

Aeronautical Eng., 
Production Ent., 
Building. Plastics, 
Draughts/mashie. 

Television, etc. 

GET SOME 

LETTERS AFTER 

YOUR NAME! 
A.M.I.Mech.E. 

A.M.I.C.E. 
A.M.I.Prod.E. 

A.M.I.M.I. 
L.I.O.B. 

A.f.R.Ae.S. 
B.Sc. 

A.M.BrIt.I.R.E. 
City & (Wilde 

Ben. Cart. el Education 
Etc., etc. 

PRICtICAL 

EQUIPMENt 
Baaicfractkal and Theort 
tic Courses for beginners in 
Radio, T.V., Electronics, Etc., 
A.M.Brit.I.R.E. City A Guilds 

Radio Amateurs' Exam. 
R.T.E.B. Certificate 
P.M.G. Certificate 
Practical Radio 

Radio A Television Servicing 
Practical Electronics 

Electronics Engineering 
Automation 

INCLUDING 
TOOLS! 

The specialist Elec- 
tronics Division of 
B.I. E. T.(ineorpora L- 

ing E.M.I. Institutes) 
NOW offers you a 
real laboratory train- 
ing at home with 
practical equipment. 
Ask for details. 

B.I.E.T. 
SCHOOL OF 

ELECTRONICS 

POST COUPON NOW 

TECHNOLOGY (Incorporating E.M.I. Institutes) 
(Dept. SE/23 ), 29 Wright's Lane, London, W.8 

Please send me your FREE 158 -page 

"ENGINEERING OPPORTUNITIES" 

(Write if you prefer not to cut page) 

NAME 

ADDRESS 

SUBJECT OR EXAM 
THAT INTERESTS ME 

THE B.I.E.T. IS THE LEADING ORGANISATION OF ITS KIND IN THE WORLD 

SiomS 

POSTAL ENQUIRIES and 

MAIL ORDERS to Dept. R.C., 

STERN RADIO LTD. 
6-12 TUDOR PLACE 
TOTTENHAM COURT RD 
LONDON, W.1 
Telephone MUSeum 6128/9 

DEMONSTRATIONS 

STERN RADIO LTD 
109 FLEET STREET 
LONDON, E.C.4 

Tel. FLEet Street 5812/3 

OPEN: 9 a.m. to 6 p.m. 
SAT. Close I p.m. 

and SHOWROOMS at 

PREMIER RADIO 
23 TOTTENHAM COURT RD 

LONDON, W.I 
Tel. MUSeum 3451/2 

OPEN: 9 a.m. to 6 p.m. 
THURS. Close 1 p.m. 

We are pleased hat all Stern Products are now available from 

CLYNE RADIO LTD., 12 Suffolk House, George Street, Croydon. Telephone MUN 3250 

THE "TWIN THREE" 
STEREO AMPLIFIER 

ASSEMBLED AND TESTED for £9.0.0 (Carr. & Ins. 5/- extra) 
Based on a recent design by MULLARD LTD., 
is ideally suited for use in PORTABLE RECORD 
PLAYERS for which purpose we offer a specially 
designed ease : 

It incorporates MULLARD ECL 86 Valves, separate 
BASS and TREBLE CONTROLS and produces up to 3 watts 
per channel. Frequency response 40 c/s to 30 Kea, size I If in. x 3 in. x 5 in. 

To co eta STEREO PORTABLE RECORD PLAYER we offer 
Assembled AMPLIFIER with two ROLA 8 in. x 5 in. LOUDSPEAKERS and PORT- 
ABLE CASE for 616.10.0 (Carr. and Ins. I0/- extra). 

THE MONO -GRAM 
A small Amplifier of genuine high quality perform- 
ance. Incorporates new MULLARD ECL86 Valve, 
separate BASS and TREBLE controls and produces 
up to 3 watts undistorted output. 
KIT 

OF £4.100 ASSEMBLED and EÓ.O.O 
PARTS ESTED 
(Carr. & Ins. 3/6) 

Perfectly suited for Portable Installations for which 
purpose we offer ... PORTABLE CASE 63.10.0, the 
AMPLIFIER (Kit) and 8 x 5 in. SPEAKER (61). All 
for 69.0.0. Alternatively with ASSEMBLED AM- 
PLIFIER 610.0.0. (Carr. & Ins. 5/-) 
The ease quoted above will accommodate some 4 

speed Single Record Units. A larger model for auto - 
eh is available for extra I0/-. With this Equip- 
ment a COMPLETE PORTABLE RECORD PLAYER 
CAN be built for from 614.0.0. 

AUGUST 1963 

THE MULLARD 33/RC 
HIGH QUALITY AMPLIFIER DEVELOPED FROM 
THE VERY POPULAR 3 -WATT MULLARD " 3.3 " 
DESIGN. KIT OF PARTS E8.g.O 

ASSEMBLED AND TESTED £11.10.0 
Complete to the MULLARD specification including 
PARMEKO OUTPUT TRANSFORMER. Switched 
inputs for 78 and LP. records plus a Radio position. 
Extra power to drive e Radio Tuning Unit ie abc 
available. (Carr. & Ins. 6/6) 

THE MULLARD 510/RC AMPLIFIER 
The popular complete "5 -IO" incorporating Passive 
Control Unit, and providing up to IO watt output 
with an input of 600mV. Specified components and 
new MULLARD VALVES. Includes PARMEKO 
MAINS TRANSFORMERS and choice of the latest 
PARMEKO or PARTRIDGE output Transformers. 
Surplus Power available for Tuner. 

E12.0.0 Price : COMPLETE KIT 

ASSEMBLED AND TESTED E16.0.0 
(Carr. & Ins. 716) with PARTRIDGE OUTPUT TRANSFORMER 61.6.0 extra. 

THE "TUDOR" 
STEREO AMPLIFIER 
PRICE ONLY £15.0.0 (Carr. & Ins. 7/6) 

A self-contained Shelf Mounting Amplifier 
clesigned to provide high quality stereo- 
phonic and monophonic reproduction. Each channel provides a rated output of 
6 watts and for monophonic operation approx. 12 watts is produced. Se rate 
BASS and TREBLE CONTROLS. Cabinet in Black Crackle. Size 14' x r x M. 
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You've never seen or heard a transistor set design like 
this before. Small enough to conceal in one hand, the 
Sinclair "Slimline" gives choice of British and European 
programmes with staggeringly good quality from its 
own internal ferrite rod aerial. With its entirely new 
R.F. Reflex Circuit, superhet selectivity is achieved 
without any of the latter's problems of alignment. 
And it's so easy to build with its neat printed circuit 
board and well illustrated and presented instructions. 
Success is assured before you begin to build even if 
you are new to receiver construction. 
Such dramatic new standards within even smaller dimensions are 
made possible through the wonderful new MAT Transistors in 
circuitry developed exclusively to exploit their amazing charac- 
teristics-yet it costs so little to build this minute receiver with 
its giant performance-so start yours NOW! 

THE PERFECT SET FOR YOUR HOLIDAY ! 

Total cost of all parts in- 
cluding special earpiece, 
royal blue and gold plastic 
case and instructions. 

M.A.T. TRANSISTORS 
MAKE THIS WONDERFUL 
PERFORMANCE POSSIBLE. 

These amazing new Micro Alloy Tran- 
aistors take transistor performance into 
entirely new fields by their f 
A.F., I.F., and V.H.F. frequency bands. 
they provide 

R.F.far 
greater gain for lass power 

consumption so that two MAT Transistors 
can do the work of three ordinary types 
with considerable saving in space, com- 
ponents and cost. Each one is carefully 

before leaving the factory. For 
full description, send for our book "22 
TESTED CIRCUITS USING MICRO - 
ALLOY TRANSISTORS", price 5/9, 
including postage. 

Long gold-plated leads 
assure perfect contact. 

MAT 100 7/9 
MAT 120 each 

MAT 101 816 
MAT 121 

each 

SINCLAIR radionics LTD 
69 HISTON ROAD, CAMBRIDGE 

r 

THE 
SINCLAIR 
"SLIMLINE" 
MICRO -RADIO 
RECEIVER 

RECEIVES HOME, LIGHT, THIRD AND 
COUNTLESS EUROPEAN STATIONS. 
WITH FANTASTIC EASE AND QUALITY 

Comprises brand new sub -miniature components, genuine MAT 
TRANSISTORS, elegantly designed plastic we and calibrated tuning 
control with high -quality featherweight earpiece; also thoughtfully 
presented step-by-step instructions. 
AND STILL THEY COME INl MORE CONSTRUCTORS WRITE ... 
"Building was quite easy. I have used my 'Slimline' in cars and on trains and 
it has been remarkably efficient." C. V.L. Gillingham 
"The quality from the earpiece provided is excellent. Have brought in dozens 
of stations on this set ... a most companionable little receiver." 

T.L.B., London, N.8 
"Quite fantastic. I would never have thought quality, selectivity and volume 
could be so good from so small a set. It looks smart, too." E.K.H., Basingstoke 

To SINCLAIR RADIONICS LTD., 69 HISTON ROAD, CAMBRIDGE 

Please send Parts for building Sinclair "Slimline" Micro -Radio Receiver 
"22 Tested Circuits Using Micro Alloy Transistors" 

MAT 100 MAT 120 MAT 101 MAT 121 Transistors 
for which I enclose Cash/Cheque/Money Order for E 

Mark off Items required 

NAME...._....._. 

ADDRESS .. 

BLOCK LETTERS PLEASE RC8 
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SCOTTISH INSURANCE CORPORATION, LTD 
38 EASTCHEAP LONDON EC3 

Established 1877 

THE SHEDDING OF A LOAD 

An ACCIDENT can cause serious financial embarrassment. Could you meet your commitments on 

the National Insurance Benefit? 
A "SCOTTISH" Policy will carry the load for you if you are disabled by ANY ACCIDENT and will pay 

compensation for as long as two years for any one accident. 

For a BENEFIT of £10 PER WEEK the premium varies between £210s. Od. and £410s. Od. per annum 
according to occupation, and the premium can be paid half -yearly or quarterly if desired. 

If you will complete and return this form to the Corporation's office at the above address, a quotation 
will be sent with a proposal for completion, or write for details quoting reference ¡1B. 

NAME (Block Letters) 

OCCUPATION 

ADDRESS (Block Letters) 

¡J B 

EXCITING DESIGNS FOR 
TRANSISTOR ENTHUSIASTS 

cecomple6te 

SINCLAIR 
Micro -Amplifier 
OUTPERFORMS TYPES 

20 TIMES LARGER 

Smaller than a threepenny piece, this 
fantastic masterpiece of transistor 
circuitry has a power gain of 60dB 
(1,000,000 times) and a response 
within ±1dB from 30 to 50,000 c/s. 
Will drive any type of earpiece or even 
a loudspeaker, and is a valuable tool 
in the hands of the keen experimenter. 
Kit is complete with instructions and 
FREE Circuits and Data showing 
amplifier used with high and low imp. 
P.U.s, microphones, stereo head- 
phones, radios, transmitters, etc. 

Sensitivity ... O.SmV 

Power Gain ... 80dB 
(100 million times) 

50-20,000 c/s +3dB 
Size: 24" x 1r x r 

59" 

Sinclair Radionics Ltd 
DEPT. RCBS 69, HISTON ROAD, CAMBRIDGE 

SINCLAIR TR.5 
FIVE TRANSISTOR 

COMBINED PRE -AMP. AND 

HALF -WATT POWER AMPLIFIER 

This radically new amplifier employs the latest cir- 
cuitry techniques to produce a perfectly clean half - 
watt of audio power even from such low output 
sources u tape heads, modern pick-ups and micro- 
phones. Each amplifier is supplied ready built for 
immediate use and is unconditionally guaranteed 
for 12 months. 
CIRCUIT -5 matched transistors and a tempera- 
ture compensating diode in a transformer -less com- 
plementary -symmetry configuration. 
POWER OUTPUT-SOOmW undistorted Into 
a 15n loudspeaker. 
POWER REQUIREMENTS-10mA quiescent 
and 150mA peak from 9V battery or power supply. 

READY BUILT AND TESTED 
with each amplifier. Circuits and Data showing how to 

EE 
use the Tits with low and high imp P.U.st tape heads 
microphones, in many different radio circuits, sa a 

guitar 
controls added, 

mono -fi 
powerful , etc.lth 
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HOME RADIO of MITCHAM- 
DEPT. RC, 187 London Road, Mitcham, Surrey. MIT 3282 

TRANSFILTERS 
Transfilters are ceramic filters which take the 
place of tuned i.f. transformers in transistor 
superhets. As they operate at the first overtone 

The following transfilters 
are in stock: 

of their fundamental frequency it is advisable to TO -01 A 455KC 7/6 
precede them with one conventional tuned TO -01 B 465KC 7/6 
circuit. Three types are available: TO -01 Reson- TO -01 D 470KC 7/6 
ant tuned, TO -02 Anti -resonant tuned, and TO -02 A 455KC 7/6 
TF -01 which is a two -connection type that re- TO -02 B 465KC 7/6 
places the emitter by-pass capacitor and gives TO -02 D 470KC 7/6 
increased selectivity. Further details are available TF -01 A 455KC 6/- 
in "Transistor Circuits for the Constructor" No. TF -01 B 465KC 6/- 
4, price 3/6, postage 1/6. TF -01 D 470KC 6/ - 

Shop hours 9.0 a.m. to 6 p.m. (Wed. 1 p.m.) 

WE STOCK THE FULL 
RANGE OF THE NEW 
MULLARD POLYESTER 
CAPACITORS. 

CEIBALINE 
A sound -absorbing material made by Kapok Ltd. This is the perfect material for 
lagging the inside surfaces of high fidelity loudspeaker enclosures to improve quality 
of sound reproduction. It is rot proof, fire resistant and will not support moths or 
other insects. It is easily cut to size with scissors and has a special self-adhesive backing 
for instant fixing. It is made only in a width of 2ft 9in and costs 2/6 per square foot. 
Set out below is a table of prices. 

33"x4" ... ... 2/6 33"x40"... 22/6 

33" x 9" ... ... S/- 33" x 45" ... 25/- 
33" x 13" ... ... 7/6 33" x 49" ... 27/6 

33"x18"... ... 10/- 33" x 53" ... 30/- 
33"x22"... ... 12/6 33"x57"... 32/6 
33" x 26" ... ... 15/- 33" x 62" ... 35/- 
33" x 31" ... 17/6 33" x 66" ... 37/6 

33" x 36" ... 20/- 

e.L 200 PAGES plus a page 
Ob of useful formulae 

* Over 800 illustrations 

Over 5,000 compon- * ents clearly listed and 
priced 

Obtainable only 
from 

HOME RADIO 
OF MITCHAM 

10 

WE HAVE A 
COMPLETE 
RANGE OF 
ALL 
HEATHKIT 
MODELS IN 
STOCK 

We have a large selection of Commun- 
ications Receivers, both new and second- 
hand, with a full range of new Eddystone 
Receivers 
including the 
model 960 
which is 
completely 
transistorised 

of this famous catalogue 

NOW READY! 

POST - 
I COUPON 
I TODAY 

Write 
I CATALOGUE 

I 
on top left of 

envelope. 
Enclose P.O. 3/6 

This is the 4th Edition and 8th reprinting 
of our Catalogue. In addition to enlarging 
it we have re -arranged many sections for 
easier reference. Customers who pur- 
chased earlier editions will need no 
encouragement to obtain this one. To 
new customers we would point out that 
of 5,000 items listed all but 14 are 
actually in stock, and that this unique 
catalogue is backed by a Mail Order 
Service second to none! 

.MM MM MMM 

Name. 

Address I 

I 

Home Radio Ltd. (RC), 187 London Road, Mitcham, Surrey l 
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must be accompanied by a stamped addressed envelope for reply or return, and should bear the sender's name and address. Payment is made 
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Superhet 
Transistor 
Radio Receiver 
By P. GREEN 

TRANSISTOR RADIO HAS BROUGHT BACK TO 
the constructor the old days of building his 
own receiver. Today, the constructor's objec- 

five is to build his own transistor set. Many circuits 
have been published, with articles describing their 
construction, but these are mostly miniature sets 
in which the sizes of the speaker and ferrite rod 
aerial are limited. There are, also, straight and 
reflex circuits, with which good results can be 
obtained from local stations. 

This state of affairs does not satisfy many con- 
structors, for whom the superhet is the only answer 
to their requirements. The assembly of a superhet 
transistor radio is well worth while, and very little 

-Ferrite avid 

extra effort and expense is involved. Also, the 
constructor will be much happier with the results. 

The design of the transistor superhet described 
here is a departure from miniature layouts, although 
the overall dimensions of the receiver (excluding 
knobs) are still only 71 x 41 x 21in. The cabinet is 
constructed from a polythene case which is available 
in various pleasing colours. A 6 x 4in loudspeaker 
is employed, and the finer quality of sound available 
from this relatively large unit is something to be 
proud of. 

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

CVI.CV2 -9Q5id S2Qb.R20-ganged 

Fig. 1. The circuit of the receiver 
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as may be seen, it employs a standard superhet 
design. The ferrite rod aerial couples into the 
mixer/oscillator transistor TRI, in the collector 
circuit of which is connected the first i.f. transformer 
IFTI. The secondary of IFT1 feeds,transistor TR2 
which, in turn, drives TR3 by way of IFT2. The 
secondary of IFT3 couples into the detector circuit 
provided by diode DI, R20 and C3, an a.g.c. 
voltage being fed back to the base of TR2 by way 
of R12. The detected a.f. tapped off R20 is fed, via 
R17 and C12, to the driver transistor TR4 which 
then couples, by way of transformer T1, to the 
output transistors TR5 and TR6. 

It will be noted that the Components List specifies 
both Ediswan and Mullard transistors. Ediswan 
transistors were used in the prototype, but the 
Mullard alternatives may be employed equally 
well in receivers using the present circuit. 

Resistors 

(All fixed resistors 1 watt 10%) 
R1 10kû 
R2 56kû 
R3 68kû 
R4 22kû 
R5 33kû 
R6 10kû 
R7 6.8kû 
Rs 22012 
R9 1.2kû 
R10 3.9kû 
R11 3.9kû 
R12 8.2kí2 
R13 680û 
R14 4.7kû 
R15 1kû 
R16 4700 
R17 1kû 
R18 1012 
R19 47012 
R20 5k0 miniature volume control (log track) 

with switch 

Transistors 
TRI XA102 or 0C44 
TR2, 3 XA101 or 0C45 
TR4 XB103 or 0071 
TR5, 6 XC101 or 0072 (Matched pair) 

Diode 
D1 0A81 

Switches 
S1 Wavechange s.p.s.t. (see text) 
S2(a), (b) On/off d.p.s.t. (Part of R20) 

Speaker 
6 x 4in, 3û impedance (see text) 
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The components inside the case (in this illustration, 
the long wave ferrite frame coil is shown, incorrectly, 

with its tag ring on the inside) 

Components List 

Capacitors 
C1 0.01µF 
C2 0.01µF 
C3 0.01µF 
C4 0.1µF 
C5 0.1µF 
C6 0.1µF 
C7 180pF 10% 
Cs 250pF 10 
C9 56pF 2 
Ci0 18pF 2 
C11 10µF, electrolytic, 6V wkg. 
C12 5µF, electrolytic, 6V wkg. 
C13 25µF, electrolytic, 6V wkg. 
C14 100µF, electrolytic, 12V wkg. 
C15 100µF, electrolytic, 12V wkg. 
CTI 60pF trimmer 
CT2 60pF trimmer 
CV1, 2 176/208pF twin -gang (Jackson Bros 

type 00, without trimmers or slow motion 
drive) 

Inductors 
Ferrite Rod Aerial, Osmor type PW/FR1 
Oscillator Coil (Red), Osmor type PW/01 
IFTI, 2 Osmor type PW/2 (White) 
IFT3 Osmor type PW/3 (Blue) 
T1 Driver transformer type LT44, (Clyne 

Radio Ltd) 
T2 Output transformer type LT700, (Clyne 

Radio Ltd) 

Miscellaneous 
Expanded metal speaker grille, 6+ x 31 -in 

Earpiece and earpiece socket 
External battery socket (optional) 
Battery type PP6, Paxolin panel 
2 Knobs, Polythene lunch box,(Woolworths) 
71 x 41 x 21in, screws, nuts, rivets, etc. 
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Tap No,8 BA screw to secure lid 

Slot I/16"x 5/8" 

No2 waodscrcw 

6BA and cask 

75/8"inside 

55/8. 

45/8" 
Inside 

CUTOUT 

Grille to fit In this cutout 
before edges are flattened 

li'ege 

Fig. 2. Drilling and cutting the polythene case. The holes marked "A" should only be drilled if an external supply 
socket is to be fitted. This point is discussed in the text 

Construction 
Construction may commence with the cabinet. 

This consists of a converted polythene lunch box 
(available at Woolworth's stores) which is modified 
as shown in Fig. 2. The hole in the bottom for the 
grille can be cut out with a penknife, whilst the other 
holes must be carefully drilled. Countersinking 
should be carried out with the drill held in the hand. 
Note that two pieces of wood din square' are 
secured to the two long sides of the case. These 
will later hold the Paxolin panel on which the main 
components are mounted. The holes marked "A" 
in Fig. 2 are for an optional socket whose function 
is described at the end of this article. They should 

Fig. 3. The baffle board. This is made of }in hardboard 
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not be drilled at this stage unless it has been decided 
to employ such a socket. See under "External 
Connections". 

The baffle board (Fig. 3) and speaker grille may 
now be fitted behind the speaker cut-out. The 
edges of the grille are flattened so as to fit between 
the baffle board and the sides of the case, as shown 
in Fig. 4. 

Fig. 5 illustrates the manner in which the speaker, 
baffle board and Paxolin panel are mounted inside 
the case. It is essential that the speaker employed 
has a round magnet having a diameter less than 
21in. The speaker must be mounted such that it 
does not interfere with the semicircular cut-out in 

Case 

Grille H 

Baffle 

To ha 
bock 

flat 4/' i / 
Fig. 4. How the grille is fitted 
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the Paxolin panel. As may be noted from Fig. 5, 
the speaker is not mounted centrally on the baffle 
board. 

The Paxolin panel has next to be cut and drilled 
out, and the requisite dimensions are given in Fig. 6. 
It will be seen that no dimensions are given for the 
holes which take the two 60pF trimmers. The 
writer employed a double trimmer here, but single 
trimmers may be used instead, if desired. 

Next to be made is the tuning capacitor support 
shown in Fig. 7. This has two 6BA nuts soldered to 
it in order to facilitate mounting, these corresponding 
with two holes on in centres in the Paxolin panel. 

The capacitor support is followed by the wave - 
change switch blade, which is cut out from Sin 
brass. See Fig. 8, which also shows the switch 
assembly. The contacts shown in this diagram are 
taken from an old Yaxley switch wafer, }6 -in 
roundhead copper rivets being employed to fasten 
these, and the blade, to the Paxolin panel. A 
washer should be placed on the end of the rivet near 
the panel before rivetting. 

The transistor lead -out wires may next be threaded 
with coloured sleeving for identification, employing 

Speaker 

Case 
il 

1-r-1/8h 

3/32"drill 
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27/16" 

Panel Speaker 

Fig. 5. Internal layout after assembly 

red for emitter, green for base, and white for collec- 
tor. This sleeving will assist in identifying the leads 
when wiring up. 

Assembly 
The assembly of the major components to the 

Paxolin panel may now commence. Their positions 
are shown in Fig. 9. It will be seen from this diagram 
that two double tags are eyeletted to the panel to 
provide connections for the speaker, and that a 
further two tags are fitted for the negative and 
positive supply lines to the board. It is necessary 

ses 

17/32 I In' 

..._151161_..f_II/16' 
53/16 

3slots 3/14 1/4' 

jto 916 r 3/8=ek3i 

68A 

/16 
. 

49/16 21/8' 

I I/ió rad 

No.48dri11 

Detail of coil and IF. 

transformers drilling 
group 

113/16 

Na2 woodscrew 

5/i6dia 

1/8 13/1b 

OÒ 

Note: Holes 
be drilled to 
suit trimmers 

In-Ì 
No52 drill __Is/ló 

0 m -1-=-0-0-e®-0--®- m 
® 444 

II II/ 
R 

I1/2 

-o 

48 drill 

FRONT VIEW 

I/16'thick panel 

Fig. 6. The dimensions of the Paxolin panel 
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3-4BA clearance holes on I pc.dia 

,III: 5ddia hole 

1 

11/2` -- 

Ì 

3'4" 

Solder on 

6BA nuts 

74-11-'d 
I/4"_ 

\Bend up 
"fig 11/16 

Fig. 7. The tuning capacitor support. The material 
is 0.032in mild steel 

also to provide a mounting for the ferrite frame. 
As may be seen from Fig. 8 and the illustrations, 
this mounting was given in the prototype by a 
fibre clamp, secured by two 6BA screws. The 
ferrite frame aerial must, of course, clear the 
Paxolin panel and the wavechange switch contacts. 
The ferrite rod is not finally mounted 
at this stage. 

The transistor lead -outs are next 
threaded through the holes provided 
for them. These holes are identified 
in Fig. 10 by the letters "W", "G" 
and "R", which indicate whether the 
associated sleeving should be white, 
green or red. The i.f. transformers 
and oscillator coil may next be fitted, 
this being done by passing the mounting 
lugs through the appropriate holes and 
then back through the adjacent holes 
as in Fig. 11. Fig. 11 illustrates also 
how the i.f. coil lugs may be soldered 
together. The orientation of the oscil- 
lator coil and i.f. transformers is 
shown in Fig. 10. T1 and T2 are fitted 
by passing their mounting lugs through 
the panel, fitting a washer on each and soldering 
over. Finally, mount the tuning capacitor to its 
bracket and bolt this to the panel. 

Wiring Up 
A start can now be made in wiring up. Fig 10. 

shows the wiring layout of the underside of the 
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3/8` dia 

Gy 
5/32' 

1 

7/16' 
I 

t_ 

w--- - l/l6"die holes I 

L3d.__.3/8t, 

--1/32"Brass 

Washer under head 

i of rivet 

Small brass wash- 
er to be mode for 
each rivet end L 

ti-I/edict 
Removed from 
switch wafer 

Fig. 8. Details of the wavechange switch 

panel. The positive supply line may first be fitted, 
this connecting to all earthy points. (It may be 
necessary to temporarily remove the tuning capacitor 
bracket whilst connecting to the trimmers.) The 
negative line may next be soldered in, and this can 
stand off the panel by about fin. Bare 22 s.w.g. 
tinned copper wire may be used here, and it will 
become self-supporting after it has been soldered 
to a few points. Thread on a short length of sleeving 
at the supply terminal tags, red for positive and black 
for negative; this will provide a good reminder to 
avoid mistakes. All the straight direct connections 
may next be made, employing thin p.v.c. covered 
wire. A number of capacitors, C2, C4, C5 and C6, 
have resistors in parallel with them. These resistors 
may be primarily soldered across the capacitors 
and the resulting assembly then soldered into circuit 
on the panel. 

The remaining capacitors, resistors and other 
components can now be fitted as shown in Figs. 
9 and 10, a heat shunt being applied to all transistor 
leads during soldering. Note that the neutralising 
components, R9C9, R1oCi9 are pre -assembled, 

Fibre clomp 

Transistors must 
not be pulled dam -ve 
to panel +ve 

60pF Trimmers 

176-208 pF 

Variable 
capacitor 

Small washer 
soldered to lug 
on transformer 

'`To emitter TR4 

To positive line 

Fig. 9. The principal components above the chassis 

and are mounted by connecting the assembly 
junctions to tag 1 of each i.f. transformer. 

The ferrite rod aerial is next fitted to the panel 
and it is connected into circuit as shown in Fig. 12. 
Fig. 9 shows the positions taken up by the Medium 
and Long wave coils on the ferrite rod. The leads 
from the ferrite rod aerial to the panel components 
need to be flexible. These leads are approximately 
6in long and they pass through the din hole 
under the Medium wave coil before passing on 
to the appropriate circuit points. 

After carefully checking all wiring on the panel, 
this may be fitted into the case, and mounted in 
place on the wooden sections previously fitted. 
It should be noted that external connections have 
to be made to the speaker, the earpiece socket, 
the volume control and the on/off switch. The 
earpiece socket is fitted in the position indicated 
in Fig. 2, and this, with the speaker, is wired up 
as shown in the circuit diagram of Fig. 1. The 
connections to the volume control may be made 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



following Figs. 1 and 10. It should be 
remembered that the positive and 
negative supply lines from the panel 
are connected to the battery via the 
switch contacts on the volume control. 
The photograph illustrating the interior 
of the case shows the layout of the 
components here. The PP6 battery 
is fitted with its terminals away from 
the volume control, in order to prevent 
short circuits to the metal case or 
terminals of the latter. 

Testing 
When the receiver has been completed 

it may be tested and aligned. Since 
the i.f. transformers and oscillator 
coil are supplied pre -aligned, little 
adjustment, if any, will be required 
with these components. I.F. alignment 
may be carried out with the aid of a 
modulated signal generator feeding an 
output at 470 kc/s to the "Tap" tag 
of the ferrite rod aerial. Signal generator 
output should be kept as low as possible 
to avoid a.g.c. voltages masking the 
effects of core adjustment. 

R.F. alignment is carried out in 
the conventional manner and, as no 
standard tuning scale is fitted, there 
should be no necessity to adjust the 
core of the oscillator coil. The position 
of the Medium wave coil on the ferrite 
rod should be adjusted for optimum 

I.F Transformers 

208-176pF Capacitor 

L L 
TZ \ To R19 C14 To R16 on 

panel 
front 

Speaker 

Fig. 11. The method of securing the i.f. transformers 
and oscillator coil 

signal strength for a signal at the low frequency 
end of the Medium waveband, trimmer CT2 
then being adjusted for optimum results at the 
high frequency end. This procedure may need 
to be repeated several times for best overall results. 
On the Long waveband, set the tuning capacitor 
to receive the Light Programme on 1,500 metres 
(200 kc/s) and adjust CT1 and the position of 
the Long wave coil on the ferrite rod for optimum 
results. If more accurate tracking is required, 
on this band, the position of the coil may be adjusted 
at the low frequency end of the band, and CT1 
adjusted at the high frequency end. 

External Connections 
As has already been stated, a socket is available 
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Bent up tag To positive line 

renec__&9,rcl0]-r_9O,1 

This combination to be soldered 
in at tog no.l on each If transformer 

LW MW 

ve Busbar 

s 

I.F Transformer 

Fig. 10. The wiring on the underside of the panel 

Slack lengths to allow To CT' 

coil adjustments Bent up tag 

p Tap 

To CV1 _ To CI 

End view in 

direction of 
arrow 

Fig. 12. Connections to the ferrite rod aerial 

for an earpiece. Such a socket may also be employed 
for connection to an external loudspeaker. 

It is also possible, with the prototype, to connect 
an external battery, should this be desired. A 2 -way 
socket is fitted to the holes marked "A" in Fig. 2, 
whereupon the external battery may be plugged 
in at this point, as shown in the accompanying 
illustration. The use of a large external battery 
may prove economical, if the receiver is to be 
employed for long periods. The dimensions for 
the "A" holes given in Fig. 2 apply to the particular 
plug and socket employed by the writer, and may 
be modified for alternative plugs and sockets. 
It is important, however, to employ non -reversible 
types in order to ensure that the external battery 
is not applied with incorrect polarity. 
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The circuits presented In this series have been 

designed by G. A. French, specially for the enthusiast 

who needs only the circuit and essential data 

I 
sisggisted cfrcuits 

WS 

N H.T. POWER UNIT WHICH 
is capable of offering a wide 
range of readily adjustable 

voltage outputs is always a useful 
item of equipment in the experi- 
menter's or service engineer's work- 
shop. Usually, such devices tend 
to be based on stabilised power 
pack principles and are, in con- 
sequence, somewhat expensive. This 
month's Suggested Circuit is for a 
simple h.t. power unit which is 
capable of providing a range of 
output voltages from about 60 to 
350 (according to load and the 
secondary voltage of the mains 
transformer employed) at currents 
up to 50mA or more. The unit 
requires few more components than 
are needed in a conventional half - 
wave rectifier circuit, and it may in 
consequence be built at little greater 
cost. No voltage stabilising tech- 
niques are employed and the regula- 
tion of the circuit is considerably 
poorer than would be given in a 
fully stabilised unit. In practice, 
the regulation is about twice as 
bad, at some output voltages, as 
that of a conventional half -wave 
power unit. It is felt that this is 
not, for many applications, a serious 
disadvantage, and that it is counter- 
balanced by the low cost of the unit 
and its simplicity. 

The Circuit 
The circuit of the power unit 

is shown in Fig. 1, and it will be 
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No. 153 Low -Cost Variable Voltage Power Unit 

noted that it employs a mains 
transformer having a single wave 
h.t. secondary winding which offers 
a voltage between 200 and 250. 
This voltage is applied to the anode 
and screen -grid of a PL81, the 
cathode being connected to the 
reservoir capacitor Ci. The rectified 
voltage across CI is smoothed by 
the choke (or smoothing resistor) 
and C2, and is then applied via the 
current reading meter to the output 
terminals. A shunt voltmeter moni- 
tors the output voltage. The grid 
of the PL81 is connected to the 
slider of R2, this latter component 
being the variable voltage control. 

To explain the action of the circuit, 
it is helpful to commence with the 
half -cycle which causes the anode 
and screen -grid of the PL81 to 
go negative of chassis. Under this 
condition the control grid is also 
negative, and the valve passes no 
current. 

On the following half -cycle the 
anode and screen -grid go positive. 
So also does the control grid, the 
positive voltage here varying accord- 
ing to the position of the slider of 
R2. In consequence, cathode - 
follower action takes place, and 
the voltage on the cathode becomes 
dependent upon that on the control 
grid. 

Since it only conducts during 
positive half -cycles, the PL81 func- 
tions also as a rectifier. In common 
with normal half -wave rectifiers 

it then causes charging pulses to 
be fed to the reservoir capacitor 
during each positive half -cycle. It 
is whilst the reservoir charging 
currents flow that the grid potential 
takes control, and the setting of R2 
then governs the actual voltage 
to which the reservoir capacitor 
charges. When the slider of R2 
is at the bottom end of its track, 
the rectified voltage across CI 
is at minimum. When the slider 
of R2 is at the top of its track, 
the voltage across C1 is maximum. 

Choice of Valve 
Although the circuit is extremely 

simple in basic principle, a number 
of difficulties arise with respect 
to the valve chosen. 

The first requirement of the 
valve is that it should be capable 
of passing a high current; and the 
most suitable types generally avail- 
able which meet this requirement 
are audio output valves or line output 
valves. At the same time the valve 
is subject to high peak inverse 
voltages. In general, line output 
valves are more capable of working 
with such voltages than are audio 
output valves and it is for this 
reason that a PL81 is suggested 
here. 

For a 250 volt h.t. secondary the 
maximum possible p.i.v. on the 
anode and screen -grid of the valve 
(relative to cathode) is 700 volts. 
Maximum p.i.v. figures are not, of 
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course, available for the PL81, 
and it is possible that the valve is 
over -run in the present circuit. 
When the slider of R2 is at the top 
of its track, a p.i.v. of 700 volts 
on the control grid (relative to 
cathode) may also appear. The 
PL81 has a maximum negative 
grid voltage rating of 1kV, but 
this is under line output conditions 
in which the voltage has a maximum 
duration of 18µS only. In conse- 
quence, there may, again, be over- 
running of the valve. 

In order to check these points, 
the author employed a PL81 in a 
prototype circuit with a transformer 
having a secondary voltage of 300. 
The PL81 performed quite satis- 
factorily, and there was no evidence 
of any trouble due to the high 
voltages applied to its electrodes. 
In consequence it would seem 
reasonably safe to employ a PL81 
in similar circuits, particularly if 
the secondary voltage is not greater 
than 250; i.e. 50 volts less than 
that used by the author for checking 
the circuit. Due to the possibility 
of over -running the valve, however, 
the author cannot guarantee that 
other PL81's will behave in similar 
manner, and the circuit is experi- 
mental in this respect. 

The PL81 is intended for series 
operation and has a heater voltage 
of 21.5 at a current of 300mA. 
This voltage is not available from 
standard transformers, and it may 
be necessary to add a suitable 
heater winding to an existing trans- 
former, or to obtain the voltage 
by other means. There are a number 
of transformers available on the 
component and surplus markets 
which could be pressed into service 
(with, perhaps, series resistors) to 
provide a heater voltage for the 
PL81. An alternative idea would 
consist of employing an EL81 
(with a heater voltage of 6.3 at 
1.05A) instead of the PL81. How- 
ever, the EL81 is not exactly equiva- 
lent to the PL81 although it is 
employed, generally, in similar line 
output circuits. The EL81 cannot, 
therefore, be guaranteed as being 
entirely reliable in the present 
circuit, and its use must be considered 
as being experimental also. 

These factors may make some 
experimenters consider the inclusion 
of a fuse to protect the circuit 
in case of valve failure. Such a 
fuse could be inserted between the 
upper terminal of the mains trans- 
former h.t. secondary and the anode 
and screen -grid of the valve. Since 
it will also be passing reservoir 
capacitor ripple current, the fuse 
will need a value somewhat higher 
than the smoothed current drawn 

500kn 
Linear 

PLBI 

(see text) 

Fig. 1. The circuit of the variable voltage power unit 

from the output terminals of the 
unit. 

A resistor, RI, is inserted between 
the upper end of R2 and the upper 
terminal of the secondary. The 
purpose of this resistor is to prevent 
the control grid from reaching the 
same potential as the anode and 
screen -grid when high output volt- 
ages are required. If the control 
grid were to have the same potential 
as the anode and screen -grid a 
relatively heavy positive grid current 
may flow and this would be an 
undesirable feature. 

It is necessary to connect one 
side of the heater to the cathode of 
the valve to ensure that the maximum 
heater -cathode potential is not ex- 
ceeded. With the PL81 this is 200 
volts, whilst the corresponding figure 
for the EL81 is 100 volts. The 
transformer heater winding insula- 
tion must be capable of withstanding 
the rectified voltages which appear 
between the valve cathode and 
chassis. 

The PL81 has a maximum cathode 
current of 180mA, but, due to the low 
regulation of the unit, it would be 
impracticable to draw a current 
as heavy as this from the present 
circuit. A maximum current around 
50mA would seem to be a reasonable 
figure, and this can be provided 
by a number of inexpensive mains 
transformers with single wave h.t. 
secondaries. The range of output 
voltages available will then, of 
course, depend upon that given by 
the secondary. 

Other Components 
The remaining components in 

the circuit require little comment. 
Either a smoothing choke or a 

smoothing resistor may be employed, 
according to the experimenter's 
wishes. A 1.2kû component rated 

at 3 watts should be satisfactory 
for a smoothing resistor. The use 
of a resistor will, of course, degrade 
the regulation of the circuit but 
not, for most requirements, by an 
excessive amount. 

A current reading meter in series 
with the positive output terminal 
is a desirable adjunct, and it is 
very helpful for determining circuit 
conditions in equipment fed by 
the unit. Such equipment could, for 
instance, be initially connected to 
the unit with R2 slider set to the 
bottom end of its track. R2 slider 
could then be slowly advanced, 
the current drawn by the equipment 
being monitored by the meter as 
the h.t. voltage increases. The 
current reading meter could have 
a full-scale deflection of 50 or 
100mA. 

A voltmeter across the output 
terminals is also shown, but many 
experimenters will probably dispense 
with this and rely upon a testmeter 
connected across the output termin- 
als whenever the power unit is 
employed. If a voltmeter is fitted 
to the unit, it is assumed that it 
will have a sensitivity of around 
1,00052 per volt, which is quite 
adequate for the present purpose. 
Such a voltmeter will then also 
function as a bleeder resistor, and 
will discharge CI and C2 when 
the power unit is switched off 
or when R2 slider is changed to a 
lower setting. If the voltmeter is 
not incorporated it would be ad- 
visable to fit a bleeder resistor in 
its place. For the present applica- 
tion, a value around 220kû at 1W 
would be adequate, It should be 
mentioned that some form of bleed 
is essential as, otherwise, the output 
voltage may remain at a high 
figure even after R2 has been 
adjusted for a low output voltage 
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Fig. 2. Voltages obtained under no-load and loaded conditions with the 
prototype 

A 220k12 bleeder gives a time 
constant of about 8 seconds in 
conjunction with C1 and C2, and 
this figure should be adequate with 
a simple circuit of the type under 
discussion. 

No working voltage is specified 
for C1 and C2, as these depend 
on the h.t. secondary voltage of 
the mains transformer employed. 
The working voltage should be 
350 for secondary voltages between 
210 and 250. For secondary voltages 
below 210 the working voltage 
may be 300. 

The potentiometer, R2, is a 
conventional carbon track compo- 
nent. 

Results With The Prototype 
As was mentioned above, the 

circuit was checked with a prototype, 
the secondary voltage of the trans- 
former employed being 300. To 
provide severe operating conditions 
for the PL81, R1 was omitted, 
the upper end of R2 being connected 
directly to the upper terminal of 
the transformer secondary. The 
secondary resistance of the trans- 
former employed was fairly high, 
at 45052, whilst the primary resistance 
was 1000. Voltages across C1 
were measured for varying loads 
and for various settings of R2. 

The results are given in Fig. 2. 
It will be noted that, off load, 

the voltages across C1 varied between 
75 and 400 according to the setting 
of R2. Also shown are the voltages 
resulting from various loads, the 
currents drawn being mostly at 
30mA. Each straight line joins 
the voltages given under no-load 
and loaded conditions for a particular 
setting of R2 and its slope shows 
the regulation resistance under these 
conditions, this resistance being 
indicated at the right hand side. 
Thus, one line demonstrates that a 
voltage of 100 off load drops to 
60 when a current of 30mA is drawn. 
Under these conditions, therefore, 
30mA corresponds to a voltage 
drop of 40, and results in a regulation 
resistance of 1.3k0. The same 
effect would be given by a 1.3k12 
resistor in series with a 100 volt 
supply having perfect regulation. 
The resistance inserted by the 
transformer, say 6000, contributes 
to the regulation resistance, and 
this figure could be subtracted from 
the regulation resistances shown in 
Fig. 2, if a more accurate picture 
of circuit performance were required. 

It will be seen that regulation 
resistance is fairly low for voltages 
below 240 or so, and that it then 
gets progressively higher as voltage 
increases. This corresponds, to 
some extent, to the performance 
given by a conventional half -wave 
rectifier circuit. The regulation 
resistance increases-but not to 
an unusable value-at the higher 
voltages, and it then reduces slightly 
when R2 slider is at the top end 
of its track. It is possible that this 
final improvement is the result of 
the onset of grid current (which is 
prevented, in Fig. 1, by the inclusion 
of Ri). 

Throughout the tests with the 
prototype, the PL81 functioned 
correctly and gave rise to no 
trouble. 

Building contract placed for new BBC and VHF sound relay 

station for Shetland 
The B.B.C. announces that a contract has been placed with Messrs. Pearson & Tawse Ltd., of Angusfield, Aberdeen, 

for the construction of the buildings for the new Shetland television and v.h.f. sound relay station which is to be built 
at Ward of Bressay, some three miles south-east of Lerwick, and for its associated receiving station at Fitful Head. The 
Shetland station will receive its programme for re -transmission from the B.B.C.'s Orkney station. The Orkney trans- 
mission will be picked up at Fitful Head from where the television programmes will be fed by radio link and the three 
sound programmes by Post office line to the Shetland relay station. 

The Shetland station is one of a number of additional stations which the B.B.C. is building to extend and improve 
the coverage of its television and v.h.f. sound services. The date for the start of the service is dependent upon the 
completion of the buildings, on which work has now started, but it is hoped to have the new station in operation 
within about twelve months. 
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By 
G. A. STEVENS 

Low -Cost 

High Fidelity Amplifier 

The difficulties involved in constructing a high fidelity amplifier at low cost are well known to 
audio enthusiasts. This article describes an ingenious approach to the problem and its author 

offers some thought -provoking views on the subject of the output transformer. 

ECENTLY, THE WRITER HAD TO DESIGN A SERIES 
of 10 watt amplifiers to professional standards 
and driven at the normal level for such 

equipment, i.e. OdBm (or 1mW across a 60052 
resistor). This is, in terms of voltage, 775mV. 
It was important to make each amplifier as cheaply 
as possible whilst still retaining the highest standards 
of performance, and considerable care was devoted 
to designing a circuit with these ends in view. 
The final design was capable of being built for 
£6 to £7 only. 

The most expensive items in any normal power 
amplifier are the inductors; these comprising the 
mains and output transformers and the smoothing 
choke. Since no compromise could be made in 
the choice of mains transformer, all economies 
had to be carried out on the smoothing choke 
and output transformer. Now, whilst in normal 
domestic audio amplifiers R -C smoothing has 
virtually ousted the use of chokes, this is not 
considered adequate in professional equipment 
in view of the stringent signal/noise ratio required. 
However, after several trials it was found that by 
double-decoupling the supply to the output stage, 
professional requirements could be met without 
the use of a choke, the only additional cost being 
that incurred by using a triple instead of a double 
capacitor. Since the triple capacitor was available 
at low cost, there was a considerable saving in 
cost and space. 

The Output Transformer 
The output transformer presented a more difficult 

problem. A transformer designed to sell cheaply 
means that the manufacturer has had to make 
economies, particularly in the amount of iron used 
for the core. This in turn limits the power output, 
especially at low frequencies, due to magnetic 
saturation of the core material. However, if a 
given transformer can deliver 10 watts at 1 kc/s 
it will be satisfactory if, at the lower frequency 
limit (about 30 c/s), it can deliver not less than 
25% of its rated output, which in this case is 2.5 
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watts. If the sounds that make up normal speech 
or music are analysed into their respective frequen- 
cies, it can be shown that, for a 10 watt composite 
signal, the low frequency components form usually 
less than 1 watt. Obviously the ratio varies with 
different types of programme material but even an 
organ, say, gives very little output at low frequencies 
where core saturation is liable to become evident. 
Also, since the full 10 watts of the amplifier would 
not normally be used except to handle transients, 
which by their nature contain little low frequency 
components, an additional amount of power 
becomes available. 

Another difficulty arises due to the presence 
of negative feedback, which includes the trans- 
former. Due to too low a primary inductance at 
low frequencies, and to too high a leakage inductance 
and capacitance at high frequencies, a cheap 
transformer gives rise to phase shifts in an amplifier 
which can cause peaks in the response, and eventual- 
ly, if too much feedback is applied, oscillation or 
squegging. However, by designing an amplifier 
so that its phase shifts compensate for those in the 
transformer, and by deliberately controlling the 
frequency response, quite large amounts of feedback 
can be applied. In the present design, 19dB of 
feedback is applied over the main loop and, although 
the output transformer cost less than a £1, no 
core saturation took place from 30 c/s upwards 
for powers of 5 watts or less, giving thereby a 
very adequate power response at low frequencies. 
At high frequencies the loop gain of the amplifier 
is reduced by C3 to avoid instability. Also, a 
transformer was chosen with an untapped secondary 
giving a 1552 output only (since most high grade 
speakers are of this impedance) and the simplifica- 
tion of the secondary winding reduces the leakage 
inductance. 

An important consideration in keeping the cost 
down was in the choice of valves. Whilst double 
valves (viz. ECL82, ECL86) would initially be 
cheaper, when one section aged or developed a 
fault the whole unit would have to be replaced. 
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Fig. 1. The circuit of the amplifier, showing voltages and currents at various points. Voltage readings were taken with 
a Model 8 Avometer (20,00052 per volt) but, since most points in the circuit are at low impedance, a less sensitive meter 

could be used 

Components List 

Resistors 
R1 600û 
R2 270û * 

+ watt 10% carbon 
watt 5% carbon 

Capacitors 
Cl 0.51).F, 150V wkg. paper 
C2 11/F, 150V wkg. paper 

R3 
R4 
R5 

22kû 4- 

470kû 
1.8kû 

watt 10% carbon 
* watt 10% carbon 
+ watt 10% carbon 

C3 2,000pF, 5% silver mica 
C4(a),(b) 16+24µF, 350V wkg. electrolytic 
CS I µF, 250V wkg. electrolytic 

R6 56kû 1 watt 10% Carbon C6 11.1.F, 250V wkg. paper 
R7 
R8 

22kû 
18kû -I 

4 watt 10% carbon 
watt 1% H.S. 

C7 1µF, 250V wkg. paper 
C8 250µF, 25V wkg. electrolytic 

R9 18kû } watt 1% H.S. C9 250µF, 25V wkg. electrolytic 
Rio 
R11 
R12 
R13 

2.2kû 4 
330kû 
330kû # 
330û 

watt 10% carbon 
watt 10% carbon 
watt 10% carbon 

4 watt 5% carbon 

*CI o(a) 80µF, 450V wkg. electrolytic 
C1 o(b) 40µF, 450V wkg. electrolytic 
Cl o(c) 20µF, 450V wkg. electrolytic 

R14 
R15 

330û } 
3.9kû * 

watt 5% carbon 
watt 5% carbon Transformers 

R16 
R17 

330û 5 
47011 5 

watts 10% wirewound 
watts 10% wirewound 

T1* Output transformer 7O00û anode -to -anode. 
Taps at 20% 

R18 lkû } watt 10% carbon T2 Mains transformer. Secondaries: 350-0- 
R19 lkû + watt 10% carbon 350V at 100mA, 6.3V at 1.9A, 6.3V at 1A. 
VR1 1 Mû pot. log track (Ellison type MT127 would be suitable) 
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Valves 
VI ECC81 
V2 EL84 
V3 EL84 
V4 EZ81 

Tagboards 
2 off, vertical mounting, each with two rows of 

16 tags 

Since the output valves have to be replaced more 
frequently due to their high dissipation, the final 
choice consisted of a pair of EL84's. Here again, 
separate cathode bias resistors were used so that 
the cathode currents are automatically balanced 
without having to choose matched valves, this also 
avoiding the need to change both valves should one 
fail. 

The Circuit 
As may be seen from Fig. 1, a transistor is 

employed in the early stages of the amplifier. 
By using a transistor, a stage gain in excess of 
500 may be obtained without trouble with induced 
hum from the heaters. Due to its low input im- 
pedance the transistor has to be driven by one 
half of an ECC81 (VI(a)). Vi(a) offers nothing 
towards the amplification of the circuit. Indeed 
there is a reduction in the a.f. voltage from the 
grid to the anode but this is unimportant since the 
function of this stage is purely to provide a current 

Transistor 
TRI 0071 

Sockets 
SKI Jack socket 
SK2 Small speaker output socket 

C10 and T1 are available from Intrinsic Developments, 80 Kings 
Road, Berkhamsted, Herts. 

drive to the transistor. The voltage attenuation 
serves to reduce the overall noise and hum caused 
by VI, as well as microphony.l The output imped- 
ance of Vi(a), together with its linearity, is improved 
by leaving the cathode bias resistor R2 unbypassed, 
this also providing a convenient point for the 
application of the main feedback loop. The signal 
is then fed via C2 into the base of the transistor 
TRI. Since TRI, in order to be able to drive 
the phase splitter fully, has to have 15 volts between 
emitter and collector, it is advisable to use only 
first grade transistors here, and not any of the 
surplus variety which have very large characteristic 
spreads and may easily break down. The bias 
for the transistor is provided by R4 which com- 
pensates for the normal spread of characteristics, 
and which provides negative feedback. The signal 
is now d.c. coupled to the grid of VI(b). The 

t The overall gain from the grid of Vi(a) to the grid of Vt ) 
is about X100-200 (including an approximate loss of X3 in Vi(a) 
due to the function of this valve as a current generator).-EDrroR. 
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Fig. 2. The layout of the main components below the chassis 
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Upper tags 

TAGBOARD 1 

Lower tags 

Fig. 3. The wiring and components around V1, V2 and V3. In this diagram the tagboards are shown opened out flat, 
individual tags being indicated by crosses 

divider chain R6R7 is coupled to the upper end of 
R2 in order to help provide correct bias for V 1(a) 
whilst keeping the value of R2 down in order that 
it shall not produce too much reduction of gain. 

Although the original amplifier was designed 
to work from a 775mV signal across 60052, the 
sensitivity may be improved by the substitution of 
an 0075 for the 0071 in the TR1 position. R1 
can, also, under these circumstances, be completely 
removed since it only serves to match the low 
impedance output source from the pre -amplifier 
with which this unit was intended to be used. 

V 1(b) functions as a conventional split load 
phase-splittter. Its outputs, from anode and 
cathode, are fed to the control grids of the two 
output valves V2, V3, via their respective coupling 
capacitors. 

The output stage is of the distributed load type 
with the screen -grids tapped at 20% along the 
windings. The cathodes of the valves are each 
separately biased and decoupled to help balance 
the currents through the output transformer. 
The values of the decoupling capacitors C8 and C9 
have been made large by usual standards, in order 

to improve the phase response at low frequencies. 
Modern capacitors are now made as physically 
small as units having a tenth of the capacitance 
several years ago, and those specified do not take 
up excessive space. One side of the 1552 output 
to the speaker is earthed, the other being connected 
via R15 to the cathode of Vi(a) to provide the main 
feedback loop. 

The power supply is conventional, using R -C 
smoothing throughout. As previously explained, 
the use of double decoupling (R16R17C10) ensures 
that hum level is reduced to a very low level, and 
it should be mentioned that, by employing a 350V 
transformer, the smoothing resistors can be made suf- 
ficiently large in value to allow for a 70V d.c. drop 
across them. Since the amplifier only consumes 
about 92mA there is sufficient reserve to feed about 
5-10mA from Clo(a) to a pre -amplifier if needed. 

Construction 
The amplifier was built on an aluminium chassis 

measuring 7 x loin, as shown in the layout diagram, 
Fig. 2. No trouble should be found in construction 
provided this layout is followed. Sufficient space 
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has been left around both transformers to allow 
for variations in their size without cramping any 
other component. Whilst it was not needed in the 
original, a base plate on the chassis might be useful 
if the amplifier is mounted above any other unit 
that may radiate hum into the wiring. So far as 
the reduction of hum is concerned, there are one 
or two important wiring points that should be 
adhered to. The first of these concerns the earthing 
in the amplifier. All earths are taken to a J -shaped 
busbar made of 16 s.w.g. tinned copper, one end 
of which connects to the earth tag on SKI (the 
input jack socket), the other end terminating at 
the earth tag of C4 as illustrated in Fig. 2. Both 
C4 and C10 should be isolated from the chassis 
either by putting tape between their cans and their 
mounting clips or, as in the writer's amplifier, 
by the use of prong mounting capacitors mounted 
on insulated plates. The upper row of tags on 
tagboard 1 are also connected to the main busbar 
by another length of 16 s.w.g. wire, see Fig. 2. 
The chassis connection to the busbar is made via 
a tag placed under one of the fixing screws for VI 
valveholder. 

The heaters of VI, V2 and V3 are connected by a 
tightly twisted pair of wires, and the only coi4nection 
to chassis is at pins 4 and 5 of V1 to the busbar. 
It was found that centre -tapping the heaters made 
no appreciable difference in the hum level compared 
with that given by the present method, and so this 
simpler scheme was adopted. 

The only other point in the construction that 
is not immediately apparent from the layout 
diagrams is that one of the fixing holes for tagboard 
1 is under the mains transformer, and so it should 
be countersunk and the tagstrip mounted before 
the transformer is fitted. The wiring layout for 
the main components on the tagstrips is given in 
Fig. 3. 

Performance 
When the wiring is completed and checked, the 

amplifier may be turned on and the voltage checked 
against those marked in the circuit diagram. Small 

No feedback 
Í ward 

(watt 

10cß§ 

IOwatts 

IKc/s 

Frequency 

Fig. 4. The frequency response of the amplifier 
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Fig. 5. Distortion at 1 kc/s 

differencies are to be expected but large variations 
should be investigated, as they indicate either 
faulty components or wiring errors. Particular 
care must be taken with the circuitry associated 
with the transistor. If, on switching on, the amplifier 
breaks into oscillation, it should be switched off 
at once, and the connections to the secondary of 
Ti should be reversed. 

TABLE 
Amplifier Performance 

Power Rating* 10 watts 
Frequency Response* Below 10 c/s to 30 kc/s 

±3dB 
Distortion* 0.1 % at 7.5 watts output 
Input Level OdBm (1mW across 600f2) 

=775mW 
Signal/Noise Ratio -90dB (0dB =10 watts) 
Feedback (in main loop) 19dB 

* Measured with continuous sine wave drive. 
With normal speech or music the maximum output, 
and output level for a given distortion, will be 
increased by a factor of 10 to 20 %. 

The distortion and frequency response figures of 
the original amplifier are shown in Figs. 4 and 5. 
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The power response was taken at 10 watts, but 
although the feedback maintained the output 
voltage down to 25 c/s, core saturation caused 
distortion of the wave shape and so, as previously 
stated, the power level should be restricted to about 
4 to 5 watts at these frequencies. 

Even with the ear placed close to the speaker 
enclosure the hum and noise level was completely 
inaudible. Since the earlier versions of the ECC81/ 
12AT7 used to be rather prone to microphony, 
the amplifier was checked for this by tapping the 
valve gently, whereupon the microphonic noise 
was almost inaudible. In normal use no microphony 

was apparent at all. 
All the relevant performance figures are set out 

in the Table. Unfortunately, due to lack of a 
suitable generator, it was not possible to plot 
the response below 20 c/s, but at this figure the 
phase and amplitude response was so good that the re- 
sponse must extend down to a much lower frequency 
before falling off. Since the application of a 
continuous sine wave shifts the d.c. working points 
of the valves, the power ratings given in the power 
output and distortion figures will be improved by 
a considerable factor with normal speech and 
music. 

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. 

Bosch Car Radio.-P. A. Booker, 6 The Ridings, 
Hare Hill, Addlestone, Surrey, would like the 
circuit and data of this 12V American model 
X636-12. Valve line-up 77, 77, 78, 75, 42, 84. 

Indicator Unit Type 97.-P. N. Roberts, 31 George 
Frederick Road, Sutton Coldfield, Warks, requires 
the circuit or manual. 

* * * 

Raymond TV Model F11B.-H. Wildash, 4 Bibury 
Avenue, Woodhouse Park, Wythenshawe, Man- 
chester, 22, wishes to acquire the service sheet or 
manual, also the present address of the manu- 
facturer. 

* * * 

Minivox C Tape Recorder.-R. Hutchinson, 102 
Durley Avenue, Pinner, Middx, requires the 
circuit diagram. Also would like to receive infor- 
mation on the construction of a mains unit to 
eliminate the batteries. 

* * * 

R.G.D. Mk.103 Tape Recorder.-R. J. Ridge, 13 
Sycamore Drive, Finchfield, Wolverhampton, Staffs, 
would like to borrow or purchase the operating 
instructions and/or circuit diagram for this recorder. 

* * * 

Philips Radiogram BX600A.-A. Jaques, 185 Bisp- 
ham Road, Blackpool, Lanes., requires the service 
sheet for this Dutch built chassis. 

* * * 

Indexes.-R. K. Lloyd, Box 1164, Lusaka, North 
Rhodesia, Central Africa, would like to obtain 
indexes for The Radio Constructor 1961 and 1962; 
Practical Wireless from 1950 onwards and Wireless 
World 1950 to 1955 inclusive. 

TR5043 Unit.-C. Hall, St. Peter's College, Saltley, 
Birmingham, 8, would like to buy or borrow the 
circuit diagram and any other information in 
respect of this unit which comprises the BC625A 
transmitter and the BC624A receiver. 

* * * 

BC348.-E. A. Bilton, 26 Beulah Hill, London. 
S.E.19, requires the circuit or manual, borrow or 
purchase. 

Receiver type R100-URR.-M. P. Donaghy, P.O. 
Box 790, Salisbury, Southern Rhodesia, urgently 
requires the circuit or manual, together with any 
modification details. 

* * * 

Twin Tube Unit 110QB/13.-A. G. Gaunt, 6 The 
Bungalows, Leming Bar, Northallerton, Yorks., 
is in need of any information with respect to this 
unit-especially interested in conversion of this, 
or an old B.B.C. only TV receiver, to an oscilloscope 
-all letters answered. 

* * * 

R1224Á Receiver.-F. Bending, "Seychelles", 108 
St. Katherines Road, Exeter, Devon, would like 
to purchase the service manual of this battery 
operated receiver. 

* * * 

Band I (40 Mc/s).-J. Newgas, Madison Lodge, 
Compton Avenue, London, N.6. Will any reader 
who has developed any circuits for a cheap transistor 
receiver or a crystal radiation detector please 
contact the above reader. 
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Inexpensive Medium and Short Wave 

Receiver by Ian Macdonald 

Our contributor describes a three valve receiver covering the Medium and Short wavebands 

which will be of particular interest to the experimenter. A special feature of the receiver is 

a novel reaction circuit which allows very simple coils to be employed 

THIS RECEIVER IS INTENDED BOTH FOR BEGINNERS 

and for experimenters. Although the design 
employs only one tuned circuit, it performs 

well on both the bands covered. In the prototype, 
coils for the Medium and Short waveband are 
used, but it is possible to wind coils to cover other 
ranges as well, should this be desired. 

The Circuit 
The circuit appears in Fig. 1. In, this diagram, 

V1 functions as a leaky -grid detector, the associated 
grid capacitor and grid leak being C3 and R3. 
The cathode of V1 taps, via S2, into either L1 or 
L2, whereupon the circuit takes up the form of 
an electron -coupled oscillator. This configuration 
allows the provision of reaction whilst employing 
coils which consist of a tapped tuned winding 
only. Reaction control is effected by potentiometer 
RI, which varies the voltage on the screen grid. 

Al2 

C1 33pF 

T 

I00kp 

RI 20kp 

3C2 00p 

Mod umWave 
ort Wave 

The aerial connection is made at the cathode. 
It will be noted that, as with reaction windings, 
no aerial coupling windings are needed at all. 

Capacitors C5 and C6 bypass r.f. voltages appear- 
ing at the anode of V1.1 This anode is coupled, 
via screened cable, to C7 and, thence, to the grid 
of V2. The anode and screen grid of V2 are strapped 
together, with the result that this valve functions 
as a triode a.f. amplifier, the signal on its anode 
being passed, by way of C10, to the volume control 
Rs. A further r.f. bypass component is provided 
by Co. The slider of RR connects to the grid of 
output valve V3, which feeds the speaker in conven- 
tional manner. 

The receiver circuit does not include a power 

t It is possible that a single 200pF capacitor, connected at the 
anode in the C5 position, would function as well as the two 100pF 
components shown.-EDrroR 
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Fig. 1. The circuit of the receiver. In the practical layout, resistor R4 connects to the anode of V1 at the remote end 

on the screened cable 
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BAND -SWITCH VOLUME 
ION ON 

Fig. 2. The layout of the controls 

supply, as it is felt that many constructors will 
either have a suitable supply already available, or 
have access to a receiver or similar item of equipment 
which can provide the voltages needed. 

The power requirements of the receiver are 
6.3V at 1.05A for the heaters, and approximately 
130V h.t. at 35mA. The h.t. supply should have a 
smoothing capacitor connected across its output 
terminals. If such a capacitor is not fitted, an 
additional 8¡.sF capacitor should be connected 
between the h.t. positive line and chassis in the 
receiver itself, as shown, in dotted line, by C12 
in Fig. 1. Such a capacitor may be desirable, in 
any case, if the leads to the power supply are long. 

Construction 
The large components are mounted as shown 

in Figs. 3 and 4. Some of the resistors and capacitors 
are mounted on a 12 -way tagboard positioned on 
the underside of the chassis, whilst the remainder 
are mounted between the valves and : the coils. 

CHASSIS ®Te®sv 

Ae2 Ael 

I 2 -Way Tag Board 

Above -chassis view of the receiver 

The layout shown in Fig. 3 should be followed as 
closely as possible, and wiring should be kept 
short. Coaxial cable is used between the anode 
of V1 and C7 to prevent undesirable feedback. 
A slow-motion drive for C2 is necessary as tuning 
is sharp. Any drive may be utilised, and that 
employed in the prototype was removed from an 
R1132A receiver, obtainable on the surplus market. 
This gives a ratio of 36:1 and has proved very 
successful. The loudspeaker is not shown as it is 
mounted externally. A cabinet may, of course, 
be built to house both the receiver and speaker if 
desired. 

Coil Design 
Coil design is of a very simple nature, since each 

coil consists of one winding only, with a tap for 
the cathode connection. 

Regardless of the frequency coverage, all coils 
employed with this circuit should 
have the tap approximately one 
quarter of the total number of 
turns from the earthy end of the 

Fig. 3. The principal components below the chassis 

28 

3 -Way Tag Board 

Leads MC Connect 
to Nearest Chassis 
Point 

winding. 
The Short wave coil is wound 

with 20 s.w.g. enamelled copper 
wire, and consists of 15 turns. 
The first 8 turns are wound on 
the former, and the next 7 turns 
are interwound with these. The 
tap then appears on the 12th 
turn. The finish of the winding 
is the earthy end of the coil. 
The former is of ¡in diameter, 
the winding being spaced over 
a length of ¡in on the former. 
(See Fig. 5 (a) ). 

The coil for Medium waves 
employs 32 s.w.g. d.c.c. copper 
or litz wire. It consists of 100 
turns, wound in 10 layers of 
10 turns each. The complete coil 
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Showing layout of components below the chassis 

covers a length of lin on a lin diameter Paxolin 
former. The coil was impregnated in wax after 
completion, as shown in Fig. 5 (b). 

Aerial coupling windings were tried but found 
unnecessary. The set performs satisfactorily with 
coils of the type just described up to 35 Mc/s. 
On frequencies higher than 35 Mc/s the receiver 
becomes unstable and difficult to tune properly. 
It will, however, operate very well on low frequencies 
down to about 500 kc/s. 

Aerials 
Two socket positions are provided. Ael is the 

Short wave aerial connection and Ae2 is the Medium 
wave aerial connection. However, the Ae2 socket 
may be used for all bands if prevailing reception 
conditions are good. 

A long wire of about 40 feet using single 5 amp 
mains flex will work satisfactorily on Medium 
waves, and on Short waves up to 10 Mc/s. For 
higher frequencies the aerial should be shorter for 
best results. 

Operation 
The loudspeaker is connected directly to the 

output transformer by means of . a twisted flex. 
If phones are preferred, a socket to suit a normal 
jack plug can be fitted on the rear panel of the 
chassis behind V3. 

The tuning scale employed in 
the prototype is marked in 
degrees (i.e. 0 to 180) and a 
calibration chart can be made 
by logging the stronger stations 
and noting their frequencies. 
Alternatively, the dial can be 
calibrated directly. 

The Medium wave coil des- 
cribed is tunable from 200 to 
400 metres, due partly to the 
low capacitance in C2. If it is 
required to tune over the whole 
of the Medium waveband it 
would be preferable to make 
S1 and S2 a 3 -way switch and 
fit an extra Medium wave coil. 
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START (EARTHY END) 
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END) 

Fig. 5 (a). The short wave coil, LI, for 18 to 35 
metres. This comprises 15 turns of 20 s.w.g. 
enamelled copper wire, the last 7 turns being 
interwound between the first 8 turns. The cathode 
tap (not shown here) appears at the 12th turn from 

the start 
(b). The medium wave coil, L2, which covers 200 to 
400 metres. It consists of 100 turns of 32 s.w.g. 
d.c.c., or litz, wire wound in ten layers of 10 turns 
each. The tap is made 25 turns from the start 

P 

/10/lIW1\\\\\\ 

Fig. 4. The above -chassis layout 
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One. coil could then tune from 200 to 400 and the 
other from 350 to 700 metres.2 

Many constructors may wish to dispense with 
the Medium wave coil and fit an extra Short wave 
coil instead. The coil described here tunes from 
18 to 35 metres approximately. Experimenting 
with different coils for the Short waves can be 
very interesting. So long as the comments con- 
cerning coil winding given here are borne in mind, 

no difficulties should be experienced. 
The wavechange switch can have as many ways 

(up to 6 -way) as required, this enabling different 
coils to be switched in. 

2 The relatively low coverage on Medium waves may be partly 
due to a high self -capacitance in the coil, and this could be reduced 
by dispensing with the wax impregnation. Increased coverage would 
be given, also, by employing a larger capacitor in the C2 position.- 
EDITOR. 

Components List 

Resistors 
(All fixed resistors watt unless otherwise stated) 

RI 20kû wirewound pot 
R2 100kû 
R3 3.3Mû 
R4 100kû 
R5 270kû 
R6 150û 
R7 100kû 
Rs 500kû pot, log track 
R9 220û, } watt 

Capacitors 
C1 33pF, silver mica 
C2 300pF variable 
C3 100pF, silver mica 
C4 0.01µF, paper 
C5 100pF, silver mica 
C6 100pF, silver mica 
C 0.01µF, paper 
Cs 251.tF, 12 V wkg., electrolytic 
C9 100pF, silver mica 
C10 0.01µF, paper 
CH 50µF, 12V wkg., electrolytic 
C12 8µF, 250V wkg., electrolytic (if required- 

see text) 

Inductors 
L1 Short wave coil-see text 
L2 Medium wave coil-see text 
Ti Speaker transformer, ratio 50:1 

Valves 
VI EF91 
V2 EF91 
V3 6V6GT 

Switches 
S1, S2 2 -pole 2 -way single wafer wavechange 

switch 

Miscellaneous 
2 B7G valveholders with skirts and screening cans 
1 International octal valveholder 
1 Slow motion gear, dial and knob, with spindle 

coupling 
3 Pointer knobs (2 only if R1 is type shown in il- 

lustration) 
1 Aerial socket panel 
1 12 -way tagboard (See Fig. 3) 
1 3 -way tagstrip (See Fig. 3) 
1 Chassis 8 x 6in, aluminium 

EMI TV CAMERAS PROVIDE SHOW PREVIEW 
Visitors to the British Industries Fair in Zurich will be able to see a preview of some of the principal exhibits before 

they enter the exhibition. 
Nine EMI closed-circuit television cameras, positioned at suitable points in the three main exhibition halls, will 

transmit pictures of the various stands and displays to receivers erected in the main entrance hall of the Hallenstadion. 
The latest EMI Type 8 all -transistor cameras will be used. These cameras are completely self-contained and will be 

linked directly by co -axial cable to a bank of nine standard domestic TV receivers in the entrance hall. 
In general the cameras will show panoramic views of the exhibition but some will be fitted with special lenses which 

will allow close-up shots of display details. 
Among the special events which will be televised on closed-circuit by the cameras will be the official opening 

ceremony on 2nd September. 

BRADFORD TECHNICAL COLLEGE 
.,, Department of Engineering 

Courses will be held for City änd Guilds Radio Amateurs' Examination (Lecturer: D. M. Pratt, G3KEP) and G.P.O. 
Amateur Radio Morse Test (Instructor: A. W. Walmsley, G3ADQ) during the 1963-64 session on Wednesday evenings 
from 7 to 9 p.m. 

The Morse class may only be attended if a pass has been obtained in the Radio Amateurs' Examination. 
The fee for each course is f1 10s. (over 18). There Is no fee for students under the age of 18. 
Registration takes place from 6.30-8.30 p.m. on Monday and Tuesday, 9th and 10th September, at Bradford Technical 

College, Great Horton Road, Bradford 7. 
Further details of the courses may be obtained from G3KEP. 
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News and Comment 
I.A.R.U. 

Some 80 delegates, representing 18 
European countries, attended the 
recent International Amateur Radio 
Union Region i conference in 
Malmo, Sweden. These conferences 
are held every third year in a 
different country and at them matters 
affecting amateur radio are discussed 
and recommendations made to the 
respective national societies. 

Such topics as the relationship 
between amateur bands and the 
new Geneva Radio Regulations; the 
European Band Plan with special 
reference to top band; rules for Dx 
and v.h.f. contests; co-operation of 
amateur scientific observers with 
professional workers during the 
International Quiet Sun Year; Radio 
Amateur Emergency Networks (a 
paper on this subject was given by 
our Managing Editor, Dr. Arthur 
C. Gee, G2UK); Amateur Radio 
News Bulletins, etc. 

At the opening session, one of 
the subjects which aroused particular 
interest was the "intruder watch" 
operated on behalf of the Radio 
Society of Great Britain by Major 
Haylock, G3ADZ. Major Haylock 
and a group of short wave listeners 
monitor the amateur bands and 
check on all unauthorised radio 
transmissions which appear in them. 
The frequencies of these are measured 
and they are identified if possible, 
details being sent via the R.S.G.B. 
to the G.P.O., who endeavour to 
check such illegal activity if they. 
possibly can do so. It was hoped by 
delegates at the conference that 
somewhat similar schemes could be 
brought into action by other national 
amateur radio societies. 

The "intruder watch" is another 
of those R.S.G.B. services which 
rarely attracts the attention of the 
average radio amateur enthusiast, 
but which has in its quiet way done 
much to remove jammer and offend- 
ing commercial stations, broadcast 
station harmonics, etc. from the 
amateur bands. 

Electronic Ear 
Two Californian , brothers-a 

neuro -surgeon and the head of an 
electronics firm-have devised an 
electronic ear that has given hearing 
to a woman born completely deaf. 
John and James Doyle now hope 

to perfect techniques which will 
give hearing to many more people 
who cannot be helped by standard 
hearing aids. 

In a series of experiments, Dr. 
John Doyle, of the University of 
Southern California School of 
Medicine in Los Angeles, implanted 
his brother's electronic device in 
the skull of nine patients, all of 
whom were able to discern sounds 
afterwards. The artificial ear weighs 
only two ounces and causes no 
discomfort when recessed into the 
skull. 

An outside microphone picks 
up sounds, and the device stimulates 
an auditory nerve deep within 
the cochlea, an internal passage 
of the human ear. This in turn, 
transmits the sound to the brain. 

James Doyle says his device works 
with totally deaf persons whose 
auditory nerves were thought to 
be completely inactive. He is now 
working on a thinner version of 
the artificial ear, which it should 
be possible to implant under the 
skin without recessing it into the 
skull. 

Road Safety Record 
From an idea by F. C. Judd, 

A.Inst.E., a popular contributor 
to this magazine and author of our 
recently published Radio Control 
for Models, the first gramophone 
record on road safety has been 
created. The stars of the record 
are Jack Warner, known to 15,000,000 
viewers as P.C. Dixon of Dock 
Green, and Coco the Clown, O.B.E., 
otherwise Nicholai Poliakov, circus 
idol of children everywhere. 

The two stars have given their 
services free and donate the entire 
royalties of the record sales to 
charities. 

The script for Jack Warner's 
recording was written by F. C. 
Judd, who also produced the master 
sound tracks, complete with authen- 
tic effects. 

Few people know that Jack 
Warner is an experienced racing 
driver and knows only too well 
the hazards that face everyone 
who takes a vehicle on the roads 
of Great Britain today. He began 
his working life as a motor mechanic 
and after studying motor engineering, 

became a car testing driver in 
France, which accounts for his 
familiarity with the French language. 

Coco, O.B.E., of Bertram Mills 
Circus, International clown and 
author is known to millions of 
children everywhere. Of equal merit 
is his work for Road Safety, which 
began as the result of a serious 
accident to a child. It is this story 
that Coco tells on the record; 
"The Story of Charlie" which 
carries a vital message to all children. 
The recording was made by F. C. 
Judd when Coco told the story 
to some 300 young children at a 
school in South London. This is 
a story that must be told to every 
child and only the soft appealing 
voice of Coco can impart the vital 
message it contains. 

Coco has won many awards 
for his road safety campaign. He 
is a star driver and a Knight of 
the Road, but his most coveted 
is the Order of the British Empire 
bestowed upon him recently for 
one of the most outstanding efforts 
on the part of one man to keep 
death off the roads. 

Further information may be ob- 
tained from: F. C. Judd, 174 
Maybank Road, South Woodford, 
London, E.18. Telephone: BUCk- 
hurst 9315. 

Simultaneous Translating System 
The Westminster Theatre, London, 

will, it is believed, be the first 
theatre in the United Kingdom to 
install a simultaneous live translating 
system which will enable parties 
of 25 or more foreign visitors to 
follow the action of the play in 
their own language 

Some months ago, when a party 
of German visitors visited the 
theatre to see "Through the Garden 
Wall", the management hired the 
translating equipment as an experi- 
ment. Each visitor was given a 
small transistorised receiving set, 
equipped with earphones, and a 
German translation of the play 
was relayed from the projection 
room. The experiment was so 
successful that the management 
decided to install the equipment 
permanently. The plan is to engage 
one actor and actress for each of 
the translations. With the present 
receivers it will be possible to have 
four translations of the performance 
being given at one time. The receivers 
have a numbered dial and foreign 
visitors will be informed which 
number to turn to receive the 
translation in their own language. 

The equipment which has been 
installed by Phillips is the same in 
principle as that which is used by 
the United Nations. 
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The twenty-fourth in a series of 
articles which, starting from first 
principles, describes the basic theory 

and practice of radio 

part 24 

understanding radio 

IN LAST MONTH'S CONTRIBUTION TO THIS SERIES 

we continued our discussion on iron -cored 
transformers by examining leakage inductance, 

transformer efficiency and impedance matching. 
We shall now carry on to several practical applica- 
tions of iron -cored transformers. 

Some Practical Applications 
Iron -cored transformers are very frequently 

employed in radio work, and a common application 
is given in the power supply circuits for valve radio 
receivers. Valve radio receivers require two sources 
of supply, one being at a low voltage for the valve 
heaters and the other being at a high voltage for 
the high tension circuits. We shall examine heater 
and high tension circuits in detail when we come 
to discuss the valve, but it is sufficient for the present 
purpose to recognise the fact that such supplies 
are required. 

A typical transformer suitable for meeting 
heater and high tension requirements is shown 
in Fig. 144 (a). The transformer primary connects 
to the mains supply via the receiver on -off switch, 
and the two secondaries feed the heater and h.t. 
circuits respectively. The heater secondary, or 
"heater winding", would offer, typically, 6.3 volts 
at some 0.5 to 1.5 amps; whilst the high tension 
secondary would normally offer some 200 to 300 
volts at currents ranging from 30 to 75mA. 

A receiver is normally built on a metal chassis 
and it is convenient to use the large area of metal 
this provides as a common point for the various 
circuits in the receiver. The transformer of Fig. 144 
(a) could then be wired up in the manner shown 
in Fig. 144 (b), wherein one end of each of the 
secondary windings is connected to the receiver 
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chassis.' This is a practice which will be found 
in a number of receivers. 

A very important feature of the circuit of Fig. 
144 (b) is that, whilst the transformer provides 
the heater and high tension voltages required by 
the receiver, there is no direct connection between 
the chassis and the a.c. mains supply. The chassis 
is completely isolated from the mains supply 
and there is no risk of shock if it is touched. In 
consequence, all the metal appendages which are 
fitted to the chassis, such as knob spindles, chassis 
mounting bolts, etc., are similarly isolated from the 
mains supply. 

An alternative type of receiver power transformer 
is illustrated in Fig. 144 (c). In this case, the 
transformer has a heater secondary only, and the 
receiver obtains its high tension supply direct from 
the a.c. mains. Since the mains supply now replaces 
the high tension secondary, one side of the mains 
input is connected to the receiver chassis. When 
compared with Fig. 144 (b) the circuit of Fig. 144 (c) 
has the advantage of employing a cheaper trans- 
former, and of thereby saving cost. On the other 
hand, it has the disadvantage that the chassis 
is now connected to the mains supply and that 
there is a very real danger of serious shock if the 
chassis, or any of its metal appendages, is accident- 
ally touched. In consequence, the chassis of a 
receiver having a power supply circuit such as 
that of Fig. 144 (c) has to be completely enclosed 
in an insulating cabinet, and all external metalwork 
must be isolated from the chassis or suitably 
covered by insulating materials. In the case of 
knob spindles, such insulation would be provided 

t It will be noted that Fig. 144 (b) introduces a new circuit symbol, 
this representing the receiver chassis. 
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by the knobs themselves. 
The type of transformer employed in the circuit 

of Fig. 144 (c) is frequently described as a heater 
transformer, since its function is to provide a voltage 
for the valve heaters only. In general, all trans- 
formers which offer power for radio receivers are 
described loosely as "mains transformers", in order 
to differentiate them from any other transformers 
which may be employed in the receiver. When a 
receiver chassis is connected to one side of the 
mains supply, as in Fig. 144 (c), the receiver is 
described as having a "live" chassis. 

There is another form of "live" chassis power 
supply which may be briefly mentioned here. In 
this, the high tension supply is obtained direct from 
the mains, as in Fig. 144 (c). The valve heaters are 
not, however, fed from a heater transformer. They 
are, instead, wired up in series and connected across 
the mains supply via a resistor of suitable value. 
This type of power supply does not employ a 
transformer and it is often described as a trans- 
formerless power supply in consequence. As with 
the circuit of Fig. 144 (c), the chassis is connected 
to one side of the mains supply and the same 
precautions against shock have to be observed. 

A somewhat dramatic example of what may be 
achieved with the aid of transformers is offered by 
the familiar National Grid network which carries 
electrical power across the country. The potential 
of the supply appearing across conductors in the 
National Grid is very high, and a figure of 132,000 
volts is quite representative. The Supergrid operates 
at 275,000 volts, whilst equivalent systems in 
Sweden and Russia operate at about 400,000 volts. 
The function of the Grid system is to ensure that 
power generated at one end of a Grid "transmission 
line" may be absorbed at the other end with as 
little loss as possible in the line itself. Such loss 
will be given by the power dissipated, as heat, in 
the inevitable resistance in the line by reason of the 
current which flows through it. It is also desirable, 
on economic grounds, to employ as thin a conductor 
for the line as is reasonably practicable. The 
solution to these two requirements consists of 
employing a transformer to step up the voltage at 
the generator end of the line to a very high figure, 
and of using a second transformer at the receiving 
end to step the voltage down again, as shown, in 
simplified form, in Fig. 145. At the generating and 
receiving ends, there is a low voltage at a high 
current but, over the line itself, there is a high 
voltage at low current. In consequence, losses due 
to the resistance of the line are kept at a low level, 
and it becomes possible to effectively transmit very 
large powers by way of conductors which are, 
themselves, capable of carrying relatively small 
currents only. 

Although this method of operation lies outside 
the field of radio, the principle involved is of 
importance. When, in radio work, power has to be 
transmitted over a cable or a line, it is quite often 
desirable to keep losses due to the resistance of the 
cable at a low level by employing a transformer at 
one or both ends. The cable is then caused to 
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carry a low current at a relatively high voltage. 

Magnetic Shielding 
Because of their leakage inductances, all iron - 

cored transformers cause a magnetic field to appear 
about them. In some cases this field may result in 
an undesired coupling with another iron -cored 
transformer or inductor, whereupon it becomes 
necessary to reduce this coupling to an acceptable 
minimum. 

The simplest and most obvious method of reducing 
the effect of the unwanted coupling is to position 
the two iron -cored components at a distance from 
each other. Further alleviation may be obtained 
by orienting them in relation to each other, and it 
is usually found that a low coupling is provided 
when the core axes are at right angles to each other, 
as in Fig. 146. Another technique consists of 
winding the transformer¡which radiates the field in 
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Fig. 144 (a). A typical mains transformer, as employed 
in a valve radio receiver. The taps in the primary 

allow for different mains supply voltages 
(b). In a practical receiver, one side of the h.t. 
secondary and one side of the heater secondary may 

be connected to chassis 
(c). An alternative arrangement consists of dispensing 
with the h.t. secondary of the transformer and of 
applying the mains input direct to the h.t. circuits 
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Fig. 145. Illustrating, in simplified form, the operating 
principle employed for transmitting electrical power 

over long distances 

d 

such a manner that its external field is low, and 
this may be achieved with a construction of the type 
illustrated in Fig. 147. Equal sections of the primary 
and secondary appear in both windings, with the 
result that each produces an equivalent and opposing 
field. The two fields tend to cancel each other out, 
particularly in the plane which passes between the 
windings at right angles to the laminations. How- 
ever, transformers of this type are considerably 
more expensive to manufacture than conventional 
components and are not generally encountered in 
normal radio work. 

The coupling between two iron -cored components 
may be reduced by introducing magnetic shielding 
between the two. In Fig. 148 (a) we see that the 
field from the iron -cored transformer on the left is 
capable of causing an unwanted coupling with a 
second iron -cored component on the right. In 
Fig. 148 (b) a shield made of high permeability 
material is interposed between the two components. 
The lines of force which reach the shield now flow 
through it instead of through the air, which has much 
lower permeability, and they do not extend beyond 
the shield. In consequence, the effect of the unwanted 
coupling is reduced. 

In practice, the process of interposing a magnetic 
shield between two components, as in Fig. 148 (b), 
does not completely remove the coupling, because 
the field appears over a much wider area than can 
be occupied by a flat shield. For greater effectiveness 
it is desirable to have one of the components 
completely enclosed inside the shield, as in Fig. 148 
(c). 

It is more usual to shield the iron -cored component 
which is affected by the field than the component 
which generates it. The field about the affected 
component is bound to be weaker than that around 
the component which generates it, with the result 
that a given thickness of shield material has a 

Laminations 

Fig. 146. The magnetic coupling between two 
iron -cored components may be reduced by mounting 
them with their axes at right angles, as shown here 

greater shielding effect. In addition, it frequently 
happens that the affected component is smaller 
than the component which generates the field, a 
factor which makes it economically preferable to 
shield the former. 

Fairly adequate magnetic shielding may be 
provided by mild steel sheet, and it is a common 
practice to house iron -cored components which 
may be affected by external fields in mild steel 
containers. Much more effective shielding is 
provided by the high permeability materials such 
as Mumetal. Mumetal is very frequently used when 
highly efficient magnetic shielding is required. 

The Choke 
When, before we came to the subject of trans- 

formers, we dealt with inductance, we omitted any 
reference to the choke. This omission was intentional, 
and was due to the fact that chokes cannot be 
discussed in full without an understanding of iron 
cores. 

A choke is, quite simply, an inductor, and its 

Fig. 147. A method of transformer construction 
which results in reduced external magnetic field. 
Equal sections of the primary and secondary appear 

in both windings 

function is to offer an inductive reactance in any 
circuit in which it is fitted. Normally, a choke 
allows the passage of direct current, but it offers a 
relatively high impedance to radio frequencies or to 
audio frequencies. In some instances a choke is 
employed to offer a high impedance to radio 
frequencies and a low impedance to audio frequen- 
cies. 

In the same manner as transformers, chokes may 
be either air -cored or iron -cored. Chokes intended 
for operation at radio frequencies are almost 
invariably air -cored, and components of this nature 
are, indeed, normally referred to as radio frequency 
chokes. They are presented on a circuit diagram 
by the standard symbol for inductance, and are 
usually identified by the letters "R.F.C." alongside, 
as in Fig. 149 (a). 
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Practical radio frequency chokes take up a 
number of forms, according to their inductance 
and function, and several typical examples are 
illustrated in Fig. 150. In Fig. 150 (a) the choke 
consists of several wave -wound pies connected in 
series to offer a low self -capacitance. This point 
is of some importance in radio frequency choke 
design because a high self -capacitance may offer a 
low capacitive reactance and thereby partly nullify 
the effect of the choke's high inductive reactance. 
The choke of Fig. 150 (b) employs a single wave - 
wound pie, whilst that of Fig. 150 (c) consists of a 
single layer of winding wire only. It is fairly usual 
to wind r.f. chokes on plastic formers in which the 
lead -out wires are imbedded. Quite frequently, 
single -pie or single -layer chokes are wound on 

(a Magnetic shield 

i , 

® Magnetic shield , -completely encloses /% component 

\\ 
, \ 
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Fig. 148 (a). In this diagram the stray field from the 
iron -cored component on the left couples with that on 

the right 
(b). If a magnetic shield is interposed between the two 
components, the stray field which approaches the shield 
flows through it instead of through the lower 

permeability air 
(c). For efficient shielding, one of the components has 
to be completely enclosed by the shield. Small holes 
are provided in the shield to allow lead -out wires to 

pass through 

RFC. 

O 

L.FC. AFC. 

Fig. 149. Circuit symbols for (a) an air -cored r.f. 
choke, (b) an iron -cored low frequency choke and 

(c) an iron -cored audio frequency choke 

conventional ceramic -coated composition rod resis- 
tors. In some cases, these resistors are intended to 
modify the functioning of the choke by offering 
resistance in parallel with it but the resistors are 
more frequently employed merely as convenient and 
inexpensive formers with lead -out wires. In the 
latter instance, the resistance value would be of the 
order of 1MSI or more, in order to avoid applying 
too low a resistance across the inductive reactance of 
the choke.2 An alternative technique, with single - 
layer chokes, consists of employing a rod of iron 
dust material as the former, the lead -out wires 
being imbedded directly into the ends of the rod. 
The iron dust material offers a high resistance 
between the lead -out wires, and it also enables the 
required choke inductance to be achieved with 
fewer turns. 

Iron -cored chokes are almost invariably employed 
at frequencies lower than the radio frequencies, 
and are frequently referred to as low frequency 
chokes in consequence. They are represented by 
the standard symbol for iron -cored inductors with, 

2 When resistors are used as formers for r.f. chokes, it is very 
desirable that low tolerance types (i.e. ±20%) be employed. Closer 
tolerance resistors may have been subjected during manufacture 
to a "copper spray", which operates as a short-circuited turn induct- 
ively coupled to the choke. See "Understanding Radio", Part 4 
November 1961 issue. 

Plastic 
former 

Wave -wound pies 

\ 

Lead -out wires 

=4r_ eel 

V1llVVIWÍIIJJ" 

Fig. 150. Representative examples of r.f. chokes. A 
choke with four wave -wound pies is shown in (a), a 
single -pie choke in (b) and a single -layer choke in (c). 
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sometimes, the letters "L.F.C." alongside, as in 
Fig. 149 (b). Chokes intended to offer a reactance 
at audio frequencies are normally iron -cored also, 
although air -cored chokes for this function may 
quite often be encountered. Such chokes are usually 
described as audio frequency chokes, and the letters 
"A.F.C." are sometimes printed alongside their 
circuit symbols. See Fig. 149 (c). 

Low frequency chokes, and iron -cored audio 
frequency chokes, are fitted with laminations in 
the same manner as an iron -cored transformer, and 
they have the same general construction. Iron -cored 
chokes are usually called upon to pass a direct 
current whilst offering a relatively high inductive 
reactance to a low frequency alternating current. 
The presence of the direct current has a considerable 
effect on the performance of the choke, because it 
applies a constant magnetising force to the core. 
If this magnetising force is too great the core may 
become saturated, and the choke will offer a low 
inductance. Because of this effect, the laminations 
in a low frequency choke intended to pass a direct 
current are always butt jointed to reduce the flux 

AN 

density in the core. Despite this precaution, the 
inductance of a choke may still vary according to 
the direct current which flows through its winding, 
and it is usual to specify a low frequency choke in 
terms of its inductance for a particular direct current. 

An interesting variation on low frequency choke 
design is offered by the swinging choke. Some 
power supply circuits require a choke which needs 
to have a high minimum inductance for low direct 
currents and a low minimum inductance for high 
direct currents. Instead of employing a choke which 
provides a high inductance at all levels of current, 
it then becomes more economic to use a swinging 
choke, which offers the high inductance at the low 
currents only. The core of the swinging choke 
tends towards saturation as the direct current 
which flows through it increases, and the inductance 
it offers falls in consequence, as is permissible in 
the application. 

Next Month 
In next month's issue we shall carry on to the 

subject of air -cored transformers. 

Electric 
By K. Barry THERMOMETER 

THE OBJECT OF THIS DESIGN WAS TO PRODUCE A 
simple circuit which could be used to measure 
the cylinder head temperature of an automobile 

engine. The temperature sensitive element chosen 
to operate this device was a disc type thermistor 
specially mounted for surface measurement. This 
is used in conjunction with a moving coil meter 
and results in a thermometer with a useful range of 
300400° C. (86°-212° F.). 

Circuit Details 
The circuit is shown in Fig. 1. A 12 volt supply is 

used, and this is dropped by R1 to about 5.7 volts 
across Z1, a zener diode. The diode ensures that a 
substantially constant voltage is fed to the meter 
circuit, thus making the meter reading independent 
of the battery voltage (over the range 10-20 volts). 
The potential across Z1, is reduced by means of the 
potentiometer, R2, R3, and the voltage developed 
across R3 is applied to the meter via the thermistor. 
The resistance of the thermistor falls as its tempera- 
ture rises, thus allowing a larger current to flow. 

Whilst the type of thermistor employed may be 
new to many constructors, they will probably be 
familiar with the thermistor used for limiting heater 
current surges in equipments using tubes with 
series connected heaters. 
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The meter recommended is a 5001LA instrument, 
but a 0-1mA meter would probably do just as well. 

Construction and Calibration 
In the prototype unit, all the components other 

than the thermistor were mounted on a piece of 
synthetic resin bonded paper (commonly known as 
"Paxolin") and this was secured to the rear of the 
meter by means of its terminals. The thermistor 
was bolted to a piece of one sixteenth of an inch 
thick brass of size 21 x lin, and with a three -eighths 
of an inch diameter hole at one end. This was 
clamped to the cylinder head by one of the head 
retaining nuts. (See illustration.) The thermistor 
unit should be mounted as far away from the fan as 
possible to prevent its being cooled by the fan blast, 

Fig. 1. The basic circuit of the thermometer 
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and it should be "lagged" (or thermally insulated) 
by winding several layers of paper around the unit 
and securing this in position with adhesive tape. 

When the components have been wired, it is 
necessary to calibrate the device. A suitable method 
of doing this is to fill an aluminium pan with water, 
then stick the thermistor to the outside of the pan 
with adhesive tape. 

The water should be brought to the boil and 
allowed to simmer gently for ten minutes. The 
thermistor should be connected to the rest of the 
circuit and the supply connected, whereupon it 
should be possible, by adjusting R3, to obtain a 
full scale reading on the meter. When this has been 
carried out, a conventional mercury thermometer 
should be inserted into the water and the pan 
removed from the heating source. The meter 
reading should now be noted for given readings of 
the thermometer as the water slowly cools. The 
water should be stirred whilst the water is cooling, as 
water is a poor conductor of heat and considerable 
variations in temperature in different parts of the 
pan will otherwise occur. 

When taking these readings it will probably be 
found easier to take measurements at about every 
10° C. (or 18° F.) and plot a graph from which the 
precise meter indication for any temperature can be 
obtained. Having obtained these results the meter 
may be used as it stands, with a conversion table or 
curve to enable the exact temperature to be deter- 
mined. Alternatively, the original calibrations may 
be removed and a fresh "temperature scale" inscribed 
in their place. 

Results 
The results obtained by the author are given 

below. A convenient way to use the meter without 
resorting to re -calibration is to mark a small "band" 
on the meter scale covering the normal operating 
temperature of the engine plus or minus 5° C. (or 
9° F.). This band will show where the pointer should 
normally lie, and any abnormal tendency may readily 
be detected. 

Typical Results 
Temperature (° C.) 30 40 50 60 70 80 90 100 
Meter Reading 21 29 39 51 63 77 89 100* 

For the purpose for which this unit was designed, 
a high degree of accuracy is not really necessary, 
and examination of these results suggests another 
simple method of use without resorting to re - 
calibration of the meter. If R3 is adjusted so as to 
increase the meter readings by five, then the follow- 
ing results should be obtained: 

Temperature °C 30 40 50 60 70 80 90 100 
Meter Reading 26 35 44 56 68 83 94 105 
Error °C -4 -5 -6 -4 -2 +3 +4 +5 

The worst error, it will be seen, is 6° at 50° C., 
whilst at 70° C., which is a typical cylinder head 

These figures assume, of course, that a meter reading of 100 
corresponds to full scale deflection.-Enrroa. 
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The meter fitted in a car 

temperature, the error is only 2° C. 
The author chose, however, to re -calibrate the 

meter he used. This was done in the following 
manner. 

Having first obtained a calibration curve, the 
meter case was removed, and the meter scale painted 
all over with matt black cellulose. When this was 
dry, the meter was connected in series with another 
5001JA meter, a variable resistor, and a dry battery. 
The current through the meter was adjusted by 
means of the rheostat, and was set so that the 
second 500µA meter gave a reading corresponding to 
that obtained on the original meter during tempera- 
ture calibration at 40° C. A small dot was then 
marked with a soft pencil on the scale of the meter 
being calibrated. This process was repeated at 
currents corresponding to 60, 80 and 100° C. The 
scale of the meter was then released from the 
movement, and an arc linking the four pencil dots 
was drawn in white drawing ink. Short vertical 
lines were then marked over the pencil dots and the 
temperature readings marked. (A drawing of the 
scale is shown in Fig. 2.) When the ink was dry, 
the scale was replaced and the meter reassembled. 

Installation and Use 
The meter may either be mounted on the dash- 

Fig. 2. The appearance of the re -calibrated meter 
scale 
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The thermistor mounting bracket secured to the 
cylinder head 

if space permits-or on a small sub -panel which is 
then itself screwed to the dash (see Fig. 3 and 
illustration). The latter method is the easier and 
has the advantage of easy removal if it is desired to 
transfer the instrument to another vehicle. 

When the meter and the thermistor unit have 
been installed, it only remains to connect them up. 
If the components other than the thermistor are 
mounted on the rear of the meter then all that is 
required is a lead to the "live" side of the battery, 
and one to a good chassis earth. A third lead to the 
thermistor unit is required. No earth or return lead 
from the thermistor is necessary, since one side of 
the thermistor is electrically connected to the metal 
mounting plate and the return circuit will be made 
via the engine. 

A further use for this device is that of measuring 
the temperature of a hot water storage tank and 
giving a remote indication at some convenient 
point (e.g. with the meter mounted near the boiler). 

Battery Polarity 
The circuit given in Fig. 1 is only suitable for 

vehicles in which the positive pole of the battery 
is connected to chassis. For vehicles in which the 

Fig. 3. The meter mounting bracket 

38 

negative pole of the battery is earthed Z1 must be 
reversed. Also, the lead marked SUPPLY (-12V) 
becomes (+12V), whilst the earth line marked + 
becomes -. No damage will result through a 
brief accidental reversal of the supply, though a 
prolonged reversed connection may damage the 
zener diode through excessive heating. 

Adding a Fourth Resistor 
Since making the original prototype, the author 

has constructed a second thermometer. In this 
case, an attempt was made to obtain a linear scale, 
since this would make it unnecessary to remove the 
original meter scale markings. The attempt was 
partially successful, and results in a linear scale 
from 40 to 100° C. The meter readings against 
termperature are given below. 

Temperature (° C.) 30 40 60 80 100 
Meter Reading 32 39 60.5 81 100 

(=full scale) 

For this second thermometer, all that was done 
was to remove the original numbering (0-500) from 
the meter scale and insert the numbers 40, 60, 80, 
and 100 at the points corresponding to 200, 300, 
400, and j00 respectively on the old scale. The 
scale up to the 40° C. mark was left un -numbered. 
The modification to the circuit necessary to obtain a 
linear scale simply consists of the addition of a 
1.6kn resistor (R4) connected in parallel with the 
thermistor. Since this value is not available in 10 
resistors it may be necessary to use a series or 
parallel combination, say 1,500 + 100 or 820 + 820. 
It is possible that the exact value of shunting resistor 
required will depend on the particular thermistor 
used, whereupon the use of a 2.5kí2 rheostat as the 
shunting resistor may be more convenient. When 
the correct value for this rheostat and R3 have been 
found, there is no reason why they should not be 
replaced by suitable fixed resistors. (As a matter of 
interest, in both thermometers made by the author 
R3 was finally formed by a 3352 resistor shunted by 
a 50052 resistor.) 

With regard to calibration, when the "linearising" 
resistor (R4) is connected and set to 1.6kí2 approxi- 
mately, a similar procedure to that outlined earlier 
is used. R3 is adjusted for full scale at 100° C., 
whilst the "linearising" resistor, R4, is adjusted at 
40° C. for a correct meter reading. R3 should then 
be re -set if necessary at 100° C. and a further check 
made at 40° C. to ensure the final correct setting 
for R4. 

R1 
R2 
R3 
ZI 
THI 

M1 

Components List 
33052 10% 1 watt 
1.2k52 10%1 watt 
5052 wirewound potentiometer 
OAZ201 (Mullard) 
KB23 (Standard Telephones and Cables 

Ltd.) 
0-5001LA moving coil meter 
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EDITOR'S NOTES.-We are informed by Standard Telephones and 
Cables Limited that the KB23 thermistor may be obtained direct 
from their distributors at the retail price of 34s. 6d. each, inclusive 
of postage and packing. Distributors suggested are Messrs. 
Townsend -Coates Limited, 167 London Road, Leicester. 

The data on the KB23 quotes a maximum operating temperature 
of 80° C. Standard Telephones and Cables Limited tell us that the 
protective resin around the block, which was the reason for this 
restriction, has now been modified, and that it is possible to use 
the KB23 thermistor at temperatures up to 120° C. 

trade review .. . 

Sound Effects 
RECORDS 

We have received samples of the new Sound Effects 
records MFX-1 and MFX-2, these being the first and 
second respectively in a series of six such recordings to 
be issued to the general public. 

Our well-known contributor F. C. Judd, A.Inst.E., 
Technical Editor of Amateur Tape Recording magazine, is 
the originator of all the master recordings for the series. 
We recently met Mr. Judd-quite by accident-at 
Lïverpool Street Station, where he was busily engaged in 
obtaining a recording of a diesel locomotive commencing 
a long haul! 

We found that the realism obtained on quite an 
ordinary record player was very impressive and un- 
doubtedly these records will find a ready sale among those 
requiring to reproduce such effects. 

MFX-1 contains 14 effects-Police Car, Police Launch, 
Lion Roar, Aircraft Landing, Building Falling, Road Drills, 
Ships Siren, Storm at Sea, Railway Trains (3, various), 
Car Door and Starter, Central Line Tube Train, and Cell 
Door. 

MFX-2 features the following 12 effects-American 
Police Car Sirens (5, various), Applause, Car Crash, Glass 
Breaking, Footsteps (6, various), City -Waterloo Tube 
Train, Workmen hammering, and Orchestra Tuning -up. 

All the sounds contained in these, recordings are 
authentic although, in some instances, the mixing of 
several sounds has been carried out in order to create a 

"portrait in sound" such as the car crash on side 1 of 
MFX-2. 

Lifelike reproductions of these effects can be achieved 
by using high fidelity reproducing equipment, particularly 

NInBf:iDtlliY snutln 

if the sounds are to be copied on to magnetic recordings 
or used for stage drama, or cine film sound -tracks, etc. 

These two records are on sale through regular dealers 
at 7s. 6d. each, and the great advantage to amateur 
recordists, cine film enthusiasts and amateur dramatic 
societies, etc., is that they may be used, for amateur 
purposes only, free of copyright. Our illustration above 
shows part of the record (45 r.p.m.) and the two- 
colour glossy sleeve. 

For readers who are interested, an advertisement for 
these recordings appears elsewhere in this issue. 

Improved Silicon Rectifier Ratings 
Westinghouse Brake and Signal Co. Limited have recently increased the current ratings of two high power silicon 

diodes types SxAN125 and SxBN200. 

The SxAN125 range is now rated at 150 amperes in single-phase half -wave circuits, 300 amperes in single-phase 
bridge circuits and 420 amperes in three-phase circuits, at junction temperatures of 170°C. 

Voltage ratings from 100 to 1,200 volts p.i.v. are readily available. 

The rating of the SxBN200 range has been increased to 200 amperes in single-phase circuits and will provide 400 
amperes and 575 amperes in single-phase bridge and three-phase circuits respectively. The diodes will operate at a 

continuous junction temperature of 170°C which, coupled with high thermal conductivity between junction and base, 
permits the use of small heat sinks. 

AUGUST 1963 39 

www.americanradiohistory.com



IN POOR 

WORKHUP 

This month, Smithy the Serviceman, accompanied as always by his able assistant Dick, leaves 
the Workshop to sample the delights of the English countryside in August. However, this does 
not prevent him from continuing the discussion on Intermittent faults which he started last 

month 

"THERE'S NOTHING," SHOUTED T Smithy above the din of the 
traffic, "like going out into 

the country to get some fresh air!" 
Dick jumped hastily into the 

ditch as a ten -ton lorry thundered 
past. Black diesel exhaust fumes 
shrouded the pair, rendering speech 
impossible for several moments. 
Dick eventually drew in breath to 
reply, but his words were lost in 
the sudden roar of a sports car, 
closely followed by a team of 
motor -cyclists with both throttles 
and silencers wide open. There 
was a short respite, to be violently 
shattered, as a motor -coach in 
full song rushed by. Someone in 
the coach threw an empty ice-cream 
tub at the Serviceman. 

But Smithy was not to be defeated, 
and he walked defiantly on, followed 
by an increasingly reluctant Dick. 
The vehicles continued their plunging 
journey past the two. Three- 
wheelers, cars, lorries, articulated 
vehicles, buses, vans, coaches, motor- 
cycles, trailers and caravans, they 
all swept by, leaving Dick and 
Smithy tramping their solitary way 
along the isolated and perilous 
grass verge. 

Suddenly, Dick ran along in 
front of Smithy, narrowly avoiding 
death in the process as a vast 
pantechnicon swayed crazily by 
at forty miles an hour. Dick 
disappeared. The perspiring Service- 
man followed quickly, to find 
that his assistant had discovered 
a lane leading off the main road, 
and was already sitting on top of 

a gate some distance along it. 
Smithy followed, and the roar of 
the headlong traffic eased down 
to a distant hum. 

Ever -Open Door 
Blimey," said Dick, as Smithy 

approached him. "I'm glad I've 
got away from that clatter!" 

Smithy nodded and leaned against 
the gate. 

"If I'd known," continued Dick 
bitterly, "that this is what happens 
when you suggest a quiet summer 
afternoon walk in the countryside, 
I'm jolly certain I would never have 
joined you." 

"Nonsense," retorted Smithy. 
"The trouble with you is that you 
expect to have it easy all the time." 

"There's another thing, too," 
continued Dick. "I don't like 
going for a walk with someone 
who is as exhibitionist as you are!" 

"As what?" 
"As exhibitionist," repeated Dick 

surveying the deeply affronted Ser- 
viceman with a cold and critical 
eye. "Everybody was looking at those 
awful old khaki shorts of yours!" 

"I've never heard such rubbish 
in all my life," exploded Smithy. 
"Shorts are the obvious thing to 
wear when you go for a walk in 
the country. What is more, my 
shorts are perfectly respectable." 

"I'll say they are," replied Dick. 
"Seeing that the bottoms are half 
way between your knees and your 
ankles." 

"I see no reason," said Smithy, 
with dignity, "why I should discuss 

with you what I wear. Anyway, 
let's wander along this lane a bit." 

"O.K." said Dick, "at least 
there's nobody down here to see 
us!" 

Smithy snorted and purposefully 
started to walk down the lane. 
There were trees on either side and, 
as the pair advanced, they found 
that these were getting thicker and 
thicker. Eventually, they were walk- 
ing through a veritable avenue of 
trees, the branches of which met 
over their heads and allowed a 
more gentle version of the August 
sunlight to diffuse through. The 
racket of the main road was now 
lost and forgotten, and the silence 
was disturbed only by the rustle 
of the leaves and the murmur of 
midges. It was very peaceful. 

"We never," remarked Dick sud- 
denly, "finished that discussion." 

"I beg your pardon," said Smithy, 
jerked out of his reverie. "What 
discussion ?" 

"The one on intermittent faults, 
of course," replied Dick. "Don't 
you remember? We'd just got on 
to intermittent soldered connections 
on video chokes, after which you 
said we'd have a further natter 
the next time we had a few moments 
spare." 

"Dash it all," grumbled Smithy. 
"Don't you ever close the hangar 
down? I've been looking forward 
to getting out of the Workshop 
for ages, and what happens? You 
start talking about work!" 

"Well," persisted Dick, "we do 
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have a few moments spare now, 
don't we?" 

"I suppose so," said Smithy 
resignedly. "And I suppose I 
won't get any peace until I give 
you the gen you want. How far 
had we got to, anyway?" 

"We were talking about inter- 
mittent connections with wound 
components," replied Dick. "And 
you told me to particularly suspect 
soldered joints where the coil wire 
insulation is of the solder -through 
variety, You said that these joints 
were liable to give rise to inter- 
mittents because the wire insulation 
wasn't always satisfactorily dealt 
with at the factory." 

"Oh yes," said Smithy "I recall 
it now. I should have added that 
there's another type of intermittent 
solder joint you get with wound 
components also. This is given 
by the connections you have with 
coils that are wound in sticks." 

"In sticks?" 
"That's right. In order to save 

production time, multi -layer coils, 
such as are used on l.f. chokes and 
iron -cored transformers, are nor- 
mally wound in batches. You 
start off by putting, on the winding 
machine mandrel, a single long 
former which usually consists of 
specially treated paper material. 
(Fig. 1 (a) ). You then start to wind 
the coils, of which there may be 
some four to sixteen or more side 
by side, according to the type of 
coil and the winding machine. 
(Fig. 1 (b) ). As soon as one layer 
of wire has been wound on, the 
machine automatically inserts a 
sheet of interleaving paper, this 
being as wide as the former. When 
you've finished you have a complete 
set of coils-which you call a 
stick of coils-wound on the com- 
mon former. The next thing to 
do is to cut these into separate 
coils; and you do this on the 
machine, with the aid of pre - 
positioned knives. (Fig. 1 (c) ). 
The final result is that you have a 
quantity of identical coils, after a 
total winding time which is only 
slightly more than that for one 
coil only." 

Dick frowned. 
"Well, that's certainly a money- 

saving idea," he said. "I'm a bit 
puzzled, though, as to how you 
make connections to the start and 
finish of each winding." 

"That," pronounced Smithy, "is 
what I'm leading up to. One 
technique consists of simply hooking 
out the start and end turn of each 
winding after it has been removed 
from the winding machine mandrel. 
A turn or so of the actual winding 
wire is pulled out, and it provides 

its own lead -out wire. The altern- 
ative method is to apply a narrow 
strip of copper foil across the whole 
stick whilst it's on the winding 
machine mandrel, and of soldering 
the coil wire to this. (Fig. 1 (d) ) 
When the stick is wound, the 
knives cut the strips off flush with 
the edges of the individual windings, 
and the lead -out wires are then 
soldered to the ends of the strips." 

"But that means," protested Dick, 
"that you've got to force your 
soldering iron bit into the winding 
itself." 

"That's right," agreed Smithy 
cheerfully. "Still, there's only inter - 

Former 

leaving paper at the winding edges 
and it's quite easy to make a quick 
joint without seriously charring the 
paper." 

"I don't quite get the gist of all 
this," said Dick. "If you've got 
an intermittent joint at the point 
where the lead -out wire is connected 
to the strip, it should be perfectly 
easy to detect this and to repair it." 

"True enough," replied Smithy. 
"Although you must remember 
that, by the time the winding 
reaches the service engineer, it 
will have been wax or varnish 
impregnated. And so a new solder 
joint will not be as easy as all that 

111111 
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o Wire guide pulleys 

Separate coils 

Copper foil strip © Winding w re soldered to 
copper strip 

End of layer of interleaving paper,,, 

Fig. 1. Showing, in simplified form, how a stick of multi -layer coils is wound. 
In (a), the former is fitted to the winding machine mandrel. The coil is 
partly wound in (b), in which diagram the mandrel rotates on its axis whilst 
the wire guide pulleys move laterally so as to lay the wire evenly. In (c), the 
completed stick is parted, after being covered with an insulating paper tape, 
into its separate coils. The process of making connections with copper foil 
strip is shown in (d). The unwonted projecting wires from the joints are 
cut away after soldering. In a practical winding procedure, the former, 
interleaving paper and copper strip would be wider than is required for the 
coils themselves, the waste material at the ends being cut off after the stick 

is completed 
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to carry out. But you've missed 
my point. I'm not concerned 
with the joint between the lead -out 
wire and the copper strip. Instead, 
I'm concerned with the joint between 
the copper strip and the winding 
wire. If this goes intermittent you've 
had it. The joint between the 
winding wire and the strip is internal, 
and it can only be reached by 
stripping down the coil. Also, 
it's a fairly good candidate for the 
intermittent stakes, because it's 
one of the few joints which can't 
be subsequently inspected at the 
factory." 

Tube base projects upwards 

o0 

O 
Test leads clipped 
to heater pins low 

down IÌ11 

Testmeter 

Receiver 
cabinet 
resting on 

face 

Tube 
base 

Fig. 2 (a). To make good an 
intermittent c.r.t. heater pin 
connection, the receiver is first 
placed on its face so that the 
tube base projects upwards 
(b). Two ohmmeter leads are 
then clipped to the heater pins 
low down. A soldering iron, 
together with a little solder and 
flux, is then applied to one of the 
pins, whereupon the ohmmeter 
will indicate whether the joint 
has been made good again 

"Well, I'm blowed," said Dick. 
"I hadn't quite looked at it in that 
light. What sort of coils are manu- 
factured with this copper strip 
idea ?" 

"As I said just now," remarked 
Smithy, "copper strip connections 
are common with l.f. chokes and 
iron -cored transformers. In the 
latter category you'll find such things 
as small mains transformers, speaker 
transformers and vertical output 
transformers. The technique is 

even employed for line output 
transformers, but you will very 
rarely find it giving you inter- 
mittents with those components." 

"Why's that?" 
"Because line output transformers 

handle high voltages. You may 
remember I referred to wetting 
voltages the last time we discussed 
this subject. If you have a poor 
connection inside a line output 
transformer you've got a really 
jumbo -sized wetting voltage to bridge 
the gap. When there's an actual 
break, this voltage will cause a 
spark to appear which will soon 
burn the conductors away. In other 
words, it is very rarely that line 
output transformers go intermittent 
due to poor connections. If a 
poor connection appears, the volt- 
ages in the transformer are such 
that it burns out completely, and 
you've got a component which is 
permanently u/s." 

Other Intermittent Connections 
"That's true enough," remarked 

Dick thoughtfully. "I don't think 
I can even recall an intermittent 
which has been caused by a line 
output transformer. Are there any 
other intermittents which may be 
given by poor solder connections?" 

"Quite a few," replied Smithy. 
"One you bump into occasionally 
occurs at the bases of cathode ray 
tubes. If the tube has a Bakelite 
duodecal base you occasionally 
find that one of the heater lead -out 
wires from the glass has an inter- 
mittent solder connection inside 
its pin. There is, in fact, rather an 
interesting point here. From my 
own experience, I've found that 
this particular snag seems to occur 
far more frequently with receivers 
in which the c.r.t. heater is run 
from a mains transformer than in 
receivers where it is connected in a 
series heater string. I would guess 
that this phenomenon is due, 
once more, to wetting voltages." 

"You don't," objected Dick, "have 
television sets with mains trans- 
formers these days." 

"Yes you do," contradicted Smithy. 
"Although I will admit that they're 
very few and far between. Never- 
theless, I can think of one recent 
model, at least, which employs 
such a transformer. And this 
brings me to a second interesting 
point. Which is that, when the 
c.r.t. screen goes blank because 
of the open circuit tube heater 
connection, there is a tendency 
to look inside the cabinet, see all 
the valves glowing away merrily, 
and assume that the tube heater is 
glowing as well. As, of course, 
it would be in a normal series -string 

set. You will even get a correct 
voltage reading across the heater 
tags on the tube base socket, but 
you can waste a lot of time looking 
for snags elsewhere if you don't 
also check visually that the heater 
is actually operating." 

"That's something to remember," 
commented Dick. "How do you 
clear the snag?" 

"It's usually simple enough," 
replied Smithy. "The first thing 
to do is to ensure that the Bakelite 
base is well and truly secured to 
the glass of the tube. These bases 
frequently work loose, and it's 
probably their subsequent movement 
relative to the glass which causes 
the trouble in the first place. If 
the base isn't secure, you should 
stick it down firmly with a good 
adhesive. When this has set, you 
then attempt to repair the open - 
circuit joint from outside. There's 
no need to remove the tube from 
the set to do this; all you have to 
do is put the cabinet on its face 
so that the tube base sticks upwards. 
(Fig. 2 (a) ). The tube socket 
has to be removed from the base 
for the repair operation. You 
first of all fit two ohmmeter clips 
to the pins (Fig. 2 (b)) and then 
apply a little paste flux of the type 
which is suitable for electrical 
joints, such as Fluxite, to the end 
of one pin. You next apply the 
iron and a little solder to the tip 
of the pin. The solder and flux 
will run down the inside of the 
pin and, if you're lucky, the ohm- 
meter will indicate low resistance 
if they cause the previously bad 
joint to become good. At which 
point you remove the soldering 
iron, and all is well. If you're 
unlucky, the ohmmeter will still 
indicate an open -circuit, and this 
means that you've started operations 
on the wrong pin. So you repeat 
the process with the other pin." 

"That's quite a business," said 
Dick, impressed. "Does it always 
work?" 

"It has done with me," replied 
Smithy, "but I certainly wouldn't 
guarantee it as being 100% predict- 
able. It's one of those jobs which 
should only be tackled by those 
who feel confident of doing it 
properly. The important thing to 
remember is that you only need a 
little additional solder, and that the 
iron should only be applied for a 
short time. It doesn't matter if 
you apply excess flux because, if 
this is of a reliable quality, it will 
remain inert after the job is com- 
pleted. You must realise that the 
joint you've re -made will still 
be in the dicey category and that 
you want to avoid any possible 
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mechanical movement or shock 
to the base or pin afterwards. 
You don't, for instance, want to 
leave a blob of solder at the tip 
of the pin after you remove the 
iron, because this will have to 
be cleaned off before you can get 
the tube socket back on again. 
A process which may well cause 
your repaired joint inside the pin 
to go open -circuit again." 

"It doesn't sound a very reliable 
repair," commented Dick. 

"It isn't," agreed Smithy, "but 
it's better than ditching the tube 
for an o/c heater!" 

"Do you get any intermittent 
connections to the other pins?" 

"Not so often," commented 
Smithy. "The heater pin connections 
seem to be the favourite. The 
current passed by the connections 
in the other pins is, of course, very 
small, and you could have quite 
a high resistance before you get 
into trouble." 

Ceramic Capacitors 
By now, the pair had left the 

tree -lined section of the lane, and 
were walking between low hedge- 
rows. Idly, Dick pulled a stick from 
one of the hedges and slashed at 
the grass bank with it. 

Rounding a corner, they were 
suddenly confronted by a cow. 

"Now this is a bit of the country- 
side," said Dick enthusiastically. 
"It must be about ten years since 
I last saw a cow as close as this." 

"I don't know about that," 
said Smithy, watching the animal 
somewhat fearfully. "Cows are 
meant to be in fields, you know, 
not walking about in the middle 
of lanes without proper supervision." 

The cow lumbered up and examin- 
ed Smithy with great interest. 
Her soft brown eyes gradually 
lowered until they came to rest 
on his shorts, whereupon her gaze 
became transfixed. With an air 
of complete fascination, she pushed 
her head forward and sniffed noisily. 
Smithy jumped back. 

"Dash it all," he said nervously. 
"That brute's positively dangerous." 

"It's those shorts of yours," 
replied Dick cheerfully. "She's 
never seen anything like them 
before!" 

"Well, let's get on past her," 
said Smithy testily. "I came out 
for a walk, not to be messed about 
by hulking great animals like this." 

They walked past the cow, Smithy 
taking great care to ensure that 
Dick was interposed between the 
beast and himself. As they wandered 
on, the cow turned her head round 
and gazed with utter absorption at 
Smithy's rear. 

"Do you know," remarked Dick, 
"you've absolutely made that cow's 
day for her! She'll really have 
something to tell the other cows 
now when she gets back to them." 

"Don't be silly," replied Smithy, 
his confidence returning as they 
moved further away. "Anyway, 
let's get back to those intermittent 
faults we've been talking about." 

"Righty-ho," said Dick, equably. 
"Are there any other soldered 
connections inside components which 
may cause trouble?" 

"I think I've covered most of 
the more usual ones," said Smithy. 
"Apart, that is, from disc ceramic 
capacitors. Although, to be truthful, 
the occasional troubles you get 
with these components has more 
to do with the silvering on the 
ceramic than with the actual solder- 
ing itself." 

"Fair enough," said Dick. "Fire 
away!" 

"As you know," said Smithy, 
"a disc ceramic capacitor consists 
basically of a round slab of ceramic 
with silvering on either side. The 
lead -out wires are then soldered to 
that silvering. (Fig. 3 (a) ). The bond 
between the silvering and the 
ceramic is usually quite strong, and 
should be capable of withstanding 
a reasonable amount of pulling on 
the lead -out wires. Also, the capaci- 
tor is given an outside coat of hard 
insulating material which helps to 
increase its strength so far as tension 
on the wires is concerned." 

"I'm with you," remarked Dick, 
"all the way." 

"Right," said Smithy. "Now, 
these capacitors will normally give 
you excellent service, but you may 
occasionally find one which has 
been badly manhandled either in 
the receiver factory or during 
subsequent servicing. What happens 
then is that the silvering about the 
solder joint gets very slightly pulled 
away from the ceramic. (Fig. 3 (b) ). 
Usually, the result is an obviously 
faulty capacitor but, if the silvering 
stays very close to the ceramic, 
you may still get sufficient capacitance 
for some circuit functions. Such 
as, for instance, decoupling applica- 
tions where the circuit does not 
really require by any means as 
much capacitance as the capacitor 
normally offers. In these cases, 
the slightest mechanical shock can 
cause the capacitor to change 
from a good to a no-good condition, 
or vice versa." 

"Wouldn't the fault be obvious?" 
queried Dick. "I mean, wouldn't 
you see an obvious break in the 
outside insulated covering?" 

"Not always," said Smithy. "There 
might be just a faint crack around 

the area where the silvering has 
pulled away. Also, this could be 
covered by dirt and grime, or the 
capacitor could be tucked away 
in a corner where it's difficult to 
see. At all events, faulty ceramic 
capacitors of this nature can some- 
times give you the dickens of a lot 
of trouble. The only good thing 
about them is that the fault normally 
becomes permanent if you bend 
the capacitor about a bit, or if you 
tap it." 

"Are there any other snags with 
disc ceramics?" 

Ceramic disc 

Silvering 

Solder 

Lead -out-_ 
wires 

Ceramic Solder and section 

of silvering detach 

-ed from ceramic 

Fig. 3 (a). A typical disc ceramic 
capacitor without its final 

insulated covering 
(b). Due to excessive tension on 
the lead -out wires, the solder 
joint and part of the silvering 
may become detached from one 
surface of the ceramic. Again, 
the final insulated covering is 

not shown 

"There's an occasional one," 
said Smithy, "which you might 
encounter if you're unlucky enough. 
If the silvering process isn't carried 
out properly at the capacitor factory 
you may get "islands" of silvering 
on one or other of the ceramic 
surfaces. (Fig. 4 (a) ). Such islands 
may be joined to the main body 
by a very narrow band of silvering 
(Fig. 4 (b)) and, if this connection 
becomes unreliable, you have a 
case of varying capacitance. This 
is a rare fault, admittedly, but it's 
one of the things that can happen." 

"How do you locate it?" 
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"If," replied Smithy, "the nature 
of your intermittent fault is such 
that you suspect varying capacitance 
in the ceramic you would, in the 
normal course of events, swap it 
anyway. The fact that the inter- 
mittent clears with the new compo- 
nent then confirms that the previous 
one was faulty. Alternatively, you 
might be able to bring the faulty 
condition on by tapping the capacit- 
or, or by warming it up slightly 
by holding a miniature soldering 
iron near it." 

"That's not very conclusive, is 
it?" commented Dick. 

"It isn't," agreed Smithy. "But 
then, the nature of intermittent 
faults is such that their repair is 
hardly every conclusive." 

'Island' Ceramic 

Fig. 4 (a). Detail showing how 
"islands" of silvering may appear 
on the surface of a ceramic 

capacitor 
(b). A possible source of 
intermittent variations in 
capacitance is given when an 
"island" is connected to the 
main body of silvering by a very 
narrow band, as shown here 

Intermittent Oscillator 
There was silence for a moment, 

as they traversed another corner. 
"Blast," said Smithy, "more 

cows!" 
They were confronted, this time, 

by a veritable army of cows. Dick 
noticed a closed gate alongside 
them. 

"I suggest we sit on this until 
they go by," he suggested hastily. 
"We'll never get through that lot." 

Gratefully, Smithy clambered on 
the gate and the pair perched in 
silence, watching the cows as they 
ambled along in slow procession. 
There was, once again, evidence 
of a speculative interest in Smithy. 

"Why do they keep looking at 
me like that?" said Smithy, irritably. 
"I find it quite unnerving!" 

"If," chuckled Dick, "you were 
an old cow lying about in a field 
all day, you'd look around at 
anything new, if only to break the 
monotony!" 

The cows continued on their 
course. There appeared to be an 
inexhaustible supply of them. 

"What I can't understand," com- 
plained Smithy, "is how so many 
animals can be let loose like this. 
Surely, someone must have the 
responsibility for them. They must, 
after all, represent a fantastically 
high capital expenditure." 

At long last, the end of the bovine 
cavalcade came into view. As the 
lost animal passed him Smithy 
was amazed to see that they were 
under the control of a diminutive 
youth about twelve years old. 

"Hey, sonny -boy," called out 
Smithy, assuming the sugary accents 
of a fond uncle, "are you really 
looking after all those cows on your 
own?" 

The boy, obviously annoyed at 
Smithy's patronising tones, looked 
at him in disgust. His eyes notice- 
ably widened as he took in the full 
details of the Serviceman's nether 
attire. 

"Cor," he remarked derisively, 
"if it ain't old Knickerbocker 
Glory his -self!" 

Stung to the quick, Smithy lapsed 
into red-faced silence, a condition 
which he maintained for the next 
few minutes whilst the gate shook 
wildly to the suppressed chuckles 
of his assistant. The boy walked 
out of sight. 

"You asked for that one," laughed 
Dick. "I've been telling you about 
them all day long, but you wouldn't 
listen to me. Fancy going out 
in a pair of gash old surplus shorts 
like that!" 

"Gash old surplus?" said Smithy, 
outraged. "Let me tell you that I 
was issued with these!" 

"Issued with them?" gasped Dick. 
"When ?" 

"During the war, of course," 
snapped Smithy. "Don't forget 
that, during the years when you 
were throwing your rattle out of 
your pram, I was defending my 
country!" 

"Come off it, Smithy," said Dick 
scornfully. "Don't tell me that 
the Pioneer Corps were ever issued 
with khaki drill!" 

"I am not going to discuss the 
matter further," said Smithy with 
dignity. "So far as I'm concerned, 
shorts for walking are de rigeur." 

"So far as those shorts are 
concerned," commented Dick, "I'd 
say they were de rigeur mortis." 

Smithy refused to answer, and he 
eased himself gently off the gate. 
He resumed his progress along the 
lane, with Dick walking by his 
side. Dick decided to return to the 
previous topic. 

"I've got an intermittent fault 
on the bench right now," he re- 
marked chattily. "I was going to 
ask you about it when we start 
work again." 

"What are the symptoms?" asked 
Smithy, manifestly relieved at the 
change of conversation. 

"Well," said Dick, "so far as 
I can see, there's something queer 
with the tuning capacitor. It's a 
Medium and Long wave valve set, 
and sometimes it works like a bomb 
and sometimes it's as dead as a 
doornail. It all seems to depend 
upon where the tuning capacitor is 
set." 

"Tell me more." 
"If," said Dick, "I switch it 

on and try and tune in a station 
at the low frequency end of the 
Medium wave band, there's not a 
sausage. If I then tune up to the 
high frequency end its works O.K. 
The funny thing is that, after I've 
tuned in a station at the high 
frequency end, it's all right at the 
low frequency end as well!" 

"Is it the same on long waves?" 
"I don't know," confessed Dick. 

"I've only had time to try it out on 
Medium waves up to now." 

"It sounds to me like a worn-out 
oscillator valve," remarked Smithy. 
"If the oscillator valve is on the 
verge of packing in, it may still 
summon up enough strength to 
commence oscillating when you're 
at the high frequency end of the 
band, because this corresponds to 
a high L C ratio in the oscillator 
tuned circuit. Once the valve has 
started to oscillate it will continue 
to do so, even if you return to the 
more inefficient tuned circuit condi- 
tions at the low frequency end of 
the band. It's operating in the 
same way as a reaction circuit 
with bad backlash. Once you go 
into oscillation with such a circuit 
you have to reduce feedback quite 
a lot before you can come out of 
oscillation again." 

"So the cure," remarked Dick, 
"is to fit a new oscillator valve?" 

"That's right," said Smithy. "If 
that doesn't work the oracle, check 
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the grid capacitor and the anode 
feedback capacitor if there is one. 
These may have gone low in value 
and caused a reduction in feedback. 
There are other obvious faults which 
could cause the trouble, too, such 
as shorted turns in the feedback 
winding, a high value anode resistor, 
and so on. But the valve itself 
is by far the most likely customer." 

"I'll try that," said Dick, "as 
soon as we start work again." 

Break For Tea 
"Hallo," said Smithy, "it looks 

as though we're approaching a 
village." 

A cluster of cottages came into 
sight, to be succeeded by a typical 
village street. An occasional lorry 
or car passed by but there was, 
otherwise, an air of complete 
serenity. 

"There's a sign down there," 
remarked Dick, "which says 'Farm- 
house Teas'." 

"So there is," agreed Smithy. 
"Let's investigate." 

And this they did. If we were 
to return to Dick and the amply 

attired Smithy some twenty minutes 
later, we would find them sitting 
out in a rose -bedecked garden 
whilst a middle-aged and motherly 
countrywoman set out in front of 
them two heaped plates of ham 
and eggs, to be attacked by the pair 
with much gusto and great helpings 
of H.P. Sauce. Which only goes 
to show that it is still possible to 
stumble on parts of rural England 
by the simple process of walking 
down a country lane. 

Provided, of course, you choose 
the right lane. 

book review .. . 
TRANSISTOR TELEVISION RECEIVERS: A Survey of World Circuitry, British, American, German, Russian, 

Japanese. By T. D. Towers, M.B.E., M.A., B.Sc., A.M.I.E.E., Grad. Brit. I.R.E. Published 11th July, 1963, by 
Iliffe Books Ltd. 194 pages including 188 diagrams. Size 10in by 71in. Price 55s. net (by post 56s. 6d.). 

The change from valve to transistor television receivers has been slower than that in other electronic devices, but 
in many countries, such as America, Japan, Switzerland and France, it is rapidly gaining momentum and Great.Britain 
is bound to follow the lead. The slow development was due to the high cost of transistors, now falling rapidly in price, 
and to the difficulty in transistorising certain sections of the circuitry now overcome with the development of more 
effective transistors, though extreme difficulty is still being experienced in obtaining enough power to drive the larger 
television tubes. The tendency has therefore been to concentrate on small and medium sized sets. Japan has specialised 
in the development of very small sets (5-6in screens) using microminiaturisation techniques, and now produces these 
on a commercial scale for domestic, industrial and executive use. 

The author has combed the world to obtain circuits from every country working on transistor receivers, and so 
has at his fingertips a unique store of information. In this book he has taken from the various countries the designs of 
each section of the receiver and has critically compared and contrasted them. A most valuable feature of his survey 
is the fact that all the circuits have been redrawn in a similar style, making for ease of comparison. In all there are 
nearly 190 circuit diagrams, for which the present large format has been chosen to show them to the best advantage. 

.T. D. Towers, the Chief Applications Engineer of Newmarket Transistors Ltd., first gives the reader a clear 
perspective of the subject. He then devotes a chapter to each of the following, tuners; vision i.f. amplifiers; video: 
amplifiers; audio i.f. amplifiers; synchronising circuits; field deflection circuits; line deflection circuits; picture tubes 
and associated circuits; power supplies. A further chapter discusses the transistor as an electronic device, how it 
operates and how it should be handled and tested. Finally, there is a useful chapter on the servicing of transistor 
television receivers. 

This book-the first in its field, with its survey of designs from the United Kingdom, U.S.A., France, Germany, 
Russia and Japan-will be invaluable to all designers who wish to keep abreast of current developments and be prepared 
for the future. 

CONTENTS: Preface-Acknowledgements-The Transistor in the Teleyision Receiver-Transistor Tuners- 
Transistor Vision I.F. Amplifier-Video Amplifier-Sound Sections of Transistor Television Receiveas-Sync Separator 
Circuits-Field Time Base Circuits-Line Time Bases-The Picture Tube and Associated Circuits-Power Supplies in 
Transistor Television Receivers-Transistors for Television Receivers-Servicing Transistor Television Receivers-Index. 

Catalogue Received .. . 
Home Radio Ltd., 187 London Road, Mitcham, Surrey. 
We have just received our copy of the latest catalogue (4th Edition, June 1963) and this 194 -page publication, 

7} x 91in, is available direct from them at 2s. 6d. per copy. 
This lavishly illustrated component catalogue is, without a doubt, one of the finest radio retail shopping guides 

available in this country. The Index is comprehensive and any required item, no matter how small, is quickly traced 
-the type number, manufacturer and price all being listed. 

The present edition has not only been enlarged but has also been subjected to some rearrangement, this achieving 
a better layout and an attractive presentation of the many hundreds of items listed and illustrated. 

This latest catalogue should find a place on every constructor's bookshelf where it will serve both as an easy 
shopping guide and as a veritable mine of component information. 
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AVING COMPLETED THE EXPERIMENTAL TRANS- 
mitter for the 4 metre band described in the 
June 1963 issuer, a suitable modulator was 

required in order to operate on telephony. It was 
decided that, as far as possible, the finished appear- 
ance of the modulator should match that of the 
transmitter. In order to achieve this, the modulator 
is built into a cabinet of similar dimensions to 
those of the transmitter, and both cabinets are 
similarly painted. 

With a good crystal microphone the quality 
produced is of a high standard, comparing favour- 
ably with other amateur signals. 

The output stage is capable of providing sufficient 
output to fully modulate any transmitter running 
up to 20 watts input. 

t David Noble and David Pratt, "Transmitter Design for 4 Metres", 
The Radio Constructor, June 1963. 
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High Quality 
Modulator 
Design 

By D. NOBLE - G3MAW 

and D. M. PRATT - G3KEP 

The unit has a built-in power supply providing 
250 volts at 60mA for h.t. and the usual 6.3 volts 
for the heaters. However, it may be desired to 
use the unit while operating portable or mobile and, 
for this reason, provision is made for feeding in 
external h.t. and l.t. supplies. 

Circuit 
The first stage is an EF86 operating in a high 

gain amplifier circuit. This valve is a low noise 
pentode particularly suitable for the early stages of 
high gain audio equipment. It is designed to have 
extremely low hum and microphony characteristics. 

Between the input socket and the valve an RC 
network is provided. This behaves as an r.f. filter, 
thus avoiding feedback caused by r.f. pick-up on 
the microphone cable being detected by the valve. 

The output of V1 is fed via the gain control to the 
s 

SI RI8 

Fig. 1. The circuit of the modulator. The circuit points designated 1, 2, 5, 6 and 7 correspond to the appropriate pins of the octal valveholder mounted at the rear of the chassis. it will be noted that there is no switch in the mains input 
circuit 
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paraphase phase-splitter utilising the 
triode sections of two ECL82 valves. 
In order to obtain a balanced output 
from this stage it is important that 
several of the components be accurately 
matched. These are the two anode 
load resistors Rs, R9; the two coupling 
capacitors C9, C10; and the two grid 
resistors R13, R14. Although the actual 
values themselves are not very critical, 
the pairs of components should be 
matched to within 2 %. Of the matched 
pair R13 and R14 should, preferably, 
have the higher value. 

Output Stage 
The output stage consists of the 

pentode sections of the ECL82 valves 
operating in Class AB1. Common 
cathode bias components (C11, R17) 
are used for the two valves. The resistor 
should be of the wirewound type rated to 
dissipate 2 watts. The screen grids of the valves are 
connected directly to the h.t. line. 

The anode -to -anode load impedance of the output 
valves employed in this modulator is 10kû. The 
modulation transformer used is taken from the 
SCR522 transmitter, and this is obtainable from 
time to time on the surplus market. The SCR522 

Three-quarter rear view of the modulator 

transformer has a turns ratio of 2:1, and it con- 
veniently matches the anodes of the ECL82 pentodes 
to 2.5kû load such as that presented by an r.f. 
power amplifier stage operating at 250 volts and 
100mA. The SCR522 modulation transformer 
satisfactorily matches the modulator to the 4 metre 

Components List 

Resistors (All fixed resistors }W 10% unless other- 
wise stated) 

R1 100kû 
R2 2.2MS2 

2.2kû 
220kû, high stability 
1Mû, high stability 
33kû 
22kû 
100kû, matched (see text) 
1.2kû 
1Mû 
1Mû, matched (see text) 
10kû 
390û, 2W, wirewound 
500kû pot, log track 

R3 
R4 
R5 
R6 
R7 
R8, 9 

R10, 11 

R12 
R13, 14 

R15, 16 

R17, 18 
VR1 

Capacitors 
C1 
C2 
C3 
C4 
C5 

C6 
C7, s 
C9, 10 

C11 
C12, 13 

Valves 
V1 EF86 
V2, 3 ECL82 

39pF, tubular ceramic 
50µF, 12V wkg., electrolytic 
161.LF, 350V wkg., electrolytic 
0.47µF, 400V wkg., polyester 
0.11LF, 350V wkg., polystryrene 
8µF, 350V wkg., electrolytic 
50µF, 12V wkg., electrolytic 
0.1µF, 350V wkg., polystyrene, 

matched (see text) 
50µF, 50V wkg., electrolytic 
50 + 50µF, 350V wkg., electrolytic 

Rectifiers 
X1, 2 BY100 

Transformers 
T1 SCR522 Modulation Transformer (see 

text) 
T2 Mains transformer. Secondaries: 250- 

0-250V 60mA, 6.3V 2A, R.S.C. 

(M/C) Ltd., 5 County Arcade, 
Leeds 1. (see text) 

Switch 
S1 s.p.s.t. toggle switch. Bulgin type 

S600/PD 
Plugs and Sockets 

Jl Coaxial socket. Belling -Lee type L604/S 
J2 Insulated coaxial socket. Belling -Lee 

type L603/B 
Pl Mains input plug. Bulgin type P429. 

(Matching socket is Bulgin type 
P430) 

3 B9A valveholders 
1 Octal valveholder 
1 Pilot lamp fitting. Bulgin type D180 

Miscellaneous 
6.3V 0.15A 1 Pilot lamp, m.e.s. 

1 Knob 
1 5 -way tagboard (i.e. 5 tag pairs). Bulgin 

type C120 
2 15 -way tagstrips 
1 Chassis (as Figs. 2 and 3). This fits 

into Cabinet type W, available from 
H. L. Smith & Co. 
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Fig. 2. Details of chassis dimensions 

transmitter described in the June issue. 
If it is desired to use this modulator design for a 

transmitter having a higher impedance, e.g. a top 
band transmitter with its P.A. operating at say 300 
volts at 30mA, then an output impedance of 1Ok52 
will be required from the modulator. A transformer 
with a turns ratio of 1:1 would be required and the 
Collins modulation transformer, available on the 
surplus market, will be quite suitable. This, however, 
is rather bigger than the SCR522 transformer and 
some slight alterations may be required to the 
chassis layout. The Woden modulation transformer 
type UMO is also suitable. This is a multi -ratio 
transformer and will match the modulator to any 
impedance between 310 and 14,40052. 

The power supply is quite conventional except 
for the use of silicon rectifiers rather than a valve. 
The main reason for using these is to save chassis 
space. The mains transformer is a miniature type 
available from Radio Supply Company (Manchester) 
Limited. The rectifier heater winding is, of course, 
not used.2 

Material: I6swg Aluminium 

Bend up on dotted lines 

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

chassis measuring 8 x 5 x 2in. The three valves are 
symetrically positioned at the front of the chassis 
while the transformers are fitted towards the rear 
corners. Between the transformers are the electro- 
lytic capacitors C12, C13. 

The front panel is made from 16 s.w.g. aluminium 
and measures 6 x 9in. It is attached to the chassis 
by the fixing screws or nuts for the input socket, 
the gain control and the h.t. switch. The front 
panel also carries a pilot lamp which indicates when 
the heater supply is connected. 

Chassis and panel drilling details are given in 
Fig. 2 and Fig. 3 respectively, hole dimensions being 

2 The maximum recurrent p.i.v. for the BY100 silicon rectifier is 
800, this corresponding to 283 volts r.m.s. from each half of T2 
secondary. Care should be taken to avoid excess voltage on T2 
secondary, as would be given, for instance, by tapping down too 
low on the primary. Both h.t. and heater secondaries referred to in 
the components list are almost fully loaded by the modulator valves 
and pilot lamp, and should only be lightly loaded by ancillary 
equipment (as mentioned under "Construction").-EOrrOR. 
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TABLE 
Holes on Chassis and Panel Drawings 

Hole Dimension 

Y 

I 
I/ 

s 

¡- 
I 

,,F j 

F 

P E 

11/ 

__I 

» e +III 

..._ __- __º° o, 

A 1 }" dia. 2 

B 1-4-" dia. 
C 1" dia. 
D e" dia. 
E z" dia. 
F " dia. 
G 16" dia. 
H A" dia. 
J -k" dia. 

listed in the Table. A Bulgin 5 -way 
tagboard type C120 is used for the com- 
ponents associated with V1, while for 
V2 and V3 two 15 -way tagstrips are used. z 

An octal socket is provided at the 
rear of the chassis to enable the h.t. and 
1.t. voltages to be measured. It is recom- 
mended that the pin connections indicated 
on the circuit diagram be used. If desired, 
the socket is suitable for feeding ancillary Material: 16swg Aluminium 

equipment, e.g. an audio oscillator. An external 
power supply may also be fed into this socket while 
working portable or mobile. So that this can be is done by using a jumper lead between pins 6 and 7 
achieved, it is necessary to disconnect the heater of the octal socket. On removal of this jumper the 
winding of the internal mains transformer, and this heater winding is disconnected. Thus, except while 

C8 

R11 

R9 

C9 

Fig. 3. The front panel 

OCTAL SOCKET 

12 
C10RICR12/13 R7 X2 

RIS 
R13 C11R14R16R8 

RV1R10 C7 C5 

Underside view of the modulator showing the positions of the various components 
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using the modulator from an external supply, pins 
6 and 7 of the socket should be connected together. 
The rear of the chassis also carries the Bulgin three - 
pin mains connector, and a Belling -Lee insulated 
coaxial socket for the audio output. 

No difficulty should be experienced in assembling 
the unit, particularly if the recommended compo- 
nents are used. The photographs show the positions 
of the major components. 

Testing 
After completing the modulator, a 2.5k9 load 

should be connected across the secondary of the 
modulation transformer. This may consist of a 

2.4kû and a 100û wirewound resistor connected 
in series. If an oscilloscope is available this may be 
connected across the 100û resistor, and the distortion 
of the amplifier measured with a sinusoidal input. 

If no test gear is available, a pair of high impedance 
headphones may be used as a load, but care must 
be exercised in advancing the gain control in order 
not to damage the phones or eardrums! 

Conclusion 
This little modulator should provide a reliable 

audio source for any low power transmitter. It will 
be of particular interest to the newcomer to Amateur 
Radio who is contemplating building equipment 
to form the basis of his station. 

An introduction to. . 

COLOUR TELEVISION 
By J. R. DAVIES PART 3 

N THE SECOND ARTICLE IN THIS SERIES WE SAW 
how, in the transmitted colour television signal, 
the chrominance subcarrier and its sidebands 

can be interleaved between the sidebands of the 
luminance signal, thereby enabling the chrominance 
information to be transmitted within the same 
bandwidth as is occupied by the luminance signal. 
We learned also that, when the transmitting camera 
scans a white scene, 

Y =0.59G +0.30R+O.11B 
where Y represents the voltage amplitude of the 
luminance signal, G the voltage amplitude of the 
"green" tube signal, R the voltage amplitude of the 
"red" tube signal, and B the voltage amplitude of 
the "blue" tube signal. It is possible to transmit 
chrominance information by means of the R -Y and 
B -Y colour difference signals, the R, B and G signals 
being reclaimed at the receiver by combining these 
with the Y luminance signal. It was further noted 
that, when the transmitting camera scans a mono- 
chrome scene (i.e. black, greys and white) the colour 
difference signals drop to zero. 

The N.T.S.C. Primary Colours 
Fig. 6 shows the C.I.E. Chromaticity Diagram, 

this being marked up with the three primary colours 
employed in the N.T.S.C. colour system. It will be 
noted that these primary colours do not correspond 
exactly with the spectrum colours which appear on 
the outside curved line of the Diagram. For instance, 
the N.T.S.C. primary green does not correspond to 

the fully saturated spectrum green, although it is 
very close to this colour. The N.T.S.C. primary 
blue is similarly desaturated, and it is slightly 
removed in hue from the spectrum blue also. There 
is, again, a slight difference in hue between the 
N.T.S.C. primary red and the spectrum red, al- 
though it can be seen that the N.T.S.C. primary red 
is a fully saturated colour. These small discrepancies 
do not detract from the performance of the colour 
system to any very great extent, and the primary 
colours chosen for the N.T.S.C. system are such 
that they may be readily reproduced by practical 
cathode ray tube phosphors. 

The colours given by additive mixing of the 
N.T.S.C. primary blue and the N.T.S.C. primary 
green lie along a straight line drawn, on the Diagram, 
between these two points. The same applies to the 
colours which may be produced by additive mixing 
of the N.T.S.C. primary green and the N.T.S.C. 
primary red, and by additive mixing of the N.T.S.C. 
primary red and the N.T.S.C. primary blue. The 
three lines joining the N.T.S.C. primary colours 
form a triangle, as illustrated in Fig. 6. If the three 
N.T.S.C. primary colours are mixed additively, it 
then becomes possible to reproduce any of the 
colours which are contained within this triangle. 

Whilst the N.T.S.C. primary colours can provide 
reproduction of any of the colours inside the 
triangle of Fig. 6, they are incapable of reproducing 
colours which fall outside. They can allow the hue 
of colours outside the triangle to be reproduced, 
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N.T.S.G primary green 

aco -Blue 

Fig. 6. The positions which the N.T.S.C. primary 
colours take up on the C.I.E. Chromaticity Diagram. 
By means of additive mixing, it is possible to reproduce 

any of the colours which lie within the triangle 

but at reduced saturation only. This state of affairs 
is not as serious a disadvantage as it may at first 
sight appear, because the deeply saturated colours 
around the edge of the Chromaticity Diagram are, 
in any case, seldom encountered in natural life. In 
practice, the range of colours enclosed by the 
triangle joining the N.T.S.C. primary colours is 
significantly greater than that which can be given by 
colour reproductions employing established printing 
techniques. The latter are, as we know, quite 
capable of offering adequate reproductions. 

The I and Q Signals 
We have seen that it is possible to transmit colour 

information in the N.T.S.C. system by way of the 
Y, the R -Y, and the B -Y signals. At the same time, 
we have noted that colour information is carried by 
the chrominance subcarrier, this being amplitude 
modulated in quadrature (i.e. at 90° phase difference) 
by the I signal and the Q signal. We shall now 
examine the form which the I and Q signals take up 
in relation to the R -Y and the B -Y signals, dealing 
also with the modulation of the chrominance 
subcarrier. 

It is most convenient to start with the R -Y and 
B -Y signals, introducing the I and Q signals later. 
It is helpful, further, to make the temporary assump- 
tion that it is the R -Y and B -Y signals which modu- 
late the chrominance subcarrier in quadrature, and 
not the I and Q signals. 

The statement concerning quadrature modulation 
may be more clearly understood if we say that we 
have two chrominance subcarriers which have the 
same frequency, but which differ in phase by 90°. 
One of these subcarriers is then modulated by the 
R -Y signal and the other by the B -Y signal. We 
may represent the phase relationship between the 

two subcarriers by means of a vector diagram, as in 
Fig. 7 (a), this clearly demonstrating the 90° phase 
difference. The length of each vector then corre- 
sponds to the amplitude of the modulating signal. 

As in any similar vector diagram, we may obtain 
a single vector which indicates the resultant phase 
and amplitude given by the combination of two 
out -of -phase quantities. Thus, if the transmitter 
camera were to scan a colour which caused the R -Y 
signal to be equal to the B -Y signal, we would 
obtain a resultant vector lying midway between 
them, as in Fig. 7 (b). 

Let us next examine what resultant vector we 
obtain when the transmitter camera scans a fully 
saturated colour, such as red.l A fully saturated 

I It is assumed here that there is negligible difference between a 
fully saturated colour and the corresponding N.T.S.C. primary colour. 

(R -Y) 

o (B -Y) 

© 

-030R 

i## o 
-0-11BL 0.898---- 

© 

(B -Y) 

(B -Y)) 

Blue 

Fig. 7 (a). If the chrominance subcarrier were 
modulated by the R -Y and B -Y signals, the phase 
relationship and modulating amplitude could be 

represented by a vector diagram, as shown here 
(b). The resultant vector given when the amplitudes 

of the R -Y and B -Y signals are equal 
(c). The resultant vector for fully saturated red 
(d). The resultant vector for fully saturated blue 
(e). The resultant vector for fully saturated green 
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red contains no green or blue information, with the 
result that, in the equation 

Y=0.59G+0.30R+O.11B, 
both G and B are equal to zero. 

We then have 
Y =0.30R, 

so that R-Y =R-0.30R 
=0.70R. 

At the same time, since B is equal to zero, 
B-Y =0-0.30R 

= -0.30R. 
The resultant corresponding to fully saturated red 

then appears in the position shown in Fig. 7 (c), 

(R -Y) 
Red 

Yellow 

-(B-Y) 

Yellow 

JB-Y 
03 

R -Y 
Red l.14 

+I Magenta 

+o 

¡¡Yellow 

-1z 03) 

-0 
Green 

R-Yl Cyan 

I 14/ 

© 

B -Y 
2.03 

Blue 

Fig. 8 (a). Since other colours may be formed by 
combinations of the primaries, it becomes possible to 
show these as vectors on the R -Y and B -Y axes. Each 
colour then corresponds, in hue, to the angular position 
of its vector and, in saturation, to the length of its 

vector 
(b). Before transmission, the R -Y and B -Y signals 
have to be weighted by dividing them by 1.14 and 

2.03 respectively 
(c). Adding the I and Q signals to the R -Y and B -Y 
axes. It is the I and Q signals which actually modulate 

the chrominance subcarrier 

52 

and it corresponds to 0.70R on the R -Y axis and 
-0.30R on the B -Y axis. 

It is worthwhile repeating this exercise with 
another colour, such as fully saturated blue. A fully 
saturated blue contains no red or green information, 
so that, in the formula 

Y =0.59G +0.30R + 0.11B, 
both G and R are equal to zero. 

As a result, 
Y =0.11B, 

and B-Y =B-0.11B 
=0.89B. 

Also, since R is equal to zero, we have 
R-Y =0-0.11B 

=-0.11B. 
The resultant which corresponds to fully saturated 

blue may then be drawn as shown in Fig. 7 (d). 
If we carry on to a fully saturated green, we have 

the case where both R and B are equal to zero, 
whereupon 

and 

Y =0.59G, 
R-Y =0-0.59G 

= -0.59G, 
B-Y =0-0.59G 

= -0.59G. 

The resultant for fully saturated green then 
appears midway between the negative sections of the 
R -Y and B -Y axes, as illustrated in Fig. 7 (e). 

Since all other colours are the result of combina- 
tions of two or three of the primary colours, it is 
possible to similarly plot these about the R -Y and 
B -Y axes, giving us a diagram such as that shown 
in Fig. 8 (a). It is interesting to note that these 
colours appear around the R -Y and B -Y axes in the 
same order as they appear around the centre of the 
C.I.E. Chromaticity Diagram. 

Fig. 8 (a) illustrates the fact that any colour may 
be represented as a single resultant vector indicating 
the phase of a single chrominance subcarrier. The 
length of the resultant vector then corresponds to 
the modulation amplitude and, in consequence, to 
the saturation of the colour. Since the colours 
appearing around the intersection of the R -Y and 
B -Y axes correspond to the colours which appear 
around the centre of the C.I.E. Chromaticity 
Diagram, it follows that any colour in that Diagram 
(within the triangle joining the N.T.S.C. primary 
colours) may be represented by the phase and 
length of a resultant vector. 

If the R -Y and B -Y signals are handled by the 
colour television system at their correct amplitude 
(relative to the luminance signal) the combined 
signal amplitude given when saturated colours are 
transmitted becomes excessive and cannot be 
handled without distortion and possible transmitter 
overload. In consequence, the R -Y and B -Y signals 
have to be reduced in amplitude, relative to the 
luminance signal, at the transmitter. In practice, 
the R -Y signal is divided by 1.14 and the B -Y signal 
by 2.03. The necessary correction for this reduction 
is then made at the receiver. The R -Y and B -Y 
signals are described, after reduction, as being 
weighted. 
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Because of the weighting factors introduced at 
the transmitter, our diagram of Fig. 8 (a) must now 
become altered to that of Fig. 8 (b), wherein the R -Y 

axis changes to 
R- 

4 and the B -Y axis changes to 
1. 

B-Y 
2.03 

offers the same information as Fig. 8 (a). Since the 
B -Y axis is divided, in length, by a larger number 
than the R -Y axis, all that has happened is that the 
diagram of Fig. 8 (b) has been compressed horizon- 
tally. The result is a shifting of the angular positions 
of the vectors which represent the various colours. 

We may now introduce the I and Q signals. 
It is always desirable to keep the information in 

the chrominance subcarrier as small as possible. 
At the same time, we know that the eye is capable 
of defining some colours in fine detail considerably 
more readily than it can define other colours. The 
I and Q signal rechnique takes advantage of this 
characteristic of the eye, and allows a high level of 
useful chrominance information to be transmitted 
with maximum economy of bandwidth. 

The I and Q signal vectors appear on the R -Y 
and B -Y axes in the manner shown in Fig. 8 (c). 
These signals may be obtained, at the transmitter, 
by suitable manipulation of the colour signals from 
the camera.2 It is the I and Q signals which actually 
modulate the chrominance subcarriers, and not the 
R -Y and B -Y signals, as we have assumed up to 
now. It will be seen that the I and Q vectors are 
displaced from each other by 90°, in just the same 
manner as are the R -Y and B -Y axes. They may, 
in consequence, similarly modulate two subcarriers 
having a phase difference of 90°, and enable single 
resultant vectors (corresponding to the amplitude 
and phase of a single subcarrier) to be obtained. 

The positive I vector has a direction lying between 
red and yellow, and it corresponds, in fact, to a 
reddish -orange. If this particular colour, in its fully 
saturated state, were presented to the transmitter 
camera, only the I subcarrier would be transmitted, 
as there is no colour information for the Q signal. 
The negative I vector has a direction corresponding 
to a colour in the greenish -blue range. If this 
colour, in its fully saturated state, were presented 
to the transmitter camera, the I subcarrier would, 
again, be the only one transmitted. However, since 
the negative I vector is in the opposite direction to 
the positive I vector, the chrominance subcarrier 
will have suffered a phase reversal of 180°. 

The same points apply to the Q signal. The 
positive Q signal vector corresponds to colours in 
the magenta range, and the negative Q signal vector 
corresponds to colours in the yellow -green range. 

The colours which the eye can detect most readily 
in fine detail are the reddish -oranges and the 
greenish -blues. The magentas and the yellow -greens 
can, on the other hand, only be distinguished in 
coloured areas which are much larger. Because of 

In all other respects, however, Fig. 8 (b) 

2 Such manipulation can, indeed, be given by combining the 
colour signals in simple matrices employing resistive networks. 
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this, we have the case where the I signal corresponds 
to colours for which the eye has maximum dis- 
crimination, whilst the Q signal corresponds to 
colours for which the eye has minimum discrimina- 
tion. It is for this reason that the I and Q signals 
are employed, and the angular position of their 
vectors has been purposely chosen to take full 
advantage of these characteristics of the human eye. 
The I and Q signals are given bandwidths which 
ensure that the optimum amount of useful colour 
information is transmitted without any wasteful 
expenditure in bandwidth. This requirement is 
achieved by giving the I signal a bandwidth of 
1.5 Mc/s and the Q signal a bandwidth of 0.5 Mc/s.3 

3 These figures apply to the American 525 line system. Other 
systems, with different video bandwidths, may employ different I 
and Q bandwidths also. 

Vision 
Carrier 

0.75 
Nth 

4.2 Mc/s 

Sound 
Carrier 

45 Mc/s 

Vision 

Carrier 

Vision 
Carrier 

O 
Sound 
Carrier 

0 Signal 

(bandwidth=O.5Mc/s) 

3.58Mc/s 

Chrominance 
Subcarrier 

Sound 
Carrier 

Upper I signal sideband 

(partially suppressed) 

Lower I signal sideband O Signal 

(bandwidth I.SMc/s) Chromirance 

SuL.a,Ier 
c 

Fig. 9 (a). The ideal transmitter characteristic for 
monochrome transmission in the American 525 line 
system. (A nominal video bandwidth of 4.2 Mc/s is 

assumed.) 
(b). Adding the Q signal. There is room inside the 

video passband for both sidebands of the Q signal 
(c). The lower sideband of the I signal may also be 
transmitted in full, but the upper sideband has to be 

partially suppressed 
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We may now consider what occurs when a scene 
is scanned by the colour television camera. All 
colour information in the scene which gives chromin- 
ance signals having frequencies lower than 0.5 Mc/s 
are handled by both the I and Q signals, thereby 
allowing full colour reproduction to be achieved at 
the receiver. Where there is fine colour detail which 
results in a chrominance signal having a frequency 
in excess of 0.5 Mc/s the Q signal disappears, 
because it corresponds to a range of colours over 
which the eye is least sensitive. Chrominance 
signals between 0.5 and 1.5 Mc/s are then handled 
by the I signal on its own, this providing the 
reddish -oranges and greenish -blues to which the eye 
is most sensitive. 

The Transmitted Signal 
The ideal transmitter characteristic for a mono- 

chrome American 525 line signal has the appearance 
shown in Fig. 9 (a). (A nominal video bandwidth 
of 4.2 Mc/s is assumed). Let us now add the 
çhrominance subcarrier signals, employing the 
bandwidths and frequencies pertaining to the 
American N.T.S.C. system. 

Colour burst transmitted 
Front porch during bock porch 

Black 
level 

Fig. 10. The colour burst, which is superimposed on 
the back porch of the line sync signal 

In Fig. 9 (b) we introduce the Q signal with its 
bandwidth of 0.5 Mc/s. The suppressed chromin- 
ance subcarrier appears at 3.58 Mc/s (corrected to 3 
significant figures), and it is possible for both side - 
bands of the Q signal to be transmitted whilst still 
remaining within the confines of the overall 4.2 Mc/s 
video bandwidth. 

The I signal has a bandwidth of 1.5 Mc/s. Its 
upper sideband would extend to 5.08 Mc/s if it were 
transmitted in full, and would appear outside the 
overall video bandwidth. In consequence, part of 
the upper sideband of the I signal has to be sup- 
pressed, whereupon it takes up the appearance 

shown in Fig. 9 (c). The lower sideband of the I 
signal is transmitted in full. 

In Figs. 9 (b) and (c) we see that, if the chromin- 
ance subcarrier were not suppressed, it would be 
capable of beating with both the vision carrier and 
the sound carrier, causing interference to appear in 
monochrome or colour receivers in the form of 
patterning. The use of a suppressed subcarrier 
reduces the interference by a considerable amount. 
The energy in the chrominance subcarrier sidebands 
may still cause interference beat signals, however, 
these increasing in intensity as the saturation of the 
colours presented to the transmitter camera in- 
creases. It is possible to reduce the visible effect of 
such beat signals by a suitable choice of chrominance 
subcarrier frequency. In the American N.T.S.C. 
system, the chrominance subcarrier frequency is 
3.579,545 Mc/s. 

The Colour Burst 
Because the chrominance signal is transmitted on 

a suppressed subcarrier, it is necessary for the 
subcarrier to be reinserted at the receiver before 
detection can take place. The subcarrier frequency 
at the receiver is obtained from a local oscillator, 
and it is essential that this be synchronised with the 
transmitter subcarrier not only in frequency but 
also in phase. The importance of obtaining correct 
phase relationship is immediately evident from an 
examination of the vector diagrams of Fig. 8. If 
the reinserted subcarrier were not synchronised in 
phase with the transmitter subcarrier, the trans- 
mitted colours would not be accurately reproduced 
by the receiver. 

The local oscillator in the receiver is synchronised 
by means of a transmitted colour burst; this consist- 
ing of approximately 9 cycles at subcarrier frequency 
which are superimposed on the back porch of the 
line sync pulse, as shown in Fig. 10. These bursts 
may then be employed for synchronising the local 
oscillator, using principles which are similar to those 
encountered in line flywheel sync circuits. The 
colour burst is not transmitted during vertical sync 
pulses. 

Part of the colour burst cycles appear above 
black level. It is possible, as a result, for these to 
become visible on the receiver cathode ray tube 
screen if there is inadequate blanking during the 
line retrace period. The visible effect under these 
conditions is at a minimum when the phase of the 
colour burst frequency corresponds to that of the 
negative B -Y vector of Fig. 8. In consequence, the 
phasing of the colour burst is made equivalent to 
-(B -Y). 

(To be continued) 

INDEX VOLUME 16 
The index for Volume 16 (August 1962-July 1963) of The Radio Constructor is now available. Direct 
Subscribers will receive a copy of the index with this issue of the magazine. 

Copies of the index are available direct from us, 6d each plus 3d postage, etc. 
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The Hiker 
4 -Transistor Portable Receiver 

THE "HIKER" 4 -TRANSISTOR RECEIVER HAS BEEN 

designed to cover both the Medium and 
Long waves and also to be contained within 

any case or cabinet of the user's choice. A small 
front panel is fitted to the printed circuit board, 
on which the majority of the main components 
are fitted-see illustration. 

The construction process is easily carried out 
and takes only a couple of hours or so to complete, 
the printed circuit considerably assisting in this 
respect. 

Circuit 
This is shown in the accompanying diagram, 

from which it will be seen that TR1 operates as 
a reflex amplifier with reaction. The coils shown 
are mounted on a ferrite rod and the 4 -pole 3 -way 
switch is illustrated in the Long wave position. 

Si(a), (b), (e) of the switch operates as the wavechange 
control, whilst the remaining part of the switch 
(S1(d)) is utilised as the on/off control. In the Long 
wave position, both L1 and L2 are tuned by the 
variable capacitor C1 (300pF); the reflex winding 
(L4) and the reaction winding (L6) both being 
brought into circuit. On Medium waves, L1 is 
tuned by C1, L2 (Long wave winding) being short- 
circuited by Si(a). The switches SI(b) and SI(c) 
respectively bring into circuit the windings L3 
(reflex) and L5 (reaction). The amount of positive 
feedback (reaction) applied to Li, L2 from the 
collector of TRi (0044) is controlled by C3. The 
potentiometer R10, connected between diode D1 
(0A81) and chassis, acts as the volume control 
by varying the rectified signal voltage applied (via 
L3 or L4) to the base of TRI. The inclusion of 
RFC1 and RFC2 ensures that the required r.f. 

Reaction windings 

MW- 2.5tuns 
LW -10 turns 

Wound in the opposite direction to the aerial coil 
with cotton covered enamel copper wire. approx. 30ssig. 
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General view of the "HIKER" transistor receiver 

voltage is applied to C3 and diode D1. The resultant 
rectified and amplified audio signal is next fed, via the 
transformer Tl, to the base of the following tran- 
sistor TR2 (0071). Operating in the earthed 
emitter mode, TR2 acts as the driver stage, its 
output signal being applied to both TR3 and TR4 
(0072) via the driver transformer T2. T2 provides 

Resistors 
R1 68kS2 
R2 lOkS2 
R3 47k52 
R4 10kS2 
R5 68052 
R6 
R7 
Rs 
R9 
R1 u 

6.8k1 
15052 
47052 
68052 
10k potentiometer 

Switch 
Si(a), (b)' (c), (d) 4 -pole, 3 -way 

Speaker 
3S1 5in round 

Ferrite Aerial 
FR2 (Repanco Ltd) 

R.F. Chokes 
RFC1, Type RF1 
RFC2, Type RF2 

Transformers 
T1 Type TT49 
T2 Type TT45 
T3 Type TT46 
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(Repanco Ltd) 
(Repanco Ltd) 

(Repanco Ltd) 
(Repanco Ltd) 
(Repanco Ltd) 

the correct impedance match into the push-pull 
output pair of transistors. The output from TR3 
and TR4 is finally fed to the primary of T3 (output 
transformer) and thence to the speaker. 

The coils are shown as an inset in the diagram, 
the illustration clearly showing the correct method 
of assembly with respect to these components. 

Operating Hints 
Once completed, the receiver should be operated 

as follows. Fully open the reaction capacitor 
(C3) and turn the switch S1 to the centre position 
(Medium wave). Tune in the desired station by 
rotating the variable capacitor Cl and increase 
gain by closing C3 until the receiver is just below 
the point of oscillation. Adjust the volume control 
R8 for the required amount of audio output. It 
will be found that the receiver has good selectivity 
characteristics for a single tuned circuit design, 
this being due to the high Q of the FR2 ferrite 
aerial and the use of reaction. The aerial assembly 
can be utilised to improve selectivity by altering 
the orientation of the receiver. 

The "Hiker" receiver is available direct from 
Repanco Ltd, O'Brien's Buildings, 203-269 Foleshill 
Road, Coventry, complete constructional details 
being provided with each kit of parts. 

Components List 

Capacitors 
C1 300pF variable 
C2 0.02µF 
C3 100pF variable 
C4 100µF electrolytic 6V wkg. 
C5 8µF electrolytic 6V wkg. 
C6 100pF s. mica or ceramic 
C7 0.01µF 
C$ 1001.cF electrolytic 9V wkg. 
C9 10011.F electrolytic 6V wkg. 

Semi -Conductors 
TR1 0C44 Mullard 
TR2 OC71 Mullard 
TR3, TR4 0072 Mullard (matched pair) 
D1 0A81 Mullard 

Printed Circuit Board 
Co mdplete 

) 
with front panel and brackets (Repanco 

Battery 
9V Vidormax type VT9 

Miscellaneous 
Battery studs, screws, wire, etc. 
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Single Transistor 
Loudspeaker Receiver 

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

An ingenious single transistor circuit which offers a loudspeaker 
output when a strong local signal is available 

HETHER IT IS BEER OR DECIBELS, 
there is a fascination in 
getting a quart out of a 

pint pot. In the 1920s, when valves 
cost a lot and lit up the room with 
their heavy current consumption, 
the single valve reflex was to be 
seen in many homes which were 
close to a transmitter. Reflex 
circuits have come back into vogue 
with the advent of the transistor, but 
appear nearly always in the earlier 
stages of the circuit only. There are 
difficulties in designing a single 
transistor reflex circuit capable of 
giving reasonable results on a 
loudspeaker, as high frequency tran- 
sistors can only handle a few 
milliwatts of power, and most low 
frequency transistors are useless at 
frequencies round about 1 Mc/s. 

This is a description of a circuit 
which will give about 20 milliwatts of 
power output from a local station 
transmitting in the Medium wave- 
band. Provided a sensitive loud- 
speaker is used, not smaller than 
7 x 4in, or 6¡in round, this is 

Components List 
Capacitors 

C1 250pF Trimmer (see text) 
C2 500pF 
C3 750pF Trimmer 
C4 500pF (see text) 
C5 100µF, 12 w.v., Electrolytic 
C6 0.01µF 
C7 0.01µF 

Resistors 
R1 2500, wirewound pot 
R2 47k0 

Transformers 
T1 Output transformer type 

MRT/2, Elstone 
T2 Output transformer type 

TT5, Repanco 
Coil 

L1, L2 See text and Fig. 2 
Semi -conductors 

TRI GET114 or GET103 
Dl OA81, Mullard 

Switch 
S1 s.p.s.t. on/off switch 

sufficient volume for quiet programme 
value in quite a large room. It is 
more than enough for bedside 
listening. As a test whether the 
local station is local enough, it can 
be said that the circuit will be 
satisfactory if even weak headphone 
signals can be received on a simple 
crystal set without undue inter- 
ference from another station. But 
it is strictly a local station receiver 
with the tuning pre-set to one 
frequency. 

The Transistor Employed 
The transistor used is a GET114 

or GET103. There is nothing to 
choose between these, but one or 
the other should be used. The 
advantage of these transistors is 
that, although they are designed 
for low frequency use, their « cut-off 
frequency is about 1 Mc/s for an 
average specimen. Also, they will 
oscillate at rather higher frequencies 
than this, provided, of course, they 

are used as common base amplifiers. 
A common base amplifier gives 

less gain than a common emitter 
amplifier, but if high frequency 
amplification is obtained through 
reaction there is no difference, as 
the same maximum reaction amplifi- 
cation is obtained on the threshold 
of oscillation in each case. If Fig. 1 

is studied, it will be seen that Lt 
and the section of L2 between points 
3 and 4 provide the necessary coup- 
ling, and that the reaction control R1 
will produce oscillation as its slider 
moves near to C3 (provided that the 
capacitance of C3, in parallel with 
C4, is of a suitable value for the 
particular transistor in use). A 
total of about 1,000pF will probably 
be found to be right, but there is 
sufficient variation in the capacitance 
of C3 to compensate for the differ- 
ences in characteristics of different 
transistors. This, of course, assumes 
that a first -grade transistor will be 
used, of one or other of the two 
types recommended. 

The very considerably amplified 
signal appearing in the tuned circuit 
L1 C1 is applied to the diode D1 by 
way of the whole of the secondary 
coil, L2. There is sufficient self - 
capacitance in the windings of T1 
for rectification to take place, and 
no external capacitor should be 
added. The low frequency signal, 
amplified by T1, is applied to the 
base of the transistor which, at low 
frequencies, will be seen to operate 
as a common emitter amplifier. 

The Aerial 
The aerial is connected, through 

C6, to the base of TRI. An alter - 

Fig. 1. The circuit of the single transistor receiver 
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native arrangement would be to use 
L2 as an aerial coupling coil, but 
the connection shown in Fig. 1 works 
better, particularly with a high 
capacitance aerial. There is probably 
very little real (as against regenera- 
tive) high frequency amplification, 
but there is the advantage that the 
aerial causes very little damping of 
the tuned circuit and can therefore 
be tightly coupled-as is required 
in a simple local station receiver 
where selectivity is not a problem. 
The impedance between aerial and 
earth is low, but so is the internal 
impedance of the transistor between 
base and emitter. Indeed, what 
would normally be a very inefficient 
aerial can give excellent results, 
and it will probably be found that a 
connection to a cold water tap does 
very well, notwithstanding its own 
contact with earth. Also, a separate 
earth should be used and, because 
of the possibility that both aerial 
and earth may be at the same direct 
current potential, C6 is included to 
prevent the base of TRI finding 
itself without negative bias on its 
emitter. 

In the case of the prototype, 
results on a fairly good outside 
aerial and a very good outside earth 
are inferior to those obtained using 
a cold water pipe as aerial and the 
earth socket of a power plug as 
earth! One of the reasons for the 
circuit's predilection for high capaci- 
tance aerials is that capacitance 
between base and earth (and hence 
between aerial and earth) is necessary 
for reaction. Within reason, the 
more capacitance that can be 
introduced by a signal -producing 
device the less has to be added 
externally, and the aerial input 
impedance of the circuit is conse- 
quently not reduced so drastically. 
For the same reason, the circuit is 
very demanding in its need for a 
good earth connection, and functions 
badly without one. 

It will be seen that there is no 
stabilising resistor in the emitter 
circuit, but this is not required (and, 
indeed, cannot be efficiently intro- 
duced) because of the effect of the 
rectifier, Di. It will be found that, 
with R1 at its minimum position, 
some 8 to 12mA will flow through 
TRI (depending on the exact charac- 
teristics of TRI and Di). As the 
local station is brought up by reaction 
the current will drop until, near the 
point of oscillation and assuming a 
strong signal, it may be as little as 
2 to 3mA. This drop in current is 
due to the positive potential applied 
to the base of TRI by DI, in opposi- 
tion to the standing negative bias 
provided by the potentiometer for- 
med by R2, T1 and Di. If TRI[heats 
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up and tends to take more current, 
increased reaction takes place owing 
to the increased efficiency of TRI. 
A larger positive potential is produced 
by Di, and the current drops. 
The circuit has pre-set tuning, so 
there will always be a signal for Di 
to rectify. It is presumed that the 
listener will not leave the receiver 
switched on when the transmitter is 
not operating. However, even if he 
did go to sleep before the programme 
finished, it is doubtful whether TRI 
would suffer! 

Specified Components 
This is a circuit which requires 

certain specified components and 
may not work with substitutes. 
The author has tried several different 
transistors, and the only one which 
worked anything like as well as the 
GET114 and the GET103 was, 
curiously enough, a very cheap 
Red Spot surplus type without any 
branding. Di should be a first 
grade 0A81 and not a surplus type. 
It is important that its resistance 
should not vary beyond the normal 
limits of an 0A81. 

3/81 

1/81,..ß jam- Ferrite 
il rods 

34 5 I 

II 

I" 

L2 Li 

4. 

-2 30turns of 32swg wire 
3-4 6turns of 32swg wire 
4-5 9turns of 32swg wire 

Fig. 2. Winding details for L1 

and L2 

T1 plays a very important part. 
It should be an Elstone valve type 
output transformer No. MRT/2, 
and is connected to give a step-up 
ratio of 3 :1. A transistor transformer 
does not work as well in this position. 
Although other valve output trans- 
formers might be satisfactory, the 
circuit has been designed round the 
MRT/2, which costs no more than 
some transistor transformers. It 
is, of course, rather larger, though 
still small for its type. The numbers 
shown in Fig. 1 will be found stamped 
on the transformer. Its secondary 
is left disconnected. 

T2 is a Repanco TTS, and if a 
different transformer is used it 
should have similar characteristics. 
The whole of the primary winding 
is used. The coil L1 L2 is non- 
standard and must be made. As it 
is essential for it to have a high Q 
in order to encourage TRI to 

oscillate in the Medium waveband, 
the coil is wound on ferrite rod, 
but there is no intention that the 
circuit should be used without an 
external aerial and earth. Two 4in 
lengths of fin rod are required, and 
can be made by snapping a standard 
8in rod in two. The two rods are 
bound together with Sellotape, as 
shown in Fig. 2. L2 is wound on 
first, consisting of 15 turns of wire, 
close wound, with a tapping at the 
end of the sixth turn. L2 follows in 
the same direction after a gap of 
lin, and consists of 30 turns, close 
wound. 32 s.w.g. wire is used for 
both windings, which should be 
roughly at the mid -point of the rods. 
The windings are covered with 
Sellotape. 

C1 is specified as a 250pF trimmer, 
and this value is suitable for most 
local stations likely to be used. 
But 100pF would be more suitable 
for stations below about 260 metres, 
and 500pF for the North Home 
Service on 434 metres. 

It has been emphasised that this 
circuit is only suitable for local 
station reception in fairly good 
reception areas. More distant sta- 
tions can be received, weakly, but 
cannot be brought up satisfactorily 
in strength as there will be instability 
and backlash in the reaction circuit 
on weak carrier waves. With a 
strong signal the reverse bias pro- 
duced by Di results in a smooth 
build up. 

Setting Up 
In order to set the receiver up for 

the local station, RI should be 
adjusted to its maximum position 
(i.e. with its slider at the end con- 
nected to C3) and C3 opened right 
up. CI should be adjusted until 
signals are heard and then C3 
tightened gradually, C1 being simul- 
taneously slackened off a little to keep 
the signal in tune, since there is 
interaction between the two trimmers. 
This process should be continued 
until the signal is at its loudest 
without oscillation. If there should 
be oscillation on the local station 
with C3 wide open, C4 should be 
removed from the circuit. 

It is up to the constructor to 
decide whether he wishes to arrange 
things so that RI can just be taken 
to its maximum position without 
oscillation, or whether he prefers 
oscillation to set in near the maxi- 
mum setting. The second alternative 
allows for a fall in voltage of the 
battery as it ages. 

For good results there should be 
a drop of at least 4mA in the current 
taken by TRI as R1 is advanced 
from its minimum position to a 
position just short of oscillation, 
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and this will be achieved unless the 
local station is too far away or the 
aerial or earth not up to requirements. 
With a strong signal from the local 
station the current may drop to as 
little as 2mA, which is too low to 
provide reasonable output; and in 
these circumstances listening should 

be done at a setting of R1 rather 
below the maximum possible. About 
5 to 6mA provides an output of 
20 milliwatts and is easy on the 
battery. Because of the a.g.c. 
action produced by Dl, there is 
little increase in amplification if 
reaction is increased to a point 

where the current drops below 5mA. 
It is, no doubt, obvious that a 

milliameter with a maximum read- 
ing of about 15mA is very useful in 
setting up this receiver, as the a.g.c. 
effect makes audible effects a little 
difficult to judge. But a meter is 
by no means essential. 

Two -Transistor Timer 

with Positive Feedback 
By M. D. DEVENISH 

An ingenious timing circuit which offers consistent timing periods with very quick relay operation 

ARECENT ARTICLE IN THE "SUGGESTED CIRCUIT" 
series* describes a two -transistor timer which 
offers quick de -energising of the relay at 

the end of the timing period. This is achieved by 
connecting a battery in series with the capacitor 
in the time constant circuit, this battery maintaining 
the first transistor in a cut-off condition until 
the period is nearly complete. 

The timer circuit described in the present article 
employs a somewhat similar basic principle. 
However, a positive feedback circuit has been 
incorporated which makes relay operation very 
much quicker than in the earlier design. Also, 
the circuit may be operated from a single 9 volt 
battery, instead of the two batteries previously 
required. 

The Circuit 
The writer's circuit appears in Fig. 1. The relay 

employed has two sets of contacts (shown "detached" 
from the coil and in the de -energised condition), 
one of these appearing in the base circuit of TR1 
whilst the other controls the external circuit. The 
operation of the timer may be described in the 
following manner. 

Initially, TR1 is conducting and TR2 non- 
conducting, the base current of TR1 through 
R1, R2 and R4 being such that the collector current 
passing through R5 produces a large enough 
voltage drop across this resistor to cut off TR2. 
The relay is thus de -energised. Also, the upper 
plate of C1 is returned, via the relay contact, R3 
and the operating key, to the positive battery 
potential. The lower plate of C1 is at the collector 
potential of TR2. As TR2 is non -conducting, 
this plate will be nearly at the negative battery 
potential. Upon depression of the key to initiate 

*"Suggested Circuit" No. 143, "Electronic Timer with Fast Relay 
Operation", The Radio Constructor, October 1962. 

Relay 
contact 

Relay 
cart 

r 
Key 

-9V 

To controlled 
circuits 

the timing cycle, the upper plate of C1 is first 
isolated from the positive battery terminal by 
the key contact. The positive potential is then 
applied both to the lower plate of C1 and to the 
lower end of the relay coil. This causes a change 
of potential of nearly 9 volts on C1, driving the 
upper plate nearly 9 volts positive relative to the 
positive battery potential, and it also energises 
the relay. When the relay makes its contacts, 
the upper plate of C1 is connected to the base 
of TRI, thus cutting off the collector current of 
this transistor, and allowing TR2 to draw base 
current through R5. Thus the feed to the relay 
is maintained via TR2. When the key is released 
the voltage on the lower plate of C1 is maintained 
by the direct connection from the collector of 
TR2, which is now nearly at the battery positive 
potential. 

The capacitor C1 next proceeds to discharge 
through R1 and R2 via the relay contact. The timing 
period is determined by the time constant of this 
circuit, and may be altered by varying R2. 
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As soon as the potential on the upper plate 
of C1, and therefore the base of TRI, rises above 
the positive battery potential, TRI starts to conduct. 
This, in turn, reduces the base current of TR2, 
which starts to cut off. As it does so, its collector 
begins to go negative. This negative voltage is 
fed back via C1 to the base of TRI, causing a very 
rapid build-up of current in TRI, and, consequently, 
a very rapid cut-off in TR2. This action results 
in extremely fast relay operation. As soon as the 
relay de -energises, the upper plate of C1 is returned 
to postive battery potential via R3, and the unit 
is automatically reset for subsequent use. 

In view of the extremely fast relay operation, 
it is essential that a diode be connected across 
the relay coil to prevent high voltages being induced 
at the collector of TR2. Also, with the large amount 
of positive feedback, a limitor resistor, R4, is 
essential in series with the base of TR1. 

It is impracticable to draw a graph of relay 
current versus time, as was given for the previous 
design, because the change in current is too rapid 
for any meter to follow. To verify this point, the 
writer increased the value of C1 to 5,000µF and 
connected a meter across TR2. The timer ran for 
39 minutes and then the relay contacts snapped 
open, apparently absolutely simultaneously with 
the first hint of movement of the meter needle. 

Tests 
A series of tests were carried out for a fixed 

setting of R2. The timings were found to be con- 
sistent to within ±0.75 %. 

Tests were also conducted on the effect of varying 
battery voltage, and the results are shown graphic- 
ally in Fig. 2, in the form of percentage timing 
variations from the time obtained with a 9 volt 

supply. It will be noted that this error is within 
±1 % from 7.5 to 10 volts. It should therefore 
be reasonable, assuming the battery to be within 
0.5 volt of its nominal value, to claim an overall 
accuracy of +1 %. 

Fig. 3 is provided to give an idea of what maximum 
timings may be expected from various values of CI. 
The precise timings obtained will of course depend 
upon the leakage resistance of the capacitor actually 
used for C1. 

Points of Design 
A 9 volt supply was employed for the timer 

because of the wide variety of batteries of this 
voltage available. It was also felt that a mains 
version might be constructed, using one of the 
advertised 9 volt battery eliminator packs. 
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A 2O0á P.O. type 3000 relay was chosen, it 
being fitted with two change -over contacts. This 
relay was found to operate at 7.2 volts, and it gives 
very reliable operation on the 9 volt supply. It is 
well within the handling capabilities of the OC72 
transistor. The values of the bias resistors were 
decided on the basis of a current gain of 50 per 
transistor. 

In the author's finalised design it is proposed 
to use a capacitor of approximately 200µF, to 
give about 1.5 minutes time. It is also felt that a 
logarithmic potentiometer in the R2 position would 
be an asset, as the non-linear scale resulting would 
provide for greater accuracy in setting the shorter 
timings. 

Next Month .. . 
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Preparing Radio Pals 

ARING RADIO PANELS MAY, AT 

first sight, seem rather a strange 
subject for an article, and the 

reader may feel that such a topic 
barely merits writing about. How- 
ever, the average constructor takes 
pride not only in the performance 
but in the appearance of his equip- 
ment, and it is worth spending a 
little more than the usual time on 
preparing a panel which is not only 
clearly labelled and well laid out, but 
which is also pleasing to the eye. 

Panel Material 
The first concern, of course, is 

the material of which the panel is 
to be made. Assuming access to a 
Suitable drill, there is no material to 
equal hard steel, especially if the 
panel is to play a part in supporting 
the internal chassis and controls. If, 
on the other hand, the controls are 
to be mounted on a frame, with 
only the spindles projecting through 
the panel, then dural or aluminium 
is better, as it will save a surprising 
amount of weight. 

The layout of the controls must be 
planned before the panel is prepared. 
In many cases, and particularly in. 
high frequency equipment, layout 
will be in part dictated by the internal 
screening and the necessary shortness 
of all leads. If complete flexibility 
is available, it is usually better to 
bave sockets at the foot or at one 
end of the panel to keep trailing 
leads out of the way, and controls 
which require delicate adjustment at 
the top for the same reason. "Logical 
progression" of controls is also 
sensible, as is given by placing the 
controls in rough order of their 
position in the circuit, starting at 
one end. It is worthwhile noting 
here that the more delicate controls, 
such as tuning, are often placed at 
the right-hand end, as most people 
are right-handed. 

When the control layout has been 
planned, the panel should be well 
sandpapered down, back and front, 
and then washed with spirit or petrol 
to ensure a grease free surface for 
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painting. Drilling, of course, will be 
carried out at this stage. If the 
reader' wishes to smarten -up an 
item of ex -Government equipment, 
then the sanding down stage will be 
an ideal starting place. 

Painting 
Paint is best applied in two coats 

to allow for greater permanency, and 
a hard lacquer is best. Plastic 
enamels, whilst cheap and smart, 
wear and scratch quickly. 

The colour of the panel will, of 
course, be dictated by the taste 
of the individual although, in general, 
light grey or black are good choices 
from the point of view of cleanliness 
and clarity. If the case around the 
unit is separate, then the panel can 
be the same colour or a few shades 
darker. 

When the second coat of paint 
has hardened the control wording 
should be applied. "Panel Sign" 
transfers are ideal for this, being 
very easily applied. A small pair of 
tweezers may be a useful aid here. 
For knobs which operate "click 
switches" with several positions, it 
is wise to fit the control temporarily 
in place with its knob, this ensuring 
absolute accuracy in positioning the 
markings. 

After the transfers have had a 
period of drying out, a coat of clear 
varnish makes an ideal finish, either 
over the transfers alone, or over the 
entire panel as an additional protec- 
tion. If the panel has been finished 
in matt paint (which is very liable 
to collect dust) then matt varnish 
can be obtained to cover the transfers, 
but this should be applied thinly. 
Convention dictates that the transfers 
be above the controls, but if the 
apparatus is to be placed permanently 
on a shelf above the work bench, or 
at the top of a rack, it should be 
obvious as to where the transfers 
are best sited. 

Snobs and Sockets 
"Handles", or knob -protectors, at 

each end of the panel (or one 

horizontal in the middle for a small 
panel) are an excellent idea, and look 
attractive if finished several shades 
lighter than the panel itself. A final 
touch is provided by a set of matching 
knobs, skirted knobs being best for 
keeping dust out of the hole behind 
them, and for keeping fingers off 
the paint. High -voltage switches 
and plugs are often painted red 
for safety reasons, but this is of 
doubtful value and usually succeeds 
in giving a rather garish overall effect. 

Many items of ex -Government 
equipment have small test panels on 
them, these carrying a row of studs 
or sockets. The test panel on the 
R107 is an example in point, and is 
one which is probably quite well 
known. This sort of dust collector 
can be replaced with a small panel 
carrying only two meter sockets 
and a Yaxley switch to select the 
metering point, giving thereby a 
much more "hand -built" appearance 
to the entire set. The balancing of 
large panel components should be 
borne in mind. A large mains plug 
should obviously be at the opposite 
end of the panel from a large 
vernier tuning dial, and if the unit 
carries two meters they are best 
placed one on each side of the mid - 
line rather than one above the other. 
Large labels and a multiplicity of 
red lights are to be avoided, and so 
are over -large ventilating apertures 
because of the effects of hand 
capacitance. If a loudspeaker is to 
be fitted directly to the front panel, 
the latter must be very securely 
fixed to prevent rattling. It should 
also be attached at several points to 
the chassis or frame to "kill" the 
metallic sound which usually results 
from using the panel as a bailie. 

In conclusion, when finishing off 
your next construction job think of 
the effect the remark, "I made it 
myself" will have on a non -technical 
person-and aim for that professional 
finish. 
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Idenhing SuíIus Americon Eleclronìc Equipment 

By Ken Greenberg 

MERICAN MILITARY ELECTRONIC EQUIPMENT IS 

designated by a series of letters and numbers 
which often can tell you much about its 

original use and purpose. Presently available 
surplus radio equipment is designed according 
to one of three systems. 

Signal Corps System 
This is the oldest equipment coding system and 

has been discontinued because there was no way 
of knowing from the designations which individual 
equipments belonged to a complete system. Here 
are some of the most common prefix letters used 
and their meanings: 

SCR Set Complete Radio 
AN Antenna 
BC Basic Component 
DM Dynamotor 
VT Vacuum Tube 
PL Plug 
FT Mount, Rack or Adapter 
RA Rectifier Power Supply 
TS Test Set 

Under this designation system an overall equip- 
ment was SCR, followed by an arbitrary number 
and suffix letter which represented the model 
or modification. However, using this system there 
was no way to determine, for example, whether 
the BC -453A is the receiver or the BC547A the 
transmitter in the SCR -274N. Also, you could 
not tell from the designation that the SCR -274N 
was used in aircraft for two-way radio communica- 
tions. As you can see, this system does not have 
much identification value. 

Navy Model Letter System 
Although no longer used to any extent, there 

is still much naval equipment in use identified by 
this system. The assignment of letters depends 
on the primary function of the equipment. The 
first letter indicates th basic purpose of the equip- 
ment, except where the word "MARK" is used to 
indicate Bureau of Ordnance equipment. 
These first letters are explained in Table I. 

The second letter indicates the order the designa- 
tion was assigned, except for the letter X which 
is used to indicate experimental equipment. The 
letters TA, for example, would indicate the first 
transmitting equipment assigned, TB the next 
and so on. Triple letters like TAA, TBA, etc., 
are used when the alphabet is exhausted. 

"AN" System 
All American military services are now using 

the Joint Nomenclature System ("AN" System) 
to identify electronic equipment, including indepen- 
dent units that are not parts of specific equipment. 
Complete systems are designated by three equipment 
indicator letters that follow AN/, and signify 
kind of installation, type of equipment and its 
purpose. These indicator letters are explained in 
Table II. 

Using the letters in Table II, the AN/ARC-3 
is, for example, identified as follows. The A means 
it is installed in an aircraft, the R means it is radio 
equipment and the C means it is used for trans- 
mitting and receiving communications. The number 
3 indicates this was the third equipment designated 
with the letters ARC. System indicator letters 
"AN" do not mean that the Army, Navy and Air 
Force all use the same equipment, but simply 
that the type number was assigned in the "AN" 
system. 

Independent units not part of, or used with, 
specific sets have a type number consisting of a 
component indicator letter, a number, the slant (/), 
and whatever equipment indicator letters (from 
Table II) apply. Using the R44/ARR-5 as an 
example, R44 is the independent component 
designation of an Airborne Radio Receiver (No. 5 
in the ARR series). The "AN" system component 
indicator letters are listed in Table III. 

From the preceding information, you should 
be able to identify much of the American surplus 
equipment you come in contact with personally, 
or see advertised in publications. Knowing the 
original installation, use and purpose may very 
well prevent you from acquiring a worthless piece 
of equipment. 

A 
B 
CX 
D 
E 
FS 
G 
J 

TABLE I 

Navy Model Letter System 

Airborne installations 
IFF 
Commercial experimental 
Radio direction finding 
Emergency power 
Frequency shift keying 
Aircraft transmitting (superseded by "A") 
Sonar listening (receiving) 
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K Sonar transmitting 
L Precision calibrating 
M , Combined radio transmitting and receiving 
MARK Fire control radar 
N Sonar navigational aids (echo sounding) 
O Operator training and measuring 
P Automatic transmitting and receiving 
Q Sonar ranging 
R Radio receiving 
S Search radar 
T Radio transmitting (includes combination 

transmitting and receiving) 
U Remote control (automatic keyers) 

Radar repeaters 

A 

B 

C 
D 
F 
G 
K 
M 
P 
S 
T 
V 

U 

W 

TABLE II 

W Combined sonar ranging and sounding 
X Experimental 
Y Navigational and landing aids 
Z Navigational and landing aids (superseded by 

In sonar equipment, the first letter indicates the 
general use of the equipment. The second designates 
the type of projector used as follows: 
QA Quartz steel 
QB Rochelle salt 
QC Magnetostriction 
QD Depth determining 
QG Magnetostriction (split -lobe) 

"AN System Equipment Indicator Letters 

Installation 
Airborne (installed and opera- 

ted in aircraft) 
Underwater mobile 

(submarine) 
Air transportable (obsolete) 
Pilotless carrier 
Ground fixed 
Ground, general ground use 
Amphibious 
Ground mobile 
Ground, pack or portable 
Water surface craft 
Ground, transportable 
Ground, vehicular (in vehicles 

not primarily designed for 
carrying electronic equipment) 
General utility (two or more 

general installation classes. 
Airborne, shipboard and 
ground) 

Underwater, fixed 

AB 
AM 
AS 
AT 
BA 
BB 
BZ 
C 
CA 
CB 
CG 

Type of Equipment 

A Invisible light, heat radiation 
B Pigeon 
C Carrier (wire) 
F Photographic 
G Telegraph or teletype (wire) 
I Interphone and public address 
K Telemetering 
M Meteorological 
N Sound in air 
P Radar 
Q Underwater sound 
R Radio 
S Special types (magnetic, etc.) 
T Telephone 

Visual and visible light 
X Facsimile or television 

TABLE III 

Purpose 
A Auxiliary assemblies (not com- 

plete operating sets) 
B Bombing 
C Communications (receiving & 

transmitting) 
D Direction finder 
G Gun directing 
H Recording (sound, photo- 

graphic & meteorological) 
J Countermeasures (receiving & 

transmitting) 
L Searchlight control 
M Maintenance & test assemb- 

lies 
N Navigational aids (altimeters, 

beacon compasses, depth 
sounding, instrument land- 
ing) 

P Reproducing (photo and 
sound) 

Q Special (or combination of 
types) 

R Receiving or listening 
S Detecting and/or range and 

bearing 
T Transmitting 
W Remote control 
X Identification and recognition 

"AN" System Component Indicator Letters 

Supports, antenna 
Amplifiers 
Antenna assemblies 
Antenna 
Battery, primary type 
Battery, secondary 
Signal devices, audible 
Control articles 
Commutator assemblies, Sonar 
Capacitor bank 
Cables & transmission line (R.F.) 

CK 
CM 
CN 
CP 
CR 
CU 
CV 
CW 
CX 
CY 
DA 

Crystal kits 
Comparators 
Compensators 
Computers 
Crystals 
Coupling devices 
Converters (electronic) 
Covers 
Cords 
Cases 
Antenna, dummy 
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DT 
DY 
E 
F 
FN 
FR 
G 
GO 
GP 
H 
HC 
HD 
ID 
IL 
IM 
IP 
J 
KY 
LC 
LS 
M 
MD 
ME 
MK 
ML 
MT 
MX 
O 
OA 
OS 
PD 
PF 
PG 
PH 
PP 
PT 
PU 
R 

Detecting heads 
Dynamotors 
Hoist assembly 
Filters 
Furniture 
Frequency measuring device 
Generator 
Goniometers 
Ground rods 
Head, hand and chest sets 
Crystal holder 
Air conditioning equipment 
Indicating devices 
Insulators 
Intensity measuring device 
Indicators, cathode-ray tube 
Junction devices 
Keying devices 
Tools, line construction 
Loudspeakers 
Microphones 
Modulators 
Meters, portable 
Maintenance kits or equipments 
Meteorological devices 
Mountings 
Miscellaneous 
Oscillators 
Operating assemblies 
Oscilloscope, test 
Prime drivers 
Fittings, pole 
Pigeon articles 
Photographic articles 
Power supplies 
Plotting equipments 
Power equipments 
Radio and radar receivers 

RD 
RE 
RF 
RG 
RL 
RP 
RR 
RT 
S 
SA 
SB 
SG 
SM 
SN 
ST 
T 
TA 
.TD 
TF 
TG 
TH 
TK 
TL 
TN 
TS 

.TT 
TV 
U 
UC 
V 
VS 
WD 
WF 
WM 
WS 
WT 
ZM 

Recorders and reproducers 
Relay assemblies 
Radio frequency components 
Cables and transmission line, bulk R.F. 
Reel assemblies 
Rope and twine 
Reflectors 
Receiver and transmitter 
Shelters 
Switching devices 
Switchboards 
Generators, signal 
Simulators 
Synchronisers 
Straps 
Radio and radar transmitters 
Telephone apparatus 
Timing devices 
Transformers 
Positioning devices 
Telegraph apparatus 
Tool kits or equipments 
Tools 
Tuning unit 
Test equipment 
Teletypewriter and facsimile apparatus 
Tester, tube 
Connectors, audio and power 
Connectors, R.F. 
Vehicles 
Signalling equipment, visual 
Cables, two conductor 
Cables, two conductor 
Cables, multiple connector 
Cables, single conductor 
Cables, three conductor 
Impedance measuring device 

Radio Topics .. 
MORALITY. 

This is a word which, until 
recently, many of us have 

rarely considered or even thought 
about. At the time of writing these 
notes-and due to events outside 
this column's range-the subject of 
morality (not entirely unalloyed by 
cant) has been continually and 
insistently hammered home to every 
one of us in every newspaper we pick 
up. We have suddenly realised that 
morality is important. 

My own thoughts on morality have 
run largely on the subject of petty 
theft, and follow my reading about 
a series of shop -lifting cases reported 
in a local newspaper. After con- 
sideration I have found, somewhat 

to my surprise, that peccadilloes of 
this type are judged, so far as 
generally accepted ethics are con- 
cerned, not by their nature at all but 
by their degree. That this state of 
affairs is true can, I feel, be borne 
out very well by taking examples 
from the field of manufacture, 
wherein small and relatively ' in- 
expensive parts are handled in large 
numbers at a high rate of consump- 
tion. I don't think that modern 
mass -production methods have re- 
sulted in the unanticipated appear- 
ance of a self-regulating level which 
divides acceptable behaviour from 
the non -acceptable, because a self- 
regulating level of this type has been 
in existence for many years. Few 

By RECORDER 

people raised an eyebrow if, a 
hundred years or so ago, the butler 
retired to bed slightly squiffy on his 
master's port. Nevertheless, I do 
feel that modern mass -production 
methods have spread the opinion 
that "perks are legitimate" over a far 
wider range than has ever existed 
before. 

"It Won't Be Missed" 
Should you ever call on a large 

factory which produces radio or 
television receivers, you may find it 
instructive to keep an eye on the 
pavement over the last fifty yards or 
so before you arrive at the gate. If 
you look hard enough; it is very 
probable that you will see at least 
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several small resistors and capacitors 
lying around on the ground. These 
will have reached the street because, 
during working hours, they fell into 
the trouser turn -ups of men em- 

,ployees-or were caught in the 
'skirts or dresses of female employees 
-and then became subsequently 
dislodged as the employees walked 
home after the end of work. The 
important point is that nobody at the 
factory will have missed these odd 
few components at all. This is 

because, when high quantity mass - 
production schedules are in opera- 
tion, small resistors and capacitors 
are, quite simply, not counted! 

Let us assume that one of the 
production lines in the factory is 
turning out a sub -assembly which 
requires, amongst other things, one 
27kí2 10% watt resistor. Produc- 
tion is aimed at 2,000 per day, and 
those responsible for keeping the line 
provisioned have to ensure that the 
operator who fits the resistors 
always has a good supply of them 
available. The resistors will be kept 
in a small bin, or container, in front 
of the operator, and we could say 
that a line -feeder (i.e. a person whose 
job it is to keep all bins on the line 
replenished) drops 200 resistors into 
this bin ten times a day. Now, these 
27kí2 resistors will be received in 
quantities of, say, 1,000 from the 
resistor manufacturer. The boxes in 
which the resistors arrive will each 
be marked as containing 1,000, and 
nobody would doubt this marking. 
To make up 200 resistors for the 
line -feeder, the storeman then takes 
advantage of a 99 -to -1 scale. Two 
resistors from the box are placed in 
the "1" pan of the scale, and the box 
is then emptied into the "99" pan 
until the scale balances. There 
should then be 99 times as many 
resistors in the "99" pan as there are 
in the "1" pan, with the result that 
the two pans now provide 198 plus 
2 resistors for the line -feeder. Since 
the resistors are selected by weight, 
it is quite possible that the line -feeder 
may take with him several resistors 
too many or several resistors too few. 

The resistors are dropped into the 
operator's bin from time to time as 
production proceeds, and no sleep is 
lost if one or two drop on to the floor 
or get lost in any other way. So long 
as the number of resistors entering 
the factory corresponds approximate- 
ly to the number of sub -assemblies 
leaving it, everyone is happy. The 
system is perfectly economic since it 
is cheaper to lose a few resistors than 
it is to employ someone to count 
them individually. 

Let us next assume that one of the 
men working at the factory has a 
faulty television receiver at home in 

which a 27kL2 10% } watt resistor 
has gone open -circuit. He can, of 
course, buy a replacement resistor at 
a radio shop for some 3d. to 6d. 
Alternatively, he can pick one out of 
the operator's bin and take it home 
for nothing. He could, even, pick the 
resistor up off the factory floor, 
whereupon he would have obtained 
a component which might otherwise 
have been swept up and thrown 
away. The man is, let's face it, 
stealing that resistor from the 
factory, but generally accepted 
morality would not be censorious of 
his action. Generally accepted 
morality would, instead, take the 
view that the factory "won't miss 
it" ; an opinion which is, as we have 
just seen, perfectly true. The resistor 
won't be missed. 

So we now have the case where 
generally accepted morality will not 
raise a complaint if one resistor is 
taken home from a factory. Let's 
raise the ante: our employee takes 
home two resistors. Is this acceptable 
behaviour? By taking home two 
resistors our employee has now 
entered the domain of the shop- 
lifter. The retail value of two 
resistors is approximately the same 
as that for a small tin of baked beans. 
If you are caught pinching a tin of 
baked beans from a Supermarket 
you may quite possibly find yourself 
charged, later to appear in court. 
However, we are still in the range 
where misdemeanour is heavily 
qualified by degree. Generally 
accepted morality would not object 
very strongly about the two resistors. 
They still "wouldn't be missed." At 
the same time, it is fairly easy to 
explain away the odd tin of baked 
beans; and a Supermarket manager 
might think twice before making a 
court case out of a small theft of this 
nature. So let us raise our sights 
again. Our factory employee now 
walks out with two dozen resistors 
and a couple of electrolytics. Simi- 
larly, the shop -lifter tries to make off 
with a chicken. Ah, says generally 
accepted morality, wagging a finger, 
now that is naughty. Someone who 
tries to take as much as all that 
deserves to be caught! 

Logically, there is no sense in this 
at all. A theft is a theft whether it be 
of one resistor or five thousand 
resistors. But generally accepted 
morality does not take this view, and 
the single -resistor man remains un - 
condemned. 

I cannot help but feel that this 
outlook is almost entirely due to the 
present-day availability of large 
quantities of relatively inexpensive, 
mass-produced and uncounted items. 
These items are stored, issued and 
used on a quantity tolerance basis, 

and as long as the amount finally 
emerging agrees, within the toler- 
ance, with the amount which should 
emerge, nobody complains. If a 
small quantity of the items dis- 
appears whilst they are being 
handled, the output will still be 
within tolerance and so, says gener- 
ally accepted morality, no harm is 
done. This comfortable state of 
affairs is severely disrupted, however, 
when the 5,000 -resistor man appears 
on the scene. In this instance we have 
a quantity discrepancy which is well 
outside the tolerance. It can be 
readily spotted, and the result is that 
we have a criminal. 

Generally Accepted. Morality 
I have been very careful to use the 

phrase "generally accepted morality" 
up to now because I feel that the lack 
of condemnation of the single - 
resistor man-or of the single -nut 
and bolt man, or of the single -ball- 
point pen man-is a phenomenom 
which anyone with a pair of ears can 
confirm for himself by listening to 
normal conversation. I appreciate 
also that some readers will have 
standards which are higher than 
those which are generally accepted. 
Nevertheless, it should not be for- 
gotten how very easy it is to become 
a single -resistor man. I should 
imagine that many of the most 
saintly of us have been guilty of at 
least one act of the "it won't be 
missed" variety, even if it only 
consists of something as innocuous 
as taking home a few inches of 
insulating tape. 

It is impossible to get away from 
the fact that, so far as theft is con- 
cerned, what is generally accepted as 
crime is, in practice, a crime only 
because of its degree. In modern 
times we are surrounded by in- 
expensive mass-produced items which 
are never counted, and these appear 
not only in the factory (which I have 
referred to here only because it offers 
the most striking illustration) but in 
almost every other place of work. 
This environment surrounds far 
more of us than occurred some fifty 
years or so ago, whereupon far more 
of us are subject to the blandishment 
of "it won't be missed." 

Whether this fact has resulted in a 
shift in our national attitude towards 
theft is something I would not like to 
comment on. 

Television Society Trophy 
Turning to quite a different 

matter, I have pleasure in including, 
this month, an illustration of an 
individual and handsome trophy 
which will be playing a large part in 
the future affairs of the Television 
Society. This trophy will be held 
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each year by the recipient of the 
Geoffrey Parr International Tele- 
vision Engineering Award. Com- 
mencing next year, the International 
Television Engineering Award will be 
presented either to an individual or 
to a team in recognition of an out- 
standing contribution to television 
engineering or an associated science. 

As some readers will already know, 
Geoffrey Parr evinced a deep interest 
in the Television Society over many 
years. He joined as a Fellow in 1934 
and became Hon. Lecture Secretary 
in 1936 and, later, Editor of the 
Journal of the Television Society. 
In 1946 he was elected Hon. Secre- 
tary, which position he retained until 
his retirement on 9th May, 1961. 
Mr. Parr died soon after this, and 
the Council of the Society felt that 
they wished to perpetuate his name 
by creating the Award. 

The Society commissioned John 
McCarthy, A.R.C.A., to design the 
trophy. It is executed in stainless 
steel and depicts two sine waves at 
right angles to each other. It is 
based, therefore, on a fundamental 
aspect of television transmission. 

Belling -Lee U.H.F. Field Trials 
To hand are the results of the first 

preliminary series of tests on the new 

u.h.f. television transmissions which 
have been carried out by Belling and 
Lee, Ltd. These tests covered London 
and the Home Counties, and it is 

The Geoffrey Parr Award trophy, 
to be presented each year by the 
Television Society. Executed in 
stainless steel, it depicts two 
sine waves at right -angles to 

each other 

pointed out that the results obtained 
are given by "spot tests" only. 
Reception conditions in some places 
may vary, even from house to house. 

Space does not allow the many 
findings in the Belling -Lee report to 
be printed here, but I shall quote a 
few of the results for the North 
London districts to give an idea of 
what may be expected when full 
transmissions commence. Measure- 
ments were obtained using an aerial 
of 6dB gain 36ft above ground level,* 
and decibel figures are at the receiver 
aerial terminals, with OdB=1µV. 

In the North London area, signal 
strength was 78 to 79dB and quality 
very good at Highgate Hill and 
Barnet, dropping to signal strengths 
between 66 and 77d B, with quality 
good, at Hoddesdon (High Street), 
Enfield, Bounds Green and Brox- 
bourne. At Welwyn Garden City 
(53dB) and Mill Hill (57dB) quality 
was fair, and at Hertford (36dB) and 
Finchley (N. Circular Road) (40dB) 
it was very poor. 

* In some instances, 3 and 9dB aerials 
were tested, the measurements being rational- 
ised to a 6dB aerial to allow comparisons to 
be made. Results are for Channel 34, which 
gave better results than Channel 44. 
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RADIOSTRUCTOR 
LEADS THE WORLD 
IN ELECTRONICS TRAINING 
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ANEPKpR4C7/CAL WAY 
Of UNDERSTAND/NG 

RADIO TELEVISION ELECTRONICS 

Including: Transistors; VHF/FM; Hi-Fi Equipment; 
Computers; Servo-Mechs. Test Instruments; Photo- 
electrics; Nucleonics; etc. 

Radiostructor-an organisation specialising in 
electronic training systems-offers a new self - 
instructional method using specially designed 
equipment on a "do-it-yourself" basis. You 
learn by building actual equipment with the 
big kits of components which we send you. 
You advance by simple steps, performing a 
whole series of interesting and instructive 
experiments-with no complicated mathe- 
matics! Instructional manuals employ the 
latest techniques for showing the full story 
of electronics in a practical and interesting 
way-in fact, you really have fun whilst 
learning! 

POST NOW 
----I 

To RADIOSTRUCTOR (Dept. 6149), READING, BERKS. 

Please send brochure, without obligation, to: 

*Name 

*Address 

(We do not employ representatives) *Mock CAP; j 
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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 6th 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.) 

TRADE 

DIRECT TV REPLACEMENTS LTD. Largest stockists 
of TV components in the U.K. Line output trans- 
formers, Frame output transformers, Deflector coils 
for most makes. Official sole suppliers for many set 
makers. Same day despatch service. Terms C.O.D. 
or C.W.O. Send S.A.E. for quotes. Day and night 
telephone: Gipsy Hill 6166.-126 Hamilton Road, 
West Norwood, London, S.E.27. 

METALWORK. All types cabinets, chassis, racks, etc., 
to your specifications.-Philpott's Metalworks Ltd., 
Chapman Street, Loughborough. 

SERVICE SHEETS (1930-1962) from ls. Catalogue 
6,000 models, ls. 6d. S.A.E. enquiries.-Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (LP.R.E.) LTD. 
Membership conditions booklet Is. Sample copy of 
I.P.R.E. Official Journal 2s. post free.-Secretary, 32 
Kidmore Road, Caversham, Reading, Berks. 

ALL TYPES OF LINE OUTPUT TRANSFORMERS 
SUPPLIED (RETAIL AND TRADE). Finest service 
in the country. Send S.A.E. for return of post service. 
Terms C.W.O. or C.O.D. Trade enquiries invited.- 
D. & B. Television (Wimbledon) Ltd., 131 Kingston 
Road, Wimbledon, London, S.W.19. Telephone: 
CHErrywood 3955. 

CATALOGUE No. 15. Government surplus electrical 
and radio equipment. Hundreds of items at bargain 
prices for the experimenter and research engineer, 
2s. 6d. post free. Catalogue cost refunded on purchase 
of 50s.-Arthur Sallis Radio Control Ltd., 93 North 
Road, Brighton. 

FIND TV SET TROUBLES IN MINUTES from that 
great book The Principles of TV Receiver Servicing, 
10s. 6d., all book houses and radio wholesalers. If not 
in stock, from Secretary, I.P.R.E., 32 Kidmore Road, 
Caversham, Reading, Berks. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
Services to members including Q.S.L. Bureau. Ama- 
teur and Broadcast Translation. Technical and 
Identification Dept.-both Broadcast and Fixed 
Stations, DX Certificates, contests and activities for 
the SWL and transmitting members. Monthly maga- 
zine, Monitor, containing articles of general interest to 
Broadcast and Amateur SWLs, Transmitter Section 
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BENTLEY ACOUSTIC 
CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NWI 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
ALL GOODS LISTED BELOW IN STOCK 

0A2 5/- 
082 17/6 
OZ4GT 4/3 
IA3 3/- 
IA7 8/9 
ICS 7/- 
106 6/- 
I HSGT 8/3 
1L4 2/9 
1105 4/3 
ILN5 4/6 
IN5GT 8/6 
IRS 4/9 
1S4 5/- 
155 3/9 
IT4 2/9 
I U4 7/- 
IU5 5/3 
2021 15/- 
2X2 3/- 
3A4 41- 
3M 6/9 
387 5/- 
306 4/- 
304 5/9 
305 713 
3S4 4/9 
3V4 5/6 
5R4GY 9/- 
5T4 8/- 
SU4G 4/3 
5V40 7/6 
5Y3GT 4/6 
5Z3 19/5 
5Z4G 71- 
6A8 7/- 
6AG5 2/9 
6AK5 5/- 
6AQ5 6/- 
6AT6 4/6 
6AU6 6/- 
688 2/6 
6BA6 5/- 
6BE6 5/3 

71-17 5/9 
7Y4 51- 
8D2 2/6 
9BW6 13/5 
902 3/- 
10C1 9/6 
IOC2 13/- 
1002 11/8 
IOFI 10/- 
IOLDI 110/9 
IOP13 8/6 
10PI4 I2/- 
12A6 2/3 
I2AC6 13/5 
12Á26 15/2 
12AE6 11/3 
12AH8 9/- 
12AT6 4/9 
126A6 616 
128E6 5/- 
12BH7 8/- 
1217GT 7/6 
12K5 17/6 
I2K7GT 3/9 
12K8 9/- 
12Q7GT 3/9 
12SA7 71- 
125C7 4/- 
12SK7 3/6 
12507 8/- 
19AQ5 7/9 
191-11 6/- 
2001 13/S 
20F2 12/3 
10L1 12/6 
20PI 12/6 
20P3 12/6 
20P4 13/9 
20P5 14/6 
2.5A60 7/6 
15L6GT 7/- 
25Z4G 71- 
15Z5 8/- 
2751) 23/3 

043 17/9 
DAF% 6/3 
DD41 11/3 
DF66 I5/- 
DF96 6/3 
DF97 7/6 
DH76 3/9 
DK40 IS/B 
DK92 6/9 
DK96 6/9 
D1.66 17/6 
DL68 IS/- 
DL96 6/3 
131.510 10/6 
DM70 5/- 
DY86 7/- 
E8OF 30/- 
E83F 301- 
EI8OF 34/6 
EABC80 6/- 
EAC9I 3/6 
EAF42 7/6 
6041 4/9 
EB9I 113 
EBC41 7/- 
EBC81 7/- 
EBF80 7/- 
68983 8/- 
68989 7/- 
68121 9/- 
EC70 11/6 
EC81 27/6 
EC92 8/3 
ECC32 4/- 
ECC3423 I I 

ECC35 5/9 
ECC40 8/- 
ECC8I 4/- 
ECC82 4/6 
ECC83 4/9 
ECC84 6/6 
ECC85 7/- 
ECC88 11/- 
ECF80 6/9 

EL95 6/3 
81360 27/- 
EL820 18/2 
EL822 19/6 
EM4 17/9 
EM34 8/9 
EM71 22/8 
EM80 6/9 
EMBI 8/- 
EM84 8/3 
EM85 9/3 
EM87 1512 
EN3I 71/- 
EY51 6/3 
EY81 8/- 
EY83 1116 
EY86 6/3 
EZ40 5/9 
EZ41 6/6 
EZ80 4/9 
EZ81 4/9 
GU50 41/6 
GZ30 7/- 
GZ32 7/6 
GZ33 17/6 
GZ34 11/6 
GZ37 14/6 
HL2 7/6 
HN309 16/2 
HVR2 9/- 
HVR2A 9/- 
KT2 716 
KT33C 4/- 
KT36 32/4 
KT41 11/6 
KT44 5/9 
KT6I 7/6 
KT66 13/6 
KT88 28/6 
KTI01 19/1 
KTZ4I 6/- 
LP2 9/6 
MHL4 7/6 
MKT4 17/6 

R16 23/3 
RI 14/- 
R19 7/- 
SP41 11- 
SP6I 2/- 
T41 9/- 
TOD4 8/6 
TH41 13/- 
TY86F 11/8 
U12/14 7/6 
U16 101-a 
U18/20 616 
U19 48/6 
U22 6/9 
U24 I5/- 
1125 9/- 
U26 8/- 
1131 7I- 
U33 26/2 
U35 26(2 
1137 23/3 
U45 15/6 
U50 4/6 
U76 4/9 
U107 17/6 
11191 III- 
U281 9/6 
U282 14/6 
U301 11/- 
U329 9/6 
U339 11I- 
11404 6/- 
U801 18/- 
U4020 18/1 
UABC80 S/6 
UAF42 8/- 
U841 11/- 
UBC41 6/9 
UBCBI 7/6 
U1F80 7/- 
UBFB9 7/3 
ÚC92 7/6 
UCC85 6/6 
UCF80 10/6 

MIDGET 
SILICON 

RECT1- 
FIERS 

Mullard 
BYI00 

Output 250 
volt at 
a m p. N o 
larger than 

shirt but- 
font 

8/- each. 
TRANSIS - 
TORS k 
DIODES 

GD3 5/6 
GD4 5/6 
005 5/6 
GM 5/6 
0012 4/- 
GDl5 8/- 
0016 4/- 
GET10617/6 
GET! 14 6/6 
GET873 9/3 
GET874 9/6 
GEX36 10/- 
GEX45/16/6 
GEX64 1116 
GEX66 ISI- 
AFI02 1716 
AFI 14 1I/ - 
AFI I5 10/6 
AF 16 10/- 
AFI 17 9/6 
AFI IE 201- 
AF127 12/- 
MATI00 7/9 
MAT I01 816 
MATI20 7/9 
MATI21 8/6 
OM 6/- 
OAIO 8/ - 

We require for prompt cash settlement all types of valves, loose or boxed, 
but must be new. Send list of types available for offer by return. 

6BH6 5/9 
6816 5/6 
68Q7A 7(6 
6BR7 8/6 
6BR8 9/3 
6BW6 9/- 
6BW7 5/- 
6C5 4/- 
6C9 I1/- 
6CD6G 31/- 
6CH6 5/- 
606 3/- 
6ES 6/- 
6F1 9/6 
6F60 4/- 
6F13 6/3 
6F23 9/6 
6924 11/6 
6F33 3/6 
615G 3/- 
616 3/- 
6170 4/9 
6K7G 1/9 
6K8G 4/- 
6K25 13/6 
6L1 9/6 
6L6G 6/6 
6L7GT 4/6 
6L18 7/6 
6N7 5/- 
6P28 11/6 
6Q7G 4/6 
6R7G 6/- 
65L7 5/9 
65N7 4/6 
6U4GT 9/6 
6USG 5/- 
6V6G 3/9 
6V6GT 6/- 
6X4 4/3 
6X5 4/6 
6/3012 8/6 
787 7/6 
7C5 10/- 
7C6 7/6 

2807 7/- 
30C1 6/- 
30CIS 10/- 
3095 6/- 
30FLI 9/6 
30FLI2 11/6 
3011 5/9 
301.15 10/3 
30P4 12/3 
30PI2 7/6 
30PI9 12(3 
30PLI l0/- 
30PLI3 9/6 
35A5 20/9 
35L6GT 7/6 
35W4 6/- 
35Z3 16/4 
35Z4GT 4/9 
35ZSGT 6/6 
SOCS 7/- 
5OL6GT 7/- 
52KU 14/6 
53KU 14/6 
72 6/6 
80 5/6 
83 15/- 
85A2 I2/- 
90AG 67/6 
90AV 67/6 
90CG 37/6 
90CV 42/- 
90C1 161- 
15082 16/6 
185BT 34/11 
807 6/- 
5763 716 
AC6PEN 5/- 
AZ3I 7/- 
AZ41 7/- 
B36 5/6 
BL63 10/6 
CL33 11/6 
CYI 18/2 
CY31 6/9 
015 13/6 

ECFBâ 7/6 
ECF86 19/S 
ECH2I III- 
ECH35 6/6 
ECH42 7/9 
ECHBI 6/6 
ECH83 8/- 
ECH84 14/7 
ECL80 6/3 
ECL82 7/9 
EC183 10/- 
ECL86 9/- 
EF22 7/- 
5F36 3/3 
EF37A 6/- 
EF39 3/9 
EF40 10I- 
E941 7/- 
6F42 6/3 
EF73 5/- 
6980 4/3 
6983 9/9 
6985 5/- 
E986 6/6 
EF89 4/9 
6991 3/- 
EF92 2/6 
6997 11/8 
6998 11/8 
69183 9/- 
69184 8/9 
EK32 6/- 
6132 3/6 
EL33 7/6 
EL34 10I- 
EL37 17/6 
EL3B I21- 
EL41 7/6 
6142 8/6 
ELBI 819 
EL83 7/6 
6184 5/6 
6185 9/9 
6186 7/9 
6191 2/6 

MS4B 2218 
MU14 5/6 
N37 23/3 
N78 26/2 
N I08 26/2 
N339 15/- 
P61 2/9 
PC95 13/- 
PC97 8/9 
PCC84 5/9 
PCC85 7/6 
PCC88 11/9 
PCC89 7/9 
PCCI8913/6 
PCFBO 6/- 
PCF82 6/6 
PCF84 14/7 
PCF86 8/3 
PCL82 7I- 
PCL83 8/9 
PCL84 5/3 
PCL85 8/6 
PCI96 l0/- 
PCL88 12/6 
PEN46 4/6 
PL33 16 11 
PL36 'f/- 
PL38 23/3 
PL8I 716 
PL82 5/6 
PL83 5/6 
PLB4 7/- 
P1820 16/4 
PM84 9/6 
PX4 9/6 
PY3I 716 
PY32 9/- 
PY33 10/- 
PY80 5/9 
PYB1 5/9 
PY82 5/3 
PY83 6/3 
PY88 9/- 
PY800 9/- 
PZ30 17/6 

UCH42 7/3 
UCH8I 7/3 
UCL82 8/6 
UCL83 10/- 
UF41 6/9 
UF42 5/6 
UF80 7/- 
UFBS 71- 
UF86 9/- 
UF89 6/3 
11411 7/6 
UL44 13/3 
U146 9/- 
UL84 6/3 
UM4 IS/I 
UM34 16/10 
UM80 9/6 
URIC 16/4 
UU6 11/9 
UU8 13/3 
UU9 5/6 
UYIN 10/9 
UY21 16/2 
UY41 5/6 
UY85 5/6 
VMS4B 11/- 
VP4 14/6 
VP4B 21/S 
VP13C 7/- 
VP23 2/6 
VRIOS 5/6 
VRI50 5/- 
W76 3/9 
WBIM 6/- 
X61 10/- 
X65 111- 
X76M II/ 
X78 26/2 
X79 40/9 
XD(I.5) 6/6 
XFY23 6/6 
XFY54 18/- 
XH(I.5) 6/6 
Y63 5/- 
Z66 8/6 

0A70 3/- 
OA73 3/- 
0A79 3/- 
0A81 3/- 
0A85 3/- 
0A86 4/- 
0A91 3/- 
0A95 3/6 
OÁ210 9/6 
0A211 13/6 
OCI6W 35/- 
OC19 23/- 
0C22 23/- 
0C26 23/- 
0C35 18/- 
0C36 21/6 
0C41 9/- 
0C43 12/6 
0C44 9/3 
0C44PM9/3 
0C45 9/- 
OC45PM9/- 
0065 2116 
0066 23/- 
OC70 6/6 
OC71 6/6 
0072 8/- 
0073 16/- 
0075 8/- 
0076 8/6 
0077 12/- 
0078 8/- 
008 81- 
0082 101- 
0083 6/- 
0084 8/6 
OC140 191- 
OC170 9/6 
OC171 10/6 
OCP71 17/6 
TS2 12/6 
TS3 13/- 
XA102 19/6 
XA I03 I5/ - 
XA104 18/ - 

All goods new and first grade only, subject to makers' full guarantee. We 
do not tell second-hand geode, manufacturers' rejects or secºnd (oftendes- 
cribed as"new and tested"), nor items from dismantled equipment. Complete 
catalogue of over 1,000 valves, also resistors, condensers, metal rectieers, 
microphones, loudspeakers. etc.. and other components 6d. 

Terms of business: Cub with order or C.O.D. only. Poet 6d. per item. 
Orders over U post free. C.O.D. 3/6 extra. All orders dupatched same 
day. C.O.D. orders by telephone accepted for immediate despatch until 
3.30 p.m. Any parcel insured against damage In trandt for bd. extra. We 
are open for personal shoppers 8.30-5.30. Sate. 8-1 p.m. 
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- - - - -Our latest Publication 

RADIO 
CONTROL FOR 
MODELS Á A RRAfT 
BY F. C. J U D D With sections on 

servo -mechanisms by RAYMOND F. STOCK 

More than 200 illustrations - circuits, working diagrams, 
photographs & tables. Each page is packed with information 

192 Pages 

1 5s. 
This book is basically an amalgamation of "Radio Control for Model Ships, Boats and Aircraft" 
and "Radio Control Mechanisms". Additional material has been added on Multi -Channel 
Operation; Transistorised Radio Control Receivers-Simple and Three -Channel; A Compact 
Efficiency Aerial; Deac Battery Information; Licence Conditions, etc. 

To Data Publications Ltd., 57 Maida Vale, London, W.9 

Please supply copy (les) of your latest publication 
"RADIO CONTROL FOR MODELS" DATA BOOK No. 16 at 15s. 
each, postage 9d. 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 
continued from page 67 

and League affairs, etc. League supplies such as 
badges, headed notepaper and envelopes. QSL cards, 
etc., are available at reasonable cost. Send for League 
particulars. Membership including monthly magazine, 
etc., 21s. per annum. --Secretary, ISWL, 12 Gladwell 
Road, London, N.8. 

THE INTERNATIONAL HAM HOP CLUB is a non- 
profit -making organisation open to RADIO AMATEURS 

AND SHORT WAVE LISTENERS. OBJECT: To improve 
international relationships through an organised 
system of hospitality. ME&mERs offer overnight hospi- 
tality 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 Lew 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. 

CASES, CHASSIS, PANELS, CABINETS, Tubular 
Frames, etc. Quotations by return. Unpainted or 
stove enamelled, any finish. "One off" with pleasure. 
Engraved Traffolite labels. Quality assured. -Moss 
Watson, 40 Mount Pleasant Street, Oldham, Lancs. 

FOR SALE. Mullard Transistors, brand new. 0071, 
0072, 0C44, 0C45, 0C170, 4s. each. 0C42 transis- 
tors 2s. 6d. each. Post paid. -J. Robinson, Radio & 
TV, 4 Highcliffe Road, Blackley, Manchester 9. 

REPANCO. Coils, Chokes, Transformers and Ferrite 
Açrials for the Home Constructor. Send 3d. stamp 
for latest catalogue. -Radio Experimental Products 
Ltd , 33 Much Park Street, Coventry, Wars. 

PRIVATE 
FOR SALE. Erskin 13A d/beam c.r.o. with r.f. probe 

and spare c.r.t. Perfect working order, £20. Also 
Taylor 67A sig. gen. 100 kcfs to 240 Mc/s. As new, 
£14. -"Rose Cottage", Seine Lane, Enderby, Leicester. 
Telephone: Narborough 2337. 

FOR SALE. Linear L45 5 watt quality amplifier, for 
use with record player or microphone. Small size, 
6 x 5 x 6in. 200-250V a.c. mains power supply, £5. - 
Box No. F175. 

WANTED. 1 150mA square flush meter.-G3PTD, 185 
Bispham Road, Blackpool. 

FOR SALE. Nombrex transistorised signal generator 
220 kc/s to 220 Mc/s, £5. Mains signal generator 100 
kc/s to 200 Mc/s, £4. Assembled Heathkits: Resis- 
tance/capacitance bridge C -3U (slightly modified), £6. 
Sine/square wave generator AO -1U, £9. -Wavemaster 
7 -transistor portable M. & L. wave, 10 x 7 x 5in, £5. 
Philishave, 2 heads, 110 and 240 volts, with case, 90s. 
All in good working order and condition. Further 
details available. Offers considered. -Box No. F179. 

Continued on page 71 

SPEAKERS BY GOODMAN'S, 

ELAC, PLESSEY, etc. 
4" square 121- P & P 1/6 

5' round I2/- 1/6 

7" x 4" elliptical 13/6 1/6 

8" x 5" elliptical 16/6 2/- 

10" x 6" elliptical 23/6 2/- 

OUR FAMOUS READIPACKSI 

No. 100 resistor, kw. co 5w. 
IO ohm to 50 mea. 

No.2 25 condensers 1pF to I,000pF 
5% to 20% 

No. 3 20 condensen I,000pF to 
0.01 mfd 

No.412 condensen 0.01 mfd. to 
0.1 mfd 

No. 5 25 Hi -Stab resistors 1, 2 & 5% 
100-25 mea. 

No. 610 w/w Resistors 6 ohm - 
82 Kohm 

No. 7 4 Carbon controls volume, 
tone. etc. 

All at 8/6 each POST FREEI 

VISCONOL 
CONDENSERS T.C.C. 
at half list price! 

Each 

0.001 mid 6kV CP56 QO 3/- 
0.001 mfd 10kV CP56 VO 4/- SWITCHES for BULLARD dr - 
0.002.5 mfd 2.5kV CP55 HO 3/- cults to specification and 
0.0025 mfd 5kV CPS6 QO 5/- "Mallard approved". 
0.005 mfd 3kV CP56 HO 3/- 

TR2 2V Pro -Amp ... ... 12/9 
0.005 mfd 5kV CP56 QO 5/- TR3 3V Pro -Amp I2/9 

0.025 mfd 2.5kV CP56 HO s/- TM 3V Pre -Amp Lo/Pass FÍtr 
TM 3V Pre -Amp Hi -Pass Pltr 

0.05 mfd. SkV CP57 QO 

0.05 mfd 10kV CP59 TO 
9/- 

10/- 
TRI 3V Tape Amp Rec/Play... 
TR7 3V Tape Amp Eqz ... 
TRl Tape Pre -Amp Ret/Play 16/6 

0.1 mfd 5kV CP58 QO I0/- TR9 Tape Pre -Amp Eqz ... 1614 

TRIO Stereo Pre -Amp Selector 6 
0.25 mfd 2.5kV CP57 HO 9/- TRI I Stereo Pre -Amp Ch/E ... 9/6 

0.5 mfd 25kV CP57 X 20/ - TR12 Stereo Pre -Amp Stereo. 
9/6 

P & P II- each P & P 1/- per switch 

TELE -RADIO (1943) LTD 
189 EDGWARE ROAD, LONDON, W2 

PADdington 4455 

eee 

51x31x2 

After Sates Fault-finding 
GUARANTEE 

Coloured illustration COMPONENT LISTS ON REQUEST 

CONSTRUCTIONAL BOOKLETS 216 

Trade and Retail 

OSMOR 
418 
S. CR 

BRIGHTOD 
YDONNC ORO/148 

a 
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The bireciors and Staff o( 

baia Publications Cid. 

and "the fladio Constructor" 

offer their heartiest congratulations and 

good wishes to the Radio Society o( Great $ritain 

on the completion o( 

"T i(ty years' service to Amateur Radio" 

AUTHENTIC SOUND EFFECTS 
CONTRAST 45 rap.m. RECORDS 

(approved by leading record reviewers and record magazines) 

M FX-1 

MFX-2 

AFX-1 

TFX-1 

14 EFFECTS-Police Car-Police Launch-Lion Roar 
-Aircraft Landing-Building Falling-Road Drills- 
Ships Siren-Storm at Sea-Railway Trains (3 various) -Car Door and Starter-Central Line Tube Train 
Cell Door, etc. 

12 EFFECTS-American Police Car Sirens (5 various) 
-Applause-Car Crash-Glass Breaking-Footsteps (6 
various)-City-Waterloo Tube Train-Workmen ham- 
mering-Orchestra Tuning -up. 

15 WILD ANIMAL SOUNDS and jungle background 
-Lions, Tigers, Elephants, Puma, Rattlesnake, Alligator, 
Sealions, Eagles, Viper, Chimpanzees, Gibbons, Bell 
Bird, etc., etc. 

11 BRITISH RAILWAY TRAINS-Arrival Main Line 
-Departure Main Line-and Express Steam and Diesel 
(with whistles)-Goods Trains-Train over points and 
Crossings-Central Line Tube Train arrive and depart, 
etc., etc. 

AVAILABLE SHORTLY: Electronic sounds and music-Sounds of 
London and further selections of mixed sound effects. 

TWO COLOUR GLOSSY SLEEVE gives full details of each 
separately tracked effect and timing. 
Price 8s. including tax, postage and special packing (each record) 
(retail price 7s. 6d. inc. tax). 

Direct mailing from 

F. C. JUDD (Sound Recording) 
174 Maybank Road, South Woodford, London, E.18 

70 

CAR AERIALS 

Type 1 

Type 2 
Type 3 
Type 4 
Type 5 

Special offer of British made aerials. All 
heavily chromium plated. Supplied with 
approx. 4}ft ed lead and car radio 
plug with fitting instructions. 

Window clip -on. Suitable for transistor 
radios. Closed 13', extended 33' each 17/6 
As Type I but for mounting on tar gutter. 17/6 
Single hole fixing for wing mountin`. / 
Clawed 22ät». extended 44' each 15 6 
As Type 3 base 3 -section. Closedm 21/9 tended 47" 
Universal for mounting on roof, side, rear, 
top of wing. Spring loaded joint enables 
aerial to be inclined at any angle. Closed 25/9 
20", extended 37' each 

Post and Packing 1/6 per aerial (No C.O.D.) 

ELECTRIC MOTORS 
AT A FRACTION OF ORIGINAL COST 

Made for use with tine projectors, but ideal for small models, fans, small 
lathes% display set-ups, rewinding, etc. Very robust, heavy duty con- struction. 1/40th h.p. 200/240V a.c. Capacitor start. for clockwise and anti -clockwise rotation. Approx. dimensions: dia. 3} , width over body 
3", spindle length I}' (protrudes } at back of motor), spindle dia. } , 
1,450 r.p.m., weight 361b. Complete with capacitor. 

Plus 3/- post and packing each 3116 

BERWICK ELECTRONICS [TD 
70 BERWICK STREET (Off Oxford Street) 
LONDON WI GERrard 8152 

and at 100 TUB STREET MANCHESTER 
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SMALL ADVERTISEMENTS 
continued from page 69 

TWO -METRE enthusiasts attention! QQVO3-20A 
valves at £1 each, plus postage.-Box No. F178. . 

FOR SALE. Televet. Little used. Half initial price. 
-Jones, Tudno View, Benllech, Anglesey. 

AMATEUR GIVING UP hobby has following items for 
sale. Avo valve tester, £6 15s. Multi -range test meter 
scaled ohms, volts and milliamps, 17s. 6d. Cossor 339 
oscilloscope, £9 15s. Two new 12in hi-fi speakers, 
each fitted with electrostatic tweeter, 50s. each. 
Reflectograph model 500 professional tape recorder, 
£50. All items carriage free. Insurance if required, 
10s. extra. C.O.D. 2s. 6d. extra.-Box No. F180. 

FOR SALE. AR88 540 kc/s to 32 Mc/s, phones and 
speaker, far above average, £35. Heathkit QU12 
c.r.o. sig. gen. and other bench test equipment. 8 vols. 
Radio and TV Servicing. Up to 62 components, TV 
tubes, 3 years copies Practical Wireless, Practical 
Television, Wireless World, The Radio Constructor. A 
complete workshop for £50.-2 Whitmore Street, 
Palfrey, Walsall, Staffs. 

WANTED. Will purchase knobs and dials for Halli- 
crafter SX28A also knobs and front panel and case for 
BC348. Or would swap Hallicrafter S2OR.-Bilton, 
26 Beulah Hill, London, S.E.19. 

FOR SALE. R1155L new valves, £6. Good condition. 
Also power pack, £3.-W. Iley, Riverside Cottage, 
Bolingey, Perranporth. 

WANTED. Wearite or similar tape head defluxer.- 
Collins, 18 St. John's Church Road, Folkestone, Kent. 

SITUATION VACANT 
PUBLIC SCHOOL MAN under 25 required as trainee 

for electronic and/or mechanical engineering design and 
development work on machines to make fibreglass 
products. Starting salary £936. Write, giving details 
of experience, education and interests to Fibrelite 
Industries, Trafford Hall, Chester. 

PANL 
BLACK CRACKLE PAINT 

Giye your metalwork a really professional finish. 
Easily applied by brush. Air drying. 

Available by post from 

THE BRUCE MILLER CO. LTD 
249 COASTAL CHAMBERS 

BUCKINGHAM PALACE ROAD SW1 

4/- per } pint can which includes application 
instructions, postage and packing 

SITUATION VACANT 

LABORATORY ASSISTANTS 
preferably with academic qualifications 
equivalent to O.N.C. (Elec.Eng.) are 

invited to apply to- 

International Aeradio Limited 

Good promotion prospects. 

Superannuation. 

Cheap holiday air travel. 

Holiday arrangements respected. 

Write to: 

The Personnel Officer, 
International Aeradio Limited, 
Hayes Road, SOUTHALL, 
Middlesex. 

REPANCO COMPONENTS 
FOR THE HIKER 

(as featured in this issue) 

s. d. 
Aerial Type FR2 ... ... ... ... ... ... 12 6 

Chokes Type RF1 and RF2 ... ... ... ... pair 6 0 

Interstage Transformer Type TT49 ... ... ... ... 5 0 

Driver Transformer Type TT45 ... ... ... S 0 

Output Transformer Type TT46 ... 5 0 

Printed Circuit, Panel and Brackets ... ... 12 6 

Send 3d. stamp for latest Repanco Component Cat. and Hiker Parts list. 

RADIO EXPERIMENTAL PRODUCTS LTD. 
33 Much Park St. 

Coventry 

G R. NICHOLLS 44 LOWFIELD ROAD 
SHAW HEATH STOCKPORT 

BUMPER PARCEL 
100 Assorted Resistors 1 Small Chassis containing 
50 Assorted Condensers 60 components 
1 5in 3 ohm Elac Speaker 2 Westectors 
1 Isolating Transformer 
4 Terminal Blocks. 2 Thermistors 
2 Rotary Toggle Switches 100 Cartridge Fuses 

ALL FOR 20/-, Post free in U.K. 
20ft Steel Telescopic Mast, 50/- High Stab Resistors 6d. ea. 
List now ready for Paper Block Condensers, Valves, 
Oscillators, Test Sets. S.A.E. please. 

Mail Order to 
33/35 CARRINGTON FIELD STREET STOCKPORT CHESHIRE 
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CHASSIS 
and 

CASES by 

. 28719 Edgware Road 
London W2 

TELEPHONE 

PADdington 5891/7595 

ALUMINIUM, SILVER HAMMERED FINISH 
Type Size Price Type Size Price 

U 4x4x4" 9/6 Y 8x6x6" 25/- 
U 54x4}x4}" 14/6 Y 12x7x7" 39/- 
U 8x6x6" 20/- Y 13x7x9" 44/- 
U 15x9x9" 42/6 Y 15x9 x7" 46/- 
W 8x6x6" 19/6 Z 17x10x9" 63/- 
W 12x7x7" 32/6 Z 19x10x8}" 67/6 
W 15 x9 xr 42/- Height 

Type Z has removable back and front panels. 
Type U all -screwed construction. 

CASES 
Type W 

-Type Y 

Type Z 

Type U 

BLANK CHASSIS-Same Day Service 
Of over 20 different forms made up to YOUR SIZE. 
Order EXACT SIZE you require to nearest 1/16th. 

(Maximum length 35", depth 4".) 
Specials dealt with promptly. 

SEND FOR ILLUSTRATED LEAFLETS 
or order straight away, working out total area of ma- 
terial required and referring to table below which is for 
four-sided chassis in 18 s.w.g. (for 16 s.w.g. add 1/6th)_ 
48 sq. in. 4/- 176 sq. in. 8/- 304 sq. in. 1 

80 sq. in. 5/- 208 sq. in. 9/- 336 sq. in. 13/- 
112 sq. in. 6/- 240 sq. in. 10/- 368 sq. in. 14/- 
144 sq. in. 7/- 272 sq. in. 11/- and pro rata ' 

P. a P. 2/6 P. Si P. 2/9 P. & P. 3/ - 
Discounts for quantities. Finishes arranged for 

quantities of 25 or over. 
FLANGES (} or }l, 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3ft at 4/6 sq. ft. 18 s.w.g. (16 s.w.g. 5/3). 
Plus postage and packing. 

The thrills of VHF Amateur Radio can now be yours for 
as low as 39/61-complete kit (by post 2/6 extra)-tuneable 
range, 70-150 Mc/s. Write today for interesting literature, s.a.e. 
please. If a newcomer to Short -Wave radio, ask for a free copy 
of world-famous "Globe -King" S.W. kits and other receivers, 
etc.-stamp for post please, not s.a.e. 

Johnson (Radio) St. Martin's Gate Worcester 

SUMMER BARGAINS 
50% to 75% price reductions on standard catalogue lines. 
Unrepeatable. Send for details stating if you have our illustrated 
catalogue No. 12. 

Southern Radio and Electrical Supplies 
SORAD WORKS REDLYNCH SALISBURY WILTS 

Telephone Downton 207 

LISTEN TO THE WORLD on TELSTAR 
our 1 -VALVE SHORT WAVE RADIO 
Receives speech and music from all over the 
world. Price includes valve and one coil cov- 
ering 40-100 metres. Can be extended co 
cover 10-100 metres. Can be converted to 2 
or 3 valve and all -mains speaker use. Total 

Building Costs 35/-. P. & P. 2/-. Send 2/- for wiring 
diagram and parts list. 

R.C.S. PRODUCTS (Radio) Ltd., 11 Oliver Road, London, E.17 

BRASS COPPER DURAL ALUMINIUM BRONZE 

STAINLESS STEEL 
ROD, BAR, SHEET, TUBE, STRIP, WIRE. 3,000 STANDARD STOCK SIZES. 

No Quantity too small List on application 

H. ROLLET & CO LTD 
6 CHESHAM PLACE SW1 BELgravla 4300 

Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow 

Quality Components FOR CONSTRUCTORS 
capacitors, resistors, coils, valves, transistors, controls, 
chassis, transformers, speakers, pick-ups, cartridges, 
stylai, and all types of components in stock. 

CATALOGUE AVAILABLE ON REQUEST 

J. T. FILMER ° DARTFORD 

244005D7 

140FT. AERIAL INSTALLATION 
First Government release of these brand new Marconi Coil Aerial 
tuning systems, enabling operators to work their receivers or trans- 
mitters to their best efficiency. Containing a drum of 140ft copper 
aerial wire with insulators, etc., feeding into the matching unit, size 
13" x 8}" x 9r, with slow motion tuning using Nos. 0-999. Originally 
intended for the 52 TX-RX, a must for any poor reception areas and 
serious operators. 300 only. 35/-, post 5/-; two post paid. 

Dept. Q J.T. SUPPLY 150 Meadow Lane Leeds 11 

THE RADIO CONSTRUCTOR - BOUND VOLUMES AVAILABLE 
Volume 13, August 1959 to July 1960 E1.5.0 postage 2/3 
Volume 14, August 1960 to July 1961 £1.5.0 postage 2/3 

WE REGRET VOLUME 15 IS NOW SOLD OUT 
DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 

German 
radio 
exhibition 1963 
Berlin 

from August 30 to September 8 
In the Funkturm exhibition halls 

Information from: German Tourist Information Bureau, 81. Conduit Street, London W I 
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jj * TRANSISTORS * ZENERS * VALVES * QUARTZ CRYSTALS 711 THESE ARE OUR * 

DIODES RECTIFIERS TUBES COMPONENTS SPECIALITIES 
EQUIPMENT, COMPONENTS AND INFORMATION IN OUR LATEST 68 -page CATALOGUE. 2/- Post Free 
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A 1,000 ohms per volt Cr 

Model PT3 
0/10/50/250/500/1,000 volts] 
A.C./D.C. 0/1/100/500 mA 
D.C. Resistance 0100kS2. 

/ 
Ideal pocket size multi - 
tester tester for all radio and 
domestic work. 
Size 3a" x 2'" x le with 
battery, leads and instruc 
tions. 

DETAILS ON REQUEST * MODEL EPSOK 
50,000 ohms per volt £9.19.6 * MODEL EP3OK 
30,000 ohms per volt £6.19.6 * MODEL ITI-2 20,000 ohms per volt. 
5 gns. * EPSOK 10,000 ohms per volt. 65/- * CABY MI 2,000 ohms per volt. 54/- 

4 -WAVEBAND 
COMMUNICATIONS 

RECEIVER 
550 kc/s to 30 Mc/s-BFO 
Noise Lim.-A.V.C.-"S" 
Meter-Bandspread, etc. 
£25. P.P. 7/6. Brand 
New. Fully Guaranteed. 

A D.C. 
00k/1 Meg 
anges, etc. 
1=" with 

Leads and 

A SELECTION FROM OUR 
STOCKS 

Full Details in our Latest Illustra- 
ted Catalogue, 2/- Post Free 

1. 2,000 ohm Headphones ... 12/6 
4,000 ohm Headphones ... 14/ - 
Stereo Phones 2 x 8 ohm 27/6 

2. Make your own printed circuits. Full. 
details with 3 boards 6"x 3", etc. 19/6 

3. Crystal Microphones (P.P. 1/6 any type) 
Acos 39-1 Stick Microphone ... 32/6 
Acos 40 Desk Microphone ... 15/- 
Acos 45 Hand Microphone ... 25/- 
Lapel/Hand Microphone ... 12/6 
MC24 Stick Microphone ... 25/- 
100C Stick with Stand ... ... 39/6 
BM3 Stick with Stand ... ... 52/6 
Lapel/Hand Magnetic 12/6 

4. Transistor Megaphone £12.10.0. 
5. 250mW 4 -Transistor Amplifier, built 

ready to use .. 37/6 P.P. 1/6 
6. Complete Test Lead Kits 8/6 
7. Miniature Vernier Dial 8:1, reduction 

marked 0/100 for ;"spindles, 14" diam., 
12/6; 2" diam., 14/-; 3" diam., 16/-. 

8. 931A Photomultiplier. Brand new 
with base ... ... ... 601 

DEAC RECHARGEABLE 
BATTERIES 

(a) 18 volt 100mA/H 4" x 1" diameter. 
Brand new, sleeved, 30/-. 

(b) As above but 150mA/H, 35/-. 
Both types easily split into any multiple 
of 1.2 volt. Brand new. 

9. CV2886 (M2H) Liquid Sampling 
Geiger Tube, 370 volts, 22/6. P.P. 1/-. 

10. Antex Miniature Mains Soldering 
Iron, " bit, 29/6, P.P. 1/-. 
Pocket Iron with Pouch, 30 watt, 
220/250 volt, 18/6. 
Solon 15 watt, -r" bit, 22/6, P.P. 1/-. 

11. Pocket Radio Booster Unit, for any 
radio. Improves output and quality. 
Size 9f" x 3f" diam., 27/6, P.P. 1/-. 
Size 8" x 2f" diam., 25/-, P.P. 1/-. 
Ideal for using pocket radios in car. 

12. 125mW 9 volt Sub -min. 3 -Transistor 
Amplifier, 2" x 1" x 1", 29/6. 

13. Telephone Coil for any amplifier or 
Recorder, 12/6, or fitted Miniature 
Jack Plug, 14/-. 

14. Crystal Contact Microphone for 
guitars, etc., 12/6. 

15. Personal Earphones 600 ohm, 10/6; 
1,000 ohm, 12/6. Crystal, 8/6; 8/10 
ohm, 9/6. Fitted leads, jack plugs 
and sockets. 

16. Battery Record Players. Single speed 
45 r.p.m. 6-7f volt player, 49/6. 
Two Speed, 33 and 45 r.p.m. 
9 volt player, 92/6. Four -speed 9 volt 
player, 5 gns. 

17. Transistor Baby Alarm, as previously 
advertised, £5.10.0, P.P. 2/-. Also 
Telephone Amplifier, £5.10.0, P.P. 2/-. 

18. 4 -Transistor 2 -way Intercom, £7.10.0. 
2 -Transistor 2 -way Intercom, 89/6. 

19. SRP10 Mains 4 -speed Garrard single 
player, £5.7.6. 

20. Miniature 3 -Press Button Switches, 
6 -pole, 2 -way and on/off, 5/-, P.P. 9d. 

21. Transistor Signal Injector, 42/6. For 
circuit testing and checking. 

22. 8".15 ohm double cone Hi-Fi Speaker, 
79/6. Complete range of Hi-Fi 
speakers stocked. Leaflets on request. 

23. 12 -way Selector Tube, GS12C (CV 
1740), 25/- each. 

24. Quartz Fibre Pocket Dosimeters 
0/150R and 0/500R, 12/6 each. 

25. 6 -Transistor speaker superhet Pocket 
Radio ready to use. Complete with 
leather case, phone, etc., 79/6, 
P.P. 2/-. Fully guaranteed. 
De Luxe version, 94/6, P.P. 2/-. 

26. 8 watt de luxe Stereo Amplifier. 
Mono/stereo inputs full controls. 
Gold hammer finish, £9.10.0, P.P. 3/6. 
Leaflet on request. Also 15 watt and 
30 watt. 

27. Sub -miniature Jack Plug and Socket, 
2/6. Sub -miniature Screened Plug, 2/-. 

28. Standard Jack Plug, 2/6. Standard 
Screened Jack Plug, 3/6. 

29. 12" 15 ohm Hi -flux Quality Speakers, 
only 35/-, P.P. 2/-. 

30. Tuning Indicator and Battery Level 
Meter. Miniature Meter (400µA) for 
Recorders, Transmitters, etc., 24/6. 

31. Crystal Microphone Inserts: 2", 10/6; 
1fff", 7/6; f", 3/6; Acos 39-1, 15/-. 

HENRY'S RADIO LTD 
PADdington 1008/9 

303 EDGWARE RD., LONDON W2 
Open Monday to Sat. 9-6, Thurs. 1 o'clock 

PLEASE TURN TO BACK PAGE 

32. Stereo Amplifier, 2 watts each chan- 
nel. Brand new, 79/6, P.P. 2/-. 

33. Transistor All Wave Signal Generator. 
165 kc/s to 350 Mc/s in 7 Bands. 
Variable output. CW, RF, mod RF, 
£7.18.6, P.P. 2/6, with battery, test 
prod, etc. Leaflet on request. New 
improved model. 

34. Type 38 Transmitter/Receiver. 5 - 
valve, 7.4-9 Mc/s, 22/6, P.P. 2/6 (sold 
without guarantee). 

35. Valve Voltmeter, AC/DC/Resistance, 
etc., £9.19.6, P.P. 5/-. 

36. STC F15 Thermistors, 6/-; R53, 15/-. 
37. ORP12 L DR Cell, 12/6; ORP60 Cell, 

9/6; OCP71 Photo trans., 27/6. 
38. Half Track Record/Playback Tape 

Heads. 2kS2 impedance, 15/-. 
39. NEW TRANSISTORISED CAPACIT- 

ANCE/RESISTANCE BRIDGE. 6 
ranges. 1 ohm to 100 Meg. IpF to 
100 mfd., £7.2.3, P.P. 2/6. Leaflet on 
request. 

40. 6" x 7" Printed Circuit Panels for 
etching, 4/- post free. 

41. Recording Tape: 5" 600ft, 12/6; 
5" 900ft, 15/-; 7" 1,200ft, 18/6; 7" 
1,800ft, 25/-. Excellent quality. 

42. DC to AC Converter. Converts 12 
volts DC, i.e. car battery, to 230 
volts AC up to 15 watts. Ideal for 
using electric razor, etc., in a car. 
All -Transistor complete kit, 57/6, 
P.P. 1/6. 

43. Collaro Mains Twin Track Tape 
Decks. Brand new, 10 gns, P.P. 3/6. 

44. Garrard Autoslim 4 -speed auto - 
changers. Plug-in head type complete 
with head, £7.10.0. P.P. 3/6. 

SUBSTITUTION BOXES * Capacitor Box. Provides 9 standard 
valves from 0.001 µF to 0.22µF at 
600 volt working, 29/6. * Resistor Box. Provides 24 standard 
values at 1 watt. 15 ohms to 10 meg., 
37/6. 

Each box fully calibrated with insulated 
leads. Invaluable for service and design. 

FIELD STRENGTH METER 
Measures transmitter carrier waves 
from 1 Mc/s to 200 Mc/s in 5 switched 
fully adjustable ranges. Contains 200µA 
meter for carrier level and earphone 
for modulation. Requires no connec- 
tion to transmitter. Self-contained, 
ready for use, 69/6, post free. enflnf efl NJNfif flfl rf'NNNf flffr.NeffrMs 

Published in Great Britain by the Proprietors and Publishers Data Publications Ltd. 57 Maida Vale London W9 
Printed by A. Quick & Co. (Printers) Ltd. Oxford Road Clacton -on -Sea England 

Obtainable abroad through the following Collets Subscription Service Continental Publishers & Distributors Ltd. William Dawson & Sons Ltd. 
Australia and New Zealand Gordon & Gotch Ltd. Electronics Publications (Australia) South Africa Central News Agency Holland "Radio electronics" 
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SPECIAL REDUCTION 
NEW LOW TOTAL PRICE 

"CAPRI" POCKET -6 
6 -TRANSISTOR SUPERHET 

Size only 
44"x2 -"x 

REALLY 
POCKET 

SIZE! 
The most 
compact 6- 

- transistor and 
diode radio 
with speaker 
available to the 

home constructor. Features the latest in 
miniature components and circuitry. Sup- 
plied with Mullard transistors and two-tone 
moulded cabinets in red/white or blue/ 
white with gold fittings. All components 
are supplied in packets and clearly identi- 
fied. A printed circuit is used with fully 
illustrated building instructions. Push-pull 
output coupled with a sensitive and selec- 
tive circuit make the "CAPRI" hard to 
beat. Fitted Earphone/Record Socket. Full 
tuning on medium waves with long wave 
Light. Illustrated leaflet on request. 

TOTAL 79/6 
P.P.2/- COST (Battery 2/6) * Slip it into your Pocket * 

HENRY'S RADIO LTD 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Monday to Sat. 9-6. Thurs. 1 o'clock 

LATEST SUMMER CATALOGUE 
NOW 68 PAGES 10" x 74" 

Fully detailed and illustrated 2/- post free 
THIRD EDITION IN 9 MONTHS 

THE " CONTESSA * COMBINED PORTABLE AND 
CAR RADIO * 

AMAZING SENSITIVITY AND SELEC- 
TIVITY ON MEDIUM AND LONG 

WAVEBANDS * The easiest Superhet Radio to build on 
the market. Features clearly marked 
printed circuit and packaged components 
with full illustrated building instructions. 
Full tuning of medium and long wave 
bands with unbeatable sensitivity and 
selectivity. Excellent tone and volume 
with over 600mW push-pull output. * Clearly marked horizontal station dial 
with slow motion tuning. Two-colour 
blue or beige cabinets with gold handles, 
grilles and fittings. Size 104" x 74" x 34". 
Include car aerial socket, recording sockets. * 6 Mallard Transistors and 2 Diodes. 

Guaranteed the Best Obtainable 

TOTAL COST 

469.19.6 P.P. 3/6 

NO EXTRAS TO BUY 

* Attractive Appearance-Reliable Design-Quality Performance * 
UNBEATABLE FOR QUALITY AND VALUE 

Fully Detailed and Illustrated Leaflet on request 

Built ready 
to use 

if 5.19.6 

10 WATT HI -Fl 
TRANSISTOR AMPLIFIER 

Replace that Valve Amplifier with 
this High Fidelity Amplifier 

40 C/S TO 20 KC/S ±1dB 
LESS THAN 
DISTORTION 

0.3% 

e 100mV INPUT FOR 
10 WATTS OUTPUT 
MAINS OR BATTERY ANY 
VOLTAGE 44 to 24 

(Mains Unit 69/6 extra) IDEAL FOR ALL MONO AND STEREO 
Supplied complete with booklet show -HI-FI EQUIPMENT 
ing preamplifiers, mixers, stereo, public address, etc. 
Can be used with any commercially available valve or 
transistor preamps, tuners, etc. 

P.P. 2/- Booklet available separately 1/6 post free 
Call for demonst a- PERFORMANCE EQUIVALENT TO VALVE AMPLIFIERS OF 
tien-any time. FOUR TIMES THE PRICE AND MANY TIMES THE SIZE 

HI-FI TRANSISTOR PRE -AMP. 
* Full Function Preamplifier for :9 to 
40 volts operation. Designed for above 
but suitable for any amplifier. 5 con- 
trols. Printed circuit 9" x 2". 
Built 99/6, P.P. 2/-. 

BATTERY ELIMINATORS AND CHARGERS 

Run your radio or amplifier from mains 
1. For PP3 or equivalent 9 volt Pocket 
Radio Battery 18/6, P.P. 1/- 
2. For PP4, PP7, PP9, PP10, 9 volt 
Portable Radio and Equipment Sup- 
plies up to 300mA 49/6, P.P. 2/- 
3. De Luxe version of No. 1, also 
charges PP3 type batteries. - 

24/6, P.P. 1/- 
4. Rechargeable PP3 battery. Runs as 
long as 100 batteries. Completed with 
charger unit 25/-, P.P. 1/ - 

HI -Fl EQUIPMENT 
New range of modern mono and stereo 
hi-fi amplifiers with pre -amps in stock. 
Also speakers, record decks, etc. 8 watt, 
15 watt, 30 watt tuners, etc., etc. Leaflets 
on request. See new catalogue. 

Built and 
Ready to 

Use 
(5.19.6 
P.P. 2/ - 

(Complete 
with full 

descriptive 
Booklet) 

7 -TRANSISTOR 
RECORD PLAYER/RADIOGRAM 

4 Watt (Peak) Amplifier 
Full Treble and 
Bass boost and cut e 

e 40 c/s to 20 kc/s ti 
f3dB 

Q Inputs for Pick-ups, 
Radio Tuners, Mi- 
crophones, mixers. 
etc. 

15 ohm Speaker (8" x 5" 22/6 extra)' 
12 to 18 volts mains or battery 
Size only 6" x 24" x 2" 

Ideal for mains or battery, portable or 
domestic record players, grams, etc. 
Ideal for car use. 
Mains U nit 80/ -extra Call for demonstration 

BOOKLET FREE ON REQUEST 

Watt 4 Transistor 
Amplifier 

® Improved 
Version 
14 watt peak 
output. 
±3dB 70 c/s 
to 12 kc/s. 

Output to 3 

ohm speaker 

9 volt 
operated 

Details on 
request 

Built and Kit of 
Tested Parts 

59/60R 52/6 
P.P. 1/6 P.P. 1/6 

20/ - 
0/500µA 2" FR ... ... ... 15/- 
24-0-2kmA, 24" flush DC ... ... 12/6 
0/15 volt M.1. 24" FR ... 0/6 

Miniature Panel Meters 
*0150µA (DC) 39/6 *0/5mA (DC) 27/6 
*0/50op.A (DC) 32/6 *0/300V (DC) 27/6 
*0/1mA (DC) 27/6 Vu Meter 42/6 
"S" Meter 35/-. All Brand New Boxed. 
*Available Clear Plastic Front or Black 
Moulded. State which. 

METER BARGAINS 
50 Microamp 2" square MC ... 36/- 
1 mA 2" square MC... ... ... 25/- 
1mA 24" Flush round . .. 30/- 
2;" Moving Coil double range Voltmeter 
centre zero. 30-0-30 and 3-0-3 volts. 
Ideal for transistor tester or voltage 
measurements, 12/6, post free. 
0/500 microamp, 24" flush mount- 

"MINIRANGER" 
3 -Transistor plus 2 Diodes. 
Smallest radio to build yourself. 
Printed circuit, full tuning. 
ONLY 3" x 2" x e". Over 20 
stations. 

TOTAL A I9/6 
P.P. 1/6 COST «11. 

"QUINTET" 
POCKET 
RADIO 

Size 54"x3"x14" 
5 -Transistor, plus 
Diode MW/LW to 
build. 

79/6 P.P. 2/ - 
BOTH MODELS AS PREVIOUSLY ADVERTISED * ALL PARTS SOLD SEPARATELY. BOOKLETS FREE ON REQUEST * JM/VWMNNNfAN-NNNNiMJNJNN 
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