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A.F. Bridee Ampliier: Sensitive Null
Detector, by M. G. Seroggie, 175,
May

A.G.C. Anpliier. by 8. W. Amos and G. G.
Johnstane, 415. Oct.; 452, Nov.

AM./F.M. Experiments, Wrotham, 141, Apr.

A M. versus .M. (Correspondence). 39, Jau. ;
122, Mar.; 146, Apr.; 220, June;
263, July: 407, Oct.; 453, Nov.:
(Editoriais). 167, May; 209, June;
(News), 372. Sept.; Brit. I.R.E.
Paper, 350, Sept.

Accumulator, Exide Unspillable TL.PM4, 119,

Mar.

Acoustics of the Royal Festival Hall, 244,
June

__ Studio. B.B.C. Measurement, 435. Oct.

dcustica. New International Journal (News),
16, Jan.

Aerial, Eddvstone Amateur Beam, 175, Nov.

——, Helieal, 262, July

__ Merryweather 0.13. Mobile. 75, Feb.

—— Multicoupler, Plessey, 36, Jan.

- Svstem, Wrotham, by C. Gillam, 210,
June ; 279 July

, T-Mateh Television. by B. Mayson.
404, Oct.
Ternporary Vision, by I'. D. Bolt. 13,
Jan.

Air Communieations, Multi-Carrier. 92, Mar.

Navigational Alds, by Basil Clarke, 329,
Aug.

Tratie Coutrol Records (Corresponil-
ence), 123, Mar.

Aireraft Radio on Show, 8.8B.A.C., 418. Nov.

Airfield Surface Movement [ndicutor, 170,
May

Airmet (News). 102, Mar.

Lluminium Jointing, 181. May ; (Correspond-
ence), 408, Oct. ; 500. Dec.

Aluminizing Cathode-Ray Tubes, hy S. R.
Neuberger and J. H. Jupe, 245, June

Amateur .M. Frequencies (News), 461. Nov.

____TRadio Developments, by J. P. Hawker,

465, Nov.
Television, 319. Aug.
Convention (News), 225, June
— Yrequencies (News), 313, Aug.;
461, Nov.

e —— —— Duteh, (News), 102, Mar.

American Coast-to-Coast Television (News),
461, Nov.

—— Insularity (Correspondence), 179, May

— Walkie-Talkie, R.C.A., 201, July

- “Wartime ””  Amateur  Frequencie:
(News), 139, Apr..

Amplitied Automatic Gain Control, by 5. W,
Amos and G. G. Johnstone, 415, Oct.;
T.R.F. Receiver, 152, Nov.

Amplifiers for Disc Recording, B.S.R.A.
Lecture, 14, Jan.

—, Stabilizing Yeedback, by
Roddan, 112, Mar.

Approach to * High ¥idelity.”” 289. July

Asian Conference on Broadeasting (News),
224, June

Association oi Protfessional Recording Studios,

A

Thomas

2, Jan.

——— Public Address Engineers’ Exhibition,
9259, 265. July ; (News), 182, May

Astronomy, Radio, 275, July

Athlone Fellowships (News), 462, Nov.

Attenuation of Screened Rooms, E.R.A.
Report, 151, Apr.

Audio Convention. Brit. I.R.E., 109, Oct.

TFrequeney Valve Voltweter, by

Kellv, 215, June

Australian Time Signals (News). 138, Apr.

Automatic Course Dlotting, 143, Apr.;
(News), 501, Dec.

—— Monitoring (Correspondence), 322, Aug. ;
457, Nov.

B.B.C. /G.P.0. Standards (Correspondence),
263, July; 369, Sept.
Beveridge Committee’s Report, S1,
Feb. ; (Lditorial) 125, Apr.
Broadceasting Ingniry (News), 15, Jan.
— Daventry, New Transmitter (Neis),
137, Apr. ; article by R. W. Hallows,
236. June
——— Exhibition (News), 269, July
——— Holme Moss Opens, 473, Nov.
—— Holme Moss Tests (Vews), 313, Aug. ;
412, Oct.

B.B.C. Metre-wave Broadeasting Suh Judice
(Editortaly, 209, June: (Correspond-
ence), 263, July

New Appointments (News). 17, Jan.
- New Governors (News), 15, Jan.
P.M.G.’s Statement on V.H.F. (Editor-
iul), 337. Sept.

— Questions about E.H.F. Broadcasting
(Editorial). 167, Apr.

Report. 1950/1 (News), 461, Nov.

—— Standard  Frequency Transmissions
378. Sept.

— — Standardized Chassis. 261, July

—— Stations, List, 104, Mar.

Stindio Acoustics, 435, Oct.

Television Map, é‘z. Feh.

Television Progress (News), 15, Jan.

Twelve New _Low-Power Stations
(News), 268, July; 412, Oct.; 463,

Nov.
Wenvoe Television Station (News), 102,
ar.
\Wrothain Transmitter, 141, Apr.
Year Book, 1952 (News). 502, Dec.
Zoom Lens, 312, Aug.
B:5.1. Committee’s Keport (News), 138, Apr.
Jubilee Exhibition (News), 182, May.
B.5.R.A., Amplitiers for Disc Recording,
14, Jan,
Annnal Convention, 260, July
-, Electromagnetic Gramophone Pickups,
Lecture, 238, June
Lxhibition (News), 182, May ; Review,
265, July
Wregnency Test Records, Diseussion,
231, June
Oflicers (News). 374, Sept.
-. Piezoctectric Pickups, Lecture, 18, Jan.
B.V.A. Ofticers (News). 413, Oct.
Bad Radio Teaching (Correspondence), 500,
Dec.
Baird Plaque (Vews). 461. Nov.
Ball Race, Miniature Bearines, 296, July
Baudqml:gsi Converiers, by H. 1. Dent. 67,

eb.
Bass without Big Baflles, by K. A. Exley.
132, Apr. ; (Correspondence), 219. May ;
264, Jnly; 321, Aug.; 360, Sept.;
108, Oct.
Batterics. Re-activating Dry, by R. W.
Hallows, 434, Get. ; (Correspondence).
457, Nov.
BLVERIDGE REPORT :
Broadeasting  Monopoly (Editorial),
25, Apr.
Uinema Television (News), 137. Apr.
Covernent White Paper on Report
(Editorials), 301, Aug.; 337, scpt.
Meetings of Broadcasting Committee
(News). 15, Jan.
Metre-wave Broadeasting (Edilorials),
167. May ; 209, June; 439, Nov.;
(Correspondence), 263, July; 500,

Dec.

Mystery Broadcasting (Fditorial). 337,
Sept. ; article by Thomas Roddarn,
%41, sept. ; (Correspondence), 499,

ec.

Recommendations of the Broadeast-
ing Committee. S1, leb.; (Corres-
pondence), 121, Mar.

Binarv and Decimal Systems: Tens or

Twos ?, by * Cathode Ray,” 351

Sept.

Binaural Broadeasting, 371, Sept.
Brit. LR.E. Annual General Meceting, 461,

-, Bidophor Projection Television, paper,
24, Oct.
——— Kleetion of Oftticers, 461, Nov.
—— Graduateshin Examination, 139, Apr.
——, Hearing Aid Problems, paper, 107,
Mur. i
Premiums, 413, Oct.
-, Progress  in Loudspeaker
paper, 18. Jan.
,V.HF.
Sept.
1951 Convention, 101. Mar.; 138,
Apr.; 224, June; 268, July; 314,
Aug. ; 350, 372, Sept.; 409, Oct.
Broadcast Receiver Design, I E.E. discussion,
72, Feb.

Design,

"

Broadcasting, paper, 350,

e
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Broadeasting Committee’s Inquiry (\ews),
15, Jan. ; Summary of Recommend:-
tions. 81, Feb. ; (Correspondence), 121.
Mar.; 263, July; 499, 500, Dec. :
(Editorinls). 125, Apr.; 167, May;
209, June; 301, Aug.; 337, Sept.;
439, Nov,

of Records (Correspondence). 219, June

Business Radio, P.M.G.'s Statement (News),
372, Sept. ; 412, Oct.

, Details of Service, 108, Dec.

CABLE, Telecon Transmitter Yeeder, 37,
Jan.

Capacitors, ZElectrolytic, by G. W. A.
Dummer, 510, Dec.
in See-Saw Circuit (Correspondence),

180, May

Cathode Follower Circuit (Correspondence),
80, May : 220, June

Cathode-Ray Tnbes, Aluminizing. by &, R.
Nenberger and J. H. Jupe, 245,

June
English Electric Stecl (News),
16, Jan.
for Television, G.E.C., 297
July
Chokes, R.T"., by “ Cathode Ray,” 494, Dec.

Chureh House, \estminster, Sound Rein-
forcing Installation, by D. . Pipc,
117, Mar.

Cinema Television (FEditorial), 83, Mar.
(News). 137, Apr.

Circuit Diwgrams, Aid to Reading : Grouped
Component References. by L. Bain-
bridge-Bell. 115, Mar.; (Correspond-
ence), 219. June

Coil Turrets, Denco Miniature, 519, Dec.

Comité International de Télévisjon, New
Journal (News), ~02, Dec.

Component Specifieations, R.I.C., 238, June;
204, July; 454, Dec.

Computor. New bigitnl. 333, Aug.

———, “ Nimrod,” 292, July

Computors, by ‘“ Cathiode Ray,” 419, Oct. ;
%‘O‘rrespondence), 458, Nov.; 499,

ee.

Consol Charts (News), 139. Apr.; 270, July
Constant-Ciirrent Generator, The Valve as,
by = Cathode Ray,” 152, Apr.
Continental Gramophone Records, 184, Dee.
Continuously Variable Mains Transformer

by H. E. Styles, 306, Aug.
Con\'erters, Baud-pass, by H. B. Dent. 67,
Te

Copenhagen Intermediate Frequencies (News),
15, Jan. ; 360. Sept.

Countering Mains Fluctnations, by Graham
Woodville, 148, Apr.

Crystal Oven. Pye Miniature, 163, Apr.

—— Set, A Modern, by B. R. Bettridge,
338, Sept.; (Correspondence), 408,
Oet. ; 457, Nov.; 500, Dec.

Curious Eifect (Correspondence). 40, Jan.

Cylindrical Chassis, Murphy. 324, Aug.

D.C. Amplifiers, Reducing Drift in, (Corres-
pondence), 80, Ieb.
D.S.I.R. Telecommunications Research, 131,

ct.
Danish Television (News), 463, Nov.
Daveutry Station, New, by R. W. Hallows.
286, June
Deeea Chain, French, (News), 462, Nov.
— Might Log Computor, 143, Apr.;
(News), 501, Dec.
Navigator ¢+ N. British Chain opens
(News). 269, July; 313, Aug.
Design for Servieing, by M. G. Scroggie, 396,

ct.
Diathermy Interference  (Correspondence).
370, Sept.; 157, Nov.; 500, Dec.
Dictation Machine, Magnetic, 196, May
Digital Computor, New, 333, Ang.
Dimensions. by “ Cathode Ray,” 469, Nov.
Diode Detector Distortion, by 'W. T. Cock-
ing, 171, May
Diodes for Drift Correction (Correspond-
ence), 80, ieb.
Distribution of Sound (Editorial), 43, Teb.
Domestic Radio on Show (Ediforial), 383,

ct.
Dutch Television Stations and Frequencies
(News), 101, Mar.; 462, Nov.

£
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E.H.F. Broadcasting (Correspondence). 39.
Jan.; 122, Mar.; 146, Apr.; 220,
June; 263. July; 407. Oct.; 1568,
Nov.; (Editorialsy, 167, May; 209,
June; 439. Nav. ; (News), 372, Sept. ;
Brit. I.R.1I. Puaper, 350. Sept.
Communieations (Cerrespondence), 122,

Mar.
K.H.T. Booster,

Flybaek, by A, H. B.
Walker, 27, Jan.
———from an R.¥. Oscillator, by C. .
Dickinson, 70, Feb.
——— Systems, Ringing-Choke, by W. T.
('ocking, 444. Nov.; 513, Dec.
EMY. or P.D.? (Correspondence), 79, Teb.

1.M.1, Eleetronic Scholarslips (News), 314,

Aug.

Earls Court Exhibition, 1951 (News), 137,
Apr.; (Editoriuls), 337. Sept.; 383,
Oct.; Guide, 361, Sept.: Review,
334, Oct. ; Attendance (News)., 412
Oct. ; (Correspondence). 499, Deec.

Earphoue, Bonochord Mininture, 475, Nov.

EDITORIALS : )

Distribution of Sound, 43, Feb.

Domestic Radio on =how, 383 Oct.

Encouraging Technical Writers, 479,
Dec.

Festival Television. 301, Aug.

I'ire and Shock, 1, Jan.

Gogermnent Views on the B.B.C., 301,

ug

Home Broadcast Recording. 125, Apr.

Tllegal Interierence, 337, 3e|)t

Metre-wave Blowdc(mtmg Sub Judice,
%UEI) June ; (Correspondence), 263,

uly

Middle-age Musings, 125, Apr.

National Radio Exhibition, 337, Sept.

New DBroadcasting System ¥, 337
sSept.

Questions about B.H.F. Broadcasting,
167, May; (Correspondence), 263.
July

Sound Reproduction. 251, July

Television in the Cinema. 83, Mar.

Uses of Metre-wave Broadeasting,
439, Nov.. (Correspendence), 500,

Dec.
Educational Filmstrips, Mullard, 375, Sept.
Kfficiency Line-Scan Circuits. by W. T,
(btéking, 302, Aug.; 347, Sept.; 425

Oct.

Eidophor Projection Television System. Brit.
L.R.E. Convention Paper, 424, Oct.

Flectrical Dangers (¢ Wespun(leme) &0. Feb.
80, May

Klectricity Power (uts Warning (News), 462,
Nov. ; 502,

Eleetro Phys ‘lOlO"lCd] Zlec}mo]ogxsts Associa-
tion Annual Meeting (iVews), 153, May

Electrolytic Capacitors, by G. W. A. Dumimner,
510, Dec.
Llectxomm'netxc Gramophone Pickups,
B.S.R.A. paper. 235, June
Electronic Flight Simulator. 130, Apr.
Fluxmeter, by P. L. Tavlor, 161. Apr.
Photography, Muliard, 27, Mar.

Elettra 11, Marconi, 232, Junc
FEngineering Conference, Joint, (News), 224

June
Europe’s V.H.T. Stations (News), 137, Apr.
EXHIBITIONS :

Anglo-French, 138, Apr. Association
of Public Address Engineers, 182,
May; 259, 2656. Julyv, B.B.C., 269,

July. BLY. 1052, 374,8ept. B R.A,

152, May ; 265, July. British Standards
Golden Jubilee, 182, May. F¥lectron-
ies, 268, July. Indiun, 154, Mayv.
lnstruments, 268, Juty. Manchester
1952, 112. Oct. Model  ©.nyineer,
269, July; Telearchics. 433, Oct.
Natiopal Radio and Telcvision' Show,

1961, 137, Apr.; (&ditorials), 337,
Sept 383, Omx Guide. 361, Oet. ;

Jjexlew 384, Oct.  National Radio
Show, 1952, 412, Oct. Paris Tele-

vision, by A. V. J. Martin, 459, Nov.
Physical Society. 189, May. Plasti ics,
269, July. R.E.CM.I., 102, Mar.

134 Apr.; 185,101, \l’ty RLEL Ml
1952, 462, I\ov RS.GL., 183, May ;
413, Oct.; 461, Nov.; 503, Dec.
S.B. C., 448 Jov.  South Rank,
173. May. Television Society. 501,
Dee.

F.M./A.M. Experiments, Wrotham, 14},

Apr.
F.M. American Views (Correspondence), 79,
Feb. '
—— and Txports (Correspondence), 322, Aug.
in Germany (News), 463, Nov.
—— Ttalian Network (News), 15. Jan.
-—— Receiver, Design for, by J. G. Spencer,
440, Nov. ; 487, Dec.

f

T.M. versus A M. ((‘Wﬂeponden('e) 39, Jan. ;
12: :

Mar.; 146, Apr Tune
263, July; 407, Oct.: 458, Nov.
(Edi(uria!s). 167, May; 209. Jm.e
(News), 372, Sept.; Brit. T.R.E.

paper. 350. Sept.

FMQ. by W. s, Mortley, 399, Oct

Taraday Medallist, T, i hckexsle), (Vews),
101, Mar.

Feedback Amplitiers, Stabilizing, by Thomas
Roddam, 112, Mar.

Yeeder Unit, lem by J. T. O. Vaughan
480, Dee.

Festival of Britain :
South Bank.

Liadio Tqmpment al the
173, May; Testival
Hall Acoustics. 244, June ; "Television

at the South bank. 244, June:
Stercophonic Sound in Telekinema,

223, June, Telekinema Demonstra-
tions  (Correspondence), 264, Iuly
(Fditorialy. 301, Aug.; .‘\matelu‘ Par-
}ic}patiou 101, Mar.; 139, Apr.; 270,

Vilter, Unusual Ladder, by F. . ¢¢. Davey,
"31, Jan.

Fire and Shock (Editorinl). 1, Jun.; article
by . C. Connelly, 2, Jan.; (Curres-
pondence}, 115, Apr. ; Tire Protection
Assn. Leport. 69. i'eb.

Flight Simulator, B.0.A.C., 130. Apr.

Fluxmeter, Electronie, by P. L. Taylor,

A. H. B.

161,

Apr.
¥lvback B.H.T. Booster, by
Walker, 27, Jan.
Trencli Decea Chain (News), 462, Nov.
Television (News). 225, June
Trequency-Modulated Dmntl by W. S
Mortley, 399, 0('1;
Modulation, by *“ Cathode Ray,” 193,
May ; _’39 June; 271, July ; (Correc-
tions), 3_’% Aug.
Test. Reconls B. b R.A. Direussion. 231,

June )
Fuses, Temperature, 284, July
G.P.O./B.B.C. Standards (Correspondence),
263, Julyv; 369, Sept.
l.udln Station Jubilee (Vews), 102,

G.R.S L (/L\\%eﬂ of Membership (News),
Jan.
War Office Agreement (News), 139, Apr.
Gas Discharge Tubes, 283, July
Generator, Sqn:lre-Wa\e by 0. (. Wells,
35, Jan.: (Carrertion). 103, Mar.;
(Correspondence), 322. Aug.
German Television (News), 412. Oct.
Germanium (‘,rystal Set. by B. R. Bettridge
338, Sept.: (¢ owes'pondem,e) 408,
Oct, ; 57, Nov.; 500. e
Dmdes by R. T. Lovclocl\ and J. H.
Jupe. 57, Feb.

Reetitier, G.E.C.. 37, Jar
Gov emment Views on the B.E. (, {Editorials),

Aug. ; 337, Sept.
Gmmoplmne Turnmble peeds, by G. F.

Dutton, 227, June

Grouped Component References, Dby L.
Bainbridge-Bell, 115, Mar.; (Corres-
pondence), 219, Juue

HARBOUR Control Radar, 105.
(Correspondence), 220. June
Hem‘iug Aih, Amplivox Miniature,
uby
Bonochiord Mininture. 37.
— Problems. Brit. 1.R.E. paper.

Mar. ;
296,

Jan.

107,
Mar.

Helical Aerial, General Electric of America,
262, July

High- Deﬁmtmn Films Ltd Company formed
(News). 502,

Television, by . W. Huallows.
ay ; (Correspondence), 322, Aug.
- LU, 156, Apr.
High-T'ower NKlvstron. 351, Sept
Hoime Moss Moditications for

197

WP, Tele-
vision Set. 286, .July
Television BStation Opens, 473,
NOV.
- "Tests (News), 313, Aug.
Houours, Birthday (News). 269. July
Horn Loading. Brit. LR.E. raper. 18, Jan.
House of Lords, Tannoy Installation, 312,
Aug.
How Reliable is a Radio Valve? T.EE.

discussion, 91, Mar.
—— Television Works. G.-B. Iustructional
Tilm (News). 183, May
to Clioose a Valve. 1»\ Thomas Roddamn,
221, June ; (Correction), 324, Ang.

1LE.E. Annual Report (News). 269, July
Awards (News), 373. Sept.
- Bmudm:t Xeceiver Desiyn, discussion,
72, Feb
— Councnl (Neus), 374, Sept.

3
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1.E.E. Faraday Medallist (News), 101. Mar.
, How Ieliable is « Radio Valve?
discussion, 19, Mar.

— Joint. Engineering Conference (News),
224, June
\enuuq System as a Cmumunication
Network. paper, 6, Ja
Radio section Commlttc«‘ (1\ ews), 374.

Sepl.
Television lnnveution (News)., 13%,
Apr.; 412,

T.¥. After Copenhagm 360, Sept.

LP.R.I.. North-Bastern Section formed
(News), 139. Apr.

I8 W.Cl (,nmpetxtums (News), 17, Jan.
Igunition Interference (News), 182, May
Suppressor, by Ronald 'G. Young,

451, Nov
Imitation Nickel Phtm;, Metal Processes
460,

Tudoor_ Television \enal, by If. Page, 165,
May
Industry and E.H.E. (Correxpondence), 263,
July
Institute of Physics Annual Report (News).
269, Jnly
—— Graduateship Examnination (Vews)
412, Oct.
Interference. Diathermy ((,‘m'rcsprm(lence)‘
370, Sept. ; 457, Nov. ; 500, Dec.
Ille"a] (L«Iltorzat), 337. \opt
— Sources o1, 468. Nov
Intermodulation’ I)xs’wmon in Gramophone
Pickups, by 8. Kelly. 256, July:
(l.'urrespondeuce), 370, Sept.
- Testing, by 1. W. Derthi-Jones, 233,
June
Intemat]ondl Conference at Geneva (News).
Sept.
Iono&phere Review : 1950, by T. W. Benning-
ton, 109, Mar.
Ttalian I'.M. (News), 15, Jan.

JOINTING Aluminium, 181, May : (Corres-
pondence), 408, Oct. ; 500, Dec.

LEGITIMIZING the ** Putl ” (Correspond-
enee), i"l Aug.; 407. Oct.; 458,
Nov.; 499. Dec

TT]< R\ TO THE LDITOR:
AM. versus I"M.. R. C. Burnell, 39,
Jan.; . A. Ruddle, 122, Mar.,
W. €. Cruttendeu, 146. Apr.;
J. R. Brinkley. 220, June; F.
Blackbwrn, F. H. Beaumont. 407,
Oct.; W. M. Dalton. 458, Nov.

Air Trafic Confrol Lceords. E. L.
Buaddeley, 123, Mar.

American Insnl;u‘ity, A Cribb. Terence
R. Bond, 179, May

Auntomatic Momtnnn" R. Danziger,
322, Aug. ; F. A Peachey, 457, Nov.

13.B.C/G.D.0O. standards. C. R. White,
263, July; W. J. Vll(lean A Al
Cotberell. T. Bramall. 369, Sept.

Bad Radio Teaching. Mark Owney,
500, Dce.

Bass Without Big Baﬁ]e% 1. B. A
Bourn, 219, June; "A. Exley,
264, ulv 321. Anz 36‘) Sept..
408 Oct.: F. D. (. Baker, 264,
Jul\ G. A Briggs. 0. G. I\emlal\o
321, Aug, ; BE. R, Veater, 370, Sept.

Be: xutx&aud ihe Beholder, W. Wilson,

an

Beginnings of Radar, T.
122, Mar.

Bevendge Report, Hugh’l‘luy,“Ramw
phare,”” 121, Mar

Broadeasting of Recmd% E. Jetfery,
219, June

Capacitors in See-Saw Circuit, J. K.
Draper, 180, May

Cathode Follower Circuit. $. H. ¥inn.
180. May ; ¥. Butler, 220. Junc .

Crystal  Menace ? €. Lidd, 408,
Oct. ; R. Bettridge, 457, Nov.;
F. Al Imd(llc 500, Dec.

Curious Litfect, ‘R. Ritter. R, G
40, Jan.

“ Decentralized ”” Broadeasting, W. H.
Cazaly, 500, Dec.

Diathermy Interference, R. Cussins.

A. Walker,

Parr,

370, Sépt.; H. Willan Critchley,
4;’»7, Nov.; P. L. Liverett, 500,
Dec.

Diodes for Drift Correction, D. A.
Bell. 80, Feb.

EHF. (omlnumcatloue H. N. Gant
122, Mt

L\l 1. or P.D. ?, Henry Morgan, 79.

eb.
E‘uLsComt,Televmon 1. . Benbough, -

499, Dec. .
Electrical Dangers, Harry Crampin,
80, ¥eb.; T. J. Wynn, 180, May
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Lotters to the Editor (contd.)
. M. : Aamerican Views, Edwin H.
Artmtxon" Charles \ndm'sou, 79,

Feb.
¥. M. und Exports, ¢,
322, Aug.

Festivul Demonstrations,
Lanachan, 264, July
Good Example : Interterence Suppres-

sion. (4. W, M. Lush, 30. Feb.
Grouped Component References, W.

H. 0. Banham, 219, June
Industry and E.HTF., D A. Bell

J. 1. Brinkley, 263, July
Tnnocent Pentode, Thomas Roddam,

I. Orr-Ewing,

W. Mac-

369, Sept.

Intmmo(ln!ltlon Tests, L. J. Elliott,
370, Nept.

Jointing Aluminium, P. A. Raine,
408, Oct.; A. E. Crawtord. 500,
Dee.

Tegitimizing the “ Puil.” A. . Kay,

321. All“‘. 4499, Dec.; V. M nes,

407, Qct ; V. J. de Grijs, 458, Nov.

Nomenclature, . 3. Tuckle. 32
Aug.: L. Bainbridge-Bell 40?,
Oct.

Over-Centralization, L. MacNaughton,
219, June

Phase  Shitt Oscillators, W.
D. P. salmon, 39, Jau.

Pickup Design, J. H. Brierley, 81,
Jeb. 5 Peter J. Baxandall. Ralph
1. \\(‘Ht 146G, Apr.

Input Circuit, J. G. Wnapp, 40,

Jan.

Power-Cut Radio, I. G. Benbough,
123. Mar.

Pulse Power, 5. Cook, 498, Dec.

Radio in the Jungle, D. R. Saben,
179. May

Reactivating Dry Battevies. A. Tid win
steveus, Thomas G, Ward, 457,
Nov.

Recoulm" Studios, M. L. Gayford,
458, Nov.

I{erlund:\ut \\onl ?. R. L. Hackworth,
458, Nov.; Hem\ Morgan, 499,
Dec.
Resistor Colour Goding, R. Recves,
30, Te
sereened
408, Oct.
Square-Wave Generator, R. William-
son, 322, Aug.
>tereophonic Sound, M. G. Scroggie,
145, Apr. §
Television Coiour Coding. L. A, C.
Hill. x0. Peb.
Fire Hazard, k. S. Phillips, 145,
Apr.
Licenices, M. T. J. Brons, 220,

Bacon.

Valves, Keith L. Brook,

une
—— Load. M. G. Scroggie, 39. Jan.
Relay Loss, G. H. Ball, 145, Apr.;
G. L. btephens, 220, Fune
—— Visor, " F.S MO, 122, Mar.
Thermal Solderin;z shunt, Joseph
Clegg, 220, June
Thorn M‘edlea C. E Watts, Stanley
121, Mar.: A. M. Pallock,

pr.

1,000- Line Wilt o’ the Wisp, H. G.
M. Spratt. 322, Aug.
Tolerances and  Errors, *‘ Cathode

Ray,” 41. Jau.
\'alve Priovitics, Telefunken G.m.b.H.,
70, Sept.
Standardization, T. L. Franklin,
500, Dec.
- Svmbols. B, Jetfery, 179, May
\\'hut is & Polar Diagram 2 1. Bain-
bridge-Bell. 220. June

Licences, 55, Feb.; 102, Mar.; 139. Apr.;
83, May; 225, June; 269. July;
313, Aug 374, Sept.; 413, Oct. ;
462, Nov. ; 503, Dec.

Line-Scan Circuits. Eliciency, by W. 1.
gockmg 302. Aug.; 317, Sept.; 425,

Long-distance Radiv Jubilee. {86, Dec.
Loudspeaker Cabinet Design. by D. E. L.
shorter (Correction), 53. ¥eb.
— Dmghmgm Control, by J. Moir, 252,
1

—, Ekco ESlI.) Extension, 36, Jan.
E— Input Power, by Thomas Roddam. 29,

Jan.
——. Ribbon, by . L. Tavlor. 7, Jan.
—, Whiteley Concentrie Duplex, 36, Jan.

MAGNETIC Dictation Machine, Dictore],
196, May

~—— Recording Tape, by H. G. M. Spratt,
88, Ieb. ; 149, Apr.

Mains Fluctuations, Countering, by Graham
Woodville, 148, Apr.

Mains Transformer, Continuously Variable, by
H. i, Styles. 306, Aug.

Marconj Elettra II. 232, June

Marconi’s Translantic Jubilee. 486, Dec.

Measuring Instruments  Joint  Advisory
Committee formed (News), 412, Oct.

Meter, Multi-Range, Taylor Eleetrical. 519,
Dec.

— stunt. Universal, 285, July

Meters, Modifving Surplus, by W. H. Cazaly
376, Sept.

Metre-Wave Broadeasting (Editorials), 167,
May ; 209, June ; 439. Nov. ; (Corres-
pondence), 263, July; 500, Dec.

Microscopy. Television, 162, Apr.

Miniature Walkie-Talkie, 323, Aug.

Modern Crystal Set, by B. R. Bettridge, 338.
sept. ; (Correspondence), 408, Oct.;
457, Nov.; 500, Deec.

Modifving *“ Surplus’® Meters, by W. H.
Cazaly, 376, Sept.

’\Iadu'atmn Battle, AM. v. F.M., Brit.

Paper. 350. Sept.

‘\Iomtmmz Antannhc (Correspondence), 322,
Aug.; 4567, I\()\

Multi-Carrier Air Commnunications. 92, Mar.

Multi-Range Ohmmeter, by 1. B. Davidson,
50, Feb.

Multiple- Unit Resistors, 292, July

Mystery Broadcasting (Fdzlonul) 337, Sept.;
article by Thomas Roddam, 341,
Sept. ; (Correspondence), 499, Dec.

N.P.L. Open Days, 142, Apr.

Navigational Aids, Air, by Basil Clarke,
329, Aug.

- : Radio on the Airwavs. 199. May

Neun ’;I‘es%m;. Grafton, Kerston & Co.,
53

Nerve tommumcqtlons, 1.E.E. paper, 6,
Jal

New Duventx‘_\' Station, by R. W. Hallows
236. June

“ Nimrod »” Computor, 292, July

Nomenclature (Correspondence), 321. Aug.

407, Oct,

OBITUARY : lobday. €. H. G., 162,
Nov.; Lay, Avthur \W., 139, Apx ;
Loring, Comdr. F. G,, 462, Nov.
Matlett, Dr. Edward, 55, Feb.;
Mansbridge, George F., 182, May;

Philips. Dr. Anton. 462, Nov.

Ohmeter, Mnltx -Range, byI 1. Davidson.
50. Teb.

Operating Airborne Iquipment, by Basil
R. Clavke. 135. Apr.

Oqcillamn Phase-shift (Correspondence), 39,

.
Osmlluacope Caiibrator, by W. Tusting,
310, Au
“Hyum,” by W. Tusting, 507, Dec.
Units, ivfnll'ud, 37, Jan
Over- C‘?ntmhzatlon (Cor*respondmzce), 219
une

PARIS Televi&iou Show, by A. V. J. Martin,

No

1’.xt0nt Omce belnrv Hours (News), 270,
July ; 503, Dee

Pattern Generator f(n Television : Radar
Radio and Television Ltd., 269, July

Pentode as an Amplilier (Correspondence),
369. Sept.

Performing Rights (News), 133, May

PERSONALITIES : Adorian, Paul, 138,
Apr.; Angwin. Sir Stanley, 138, Apr.,
225, June ; Armstrong. Major Edwin,

314, Aug.; Bareford, Dr. C. F.,
314 Aug. ; Booker Dr. H, G., 373,
Sept Bloadbellt 3P, 225, Jlme,
Bucl\le C.. 225, June ( lmlk J,

225. June ; Chxplmfv N. C. 138, Apr

Condlitte. G. B.. 503, Dec. ; Dannatt,
Dr. C., 413. Oct.; Dickson, J. A,

54, Fcb.; Dome, R. B.. 374, Sept. ;

Eckersley, T. L.. 101, Mar 1 (lmburgh
H.R.H. The Duke of, 162. Nov.;
Edwards, W. G., 413, Oct.; Espley,
Dr. D. C.,, 373, Sept. ; Fairtield, C. L.
G., 413. Oct. ; Fisk, Sir Ernest, 265,
July ; Fleming, Sir Arthur, 413, Oct, ;
Fraser, Sir lan. 268, July; Gilbert.
John C. (.. 503, Dec. ; Gill, Sir Archi-
bald, 413, Oct. ; Gmman A.H., 102,

Mar. ; Good, Percy ,Jdan. ; Haddon
Sir Riehard, 54, I‘eb Hemhtmdn
D. .. 102, Mar, ; Holmes, R. G.

139, Apr.;
183, Muy
269, July ;

Howe, Prof. G. W. O
Humphreys, 0. W.
Hunt Harold. 183, 1\[.1V
Hunter, Philip V., 269, July ; Hurlen,
5. A., 503, Dec.; Xirke, "H L, 413
QOct.; Macnamara, 1. C., 17, Jan.;
McLean, F. C., 413, Oct.; Marler,
J. T., 462, Nov. ; Maskell, W. A. C,,
268, July Mayo, ‘R. G. E., 269 July,
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Mitehell, 8. 8. C., 503, Dec. ; Mumford,
A, H., 225, June; Nicholas, Air
Comdre, B. D., 17. Jan. ; Nicholls,
Major General L. DB.. 138, Apr.;
Olson. Dr. Harry L., 314, Aug.;
Orr-Ewing., Charles 1. 18-3, May ;
Pacent, louis, 139 Apr.; Patrick,
R. €., 413, Oct. I’Iulhps L. H J.
102, Mar.; J:zuuev Dr. W. G.. 413,
Oct. ; Ratelitte, Prof. John A.) 183,
My ; Reading, Col. J..
Reed.Dr. Morris, 1h‘3 May ; Rld;:e\\'a
7. W.. 102, Mar. Iwheltqon N.

503, Dee. ; Tunshforth. Looxnld 04
Feb. ; Snnpson Tjn T
Smale, J. AL ‘37; \(’pt

Dr. R. 1., 138, Apr.; Sowerby, T
McG., 462. Nov. ; Spaguoletti, P H.,
; Spencer, Sir Thomas G,

; Stannard, G., 413. Oct.;

stansbridge, 5., 413, Oct. ; bugden
G. E., 314, Aug. ; Tayior. W. I'., 183,
May; Turner, 1. W, 225, June
Voigt, . G. A. H., 183, Mu,\' ; Wilkin:
son, Bluce, 54, Feb.; Zworvkin,
Dr. V. K., 3i4. Aug.

Phase- 31111'!: Oscillators (Corrccponrlence) 39,
an

Phonetic Alphabets. 512, Dec.

Physical bouetyb lu\lubltmn 1951 (News),
16, Jan. ; Survey. 139, M1

Pickup ])051"'1 (Cnrrwpondem-e), 81, I'eb.;
146, Apr.

——— Input Circuit (Correspondence), 40, Jan.

Pickups, Intermiodulation Distortion  in
Grzmmphone, by 8. Kelly, 256,
July ; (Correspondence), 370. Sept.

Picture: Telegraph Eqguipment, G.H.C., 36,

an.
Yiezoclectric Pickups, B.S.R.A. Paper, 18,

an.
Polar Diagram Plotter, Television Society
Paper, 54. Feb.
- ——— ? \What is a, (Correspondence), 220.
June
Portable, Inviet: Mains/Battery, 36, Jan.
Post: Oftice and Business Radio, 498, Dee.
Potted Circuits. 493, Dec.
Power-Cut Radio (Correspondence), 123, Mar. :
(News), 462, Nov.: 502. Dec.
Printed Circuits. A. H. Hunt Ltd., 163, Apr.
Projection Television System, [dophor,
Brit. T.R.E. I"aper, 424, Oct.

QUARTZ (Crystal Osciliator,
Modulated, by W. 5.
Oct.

Trequar.oy-
Mortley, 249

R.A.F. Voluntary Radio Service (News), 137
Apr.
AL Olﬂ.nlnmmon (News), 54, Feb.
RLCME. Txhibition 1951 (AN e 8), 102,
Mar., List of Exhibitors, 134. Apr.;
Nllr\’e_\f. 5, May; 1952  Show
(News), 462, Nov.
= New Ofticers (News), 184, May
——— Report on Exports (News), 138, Apr.
R. I". Chokes, by = Cathode Ray,” 494, Dec.
R.G.D. Television Receiver L2361T : Test
Report. 203. May
R.I.C. Premiums for ‘Technieal Writing
(Editorial), 479, Dec.
R.N.V.(W.R. Centres (Mews), 51, eb.
R.5.G.8. Convention (News 138, Apr.
Election of Oflicers (News), 139, Apr.
- L\hiblm(m (N eu.s), 183, )[a\ 413,
Oct. ; 461, Nov. ; 503,
B axkd Lmopeau Am.weurs (A ews), 313,
ug.
R.T.E.B. Exam. Results (News), 163. Nov.
Radar Beginnings (Correspondence), 122, May.
Claims, Royal Commission on Awards
(News), 182. May
—_ stpln Umt J)ecm Type 12, 4124, Oct.
Sonde, 155,
Radio and "Power (utﬂ (News), 162, Nov. ;
502, Dec.
Astronomy, 275, July
—— Teeder Unit, va ¥. 0. Vaughan, 480

td

ee.
—— for Taxis, 491, Dec.
——in the Jungle, by * Pronto,” 73, Ieb. ;
(Correspondence), 179, May
— Industries Club Membemhip and Offi-
cers (News), 209, July
—— Industr y COllI.\Cll Reconstituted (News).
101,
— Onicers iu Civil Airlines, by Basil R.
Clarke, 135, Apr.
—— —— Union. Omu‘\ls (N('zu'), 269, July
—— on the Airways, 199,
Rearmament A(l\mou
Formed (News), 461, N
Rese.uch Board Repmls (1%3 48), 18,
Jan. ; (1949), 295. July
—— Societics and  Clubs, Llst 18, Jan.
Additions and Amendments, 151, A\pr

Committee
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Railio Telearchics, 342, Sept.
Radiogram, Ace, J(). Jan
——  Philip~ 60"}\ Feb
RANDOM R\L)H'UO\S by
, Jan,; 77, Feb.; 121, Mar.; 104,
Apr.; 20(3, May ; 248, June ;
July ; 334, Aug.; 380, Sept.;
Oct, * 476, Nov, ; 520, Dec,
Receiver. Rainbow 750, 36, Jan

* Diallist

Recordim]z on Tape, by R. W, Lowden. 283
July
—— Studio Design. by PP, A. Slicars. 335

Sept. ; (Correspondence), 45%, Nov
Records, Broadeasting of (Correspondence).
219, June
Relay Systems. Rediffusion and Link Sound
and Vision, 226, June
ltul&to]l (l(rluur (‘04]1110 (Correspondence), 80,
‘ebh
Resistors. Multiple-Unit. 292, July
Ribbon Loudspealer by P, L. Tavlor. 7. Jan.
Ringing-Choke 1.H.T. Systems, by W 1
Cocking, 444, Nov.; 513, Dec
Royal Society Conversazione, 2(»1 Judy
Rugby Station Jubilee (News), 102 Mar

8.B.A.C. Display and Exhibition :
Radio on Show, 418, Nov,

Safety Precautions (FEditorial). 1. Jan.:
article by F_ C. Connelly, 2. Jau.;
(Correspondence), 145, Apr.; F.P.A,
Report, (:9 Feb.

Sampling, by * “Cathode Ray,” 325, Aug

Science Centre (News), 16, Jan

Sereen for Cabinets, Acheson Colloids Coated,
296, July

Screened \'al\'es (Correspondence), $08, Oct.

see-Saw Circuit, Capacitors in (Correspond-
ence), 1\0, May

bonsm\e 1\15111 Detector, by M. G. Scroggie,

ay
—T. R . Receiver, by 8. W,
G. G. Johnstone, 452,

Aircraft

Amos and

bervuu;g, Dcn{gn for, by M. (1 Scroggic,

0,

SHORT-WAVE CONDITIONS, by T. W.
Beuumgton 26, Jan.; 56, FKeb.;

99, Mar.;
247, .lune;
375, Sept.;
4890, Dec.
Nignal (xenemtol ,Waveforms Ltd., Television,
519, Dec.
simple Valve Voltmmeter, by S, W. Amos
(Correction), 53, Feb,
Slot Dipole Television Aerial,
H. Page, 1(:8 May
Soldering lron ;\euﬂo(‘, 297,
Shunt, Thcrnml by P. ¥, Duncan, 65,
Feb. (Correspondence) 220, June
Sound Remfor('mg by D. W, Pipe, 117, Mar,
Reproduetion’ (Frhtonal) 251, July
Sources of Interference, 468, Nov.
speech Reinforcement’ \)utems, by P. L.
Parkin and W. E. Scholes, 44. ¥eb,
Speced of Light, N. P. L. Measurement
(News), 462, Nov,
Square-Law Rectifier Voltmeter, by Thomas
Roddam, 316, Aug.
— -Wave Gencmtm by 0. C. Wells, 35,

1(30, Apr.;
288, July;
418, Oct. ;

205, Majy
320, Aug.;
450, Nov.;

Indoor. by

July

Jan. ; ((,orreczzon News) 103, Mar. ;
(Correspondence). 322, Aug.
_ Shaper, Wide-Range, by J. E.

Attew, 517, Dec.

Stabilizing I tedback Amplifiers, by Thomas
Roddam, 112, Mar.
Standard }:requcnues N. P. L.

Schedule (News), 501, Dee.
—— Frequency 'lmnsmlssmn:
btandauhl/ed Chassis, B.B.C.
July

Revised

37R,
Dcsigm

Sept.
261,

Stereophonic Sound, by J. Moir, 34, Mar.;
((,orrespmulence) 145, A)r
Stereophonv on Television (,hamle[\ 371,

Studio é%()ustlcs B.B.C. Measurement, 435,

(All entries except Books, lllustrations and Authors also appear in

AERIALS
Helical Aerial. General Electric, America,
262, July
huloorn'll‘elevision Aerial, by H. Page, 168,
a

y

Polar Diagram Plotter, 84, Feb.

T-Match Television Aerial, by DI.
4. Oct.

Television Aerial Aesthetics (Correspondence),
40, Jan.

—— Aerials, 218, June

'l‘emp03a1~y Vision Aerial, by F. D. Bolt, 13,

an.

Mayson,

Ntudio Design, Recording, by P. A. Shears,
350, Sept. ; (Correspondence), 158, Nov.

Sunderiand Radar Tnstallation. 84, Jan.

Suppressors, Wolf Lilectric Drill, 379, Sept.

T.1.D.U. now part of .S.L.R. (News), 183,

May
T.R.F. Recel\er Sensitive, by S. W. Amosand
(i. Johnstone, 4‘;2, Nov.
T-Match Television Aeriul by B. Mayson,
1404, Oct,
Tape Recorder Unit. Phidelity, 475, Nov.
- Recording, by R. W. Lowden, 283, July
——— ~—— Ileads, Bradmatic, 119, Mar.
—— ——, Phidelity Magnetic Products,
119, Mar,
Taxi Radio, 491, Dce.
Teehnical Writing Premiums
479, Dee.
‘I'elearchics, Radio, 342, Sept.
on Show, Model Engineer lixhibition,
433, Oct.
Telecommunications RResearch, D.S.L.R., 431,

(Editorial),

ct,
Telekinema Stereophonic Sound, 223, June
—— Demonstrations, (Correspondence), 264,
July; (Lduonal) 301, Aug.
Telescribe' in Civil Aviation, 512. Dec.
Television Advisory Committee (WVews), 374,

opt,
—_— Agrial Aesthetics (Correspondence), 40,
an

—-—Aelnlz 218, June

Aerialite Tringe-Area, 53, Feb,

—— and Sound by Wire, by R. I I\mross
126, Apr.

— C()l()ll’ll‘ Coding (Correspondence), 8.
Fe

—— Fire HMazard (Editorial). 1. Jan.:
article by F. C. Connelly, 2, Jan.;
(Correspondence), 145, Apr.
Li]('euvcs Payment (Correspondence), 220,
June

—— Mains Load (Cr)rresptmdence), 39, Jan.

—— Microseopy, 162, Ap

—— 0.B. Units for ¢ B L (News), .)Ul Dec.

—— Radio Links, Emitron. 406. ct_

—— Receiver. (. E.C. BT5144. 75, Feb.

, Philips 1502U. 163, Apr.

, R.G.D. L2351T: Test Report,

Valradio Projection, 75,

_ I{eg1e~~ (News), 182, May
—— Relay Loss (C orrespandencv) 145, Apr. ;

180, May ; 220, June
_— Systems, Rediiffusion and  Link
Sound and Vision, 2206, June

—— socicty Exhibition (News), 501, Dec.

——— Visor (Correspondence), 122, Mar.

—— Zoom Lens, 312, Aug.

Tempomr\J Vision Aerial, by . D. Bolt,

b an.

Temperature Fuses, 205, July

Tens or Twos? by * Cathode Ray,” 351,
sept.

Testing Steep-Slope Valves, by J. C. Finlay
103, Mar.

That ()tln-r Valve Tqui\alcnt by *“ Cathode

ay,” 1562, Ap
Thelmal anl(lexmg \Imnt by P. F. Duncan.

65, I'eb. ((,07‘7‘(’81/01!11(’71(‘8), 220, June

Thorn Needles (Correspondence), 121, Mmz;
145, Apr.

1,000- Lm(- Will o the Wisp, by R. W.
Hallows, 197, May ; (Correspondence).
322, Aug.

Tolerances and Etrors (Correspondence), 41.
Jan.

Training Technicians and Techinologists,
Govt, and Industry Proposals, 136,
Apr,

Transatlantic Tests. 1021, 100. Mar.

Trausformer, Continuously Variable Mains,

by il. E. styles, 306, Aug.

, John Bell and Croyden Miniature,

37, Jan. ; (Correction), 119, Mar.

CLASSIFIED INDEX

Wide-band Flexible Aerials, 243, June
Wrotham Aerial System, by C. Gillam, 210,

June ; 279, July
CIRCUITRY
Amplified Automatic Gain Contrnl, by
S, W. Amos and G. &, Johnstone,

415, Oct. ; T.R.F. Receiver. 452, Nov,
Capacitors in See-Saw Circuit (Correspond-
ence), 180, May
Cathode Foilower Circuit (Correspondence),
180, May ; 220, June

5
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Transformers, Philips Variable Mains, 119,
Tye P43U, 163,
DI
Trends in Components R.E.C.M.F. Exhibi-
tion, 185, May
Trlmmmg (,apmcm)rs, Erie Resistor, 297,

379,

Mar,
Transportable Receiver,

Tuner [‘nit. Chapman Reproducers,
Sept,

U.S. Colour Television, 107, Mar, ; (News),
314,
Ultrasonic’ Soldelmr7 Bath, Mullard, 379,

Sept.
Ul\BIAS]4 D, by “ Free Grid,”” 38, Jan. ;

Feb, ; 120, Mar, ; 166 Apr.; 208
May; 250, June ; 300, July; 336.
Aug.; 382, Sept.; 433, Oct.; 478,
Nov.; 522, Dec,

Unit of Sensitivity, 472, Nov.

—_— (apacitance :  Legitimizing the

“Puff * (Correspondence), 321, Aug. ;
407, Oct.: 458, Nov.; 499, Dec.
Universal Meter Shunt, 285, July
Unusual L.:]xdder Filter, by V. G. G. Davey,
31, Jan.

V.H.F."Civil Aviation Communications, 92,
Mar,
—— Direction Finder, Marconi (News), 502,

Dee.
Transmitter, Plesscy PT15. 75, Feb,
Valve Cathode Life, by C. C. Eaglestield, 505,
Dec.
——, How to Choose a., by Thomas Roddam,
221, June ; (Correction), 324, Aug.
e Makm,rz Brit. I.R.E. Convention (N ews),
373, bept (Correspondence), 500, Dec.
—_ Priorities (Uarrespondence), 370, Scpt.
—— Symbols (Correspondence), 179, May
—— Voltmeter, Audio-Frequency, by
Kelly, 215, June
Veetor Diagrams, by * Cathode Ray,” 22,

Jan.: 61, Feb. ; 95, Mar. ; (Correction) ,
139, Apr.

“ Voltage ” : EDMLF, or P.D.? (Correspond-
ence), 79. I'eb.

Voltmeter, Square-Law Rectifier, by Thomas
Roddam, 316, Aug.

—, Valve Audio- -IFrequency. by S. Kelly,
215, June

WALKIE-Talkic, Pye Miniature, 323, Aug.
. New American, 291, Juty
Waterworks Radio, Ekeo, 332, Aug.
Wattage : Redundant Word ? (Correspond=
ence), 463, Nov.; 139, Dee.
Wave Analyser. Edison Swan, 36. Jan.
Wavelength  Problem:  Is  Sampling
Answer ? by “ Cathode Ray,”

the
325,

Aug.

Wenvoe 'Pelevision Station (News), 102, Mar,

Wide-Band Flexible Aerials. 243, June

—— Range Square-Wave Shaper, by J. 1.
Attew. 517, Dec.

Wire Distribution System, Television and
Sound. by R. I. Kinross, 126, Apr.

——— Recorder, Angel Scientitic Products,
76, Feb.

W 1relecs World 'Television Receiver, Further

Notes on. 286, July
\\'OI{LD OF WIRELESS, 15, Jan.; 54,
; 101, Mar, ; 137, Apr 182, May ;

224, Jlmc; 268, July; 313, Aug.
372, Sept.; 412, Oct.; 461, Nov.;
501, Dec.

Wrotham Aerial System, by C. Gillam, 210,
June ; 279, July

- Transmitting Station, 141, Apr.

YOUR Loudspeaker, by Thomas Roddam,
29, Jan.

ZIRCONIUM, Murex, 164, Apr.
Zworykin Prize (News), 183, May

the General Index.)

Diodes for Drift Correction (Correspondence).
0, Feb.

Efficiency line-Sean Circuits, by W. T.
(ocking, 302, Aug.; 347, Sept.;
425

. Oct.

FMQ. by W. S. Mortley, 399, Oct.

Limiter Circuit : Ignition Interference Sup-
pressor, by Ronald G. Young, 451
Nov,

Nomen(l'\tme (Correspondence), 321, Aug.
407, Oct.

Phase ‘Era‘hift Oscillators (Correspondence), 39,
an.
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Square-Law Rectifier Voltmeter, by Thomas
Roddam, 316, Aug

Stabilizing Feedback Amphﬁer
Roddam, 112, Mar.

T.R.F. Rer‘eiver, by 8. W. Amos aud G. (
Johnstone, 452, Nov.

That Other Valve ] quivalent, by “ Cathode
Ray.” 152. Apr.

Unusual Lg(l(lex Filter, by ¥. . G. Davey

an

by Thomas

DESIGN
Audio-Frequency Valve Voltmeter,
Kelly, 215, June
Band-plns% Converters, by H. B. Dent, 67,
<'e

by .

Continuous]y Variable Mains Transformer.
. K. Styles, 306. Aug.
Bettridge,

(‘ustal Set Modern, by B. R.
338, Sept. ; (Correvlondewce) 108,
Oct. ; 457, Xov.; 500.

E.H.T. from an R.F. Oecﬂhtox by €. T
Dickinson, 70, Teb.

hle(,monic Fluxmeter. by P. L. Taylor, 161,

ML Reccn\er bv J. (. Spencer, 440, Nov.

+

Flyback FHT Dooster, by A. H. B.
Walker, 27, Jan.

Indoor Television Aerial, by H. Page, 168,

May
Modifyving ““ Burplus ”” Meters, by W, H.
Cazaly, 376, Sept.
Multi-Range Olnmneter by I. B. Davidson,
50. T'eb.
Multiple-Unit Resistors, 292, July
Oscilloscope Calibrator, by . Tusting,
0. Vaughan,
by P. L. Taylor, 7,
Seuxltxve N}\x{ll Detector, by M. G. Scroggic,
175
T.R.F. Receiver, by 8. W,
and . G. Johnstone, 452, Nov,
Square-Wave (xenemtm h\ 0. C. Wells,
35, Jan.; (C orre:lzon) 103, Maur.
(Correspondence). 322 Aug.
T-Match Ieg,u\lon Aerial, by B. Mayson,
E ct
Thermul Soldering Shunt. by ', ¥. Duncan,
65, Feb. ; (¢ orrespomlcnce) 220, June
Wide- R’mge Qq\mre Wave Shaper, by J. B.
A 517, Dec
TWircless ]/l orhl l(le\xsmn Receiver, Further
Notes o, 286, July

310, Aug
Radio I‘eedm Lmt by J. I.
Dec

Ribbon Loudspcake[

Amos

ELECTRONICS

Attenuation of Screcned Rooms.
Report. 151. Apr.

(‘onmutm New Digital. 833, Aug.
\umod ” 2‘)" July

(omputms by ** Cathiode Ray,’
(( um’cpondeme) 458, Nov. ; ; 499, Dec.

Electronic Hnmt Simul: ltm 130. \pr

d]]ll\ Mullard, 87, Mar.

Radio Telearchics. 342, Sept.

Square-Wave (icnerator by 0. €. Wells,
35, Jan.; (Correction), 108, Mar;
(Correspondence), 322. Aug.

Telearchics on  Show, Jodel
Exhibition. 433, Oct.

Telescribe in Civil Aviation, 512, Dec.

ER.A.

' 419, Oct. ;

Lngincer

MANUFACTURERS’ PRODUCTS
Ace Radiogram, 36, Jan.
Acheson Collnids Coated Screen for Cabinets,
296, Jnly
Acrialite  Fringe-Area

Television Aerials.

, Feb.
Activette ” for Dry Batteries, by

Amplion
R. W. Hallows. 434. OQct. (C’or'req
pondence), 457, Nov.

Amplivox Mmmtmc Hearing Aid, 296, July

Angel \mintkl)nc Products \Wire Recorder,
‘e
Bell & Croyden Miniature Transformer, 37,
Jan.; (Correction), 119, Mar.
Bonochord Miniature Earphone, 475, Nov.
— Miniature Hearing Aid. ‘3:, Jan.
Bradmatic Tape-Pecording Heads, 119. Mar.
Chapman Reproducers’ Radio Tuner Uunit,

79, Sept.
Decea, Harbour-Controt Radur, 105, Mar. ;
(Correspondence), 220, June
Denco Miniature Coil Tuu(‘tc 519, Dec.
Dictorel Mldnetxc Dictation Machine, 196,

l»ldd\etone Amateur Beam Aervial. 475, Nov.
Edison Swan Analyser. 36. Jan.

Ekeo ES115 Iixtension Loudspeaker, 36,

Jan.
English laljettrlc Steel C.R. Tubes (News),
an
Erie 'lnmmmg, Capacitors, 297, July

Exide Unspillable LPM4 Accumulator, 119,

Mar.
G.E.C. BTBHI44 Television Recciver, 75,
Feb.
C.R. Tubes for Television, 297, July
Germanium Rectifier. 37, Jan.
Picture-Telegraph Egnipment, 36, Jan.
(xraft(»% Kerston & Co., Neon ’lwtfu h,

Hunt Pnnted Circuits. 163. Apr.
Invicta A.C/D.C. Battery PYortable. 36,

Jan.
M:u-com V H.I.
2, Dec.
Mannce Eqmpment Co’s Circular Indoor
Aerial. 218, June
Merryweather (0.B. Mobile Aervial, 75. Feb.
Metai Processes, Imitation Nickel Plating,
160. Nov.
Minixture Bearings Ball Race, 266, July
Mullard Oscilloscope Units, ‘17 Jan
Teleseribe, 512, Dee.
Ultrasonic soldering Bath, 3749, Scpt.
Murex Zirconium, 164, Apr.
Mlnph\ Lyhndncnl(ha:ele 324, Aug.
Neoflex " Soldering Iron. 297, Julv

Direction Tinder (News),

Thidelity Tape Recorder Unit. 475, Nov.

Philips 603A Radiogram, 75, Ieb.
— lGO?U Pelevision Receiver , 163, Apr.
(m.nble Mains Ixamfom]ers, 119,

Max
Plessey \ex 1a1 Multicoupler, 36, Jan.
T15 H.F. Tmnalmttm, 75 Teb.
Lyve \lmmtuu Cr\ tal Oven. 163, Apr.
\hnmtme Walkie-Talkie. .51.5 Aug.
3U Transportable Recewen 163,

®.G.D. Television Receiver L2351T : Test
Report. 203, May

Radio & Television ILtd., Pattern
Generator, 296, July
Rainbow 750 Receiver, 36. Jan.
Scott Bader Potted Circuits, 493, Dec.
Taylor Electrical Multi-Range Meter, 519,

Radar,

Dec
Telcon Tmucnutt(r Treeder Cable, 37. Jan.
Valradio {)’xo]ectmn Television Receivers, 75,

Fe

Waveforms Ltd. Televisinn Sigznal Generator,
519. Dec.

Whiteley 12-in Concentric Duplex TLoud-

speaker, 36. Jan.
Wolf Blectric Drifl Suppressors, 379, Sept.

MISCELLANEOUS
American Insularity (Correspondence), 179,
May
Dimensions. by “* Cathode Ray, 469, Nov.
EM.F. or P.D.? (Co’r/expondencw) .9 Feb.
Electrical Dangers (Correspondence). 80, Teb.-

180, May

]<lectxol\t1<' Capacitors, by G. W. A. Dummer.
510, Dee.

Ferrié—Unit of Sensitivity, 472, Nov.

Grouped Component References. by L.
Bainbridge-Bell, 115, Mar.; (Corres-

pondence), 219. June

Jointing  Aluminium. 181, May; (Corres-
pondence), 408, Oct., 500. Dec.

Legitimizing the * luff ”’ (Correepmzde'nre),
321, Aug.; 407, Oct.; 468, Nov.
199. Dee¢.

R.F. Chokes. by *‘ Cathode Ray.” 494. Dec.

Re-activating Dry Batteries. by R. W.
H"I?][()\V\ 431, Oct. ; (¢ orrespondence),
)

Standardized Clmssns, B.B.C. Design, 261,
July

Teniperature ¥ uses, 295, July

Vector Diugrams, by ‘‘ Cathode Ray,” 22,
Jan. ; 61, Fcb 95, Mar, ,(C«)rrr’clwn)
139, A])l

MODULATION

ADM. versus ¥ M (C’mrespom]em-e) 39, Jdn
79. Feb. ; 122, Mar. ; 146, Apr. '70
June; 263 Ju]\ 107, Oct.’; 458, Nov.
(lz'rlilori{lls), 167. May )0'4 Jlme
Brit. ' I.R.E. TPaper, 350, Sept. ;
(Neu;.) 372, Sept.

EH.F. Communications
122, Mar.

¥MQ, by W. 8. Mortley, 399, Oct.

FM and Exports (¢ unespumleme) 322, Aug.

Frequeney Modulation. by * Cathode Ray.”
193, May; 239, June; 271, July;
(Corrections), 325, Aug.

Industry and E.H.E. (Correspondence), 263,

(Currespondence),

\[\stcx\ lsmadc‘mtmrr (Editoriul), 337, Sept.;
‘ntu]e by Thomas Rodd am, 341,
Sept. (C’aneepondenee) 409, Dec.

.1|nphnn. b\ Cathode Ray.’” 8253, Aug.

Steleophony on Television Channels, 371,

ept.
\\mtham Transmitting Station, 141, Apr.

6
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ORGANIZATION
Airmet-(News), 102, Mar,
Amateur F.M. and Television Freguencies
(New.s) 313, Aug.; 319, Aug.; 461.

Radlo Developments by J. P. Hawker,
465, No

B.B.C. ntatmns List of, 104, Mar.

B.S.I. Comnmittee’s Reme (;\ eus). 133, Apr

—— Jubilec Exhibition (News), 182, May

B.S.R.A. Exhibition, 182. \ny 265, July :
Convention, 260, July ; Othccrs 374
Sept.

B.V.AL Olhcers (News). 413, Oct.

Bad R: 1d10 Teaching (Currespomlemc), 500,

Brit. IRE Annual Meeting and Ofticers
(News), 461, Gralhmteship
Exam. (News), 138, Apr.; 1951

C(m\entxon (News) 101, Mar. ; 134,
Apr.; 224, June; 268, Iulv 314,
Ang.; 372. Sept.
Business Radio, P.M.G.’s Statement (News).
72, Sept.: 412, Oct.
Radio, Details of Ser\ice. »198, Tee.
(C'inema Television (Lditorial). Mar.
(openhageu and Intermediate I‘Jeqnenc1e~.

sept.
SI. R 'l elecommumcatxons Research, 42

Durope s VH I, Stations (News), 137, Apr.

.M. and Exports (Correspondence). 322,Am
in Germany (News), 463, Nov.

G.R.5.L. -\\ ar Office Aowemeut (News), 139,

ADp

High- Daﬁmtlon Films Ltd., Company Formed
(News), 502, Dec.

LE.E. Joint Engineering Conference (News).
224, June; Annual Report (News),
269, July; Premiums (NVews), 373,
Se]ut Council (News), 374, Sept.;
Radio Section Committee (News).
374, Sept.; 1952 Television Conven-
tion (News), 138, Apr.; 412 Qct,

LT. Problems (News), 15, Jan. 360, Sept.

LP.R.E. North-Eastern Section Formed
(News), 139, Apr.

I.Ss.w.C. (ompetltlons (News), 17, Jan.

Institute of Physics Annual Report (ANews).

269, July; Graduateship Exam.
(News), 112] Oct.

Interterence Suppression : Good BExample
(Correspondence), 80, l'eb.

Intoumtmnn] Conference at Geneva (News).
Sept.
Ifahan] M (Neu's) 15, Jan.

Measuring Instruments, Joint Advisory Com-
mittee Formed (\eus) 412, Oct.
Multi-Carrvier Air (ommunwlulmns, 92 Mar.
Operating Airborne Equipment, by Basil

Clarke. 135, Apr.
Performing Rights (Z\eus) 183, May
Thonetic Alph: lbets 512, Dec
Plivsical Society Exhibition (\em), 16, Jan.
Post Oflice Report for 1950, 255, July
R.AF. Vo]untdn Radio Service (Neus) 137,

Ap

R.E.C.M.I“. 1951 Iixhibition (News), 102,
Mar. ; 134, Apr. ; Otiicers (News) 184.
May ; 1952 Exhibition (News), 462,

Convention (Vews), 138, Apr.:
Officers (News), 139, Apt. ; Exhibition
(News), 183. May

R.T.E.B. Exam. Results (News), 163, Nov.

Radio and Iower Cuts (Aews), 162 l\n\
502, Dee.

— Industry Council’s Committee (News).
101, Mar.

—— TIndustries Club Membership and Officers
(\ews) 269, July

—— Off clers Union Officials (News), 269,
July

—— Rearmament  Advisory
Formed (News). 461. Nov.

—— Rescarch  Board Reports (1933-48),
13, Jan.; (1949), 295, July

Societies and Clubs, List. 19. Jan. ;
Additions and Amendments, 151.

Nov
R.S.G.B.

Committee

pr.
Resistor Colour Coding (Correspondence), 80,
eb.
Standard TFrequeucies Revised (News), 501,
Dee.
T.I.D.U. now part of D.S.LR. (News), 183,

lay

'lclel\mema Demonstrations (Correspondence),
264, July ; (Editoricl). 301. Aug.

Television Adwsorv Committee (News), 374
Sept.

— Licences

220, June

Training Technictans and
Govt, and Industrial

Puyment  (Correspondence),

JTechnologists,
eports, 136,

Apr
Wireless 'I‘elezraphy Act 1949, P.M.G.s
Statement (Editorial), 337, Sept.
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PROPAGATION

lonosphere Review : 1950, by T. W. Benning-
09, Mnr
Radio Aqtronomv 275, July
Radio in the Jungle, by ** Pronto,” 73, Feb. ;
(Correspondence), 179, May

RADIOLOCATION

Air Nal\;iszatlonal Aids, by Basil Clarke, 329,
ug.

Airfield Surface Movement Indicator, 170,
May

Automatic Comnrse Plotting, 143,
(News). 50t. Dec.

Harbour Control Radar. 103, Mar. ; (Corres-
pondence). 220. June

Radar Beginnings (Correspondence), 122, Mar.

Claims, Roval Commission on Awards

(Nemes), 182, May

Apr.;

Display Unit, Dercca Type 12, 424,
Oct.
Sonde, 155, Apr.
Radio Astronomy, 275, July
——— on the Airwavs, 199, May
Sunderland Radar Installation. 34, Jan.
SOUND REPRODUCTION
\coustics of the Royal Festival Ifall, 244,

\ir Tmlllv Cnntrol Records (Corvespondence),
. Mar.
\mplnh-d ‘Automatic Gain Control. hy 8. W,
Amos and G. G. Johnstone. 415,
Oct.; T.R.K. Receiver. 452. Nov.
Amnplitlers for Disc Recording, B.S.R.\.
Lecture. 14, Jan.

Approach to  1ligh Fidelity,” 289, July
Association of Professional Recording Studios,
I'residlential Address, 12, Jan.

- Public Address Engineers” Exhib-
itlinn, 259, 265, July; (News), 182,
May
Awlio Convention. Brit. I.LR.E., 409, Oct.
\umnntuc \lomtnrmg (Correspondence), 322,
Aug. ; 457, Nov.

15.B.C. vt.Pb Standards (Correspondence),
263, July ; 369, Sept.

BBass without Big Baflles, by K. A. Exley,
132, Apr.; (Correapondente) 219.
May; 264, July; 321, Aug.; 369,

Sept. ; 408, Oct.

Broadeasting of Records (Correspondence),
219. June

Continental Gramophone Records, 484, Dec.

histribution of Sound (FEditorial), 43. Feh.

Kleetromagnetic Gramophone Pickups.
B.S.R.A. paper, 238, June

I‘estival Hal) Acousties. 244. June

Krequency Test Records, B.8.R.A. discus-
sion, 231, June

Gramophone Turntable Speeds, by G. F.
Dutton. 227, June

Hearing Aid Problems. Brit. I1.R.E. paper,
107, Mar,

Home Rroadeast Rmonlma Beveridgc Re-
port (Kditorial). 125,

House of Lonls Tannoy Immllatlon 312,

Au
lnwrmmlulntion Distortion in Gramophone
Piekups. by 8. Kelly, 256, July;
(Correspondence). 370, Se
Testing, by E. W, Ber(h Jones, 233,

June

loudspeaker Design, Progress in, RBrit.
1.R.E. paper, 18,
Dml)hr'lgm Control by J. Moir, 252,
July

Iuput Power, by Thomas Roddam,
29, Jan
M:ngnet\ir; Dictation Machine, Dictorel, 196,
May
Recording Tape, by H. 6. M. Spratt, 88,
Yebh.; 149, Apr.
Pickup T)emgn (Correxpmnl«'nce), 81,
146, A
In;mt Cnrcm(

Feb. ;
(Correspondence), 40

l’iczoelectric Pickups. B.S.K.A. paper, 18,
an.
Recording on Tape, by R. \WW. Lowden, 283,
July
-Studio Design. by P
Sept. ; (Correspondence), 158, Nov,
Ribbon Loudspeaker, by P. L. Tayvlor, 7,

A. Shears. 355,

Jan.

Sound Reinforcing. by D. W. Yipe. 117, Mar.
Reproduction (Editarial). 251, July
Speech Reinforcement Syatems, by P. H.

Parkin and W. E. Schnles, 44. Feb.
Stabilizing Feedback Ampliflers, by Thomas
Roddam. 112, Mar.
Stereoplhionic Sound, by J. Moir, 84. Mar.;
(Correspondence), 145, Apr.

Stereol?]honlc Sound in the Telekinema, 223.

une

Stcreopshony on Televislon Channels, 371,
e

Studio B.B.C.
135, Oct.

Thoru Needles (Correspondence), 121, Mar. ;
1

pt.
Acoustics, Measurement,

45, Apr.
TELEVISION
Aluminizing Cathode-Ray Tubes. by $. R.
Neuberger and J. H. Jupe, 245,

Juune
Amatenr Television, 313, 319, Aug.; 461,
Nov.
Duteh Frequencies (News), 102.
_\mencan Coast-to-Coast Television (News),
61, Nov.
Colour Television, 107,
314, Aug.
— High-Definition Television. 156, Apr.
Nritisih _Amateur Televigion Club Conven-
tion (VNews), 225, June ; 319, Aug.
Cinema Television (Editorial). 83. Mar.
Countering Mains Fluctuations, by Grahan
Wondville, 148. Apr.
Cylindrieal Chassis. Murphy. 324, Aug.
Danish Television (News). 463, Nov.
Duteh 'lolc\mon (News), 101, Mar.; 162,

fr-un an R.F. OQscillator, by C. J.
Dickinson, 70, Feh.

Efliciency ine-Scan  Cirenits, by W, T,
Cocking. 302, Aug.; 317, Sept.;

Mar. ; (News),

E.IT.

Eidophor Projection Television System. Brit.
1.R.E. Convention Paper. 424. Oct.

Keatival Demonstrations, Telekinema, (C:
respondence), 2(54, July; (Editorial),

301. Aug.

Fivback I-}.IH.'I‘. Booster, by A. T1. B. Walker,

, ann.

Freneh Televisiou (News), 225, June

German Televigion (Vews), 412, Oct,

ltolme Moss Television Statinn Opens, 173,
Nov. ; Tests (News). 313. Aug.

fgnition Interference Suppressor. by Rouald
G. Young. 451, Nav.

Indoor Television Aerial, by H.
May

Interference Suppression ; Good Exanipl
(Correspondence), 80, Jan.

Maing Load (Correspondence). 39,

0.8, Units for C.RB.C. (News), 501

Paris Televlsion Sliow, by A> V. J. )Inrtln
459, Nov.

R.G.D. Television Receiver, 1.2351T: Test
Report. 203. May

Relay Loss, Television (Correspmulence) 145,
Apr.; ls0. May ; 220, .June

Syster, Reditinsion and Link, Sound

and Vision, 226, June

Page, 168,

Jﬂn

Ringing-Choke E.11.T1. Systems, by W. T.
Cocking, 444. Nov.; 513, C.
Stereophony on Television Channels, 371,

ept.
T-Mateh Televizion Aerial,

by B. Mayson,
404, Oct.
Pelevigion Aerial Aesthetics (Correspondence)
40, Jan.

- Aerials, 218, June
———and Seund by Wire, by R. 1. Kinross,

. Apr.
at South Bank. 244, June
CO](’lll)lr Coding (Correspondence), 80,
Feb.
Microscopy. 162, Apr.
Radio Links. Emitron. 408. Oct.
— Visor (Correspondence). 122. Mar,
Temporary Vislon Aerial, by F. . Bolt,
13, Jan.
1,000- Line Will o' the Wisp, by R. W.
Iallows. 197, May ; (Correspondence)
322, Aug.
Wenvoe Television Station (.Vews), 102, Mar,
Wireless World 'Television Receiver, Further
Notes on, 286. .July
Zoom Lens, 312. Aug.

TEST AND MEASUREMENT

Audio-Frequency Vaive Voltmeter, by §.
IKeliv, 215, June

C.R.'T. Luminous Phenomena: Curious

Effect (Correspondence). 40. Jan.

Electronic Fluxmeter, by P. L. Taylor, 161

Intermmlulntmn Distortion in Gramophone
Pickups. by 8. Kelly, 256, July;
(Correspondence). 370, Sept.

— Testmg, by E. W. Berth- Jones, 233,

\lodlrvimz Surplus Meters, by W. H. Cazaly,

, Sept.

7
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Multiple-Unit Resistors, 292. July

Multi-Range Ohmmeter, by 1. B. Davidson,
50, Feb.

Oscilloscope Calibrator, by W. Tusting,
310. Aug.

— “ Hum,” by W. Tusting. 507, Deec.

Polar Diagram Plotter, 84, Feb.

Sensitive Nuli m(ecmr by M. G. Scroggie,
175, May

Square-Law Rectitier Voltmeter, by Thomas
Roddam, 316, Aug.

Studio \ctonstics, B.B.C. Measurement, 435,
Ue

Test and Measuring Gear at Physical Society’s
and R.E.CML.F. Exhibitions, 191,

Testing gteelé\p Slope Valves, by J. C. Finlay,
Tolerances .md Errors (Correspondence), 41,
an,
Universal Meter Shunt, 285. July
Wide-Range Square- Whave bhaper by J. E.
Attew, 517, Dec.
TRANSMISSION

A M. versus F.M. (Correspondence). 39, Jan.

79, Feb.; 122, Mar.; 146, Apr.'
220, June; 263. July; 407, Oct.;
458, Nov.; (I‘dtlnnal,\) ]67 Mav.
20‘) June, Brit. [.LR.E, P'lpcr 850.
Sept. : (News). 372, Sept.

Amateur  Radio Developments, by J. P,

Hawker, 465. Nov.
B.B.C./G.P.0. Standards (Correspondence),
263. July ; 369, Sept.
Daventry Station, New, hy R. W. Hallows,
236. June
. l[F Commumc’ntlons {Correspondence),
FMQ, lw (\ y “Mortley, 399. Oct
Itigh- Definition Television. U.S.. \pr.
Ilolme \[nss Television Station Opens, 473,
: Teats (NVews). 313, Aug.
lnduqtrl\ ].\nd E.ILF. (Correspondmce), 263,

y
Metre-Wave Broadeasting (Ediforials), 187,
May : 209. June; 439. Nov. ; (Corres-
[mmlc-nce), 263. lul\" 500, Dec.
Multi-Carrier Air Communiéations. 92, Mar.
Mystery Broadeasting (Editorial). 337, Sept. ;
article, by Thomas Roddam, 341,
Sept. ; (Correspondence). 499, Dec.
Nerve Communications, L.E.E. Paper, 6,

Jamn.
Radio for Taxis, 491, Dec.

Sampling, by ** Cathode Rayv.” 325, Aug.
%umd:\gd Frequency Transinissions, 378,
ept.
swreoplnon{v on Television Channels, 371.
pt.
Television and Smmd bv Wire, by R. I.
Klnross, 126,
Radio Links Emltron 406, Oct.
lemporary Vision Aerial, by F. D. Bolt
13, Jan.
\Walkie-Talkie, New Ameriean, 291, July

P\'e Miniature. 323, Aug.
Waterworks Radio, Ekeco. 332, Aug.
Wrotham Aerial System, by C. Gillam, 210

June ; 279, July
Transmitting Station, 141, Apr.

VALVES AND THERMIONICS

Aluminizing Cathode-Ray Tubes, by 8. R.
Neuberger and J. H. Jupe. 245, June
Gountermg Mains Fluctuations, by Graham
Woondville. 148, Apr.
Diode De(ermr Distortion, I)v W. T. Cocking,
171, )
Gas Dlschlrxze Tubes 293, July
Germaniwn Diodes, by R T. Loveloek and
J. H. Jupe, 57
How Reliable is a R.\dm \nlve? I.E.E.
discussion, 91. Mar.
Ifow to Choose a Valve. by Thomas Roddam,
221, June : (Correction), 324, Aug.
Klystron, High-Power, 354. Sept.
Tentode, ofshe Innocent (Correspondence),
36
Screened \'nlven (Correspondence). 408, Oct,
Steel C R Tubes, English Electrie, (News)
Jan.
That Other Valve Equivalent. by ** Cathode
Ray.” 152, Apr.
valve and Cirenit Noise, Radio Research
Report, 129, Apr
(‘.nthmle "Life, by CC Eaglesfield, 505

)lakmg, Brit. [.IR.E. Convention (News),
873, Sept.; (Correspondence), 500,
Deec.

Priorities (Correspondence), 370, Sept.
——— Symbols (Correspondence), 170, May



www.americanradiohistory.com

BOOKS

A.C./D.C. Test Meters, W. H. Cazaly and
Thomas Roddam (Reriew), 204, Jaly
ARR.L. Han(lbook 1951. 305. Au"
Adventure in Vmou, John Swift. 66, Feh.
Applie({\I Electricity, Edward Mughes, 196,

ay
Atoms and Atomic Energy, R. W. Hallows,
66, Feb.
Attenuation of Sereened Tkooms,
Report M/T104. 151. Apr.
B.A. Screws, BS57 (News), 314, Aug
B.B.C. 1}‘%()/1 Report, H.M.8.0. (Veus) 161,

B.B.C. 3210." Book 1952 (News), 502, Dec.;
521, Dec

B.S.1. Committece’s Rpport(vews) 138, Apr.

B.S.R.A. Diary (News), 103, Ma

British Radio, R.1.C. Booklet (Vews), 2

July
British Standard for Dry Batteries for Domes-
tic Receivers, BS1766: 1951, 506, Dec.
BritishOStandards Year Book, (News), 414,
t

ER.A.

ct.

Broadeasting : Memorandum on the Report
of the Broadcasting Committee, 1049.
H.M.S.0. (Editorial), 301, Aue.

Certification and Licensing of Aircrait Radio
Personnel (News), 269, July

Communications Receiving Equipment
(News), 184, May

Component Specifications, R.I.C., 238,
June ; 294, July, 484, Dec.

Cours Complet pour la Formation Technique
des Radios Militaires et Civils, Georges
Giniaux, 66, Feb.

Education ‘md Tr:\ining of Llectrical Tech-
nicians. 136. Apr.

Electronic Photographic Speedlamp, John

Harrison, 66, Yeb.

Explaining Television, R.T.R.A. Booklet
{News). 103, Mar.

Facts and figures, B.5.R.A., 503, Dec.

Fire Rﬁsearch 1950, D.S.I.R. (News), 162

ov.

Tuture Development of Higher Technological
Education, 136, Apr.

;1oss'nry of Terms used in Telecommunieation

3204 (News), 414, Oct.

Gxaplnc xl Symbols ueed in Waveguide Tech-
nique, BS5H30: 1948, Supp. No. 2
(News), 114, Oct.

Grommets for General Purposes, BS17067:
1951 (News), 503. Dee.

Guide téo I{roadcastiug Stations (News), 373,

1LE.E, 28,
O. Lund

ept.
Heavis‘i]de Centenary Volume,
an.
How to Listen to the World
Johansen, 60, Feb.
Industglﬂ Pohslung of Metals (News), 184,

Introdléctl(in f)o Servo-Mechanistas, A. Porter,
6, Ie
Limits of Radio Interference, BS800, 456,

Magnctu Rocordmg S. J. Begun (Review),
(Correction), 163, Nov.
,\llcrowIa:vc Electronlc% John C. Slater, 66,
Feb
Newnes Short Wave Manual, Edited by ¥. J.
Camm. 66, Teb.
Op-Aid, Abmalgamatcd Short-Wave Press, 60,

Photonls %nd Electrons, K. H. Spring, 66,

P’ianos, Pianists and Sonies, G. A Briggs,
331, Aug.; (Vews) 4()3 No

Post, Ofiice Report 1950, 255, 5ulv

(uestions and Answers on Radio and Tele-
vision. E. Molloy, 66, Feb.

R.S.G.B. Call Book (News), 874, Sept.

Radioloecation, M.I.M.C. Co., 285 July

Radio Circmts W. E. Miller, 238, Tune

—— for M(\(l)cftmlt Ships, H.M.S.0. (~News),
412, Oct.

PRICE ONE SHILLING.

Radio Ir&gm(l)]ations, W. E. Pannett (Review),
403, Oct.
Res&uch Board Reports (1933-48), 18,
Jan. ; (1949), 295. Jul
_QM‘AIVB Data (Aews), 235 June ; 335,
P
Plaver. Constructional
Erwin Schart, 456, Nov.
Semi-Conductors, D. A, Wright. 66, Feb.
1ele\1slen Il\p]amed W. E. I\[xllu 331,

Record Booklet,

Testing oi‘ Hearing Aids, D. B. ¥ry and P,
Denes (Review), 360, Se

Time Bases (2nd Edn. ) 0.8 I’uclxle (Review),
172, May

Trader Year Book (News), 268, July

Traité de Radioguidage, 5. Ostrovidow, 66,

Teb.
Valve and Circuit Noise, Radio R(\se.u‘ch
Special Report No. 20, 129,
Willialson Amplifier (Aeus) 225, June
World Radio Handbookfor Listeners 1950/51,
O. Lunud Johansen, 60, Feb.

ILLUSTRATIONS

Airport Control Desks, Aeradio, 503, Dec.

Amateur  Radio  Station, Land Travel
Exhibition, 225, June

—— Television Camera, 319, Aug.

—TR:Ilnsatluntic Station Memorial, 100,
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Fire and Shock

T would be unwarrantably alarmist—indeed,

quite untrue—to suggest that domestic broad-

cast and television receivers are serious sources
of electrical dangers to their users. On the con-
trary, by their nature and method of use they are
probably responsible for fewer fires and cases of
shock than any one of half a dozen household clec-
trical appliances. However, it seems well estab-
lished that fires ascribed to receivers are on the in-
crease. Though the actual number may be trivial,
the curve is rising very steeply. Further, the fire
risk due to television is disproportionately large as
compared with sound-only sets. One of the reasons
for the increase, no doubt, is that the average age
of sound receivers is increasing; many are over
10 years old. Television troubles may be partly
due to the newness of the design technique.

Electrical engineers in the old-established branches
are apt to express disapproval at the absence from
radio receivers of the protective measures to which
they are accustomed, but, when pressed to go into
details and to make constructive suggestions, they
are generally forced to concede that methods
applicable to other appliances would be either im-
practicable or ineffective. Perhaps, though, there
is a grain of truth behind these strictures; some
designers in the rapidly growing radio art, con-
cerned mainly with fundamental developments,
may feel inclined to take safety precautions in their
stride. Others may still be influenced by the practices
of an earlier epoch when radio equipment was de-
signed for operation entirely by those trained in its
use, and not by the ordinary houscholder. There
was a day when transmitter h.t. bus-bars were un-
guarded and when the user depended entirely on
his nose for warning that something should be done
to check an incipient fire.

Be that as it may, all designers are now well
aware of the problems involved, and it is all to the
good that they should be freely discussed, as there
is still divergence of opinion as to which precautions
are most effective. An article printed on another
page describes the gencral nature of fire and shock
risks, and also deals with some of the more widely
accepted protective devices and methods of attack.
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Of these devices, the so-called temperature fuse
is the most interesting. The conventional electrical
fuse, depending for its protective action on the
passage through it of an excessively heavy current,
has a distinctly limited application in radio equip-

ment. The temperature fuse, which can be
arranged to interrupt an electrical circuit when the
temperature of a component to which it is attached
(or of the surrounding air) reaches a dangerously
high level, overcomes many of the disabilities of
the older method. Some of these disabilities can,
however, be overcome by using time-delay fuses
which are not ““ blown’’ by surges. In its cheap-
est and simplest form the temperature fuse consists
of a short conductor of low-melting-point alloy,
but a number of rather more complicated arrange-
ments are possible.

Devices of this kind have been used for some
time and are standard articles of commerce. Some
temperature fuses can be reset by the user, but we
imagine the kind favoured for domestic radio sets
will require attention from the service technician,
who will at the same time investigate the cause of
the rise in temperature that caused the fuse to
““break.”

Fortunately, the extra precautions that meet
with favour are not unduly costly, nor are they
likely appreciably to increase the susceptibility of
a receiver to develop faults in normal service.

Information as to the precise causes of fire (and
to a lesser extent shock) brought about by domestic
receivers is hard to come by. We suspect in many
cases the associated section of the domestic wiring
is as much to blame as the radio equipment proper.
For instance, judging by correspondence and our
own observation, it is all too common to find elec-
trical outlet sockets switched in the ‘“dead’’ lead.
However, that is no reason why radio sets should
not be as far beyond suspicion as all reasonable pre-
cautions can make them. None of us want a state
of affairs to arise where the reporters of the lay
Press, instead of ascribing the causes of a fire to
the classical ‘‘fusing of an electric wire,”” decide
there is more news value and modernity in fires
caused by ‘“‘a faulty television receiver.”
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Safety Precautions

Reducing Fire and Shock Risks in Domestic Receivers

By I. €. CONNELLY, Ph.D. AMLEE. (Murphy Radio)

URING the past two or three years there has

been considerable interest, both in this country

and internationally, in the safety aspects of
domestic electrical equipment. Radio apparatus has
naturally been included in the discussions and a con-
siderable amount of work on the problem has been
carried out in the industry. It should not be assumed
from this that radio receivers have been found to be
a serious scurce of danger; they are, in their normal
state. probably much less likely to cause accidents
than many other domestic appliances. Nevertheless
there have Irom time to time been fatalities from
shock or fire, nearly always <ue to mishandling by
the user or to deterioration of components within the
receiver. Because of this several organizations repre-
senling the various interests connected with radio and
television have Dbeen attempting to reduce these
already small risks {o even smaller dimensions.

Tn this country the British Radio Equipment Manu.
facturers Association has taken an active part in
investigating possible causes of trouble and the
British Standards Institntion is in the process of
redrafting BS415 to accord with current develop-
ments. In some countries, notably the Scandinavian
ones, compliance with the national safety specifica
tion has to be certified by the official testing labora-
tory before a recciver or other domestic appliance can
be marketed. Naturally there has been a tendency

A typical temperature fuse fitted to a mains transformer.
The primary circuit is completed through the replace-
able stirrup joining the two contact strips. The inner
strip of copper is inserted between the windings when the
coil is wound and if the temperature becomes excessive
the stirrup, which is joined together by low-melting-
point alloy, flies apart under the action of the outer
spring strip.

Courlesy Mullard Electronic Products

2

for each country to decide upon slightly different
requirements and this has hampered international
trading; in consequence several meetings of the radio-
communication committee of the International
Electrotechnical Commission have been devoted to
discussion on the points of divergence and at the
recent [.E.C. meeting in Paris a very large measure
of agreement was reached. Representatives of hoth
the testing institutes and the manufacturers are
present at these meetings so that a balanced solution
can be found.

In Britain the electrical supply organizations have
favoured the earthing of exposed metal parts on
clectrical appliances of all kinds as an important
measure of safety. ‘To meet the earthing require-
ments portable apparatus has usually to be installed
with three-core cables and three-pin plugs, although
certain exceptions are permissible. From safety con-
siderations it would appear to be desirable that radio
receivers, too, should be installel with three-core
leads to ensure the efficient earthing of exposed metal
parts, including (as regards mains frequencies) the
aerial and earth leads, pickup, loudspeaker, ctc.
Unfortunately the requirements of safety and reduc-
tion of man-made nterference are likely to be in
conilict here and some alternative to the earthing
technique would be desirable. On the continent,
earthing of domestic appliances is not the usnal
practice and little reliance is placed on it. As prob-
ably the majority of users of radio sets even n this
country have no facilities for connecting their
apparatus to an earth continuity conductor in their
house, earthing can at best only be regarded as an
additional precaution rather than a primary method
of ensuring safety.

Possible Dangers.—The principal electrical dangers
which can arise in a receiver are shock from touching
some live part of the apparatus and fire from over-
heating. The reason why so much thought has been
given to these hazards in receivers is not the fre-
quency of their occurrence but the fact that the
circuits of these devices are much more complicated
than those of most other domestic apparatus.
Straightforward fuse protection, for example, is often
impracticable owing to the large current surge which
occurs when a set is first switched on. Again, the rise
in input current due to a fault in one part of the
circuit may be too small to ensure operation of a fuse
in the mains circuit and yet the consequent overheat-
ing in that part may be sufficient to start a fire. IFires
in radio equipment, particularly television. are
actually a greater cause of anxiety than shock risks
and much of the recent work has been concerned with
means of minimising the effects of overheating follow-
ing the breakdown of insulation.

The most important development in the pursuit of
an improved standard of safety is the recognition that
certain components or methods of construction may
becoine faulty during the life of a set in such a manner
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as to endanger persons using it. According to this
principle a receiver cannot be considered to be com-
pletely safe unless it remains free from danger even
when these components have failed. The faults
which arc expected to occur are mostly breakdowns of
insulation such as that of an electrolytic capacitor, or
between the electrodes of a valve; when a short-circuit
occurs at any or all of these doubtful points, the
equipment should either remain safe or protective
devices must come into operation to disconnect it
from the supply mains. It is convenient in what
follows to describe an apparatus as operating under
“normal conditions "’ when it is in the state in which
it was designed to be used and under *‘fault con-
ditions” when artificial short-circuits (or in some
cases open-circuits) have been applied to any or all
of the points specified as being of doubtful insulation
(or liable to disconnection).

‘“Normal Conditien.””—Taking first of all ‘‘nor-
mal conditions,”” so long as a receiver remains in the
state in which the designer intended it to be the risk
of an accident is very small. Naturallv no designer
would knowingly turn out a model in which he
thought there was a risk ol contact with live parts
or in which excessive temperatures were reached. It
1s, howeyer, somewhat a matter of opinion as to what
is, for example, the highest permissible operating
temperature for a particular kind of material and also
exactly what degree of protection is required against
contact with live parts—it would no doubt be possible
to get a shock from almost any mains-operated device
if one were sufficiently ingenious in poking knitting
ncedles and such things into it! To arrive at a
uniform standard of safety in respect of contact with
live parts it is necessary to adopt standardized contact
devices which are applied to different parts of an
apparatus to see whether they can be made to touch
dangerous points. For most situations an arlificial
“‘standard finger”’ is used (Fig. 1); this is 12 mm
diameter and Somm long, tapered and flattened at
the end to represent the general shape of a human
fmger and provided with two joints which can be set
to any angle assumed by a real finger. In addition
to this general test, certain parts such as control shafts
on sets with live chassis are checked for accessibility
with special test devices, such as a 2 mm flexible cord.

On the fire risk side the temperature rises of the
working parts of reputable receivers under normnal
operating conditions are nearly always well below the
danger point, but, again for uniformity, maximum
working temperatures for different classes of materials
are laid down in test specifications as well as the
highest allowable temperatures for external parts such
as control knobs, cabinet, etc.

‘“ Fault Conditions.”’—As already indicated, com-
pliance with the requirements for ‘' normal opera-
tion”" involves few departures from usual practice
and most carrent production receivers satisfy these
conditions. It is in providing the protective arrange-
ments to ensure safety from shock and fire under
fanlt conditions (when any part which cannot be
reasonably  considered  completely  reliable  has
broken down) that most of the ingenuity is required.

The parts which arc generally considered to be
liable to breakdown, besides the electrolytic capacitors
and valve electrode clearances already mentioned,
include rectifiers of any type, variable and air-
dielectric capacitors, varnish or enamel layers
(except as inter-turn insulation in coils) and any
creepage or clearance distances in air or in vacuo
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less than certain figures laid down. To prevent
danger when a failure occurs in one of these parts
the designer has several courses open to him: he
can avoid the use of the components in question,
arrange that no danger is present even if they are
short-circuited, or, thirdly, cmploy fuses or other
overload devices to disconnect the circuits. The
first  method—refraining from using the parts
named—is hardly practicable in all cases. It is
sometimes not difficult, as in the case of an output
transformer subjected to a large current because the
output valve electrodes are short-circuited, so to pro-
portion a part that it can take the overload without
reaching dangerous temperatures or failing in
primary-secondary insulation, but usually the
designer has to apply the third method of finding a
way of providing protection by some form of cut-
out.

It must not be forgotten that safety from shock as
well as fire risks is involved under fault conditions,
For example, the clearance distances between any
live parts and any accessible metal parts must never
be less than the specified distances, nor must paint
or textile material be used as the sole insulation for
live parts; these would have to be short-circuited
during the fault test. Aerial, earth, loudspeaker
and pickup sockets must, in principle, be considered
as accessible parts, cven if the sockets are so
recessed as to prevent contact with the standard test
finger, because the user is liable to connect bare, or
lightly insulated, leads to these points when install-
ing his receiver. In consequence of this, the insula-
tion between high-voltage points and these circuits
must not depend on air-dielectric or variable con-
densors nor must it be Ppossible for a breakdown
between any pair of valve clectrodes to put an un-
safe voltage on these sockets. The case of an output
transformer already mentioned is a more complicated
one, involving, as it does, both fire and shock con-
siderations.  Generally speaking, however, fire is
the most likely contingency which has to be met
under fault conditions and some typical problems
and their solutions will he examined.

“Isolated Apparatus.”—Take first of all an A.C.
receiver supplied from the mains through a double-

Fig. 1. A ‘‘standard finger ’ for checking whether
live parts are sufficiently guarded against contact. This
device has been standardized internationally,

Courtesv British Standards Institulion
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wound transformer—an ‘‘ isolated ’ receiver as it is
described in ‘‘safety’’ terminology (see Fig 2).
Short-circuits in the heater or pilot lamp circuits
or in the h.t. rectifier, reservoir capacitor or per-
haps even in the smoothing capacitors are bound to
increase the current through the mains transformer
primary to an appreciable extent and it might at
first sight have been considered satisfactory to deal
with these faults by inserting a fuse in the primary
circuit.” Unfortunately, this is not such a straight-
forward method as might have been expected,
because at the moment of switching on a very large
current surge may occur. The magnitude of the
peak current reached depends on the instant in the
applied voltage cycle at which the switch made con-
tact, completion of the circuit near a voltage zero
resulting in a large current surge and at a voltage
maximum little or no excess current. Special fuses
having a long time-delay can sometimes be used
satisfactorily in these conditions, but a more sensi-
tive method of discriminating between faults and
switching surges is to fit a cut-out which depends for
its operation on the temperature of the transformer
windings themselves. The transformer itself is, of
course, rendered completely safe by this means
because it can never attain a dangerous temperature
as the current is cut off before this happens. One
way of constructing the thermal cut-out uses a low-
melting-point alloy to bridge a pair of sprung con-
tacts in the primary circuit whilst another incor-
porates a bi-metallic strip. The latter method can
be arranged to permit resetting by means of a
button—this may or may not be advantageous.
There seems to be little doubt that the heat-fuse
method is the most satisfactory way of dealing with
potential short-circuits in both 1.t. and in the good-
regulation sections of the h.t. circuits in ‘“isolated "’
receivers. The low-current circuits supplying the
screens and anodes of early stage valves, however,
remain unprotected, and unless other precautions
are taken there is a danger of fire due to overheating
of the feed resistances if the electrodes concerned
become connected to, say, the cathode or suppressor
grid. The resistance involved can, depending on its
value, either be made of such a rating as to be able
to withstand the full voltage of the h.t. supply with-
out danger of fire, or it can be of a type (such as
“wire wound’’) that it burns out without risk of
setling fire to surrounding components or wiring.
1f this latter altermative is adopted care must be
taken in the location of the resistor; e.g., it may be
mounted on fireproof supports above the chassis.
This is a convenient way of dealing with smoothing
resistors used in the simpler types of receiver instead
of smoothing chokes. They are usually of the order
of 2,000 ohms and cannot therefore be made capable
of withstanding the full h.t. without considerable
expense. Smoothing chokes, if used, are likely to
have a good margin of safety from the temperature
rise point of view, as they are generally designed to
have a low voltage drop. It may therefore be
possible to short-circuit a smoothing capacitor on the
output end of such a choke without causing the tem-
perature rise to exceed a safe figure; if not, an h.t.
line fuse may be required. Connected in series with
an inductive element there is little likelihood of
spurious operation due to current surges when charg-
ing up capacitors as the set warms up. Summing
up, the greater part of the “ isolated '’ type of radio
receiver can be protected by the provision of a

thermal device built into the mains transformer,
whilst fire risks in the remainder can usually be
dealt with by suitable positioning of feed resistors.

< Non-Isolated ”” Sets.—The ‘‘non-isolated’” (or
a.c./d.c.) type has problems of its own and requires
different methods of treatment. Even to meet safety
requirements under normal conditions of operation
current practice may have to be modified in some re-
spects, notably in the amount of attention which is
paid to the isolation of aerial, earth and pick-up
sockets from the mains. It has now been established
that well over go per cent of persons can feel a current
of 0.5 mA (r.m.s.) at mains frequencies and it is ob-
viously desirable that it should not be possible to
draw currents exceeding this figure from any access-
ible point on an equipment. In that connection the
sockets for aerial, earth, pick-up and loudspeaker
should be regarded as accessible even if the terminal
points themselves are recessed or otherwise protected
since the user may connect bare or lightly insulated
wires to them. Limitation of the permissible current
to 0.5 mA, however, may involve serious restrictions
in the design of the signal- and audio-frequency por-
tions of a receiver circuit: as numerous tests have
shown that currents up to at least 5 mA can be passed
between the hands or hand and foot without produc-
ing cramping of the inuscles and consequent inability
to let go, currents up to about 2 mA are probably not
dangerous although quite unpleasant. This does not
apply to the aerial terminal, as window cleaners,
painters and others may come in contact with the
aerial wires when perched precariously on ladders,
etc. Under these conditions, of course, only a very
slight shock may cause a fall with serious conse-
quences. As it is usually possible to restrict the mains
frequency current through the aerial to figures well
below 0.5 mA without prejudicing the R.F. perform-
ance, a blocking capacitor of approximately o.co1 pF
should be inseried in series with the aerial terminal,
or other similar measures adopted (see Fig. 3).

Non-isolated receivers are usually dependent on
capacitors for the isolation of accessible parts from
the mains so that great care has to be exercised in the
choice of suitable capacitors and in the provision of
reliable mounting and wiring to ensure that the
capacitor is not short-circuited externally. An im-
portant development in recent work has been the
recognition that a capacitor having an extremely
long life when subjected to a particular d.c. voltage
may fail at a very early stage when used on a.c.
having a peak voltage no higher than this d.c. value.
Paper-dielectric capacitors having solid impregnants
(e.g., waxes) have been found to suffer rapid de-
terioration under a.c. stresses whereas oil impregna-
tion gives excellent results. Mica, once specified as
the height of perfection in dielectrics, is also liable to
breakdown under a.c. operation at voltages much
lower than would have been expected from its per-
formance on d.c. The trouble is due to the formation
of minute voids within the dielectric. The electrical
stress at these points is high due to their lower s.i.c.
and ionization occurs with rapid deterioration of the
material. Fluid or semi-fluid impregnants are
naturally much less likely to allow voids to form.
Because of these possibilities of failure it is obviously
essential for the designer to specify isolating capaci-
tors of a type which have been proved to have an
indefinitely long life under a.c. mains voltage
conditions.

Live shafts on non-isolated equipment are a poten-
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tial danger of shock. Even if the knobs ar really
securely fixed (and this is not always the case) there
may be sufficient space between the back of the knob
and the cabinet to allow metal objects to fall through
and touch the shaft. A tube of insulating material or
an extension of the knob within the cabinet is advis-
able to prevent trouble herc.

Another feature of present-day non-isolated sets
which may require attention in order to comply with
the standards which are now laid down in several
European countries is the aerial circuit switching
arrangements. Creepage distances between adjacent
contacts or between certain contacts and the frame
of many of the wafer-type switches in general use are
decidedly less than the requirements demanded for
the insulation of parts at mains potential. As the
frame of the switch is usually connected directly to
the chassis by the mounting bush and in addition
some of the contacts may also be connected to chassis
(which is in turn connected to one pole of the mains)
arrangements will have to be made to ensure either
that the aerial coupling winding contacts are ade-
quately separated from the danger points or that the
coil circuit is itself isolated from the aerial and earth
sockets.

When we turn to the safeguarding of non-isolated
models against fire under “‘fault conditions’’ we
come up immediately against the fact that there may
be no central power source corresponding to the trans-
former in an isolated set and consequently we cannot
base our prolection on a thermal release located be-
tween the windings. Receivers employing auto-trans-
formers are, of course, classed as non-isolated and in
their case the thermal release is applicable but true
a.c./d.c. apparatus has to be dealt with by current
fuses. The occurrence of heavy surges at the moment
of switching on a set (as in the heater circuit when

(Below) Fig. 2. The power supply and audio stages of
an ‘‘isolated ’’ receiver showing some of the points
which have to be short-circuited during a fault test.
No danger should result if points having corresponding
letters; e.g. BB, are connected together. Short-circuiting
AA, BB or CC would result in the operation of the tem-
perature fuse. Joining DD or FF would cause the
smoothing resistor to over-heat, but if suitably located
no harm would result. It is quite practicable to choose
the wattage of the anode coupling resistor so that
joining GG does no harm. Short-circuiting HH has
little effect on the current distribution.

starting from cold or in the h.t. circuit when swiich-
ing on again soon alter switching off whilst an in-
directly heated valve rectifier is still hot) will often
present problems. It is seldom possible to secure full
protection with one fuse; the heater and h t. circuits
have to be treated separately. long time-lag fuse
is necessary in the heater circuit and this may be used
as a main input fuse as it can often be chosen to deal
with short-circuits in the rectifier or reservoir capaci-
tor. Breakdowns in the smoothing capacitors are,
however, unlikely to cause a sufficient increase in
the current to cause the main fuse to blow, owing
to the limiting effect of the smoothing chokes or
resistors. A sub-fuse should therefore be used which
carries only the h.t. current ; as this can be connected
in series with the choke or resistor, surges are, by
the nature of the smoothing circuit, avoided and plain
fuses are usually satisfactory

As in isolated receivers, the feed resistors of anode
and screen circuits are best dealt with by choosing
wattage ratings which will withstand the full h.t.
without risk of catching fire, or, alternatively, posi-
tioning them so that there is no danger of adjacent
components such as waxed coils or capacitors becom-
ing overheated.

Television.—Although the foregoing paragraphs
refer primarily to sound receivers, the principles are
directly applicable to television sets. The guarding
of live parts to prevent shock, for example, follows
the same technique as for radio equipment. At first
sight it might have been expected that more stringent
precautions would have been required owing to the
existence within the receiver of voltages up to r12kV
or more. When it was the standard practice to ob-
tain e.h.t. from a winding on the 50-c/s transformer
through a rectifier these fears would have been justi-
fied, not only because of the relatively high current

10
FREQUENCY CHANGER
GRID

LIVE CHASSIS

Fig. 3. The aerial cir-
cuit of a non-isolated

TEMP. FUSE

FEED RESISTORS
TO EARLY STAGES

receiver. During a
fault test many wafer-
type switches would
have to be short-
circuited because their
clearances are less
than those specified.
This involves block-
ing capacitances in
aerial and earth con-
nections. A leak
should be provided
from aerial to earth to
drain away static
charges which may
accumulate,

Bl
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which could be drawn from these supplies but also
on account of the large smoothing capacitors which
could remain charged after the set had been switched
off unless discharge resistors were fitted. Now, how-
ever, fly-back systeins of obtaining the accelerating
voltage for the c.r.t. are very frequently used and
neither of these considerations applies; it is very un-
likely that a dangerous shock could be obtained by
tounching the e.h.t. supply when a set is working.

Iixternal connections to a television receiver are
usually confined to the aerial feeder so that iscla-
tion difficultics, even on a ‘‘live-chassis™ set are
not troublesome. The feeder cable itsell is usually
covered by a layer of PVC or similar material, so
giving an additional measure of protection should the
isolation fail within the receiver.

Fire risks, on the other hand, require more atten-
tion—not only are there about three times as many
stages to give trouble, but also the technique is less
wall established and breakdowns of insulation are
consequently more likely to occur. The line scan
circuits, for instance, often develop several kilovolts,
apart from any step-up winding on the transformer
for the specific purpose of obtaining e.h.t. supplies.
The necessity for low values ol self-capacitance in
the line scan windings restricts the designer to small
physical dimensions and increases the difficulties of
insulating the coils adequately. The use of better
materials and newer methods is overcoming these
weaknesses, but there are potentialities for trouble in
this part of the receiver.

\Vhen a mains transformer is used the temperature

NERVE

’[‘HERE are so manyv striking resemblances nowa
days between clectronic devices and the human
body that it has become fashionable {or medical men
and engincers to look for analogies in each other's
work as a means to the better understanding of their
own. Neurologists in particular are tending to regard
the nervous system, which conveys information ahont
the body, as a vast communications network, and are
hoping that the knowledge of communications en
gineers will prove valuable in studying the complex
‘circuitry " of this network on a more scientific
basis.

This method of approach was perhaps influenced
by the fact that information is actually conveyed
along the nerve fibres of the body by electrical im-
pulses. Furthermore, these impulses are transmitted
by sensory organs, such as the eyes and ears, and
received bv motor organs, such as muscles and
glands, all of which have obvious electrical counter
parts.  The complex groups of nerve cells or ganglia
existing in the spinal cord and brain can similarly
be compared with telephone exchanges or the
“brains’* of electronic control devices.

Analogies of this sort, however, cannot be taken
too far, as there are some important differences to
be considered. For instance, the impulses are not
conducted along the nerves as they would be along
wires, but move comparatively slowly (about 8o-100
metres per sec) as a kind of ** travelling breakdown
of the polarizing voitage that exists between the inner

6

fuse can be used to deal with many of the possible
breakdowns in electrolytic capacitors and rectifiers.
The older technique of obtaining e.h.i. from a wind.
ing on the transformer was apt to present difficulties
in arranging the temperature fuse because a winding
of this kind had necessarily to be well insulated elec-
trically. As good electrical insulators are practically
always good thermal insulators it was difficult to
avoid overheating of the e.h.t. coil before the heat
was conducted to the temperature fuse. The fly-back
technique has eased matters here as well as on the
shock side. H.T. line fuses are commonly fitted to
deal with failures of compgaents in the circuits fed
from subsidiary smoothing filters where the effect on
the main h.t. current would be small. As in radio
receivers, careful placing of feed resistors liable to
overheat if short-circuits develop in valves or tuned
windings is essential to avoid the rapid spread of
flames. The use of PVC-covered connecting wire is
another important contribution, as this material does
not continue to burn of its own accord, whereas
rubber coverings form easy channels whereby fire
may spread from one part of a set to another.

Conclusion.——The recognition that we cannot hope
to ensure in an apparatus as complex as a radio or
{elevision receiver that no component ensuring free-
dom from shock or fire risks will ever fail, is bound
1o lead to an improved standard. Protective devices
are being developed in various quarters to implement
the proposals that every set should be able to deal
safely with failures of insulation in components such
as electrolytic capacitors, valves and switches.

COMMUNICATIONS

core and outer sheath of a nerve fibre. Furthermore,
since the process of breakdown and restoration takes
time to complete, there is a limit to the rate at which
the impulses can be transmitted and the nerves do,
in fact, ““cut-off’ like a filter at a repetition rate
of about 500 per sccond. This latter point was raised
al an informal discussion on ‘‘ The Nervous System
as a Communication Network,”” held at the I.E.E.
on zoth November, 1950, when one of the speakers
asked how was it possible, in these circumstances, for
us to hear frequencies up to about 15ke/s. In
reply, the lecturer (Dr. J. A. V. Bates) said that the
frequency discrimination of hearing was not done in
the nervous system at all but in the inver ear. This
had a resonant structure which responded at differ-
ent points corresponding to different frequencies, and
since the endings of the auditory nerve fibres were
spatially distributed over this structure they could
identify the frequencies by their position and convey
the result to the brain. The actual repetition rate
of the impulses along a nerve was merely a measure
of the intensity of the stimulus, in this case sound.
Discrimination by position occurs in a similar way
in the other sense organs, the spatial distribution of
nerve fibres being repeated at the far end of the
“line”’ by a corresponding distribution on the brain
itself. To carry the information in this fashion, a
large number of individual channels are required,
and in the optic nerve of the human eye, for example,
there are something like a million separate fibres.
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Principles of Design and Construc-

tional Details of o High-frequency
Magnetron

Unit
Field Magnet

Malking Use of a

By P. L. TAYLOR, ma

HE unit to be described has given excellent

results and is comparatively simple to make.

The Dasis of the design is a Government-
surplus magnetron magnet ; but these vary in dimen-
sions, gap widths and flux densities, and to enable
the home constructor to modify the design to suit
anv particular magnet, some clementary theory is
given which will serve as a guide to the orders of
magnitude of the quantities involved and to the effect
of changes in the design on the final results.

It is well known! that when a sound is propagated
throngh air the air particles, normally at rest, are
set in vibration longitudinally, i.e., along the direction
of propagation. This movement of the particles
gives rise to the variation of air pressure, above and
below atmospheric, that constitutes the sound wave.
At a particular point in the medium, whenever the
particles are moving forward (in the same direction
as the sound) the pressure is above atmospheric,
and when they move backwards the pressure is
below atmospheric. It can be shown that, if p
is the pressure excess and v the particle velocity (not
the velocity of the sound wave) the ratio p/v is a
constant determined by the characteristics of the

medium. This constant is known as the unit area
CURRENT [
]
|
\ !
THICKNESS T — 7 LENGTH @
MAGNETIC FIELD ‘
(FLUX DENSITY B)
. O 'qfc
~ "707 (2%
\ BREADTH & Oy
o=
Fig: 1. Relevant dimensions of ribbon in a magnetic
field.

1 See, {or exampls Acouslics,” by Alexander Wood (Rlakie and Sen
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nnpedance ol the medium, and denoted bv 7 .
\We have therelore
f 75 e . o - P (1)

For plane waves i air, if $ and v are measured
in c.g.s. units (dvnes/cm®, and cm/sec respectively
7, = 41.2 c.g.s. units.  This is only true if the waves
are plane; for diverging and converging waves the
relation between p and v i1s more complicated, but
need not be considered here.

Consider a ribbon carrying a current in a magnetic
field (Ifig. 1). It will experience a force tending to
move it in a direction at right-angles both to the
direction of the field and the direction of the current,
This movement will be communicated to the air.
and if the current is alternating the movement will
also be alternating, giving rise to the radiation of a
sound wave. But at high frequencies the inertia
of the ribbon will prevent it moving as much as it
should, and the radiated power will fall off. Obvious-
ly, for good high-frequency response as light a ril-
bon as possible is called for; but the matter is not
quite as simple as that.

Usiug the symbols giveu in Table I, we can write :

= Bal dynes .. ’a a3 A (2)
F2 = 2pab dynes 3
{the factor 2 allows for the two faces of the rlbbon ;

TABLE 1

Quantity Symbol  Unit |
Magnetic ﬂu\ densnv o B gauss l
Length of ribbon 4 cm
Breadth of ribbon b cm
Thickness of ribbon s @ em
Density of ribbon materin! e D gm /cm
Mass ot ribbon ... oo Meabie gm
Resistivity of ribbon matexw q ohm/em
Air pressure exgess o wi P dyne/em? |
Air particle velocity e /see

Displaccment of ribbon trom lest
position i Bt e

Current through ribbon ; 1 C.m.n.
| Electromagnetic torce on ribbon ¥y=Bal dyne
| Acoustie torce on ribhon wo Fae2pab dvne
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when there is a pressure excess on one side ot the
ribbon there will be a pressure deficit on the other,
so that the force on the ribbon will be twice that on
one face.) Making the assumptions that the air
particle velocity is equal to the ribbon velocity, and
that the radiated waves are plane, equation (I)
holds and substituting this in equation (3) gives
F, = 2abZ v

dx
u‘dT‘
The resultant of F, and F, wiil cause acceleration of
the ribbon, and, assuming that it moves as a whole
and has negligible stiffness at its supports, we can
write :

F,—F, =M

= 2abZ (3a)

dzx
ar (4)

Substituting equations (2) and (3a) and the mass of
the ribbon as given in Table I we get :

1Ba — 2ab2,%"  parrSr (s)
v dt dr
But the voltage V across the ribbon is given by
v aBd—X
dt
) ) dx A%
and therefore 5= Ha ] i . L -
dzx 1 dV
A B df
Substituting equations (6) n (5) gives
l1aB = 2Z ab g } gat . d}'_
T aB aB o dt
or | — \7/ aB2_ : BQT—, d_\( . 7
27,6 aB* df o |

Fortunately it is not necessary to solve this equa-
tion, which connects the voltage across the ribbon
with the current through it, i.e., represents the elec-
trical impedance hetween the ends of the ribbon due
to the fact that it is moving. This impedance is
called the ““ motional impedance’ of the ribbon.

TABLE 11
1 ampere 0.1 em.u.
1 volt 108 e.m.u.
1 ohm = 10° e.m.u. |
1 farad = 10-Y e.m.u.
1 henry = 10% e.m.u. !

Fig. 2. (a) Equivalent circuit of motional impedance
of ribbon, and (b) with the addition of R,, the d.c.
resistance.

We may find it by comparing equation (7) with the
equation of current and voltage in the circuit of
Fig. 2(a).
I A% e dv 8
= e ae .. . a )
Equations (7) and (8) are of exactly the same form,
so the motional impedance is evidently a resistance
and capacitance in parallel, where §

aB*
R - e.m.u
2L
) pbr
C =—— emu.
alB3?

These electromagnetic units must be converted to
practical units (Table II) and we get:

aB: . s o]

e = 110 8 “s .

220" (©)

w

Ry ==

pbT

aB?
But Tig. 2(a) does not represent fully a practical
ribbon ; for the voltage V in equations (7) and (8)
is the back e.m.f. produced by the motion of the
ribbon which in the practical case is much less than
the em.f. applied to the ribbon by a generator.
The ditference is due to the voltage drop in the normal
electrical resistance of the ribbon (and strictly speak-
ing also in the inductance of the ribbon and the leads
to it : but for the moment we may ignore this). The
equivalent circuit of a practical ribbon 1s therefore
Fig. 2(b) where R,, the d.c. resistance of the ribbon,
is given by

X 10° farads (10)

= o
R;=-— ohms
br

(11)

From this figure we can see that when an alternating
voltage is applied part of the energy is absorbed
uselessly by R, and part is radiated as sound ; this
radiated energy is represented by that absorbed in
the ‘‘ radiation resistance’ R. As the frequency
increases the radiation is decreased bv the effect
of the mass of the ribbon, represented by the shunting
of R by a capacitance C.

Two considerations enter into the design of a nb-
bon loudspeaker : first, the efficiency, i.e., the fraction
of the total energy supplied to the ribbon that is
actually converted to sound, and second the {re-
quency response.

Fig. 2(b) shows that, at a low frequency where the
etfect ol C may be neglected, the efficiency » is given
by

R
= — 2
R T R, (r2)

and the radiated power will fall by 3db at a frequency
at which the voltage across R falls by 3db. This
is determined by the time-constant T of the circuit
which, assuming it to be fed from a low-impedance
source, is the product of C and the parallel combina-
tion of Rand R, i.e,

RR,
R + R,
and the radiated power will fall by 3db at a frequency
given bv

7

T=C (13)

1
oS o o v > - (14)
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[t 15 ditficult to see immediately from the fore-
going equations which are the most impertant
variables to be fixed at the outset in attempting a
design, as T and 5 are obviously closely related, and
changing one byv altering the design will affect the
other. We may therefore introduce the idea of a
" figure of merit ”’ given by the fraction »/T, which
must be as large as possible since we require 5 to
be large and T small. From equations (12} and
(13),

7 I B2

T CR, po
which makes the problem look much simpler, as all
the dimensions ot the ribbon have disappeared.
This equation shows that only two quantities are
prerequisites of a good design : the tlux-density and
the material ol which the ribbon is made. B must
be as high as possible, and even a small improvement
is worth striving for as the figure of merit is proper-
tional to the square of B. Tt is interesting that it is
not p and o separately that are important, but their

TABLE III
Density p | Resistivity o [
Metal (gm/em?,) (ohm/em.) po
Magnesium 1.74 435210 6 757x10¢
Aluninium 2.7 3.21 . 8.67 .,
Copper 8.93 1.78 1585 ,,
Silver 10.5 166, 174
Zine 7.1 L6l = 43.2 -
‘ Gold 19.32 2420 ) 46.8
Tin 7.29 1.3 » 82.5
TABLE IV
B 12,500 gauss R 7.6 1073 ghm |
17 1.5 inches C 3.3x 1073 farad
{6 0.375 inch 7 0.31
T 0.0003 inch 4t 1.7:71075 sec
Ry 17 %1073 ohm f_gan 9.3 kefs |

WIRELESS WORLD, JANUARY 1951

product.  Lable Il gives the values of po [or various
metals ; magnesium seems an obvious choice with
alumimum a close second. In practice aluminium
is used as it does not tarnish and is readily obtainable
in the form of foil.

Having obtained as high a value of /T as possible,
design procedure is then to choose the ribbon thick-
ness so that » ts about the same as that of the main
loudspeaker with which the unit is to be used;
this in turn fixes T and the frequencyv response.
As an example, the figures in Table IV applv to the
aluminium ribbon used in this design. It is interest
ing also to calculate the results that theoretically
could be achieved using the best magnet materials
that are at present commercially available, and a
thinner aluminium ribbon. Assuming B = 15,000
gauss, 7 = 0.2, we find that f~3db = 20.6 ke¢/s and
T = 0.0001I2 in.

Horns.—The fundamental assumption was made
above that the ribbon would be radiating plane waves
so that we could equate the ribbon velocity and the
acoustic pressure with Z, (equation (r)). But

u

Fig. 3. Illustrating the development of an exponential

horn.

Component parts of ribbon loudspeaker before assembly
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{or a ribbon 1n {ree air this assumption is by no means
justified, and in practice horn loading is generalty
considered necessary. To quote from p. 120 of the
reference given earlier “ The primary purpose (of
a horn) is to load the diaphragm at the narrow end
by increasing the pressure against which it has to
work and to deliver the energy it receives to the
atmosphere over an area sufficiently large to avoid
reflection back into the horn with consequent sta-
tionary vibration and resonance.” In other words,
a horn is a device for matching the diaphragm (in
this case the ribbon) into the air aud so ensuring
efficient radiation.

The usual form of a horn is ** exponential » (Fig.
3) in which the area S, at a distance x from the small
end {the throat) 1s related to the throat area S by
the equation

S = Selte - (14)
In designing the horn t\\o decmons have to be made ;
ihe value of m (i.e., the rate of flare) and the total

length of the horn.
It can be shown that an expounential horn only

T

-Details of ribbon mounting and horn supports.

Fig. 4.
expanded

(a) expanded section at Y-Y, and (b) partly
section at X-X.

A B\
P
7
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(a)

RUBBER
-~ WASHER

(b)

behaves as required above a critical frequency f,
which is determined by m ; in fact,

47f,

wm o= (15)

where ¢ is the velocity of sound (13,500 inches per
second, since we shall be working in inches for the
horn dimensions). Below this critical frequency no
radiation occurs, and the less rapid is the flare
(i.c., the lower is m) the lower the critical frequency.
But the ribbon unit must not be allowed to work at
too low a frequency, even if space for a large horn
can be found, as the thin ribbon is easily overdriven.
Most of the power in music and speech lies below a
frequency of about 1,000 c/s so it is wise to arrange
by means of a crossover network that a normal mov-
ing-coil loudspeaker which is reasonably satisfactory
up to this frequency handles the range up to, say,
2,000 ¢/s and the ribbon unit the higher frequencies.
The horn can then be designed for a critical frequency
of 1,000 ¢/s (giving an m of 0.93 per inch) which ensures
that the lowest frequency it has to handle (2,000
c/s) is well within its working range. At the same
time, the flare is not so rapid as to lead to practical
difficulties in cutting and bending to the right shape
the horn material, and yet the horn is reasonably
small.

The length of the horn is determined by considera-
tions of the dimensions of the mouth. As pointed
out above, these dimensions must be ‘‘ sufficiently
large to avoid reflections back into the horn . . . "
within reason the larger the mouth of the horn the
better. A practical criterion is that the sides of the
mouth should be about one wavelength at the lowest
frequency. For the figures given above this is about
12in., leading to a horn about 6in. long.

It 1s not essential that the horn should be of the
same cross-sectional proportions all the way along;
starting from a long narrow ribbon this would give
a horn of an awkward shape. Instead, the rates of

flare m, and 1, of the @, and b, dimensions may be
different ; but
m red
e a '
o7 azb, = a b
abe('lna_}_ mh\.r_- Se””
and therefore i ay,— m. In the present design
m = 0.0 giving a mouth area of about 50 square

inches with a length of 5 inches. The a, dimension
expands from 1.5 inches to 8 inches in this length,
s0 that m,=— 0.335 and therefore m,= 0.565.

Practical Details

Construction.—The  magnet used  originallv
produced a field of 9,700 gauss across a {in gap be-
tween poles 1in by 1}in; this was increased to
12,500 gauss by fitting pole-pieces 1iin by {in by {in
of mild steel strip. DMild steel fillets were fitted
where the pole-pieces project beyond the original
poles to even the field distribution.

It is obvious that a powerful magnet is necessary
to produce the required flux density in such a large
volume, together with the inevitable stray field.
Watches and ferrous tools must be kept well away
from it, and all assembly work should be done away
from the normal work-bench where iron filings might
enter the gap. The keeper should not be removed and
veplaced more often than is necessarv.

The ribbon and horn supports (Fig. 4) are made
of synthetic-resin bonded paper board (* Paxolin,”
“Tufnol,” etc.). Five pieces (two A, two B and
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one C) of the appropriate thicknesses are cut approx
imately to the right dimensions and the bolt-holes
E carefully drilled. They are then bolted together
and filed to size, and the bottom holes slotted as the
magnet somewhat obscures them and the bolts have
to be put in sideways. The pieces A are filed out to
fit snugly over the poles and fillets, with the inner
faces flush with the faces of the poles. Pieces B
have r1jin by {in holes for the extra pole-pieces,
and are filed towards the edges to the contour of
the horn. The centre piece is cut into {our pieces
C, shaped to the other horn section, allowing room
for the ribbon clamps D. These are pairs of aluminium
blocks of §in square cross-section ; one block of each
pair is screwed to one of the pieces I3 and extends to
form a terminal post. The butting faces of these
blocks are smoothed down on emerv cloth on a
tiat surface, to ensure good contact to the ribbon.

The ribbon was obtained from a tubular paper
capacitor—some search was necessary before one
containing thin enough material was found ! Once
obtained this is cut to the correct width, but consid
erably longer than the final length, before removing
the last layer of paper. After washing in carbon
tetrachloride to remove grease, it is smoothed out on
a sheet of clean glass. (Theribbon hasa tendency to
curl up, and fixing a piece of transparent sticky tape
to cach end greatly facilitates handling.) It is
corrugated slightly by winding turns of 16 s.w.g
enamelled wire on a flat former, and pressing the
ribbon on to the turns with a finger.

The two horns are made of about 26 s.w.g. tinplate,
to the calculated dimensions, allowing for the fact
that the initial part of the horn is formed by parts
Band Cof the ribbon supports.  (Of course, the shapes
to which the tinplate has to be cut are not the same
as the axial cross-sections of the horns ; the method ot
developing the required shapes is shown in Fig. 5.)
After bending and soldering along the corners the
small ends are soldered to channel pieces FF in which
appropriate rectangular holes have been cut. The
sides of the channels are slotted to pass under the
bolts in the main structure.

Assembly.—This is quite straightforward. Al
the parts of the main structure are assembled on the
magnet, with the exception of the smaller clamping
blocks and the shaped pieces C covering them. The
magnet is then laid on its side and the two bolts
which are now underneath temporarily inserted.
The ribbon is placed in position and held by the
adhesive tape on its ends while the small clamps are
screwed down ; excess ribbon can then be torn off.
The remaining picces C are inserted and one of the
horns bolted in place, after which the other bolts
can be loosened and the second horn fixed. Rubber
washers cut from a car-tyre inner tube are placed
between the horns and the main structure. Only
brass nuts and screws should be used throughout.

General.—Since the ribbon impedance is so
low the leads to the matching transformer must be
stout and twisted together to reduce inductance, but
should not be less than a foot long to allow the
transformer to be mounted well away from the mag-
aet. Also, the transformer secondary must have a
low resistance and leakage inductance. As a guide,
a transformer to match the above unit into 15 ohms
was wound as follows:

Core: square stack of Mumetal laminations
(Pattern 178, Magnetic and Electrical Alloys).

WIRELESS WORLD. [ANUARY 1951
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Fig. 5. Method of marking out sides of horn for
cutting from flat sheet.

Fig. 6.
curves.

Calculated and measured frequency response

. CALCULATED
1. FROM THEORY °

CALCULATED FAOM
MEASURED IMPEDANCE

FREQUENCY (c¢/fs)

OUTPUT RELATIVE TO MAXIMUM (db)

Primary : | lavers of 10 turns each of double

20 s.w.g.
Secondary : 1 turn of 1in wide copper strip between
each primary layer (total 3 turns).

The cross-over network can be designed using
basic formulae® or more simply from abacs® and should
be based on a frequency of 2,00c c¢/s.

Results

Impedance Measurements.-——Measurement by a
bridge method showed that for all frequencies above
about 3,000 c/s the impedance of the unit was substant-
ally that of Fig. 2(b) with the addition of an induc-
tance L in series with R, where L = 6.9 X 10~7 henrys,
R 2.7 X 1072 0hms, R = 6.6 X 10-3ohms, C =
3.4 X 10-% farads. Below 3,000 c¢/s the horn is

* F. E. Terman, * Radio Engineers Handbook,” p. 249. (McGraw-Hill
Beatty and Sowerby. ‘‘Radio Data Charts” p. 81. (lliffe and Sons).
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operating near its cut-off frequency, the etfect of
which is that Z,, is not entirely a real quantity and the
impedance of the ribbon differs from that given above.
But above this frequency the agreement of the figures
for R and C with theory is good. The importance
of short leads is evident from R,, and L also becomes
important at the higher frequencies.

e, Frequency Response—Three curves are plotted
in Fig. 6; one {rom the simple calculated impe-
dance of Fig. 2(b), one from the measured
impedance, and one measured with a calibrated
microphone. The latter shows well the effect of
the horn. It is not extended above 12,500 c/s as
the microphone was not calibrated above this fre-
quency, but aural impressions indicate that the re-
sponse continues to fall smoothly without either
peaks or a sharp cut-oft. The curve for the measured
impedance is somewhat misleading ; strictly, it does
not apply below 3,000 c/s but should fall rapidly.
Allowing for this, and raising the general level of
the curve so that its highest point is at 0 db, it
would show closer agreement with the measured
response. Otherwise the correlation between the
curves is reasonable considering the experimental
errors and the various assumptions made. It may
therefore be concluded (a) that it is important to
design the horn for a cut-oft frequency at least an
octave below the cross-over frequency, and (b)
provided values of B and r as given by the simple
theory are used, good results may be expected.
In calculating r from B and 5 a value for 5 of about
0.2 should be used. In a practical unit the resis-
tance of leads and of the connection to the ribbon
itself lower the efficiency to something more nearly
approaching that of a normal i2in moving-coil
unit. Iiven so, it mayv be necessary to pad down
the ribbon unit to match the other as has proved the
case with the writer’s combination ; particularly as
it may not be possible in practice to obtain thin
enough ribbon.

Aural Impressions.--The improvement in high-
frequency response with the ribbon unit over the
writer's 12in speaker (itself considered to be good)
is most marked, and has been commented on by a
number of people, both technical and non-technical,
musical and non-musical. Results compare very
favourably with two comimercial units which the
writer has heard.

PROFESSIONAL SOUND RECORDING
IN his Presidential Address at the Royal Society of

Arts to the Association of Professional Recording
Studios on December 5th last, the Earl of Harewood
spoke of the value of direct recording to musicians
as a medium for self-criticism, and of his own experi-
ences with recording apparatus. The craft of pro-
ducing good recordings was one which had to be
learnt, and one essential was that the mechanism of
recording should not obtrude on the performer’s
preoccupation with his art. Having spent large sums
on initial training for his carcer as a musician, he
would not begrudge the few pounds necessary to
secure a record of his progress under the comfortable
conditions of a professional recording studio. In
America recording was now accepted as a routine part
of orchestral rehearsals; there was ample scope for the
expansion of professional recording activities in this
direction in this country.

C. E. Watts (President of the British Sound Re-

12

cording Association) followed with a demonstration
of recent progress in disc recording in which he played
some remarkably fine piano recordings, made with no
restriction on lateral’ -acceleration of the groove.
Unfortunately the lifé of such records was limited to
about a dozen playings, even with modern lightweight
pickups.

The future of commercial broadcasting was the
topic chosen for the address by the Vice-President of
the Association, Derek Faraday. After drawing a
careful distinction between ‘‘commercial’”’ and
‘““sponsored”’ types of programme structure, he
showed, with examples from recent B.B.C. features,
how a sponsored system might be introduced without
any obvious change in the character of B.B.C. pro-
grammes as at present constituted. Such a change
would open up a wide field for independent profes-
sional recording studios.

Particulars of the Association of Professional
Recording Studios, and the services offered to
members are obtainable from the General Secretary,
M. K. Howells, 14, Wynchgate, Harrow Weald,
Middlesex.

MANUFACTURERS’ LITERATURE

Schools Radio equipment brieily described in leaflets
from Audix B.B., Ltd., Hockerill Works, Bishop’s Stort-
ford, Herts.

Car Radios made by Ekco; short specifications for the
complete range of models from E. K. Cole, Ltd., Ekco
Works, Southend-on-Sea, Issex.

Components and accessories in a catalogue from A. F.
Bulgin & Co., Ltd., Bye Pass Road, Barking, Essex.

Radiogramophone, Model FG50 described briefly in a
specification from Kolster-Brandes, Ltd., Footscray,
Sidcup, Kent.

Batteries for all purposes, including accumulators,
catalogued in a booklet trom Pertrix (tolsun Batteries,
Ltd.), 137, Victoria Street, London, S.W.1.

Loudspeakers and accessorics catalogued in an illus-
trated brochure trom Wharfedale Wireless \Works, Brad-
ford Road, Idle, Bradford, Yorks.

Relays for various applications described in leaflets
from Londex, Ltd., Anerley Works, 207, Ancrley Road,
London, S.I.zo.

Valve Data and price list of Osram valves {rom The
General Electric Co., Ltd., Magnet House, Kingsway,
T.ondon, W.C.2.

Sound Level Meter, type 1400 portable instrument
described in a leaflet from Dawe Inhstruments, Ltd., 130,
Uxbridge Road, Hanwell, London, W.7.

‘“ Always in the Picture,”” an illustrated booklet
describing the television activities ot Pye, Ltd., of
Cambridge.

Geiger-Muller and Cathode-Ray tubes; data shects and
a price list from 2oth Century Electronics, Ltd., Dunbar
Street, West Norwood, London, S.E.27.

Multi-way Connectors by Kabi described in a leaflet
from Precision Components (Barnet), Ltd., 13, Byng
Road, Barnet, Herts.

Catalogue of radio and electronic equipment from
Holiday and Hemmerdinger, Ltd., 74-78, Hardman
Street, Deansgate, Manchester, 3.

Output Transformer complying with the ° William-
son’’ specification in a technical data sheet {rom
Partridge Transformers, Ltd., Roebuck Road, Tolworth,
Surrey.

Long-playing Turntable, an attachment for converting
normal radiograms, described in a leaflet from Chancery
Precision Instrument Service, Ltd., 64, George Street,
London, W.r1.

Sound Equipment ; numerous applications covered in
an illustrated brochure from G.E.C., Magnet House,
Kingsway, W.C.2.
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Fig. 1. Details of the tem-
) ) . porary vision aerial used at

the London television station
while the permanent system
was beiny overhauled

after nearly 14 years in service the Alexandra

Palace vision aerial and feeder system was in
need of an overhaul. This could not be done con-
veniently or thorcughly in the intervals between
transmissions, and so it was decided to erect a tem-
porary aerial in order to free the original installation
completely. Accordingly, after two months’ experi-
mental work a simple form of folded dipole aerial was
designed, constructed and erected on the top of the
Alexandra Palace mast, and the service was trans-
ferred to it on 16th October for a period of six weeks,
during which the main feeder was overhauled.

DURING last summer it became apparent that
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the

l'olded Dipole of Unusual

London Television Station

By F. D. BOLT. BSc. AMLEE. (Eng. Div., B.B.C)

When conductors of equal size are used in a folded
dipole (the usual arrangement) the impedance at the
centre of the driven element is approximately four
times that of a single straight half-wave aerial,
namely 300ohms. By using conductors that are un-
equal a useful range of impedances can be achieved,
and this can be extended by arranging one element
so that it partly shields the cther. Bandwidth is
dependent on the effective diameter/length ratio of
the whole aerial, and for a folded dipole it is greatly
improved by the inherent reactance correction.*

Recent advances in the manulacture of v.h f. cables
have resulted in the production of a cahle which will
carry nearly 5 kW at 45Mc /s with an attenuation of
o.2db per 100ft. The velocity factor of the cable
i1s 0.9. The mean power output of the Alexandra
Palace vision transmitter during the transmission of
an average picture is about 7.5kW, the peak white
power being 17 kW. The temporary aerial was de-
signed to be centre fed by two cables arranged as a
“binocular pair,”” the feed point impedance being
made equal to the characteristic impedance (2 x 84
ohms) of the pair in order to avoid the mechanical
difficulty of inserting matching devices

Construction

A central element of aluminium scaffold tubing sur-
rounded by three driven elements was used to give a
driving point resistance of 168 ohms at 45Mc/s de-
viating by not more than +10 per cent between 42
and 48 Mc/s. The variation of parallel reactance
increases the impedance variation to +20 per cent
over this frequency band. Control of the resistance
value is obtained ecither by changing the number
(coarse control) or the diameter (fine control) of the
driven elements. The reactance can be varied by
auxiliary connections between inner and outers near
the ends of the dipole, but no improvement results
from such a connection because the inherent parallel
stub formed by the two elements is shorter than the
optimum length. Fig. 1 gives the dimensions
finally adopted, and Fig. 2 shows the aerial as it was
set up during the testing period.

The vision transmitter output at Alexandra Palace
is arranged for driving into a 50-ohm co-axial feeder.
At some point the two 84-ohm cables had to be joined
to work in parallel by making one a halt wavelength
longer than the other. Technically this would best
be done close to the aerial in order to avoid differen-

R.C.A. Review, Vol. 4, p. 168, October 1939.
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Fig. 2. The tem-
porary aerial set up
far testing.

Fig. 3. This view of the
temporary aerial gives
some idea of the general
arrangement and the
manner in which the
two binocular feeders
are joined in.

tial phase changes along the 4oo-fcot route due to
imperfections in the cable characteristics, but
mechanically it is far easier to accommodate the extra
half wavelength at the transmitter end. In actual
fact the cables were so little dissimilar that the
mechanically easier way was adopted after trials of
both. -

Fest transmissions produced pictures which were
almost as good as those from the original aerial, the
field strength over an aic from southwest through
south to east being within a few per cent of that of
the usual service. In the north to east direction the
field strength was slightlv below normal, owing to
the effect of the vertical feeders. Elsewhere it closely
approached that of the original system and when the
aerial first came into temporary service the change-
over was hardly noticed in most areas. The centre
of the temporary aerial was some 3o ft higher than
the old.

Aerial Improvisations

A good deal of improvisation was exercised in the
construction of the aerial in order to expedite the
job. Scaffold tubing and clamps were used where
possible and aluminium saucepan blanks were found
to be ideal for end fittings and centre connections.
The only erection dificulty was in connecting the
v.h.f. cables to the aerial after it had been mounted
on the pole as it was not convenient to assemble them
before the aerial was erected.

The two catles were hauled up the mast with little
trouble and cleated to a steelwire rope.

Fig. 3is a close-up view of the aerial when mounted
on its pole {not shown) and seen also is the circular
aluminium plate to which the feedugs and stand-off
insulators are secured.
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AMPLIFIERS FOR
DISC RECORDING

Lecture-Demonstration at the B.S.R.A.

SOME useful criteria for the specification of ampli-

fiers for high-quality recording were given by
H. D. McD. Ellis, M.A., M.ILE.E., at a meeting of
the British Sound Recording Association in London
on November 24th last.

The frequency response of B.B.C. recording ampli-
fiers was 50 to 10,000 ¢ /s + 1 db with a gradual rather
than a sharp cut-off. Transformers were the limiting
factor and the economic upper limit of 10kc/s was
dictated by the characteristics of *“ music *’ land lines.
Any reduction of frequency response should be made
at both ends of the scale; the product of high and low
frequency limits should approximate to 500,000 with
a centre in the region of 700 to 8ooc/s. Distortion
was best assessed by calculating the r.m.s. sum of
harmonics in per cent, with each (nth) harmonic
weighted by multiplying by #*/4. On this basis a
figure of 5 might well represent the borderline
between high and medium quality.

High-quality transducers (microphones and cutter
heads) werc usually insensitive and overall power
gains of the order of 120db were necessary. At this
level of amplification, noise was a major problem with
Johnson thermal noise as the limiting factor. In
general, hum level up to 6 db worse than Johnson
noise could be tolerated; hand-picked valves were
necessary to ensure adequate freedom from
microphony.

The output required for disc recording was con-
siderable—of the order of 100 VA in the B.B.C. Type
D equipment. Cutter heads with high inductance
presented matching difficulties and called for low
voltage and high current at low frequencies, high
voltage and low current at high frequencies. It was
better to express the output in volt-amperes rather
than in watts.

After discussing the limitations of feedback, Mr.
Ellis went on to show how it could be applied with
advantage to include distortions in the recording
cutter head In the B.B.C. Type B head a second
coil moniters the rate of change of flux in the mag-
netic circuit and provides a voltage which is fed back
to an intermediate stage of the amplifier to com-
pensate for distortion of the flux waveform. This
gives a close approximation to the ideal of feedback
controlled by the actual motion of the cutter point.

Volume compression was necessary in order to
reduce actual sound level changes to the range of
45 db, which could be accommodated in disc record-
ing. Manual control by a skilled operator was prefer-
able to automatic compression, since some distortion
was inherent in the non-linear characteristic required
for instantaneous control. The virtue of manual
control was intelligent anticipation, but some safe-
guard for carelessness was necessary, and in the
amplifier used in the Type D equipment an auxiliary
circuit, biased to cut-off at normal operating levels,
was arranged to provide automatic overload preven-
tion for excessive peaks.

After a general description of a typical B.B.C.
recording channel, Mr. Ellis gave a demonstration of
some high-quality piano recording, and showed the
merits of the latest type of volume indicating meter.
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WORLD OF WIRELENS

Beveridge Report ¢+ New Governors + European Broadcasting

Problems +

Broadcasting Inquiry

’I‘HE last meeting of the Broad-
casting Committee, which was
appointed in 1949 to consider, under
the chairmanship of Lord Beveridge,
the constitution and control of the
United Kingdom broadcasting ser-
vice, was held on December 15th
for the signing of the report. It is
understood that this report, which
will summarize the oral and written
evidence obtained from a consider-
able number of witnesses and give
the findings of the eleven members,
will be presented to the Government
soon after the Christinas recess.

B.B.C. Governors

WO new Governors of the B.B.C.
have been appointed—I. A. R.
Stedeford, who was a member of
the Beveridge Broadcasting Com-
mittee and was previously a member
of the Television Advisory Commit-
tee, and Francis Williams, who,
during the war, was Controller of
News and Censorship at the Minis-
try of Information. Their term of
otfice is for one vear only,; the
B.B.C. Charter ends on December
31st, 1951.  Their appointment
brings the number on the Board of
Governors, which controls B.B.C.
policy, up to eight.
Lord Tedder, whc was appointed
a Governor last year, has been made
vice-chairman of the Board in suc-
cession to the Dowager Marchioness
of Reading, whose term of office has
ended.

1.F. Problems

THE problem of the choice of
intermediate frequencies for
superhets, created by the introduc-
tion of the Copenhagen Plan, which
was dealt with by G. H. Russell in
our September, 1949, issue, has been
tackled by the Technical Centre of
the European Broadcasting Union
(U.E.R)).

In the November issue of the
U.E.R. Bulletin in which there is
an article on the subject, it is stated
that the members of the Union are,
so to speak, ‘‘manufacturers and
suppliers ** of modulated waves, and
as such they need not, in principle,
concern themselves with what their
*“ customers "’ chose ultimately to do
with their products. If, on the
other hand, it can be shown that a
judicious arrangement of broadcast-
ing stations in Europe results in
reception with a minimum of
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B.B.C. Television Policy +

" whistles,”” then it is considered by
the Union that its members should
not dissociate themselves entirely
from the problem.

With a view to undertaking a
closer study of the problem the Union
has sent a questionnaire to associa-
tions representative of receiver manu-
facturers in Belgium, France, Italy,
Switzerland and to B.R.EM.A. 1n
this country.

Italian F.M.

LIKE Germany, where in each of
the three \Western Zones there
has been established a {.m. network
to alleviate the congestion in the
medium-wave band, the Italian
broadcasting service (Radio Audi-
zioni Italiano) has introduced a
chain of eight f.m. stations to
radiate the country’s Third Pro-
gramme. To meet the needs of
those outside the service areas of the
eight transmitters the programme
is also being radiated on four wave-
lengths in the short-wave band with
amplitude modulation.

The new transmitters, which
operate on frequencies ranging from
90.9 to 99.9 Mc/s, are located in
Bologna, Florence, Genoa, Milan,
Naples, Rome, Turin and Venice.

Television Progress

HEN outlining the B.B.C.’s
policy regarding television at a
recent conierence, the Director
General, Sir William Haley, quoted
figures showing the increased amount

Steel C.R. Tubes

of capital expenditure on the service
—from £74,000 in 1947-1948 to
£914,000 in the current financial
year and an estimated £1,202,000
next vear. Ile estimated that 60
per cent of the Corporation’s income
in the next three years will be de-
voted to the development of the
television service.

On the question of the inter-
national exchange of programmes, it
was learned that a television tran-
scription  service, similar to that
already existing for sound broadcast-
ing, is being introduced by the

B.B.C. to provide British® pro-
grammes  for other European

countries.

When dealing with the question
of the transmission of the Test Card
at times suitable for home construc-
tors to test their sets, it was stated
that the main difficulty is the
shortage of camera equipment and
studios, which are used for
rehearsals out of transmitting hours.
The difficulty is so acute that the
teleciné camera is not infrequently
used for the present Test Card
transmissions.

The progress report on the build-
ing of the Holme Moss transmitter
shows that at the end ot December
the mast—which, like that at Sutton
Coldfield, will incorporate a slotted
v.h.f. aerial ‘“in case a v.h.f. trans-
mitter for sound broadcasting is
installed "'—has risen to some 600ft
—it will eventually be 750ft. A
stand-by mast, 150ft high, with a
smaller aerial, is being erected in case
there is trouble with the main mast.

01
in-Furness

Ing/clon

NORTHERN TELEVISION.—The B.B.C. states that the area within which
reception of Holme Moss can be relied upon is expected to be roughly
rectangular, as indicated on this map. To show the probable overlap of
the Midland and Northern service areas some of the field-strength
contours of the Sutton Coldfield transmitter are included.
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Medium-power stand-by vision and
sound transmitters are also being
installed as a precautionary measure,
and as a further precaution, the
power supplv for the station is com-
ing from two sources. As alréady
announced, the station will receive
the ILondon transmissions from
Sutton Coldfield bv coaxial cable.

The 35-kW Marconi vision trans-
mitter will operate on 51.75Mc/s
and the 12-kW sound transmitter on
48.25 Mc/s.

The second of the converted film
studios at ILime Grove, Shepherd’s
Bush, West London, has heen
brought into use by the B.B.C. It

has a floor area ot 3,500 s4 it and 1s
equipped with four Pve Photicon
cameras. All the control gear and
ancillary equipment for the sound
and vision channels and the telecine
camera are in two adjoining rcoms
The permanent wiring from the
Apparatus and Control Rooms to the
eight camera socket outlets conveni
ently disposed around the studio has
been carried out in special cable pro
vided by B.T. Callenders’ Cables.

S(.'L.ell[,l:ﬁ(' Instruments

TH[S year’s Physical Society's
exhibition of scientific instru-
ments and apparatus—the 35th—
will occupy two buildings—the maip
building of the Royal College of
Science and the nearby Huxley
Building, South Kensington, It
opens on April 6th, when the morn-
ing session will be for members ot
the Society. and on the 7th, gth
roth and r1th for holders of adinis-
sion tickets obtainable from the
Physical Society. 1, Lowther Gar-
dens, Prince Consort Road. lLondon,
S.W.7. These tickets, supplies of
which  will be sent to learned
societies, are wvalid fer either the
morning or afterncon sessions but
not for a specitied day. The morn-
ing sessions will be from 10 a.m. to
1 p.mn and the afternoon {rom 2 to
9 p.m., with the exception ot the
7th and 1ith when the exhibition
will close at 5 p.m.

A handbook of the exhibition con-
taining full descriptions ot the exhi-
bits will be obtainable from the
Society early in March.
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Steel C.R. Tubes

'ATHODE-RAY tubes with spun-
steel conical bodies and glass
face-plates and necks are now being
manufactured by the English Elec-
tric Valve Company. [t is claimed
that the new tube is lighter but at
the same time more robust than its
all-glass counterpart, and above all,
that the design lends itself much
better to modern mass-production
techniques. The face-plate is nearly

flat, thus increasing its eflective
area.

One size only—I16 in—will be
available. The tube 1s being mar-

keted by the parent English Elec
tric Company.

The English Electric
16-in  cathode-ray
tube, with steel body
fused to glass face-
plate and neck, has
been designed for
large-scale produc-
tion.

Science Centre

OR some vears negotiations have

~ been going on for the establish-
ment of a centre in London which
would provide adequate accommo-
dation for the learned societics. In
the House of Coinmons on Novem-
her 21st the Lord President of the
Council announced that it had been
possible to overcome the remaining
obstacles for the adoption ot the
proposals originated by the Royal
Society for a British Science Centre
in London.

Provision will be made for accom-
modating in the Centre the Patent
Office and its Library, the D.S.1.R.
and other Government scientific
organizations as well as providing
new quarters for many of the lead-
ing scientific societies.

The actual site has not
announced.

been

International Acoustics

AS a result of the proposal put joi-
ward at an international acous-
tical meeting in Marseilles some
months ago, a new journal, with the
title Acustica, 1s being sponsored
jointly by the Acoustics Group of
the Physical Society in this country
and similar organizations in I'rance
and Germany.

The journal, which will cover
musical, architectural, physiological
and biological acoustics, will be
published in Switzerland in either
I'rench, German, or English with
abstracts in the other two languages.
The British representative on the
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Editorial Board is Dr. E. G. Rich-
ardson, Physics Department, King's
College, Newcastle-on-Tvne, 2.

Television Cables

OUR oft-repeated claim that the
British 4o05-line television sys-
tem, with a bandwidth of 3 Mc/s.
is the only one that is suitable for
transmission over the existing inter-
national telephone cables, was re-
iterated by a sub-committee of the
International Telephone Consulta-
{ive Committee (C.C.1.}".} ata recent
meeting in Geneva. It was empha-
sized that it would be necessary to
double the number of repeaters for
the “ European’’ 625- and Lrench
S1g-line systems.

Fast Afriean Communica-
ttons

N experimental v.h.f. beam

radiotelephone link  between
Nairobi and Nakuru which has been
in use for more than a year has
proved so successiul that the East
African Posts and Telegraphs De-
partment plan to install similar
equipment linking the major towns
in Kenya, Uganda and Tanganyika.
During this year radio equipment
will be installed linking the tele-
phone systems ol Kampala and
Jinja, Jinja and Nakuru and Tanga
andd Dar-es-Salaam. By 1952 Nairobi
will be linked with Mombasa, Mom-
basa with Tanga, and Dar-es-
Salaam with Dodoma.

A team of radio engineers is at
present carrying out a survey in the
coastal sector of East Africa, the
results of which shoukl add much
to the knowledge of v.h.f. propaga-
tion in the tropics. Both the experi-
mental gear and field survey equip-
ment—which is mounted in motor
vehicles to cnable tests to be under-
taken in any part of East Africa—
were provided by Marconi.

G.R.S.E.

HLE need to educate the public to
the fact that radio servicing is
a highly skilled job and also to
eliminate ‘‘“the dabbler and self-
styled expert’ is stressed in the
recently produced prospectus of the
Guild of Radio Service Engineers.
There are four classes of member-
ship of the Guild. the main objects
of which are to improve the status
of those engaged in the ' revair and
maintenance of radio, television and
similar electronic apparatus’’ ; they
are: (a) I'ull Member—who must be
over 21. hold an approved certiticate
or have served tor five consecutive
years as a service technician; (b)
Associate Member—who, although
over 21, has served for less than
five vears: (c) Apprentice—serving
under indenture; and (d) Improver
Membership is not open to principals
or partners of firms or to those trad-
ing upon their own account,
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Particulars of the Guild, which is
registered under the Trade Unions
Acts and has branches in Northern
Ireland, Scotland, N.E. and N.W.
England, are obtainable from the
Honorary General Secretary, H.
Hill, 2, Stevenson Street West,
Accrington, Lancs.

It may be remembered that the
G.R.S.E. is joint sponsor with the
Radio and Television Retailers’
Association of the Radio Service
Trade Register.

‘B.B.C. Appointments

ANOTHER rearrangement of exe-
cutives and departments in the
Engineering Division of the B.13.C.
is announced. A newly {ormed
group—composed of the Planning
and Installation Department and
the Designs Department—is to be
known as the Engineering Projects
Group. I'. C. McLean, who has been
Head of the Engineering Services
Group for the past 18 months,
becomes Head of the new group and
is succeeded by L. L. E. Pawley,
who was his assistant. Mr. McLean
joined the Corporation in 1936 after
11 years with Standard Telephones
and Cables and was largely respon-
sible for the erection of many of the
B.B.C. transmitters built during the
war. Mr. Pawlev has been with the
B.B.C. since 1931.

T. C. Macnamara, who had been
with the Corporation since 1923, and
who had, since 1947, been Head of
the Planning and Installation
Department, has resigned from the
Corporation (see *‘ Personalities’’)
and is succeeded by A. N. Thomas,
his assistant. Mr. Thomas joined
the Research Department of the
B.B.C. in 1926 and in 1938 became
assistant to the Superintendent Fn
gineer (Transmitters)

PERSONALITIES

T. C. Macnamara, who, as announced
above, has resigned from the B.B.C.
where he was in charge of the depart-
ment responsible {or planuing, commis-

T. C. MACNAMARA

sioning and installing all the equip-
ment used by the Corporation, has
joined Scophony-Baird as Director of
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Engineering and Production.  During
his 27 years with the B.B.C. he was
largely eoncerned with the establishing

of transmitting stations, including
Droitwich,  Alexandra  Palace and
Ottringham. tle was Secreiary to the

1943 Television Committee under the
chairmanship of Lord Sankey.

Air Comdre. B. D. Nicholas, who
has been appointed Air Officer Com-
manding No. 27 Group, R.A.F. Techni-
cal Training Command, has, since 1946,
sucecessively held the posts of Inspector
of Signals, No. go Group; Deputy
Director of Radio at the Air Ministr
and Director of Signals (Organization).

Percy Good, C.B.E., who had been
Director of the British Standards In-
stitution since 1939, died on December
2nd at the age of 70. He was appointed
Assistant Secretary of the British En-
gineering  Standards  Association—now
the B.S.I.—in 1913 and was president
of the LE.E. in 1947.

IN BRIEF

Synthetic Radio and radar equipment
is used in the training of air traffic
control officers at the Ministry of Civil
Aviation’s A.T.C. School at Hurn Air-
port, in additiou 1o normal courses on
telecommunications and radar. Com-
prehensive training on all aspects of air
traffic control is given both to new re-
cruits and established M.C A. ofticers,
and since 1948 when the school opened
479 British and 23 Overseas officers
have passed through it. Arriving at
Hum by air, Wireless World was safely
and efficientlv ““ talked down” on to
the runway by pupils who were gaining
actual operational experience of radar
in the Airport’s G.C.A. van.

Iceland’s new s5-kW transmitter at
Fidar—operating on 617 kc/s—was pro-
vided by Marconi's who supplied the
original 1-k\V installation which 1t re
places. The Iceland State Broadcast-
g Service has now placed an order
with the company for a 5-LkW trans-
mitter for a new station at Akureyri
which, under the Copenhagen DPlan,
shares the 737-ke/s channel with Spain,
Palestine and Poland. Iceland has
also ordered a 20-k\W Jong-wave trans-
mitter for erection on the same site as
the existing 100-k\W long-wave station
at Reykjavik.

S.W. Listening.—The annual short-
wave listening competitions organized
by the International Short Wave Club
will be held in February. In the first
of these, contestants have to log be-
tween LFebruary 4th and 1S8th South
and Central American and West Indian
slations operating on ¢.w. or 'phone in
the 14- and 28-Mc/s bands. In the
second contest competitors have to log,
during the four weekends in February,
short-wave broadcasting stations in the
same areas. lutrance forms and tull
details are available from 1.8.W.C,
oo, Adams Gardens Fstate, London,
R O {0

Yachtsmen among our readers mav
like to know of the introduction of the
Yachting World Diary issned for our
associated journal Yachting World by
our Publisher, priced 9s 2d, including
purchase tax. The material in the 52
pages of reference data ranges from the
International Code of Signals in full
colour to the London Underground Sys-
tem and includes the morse code and
the times of B.B.C. weather forecasts.
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INDUSTRIAL NEWS

A South African Company is
being formed jointly by ELE.LI
and H. Polliack & Co. of South Africa
and a factory is being erected in
Johannesburg for the manufacture of
gramophone records. It is understood
that it is intended at a later stage to
extend the factery to include the manu-
tacture of other £ .M.I. consumer goods,
including broadcast receivers and radio-
gramophones.

U.N. Television.—Tenders for tele-
vision  equipment, presumably  to
American standards, called for by the
United XNations Headquarters, Lake
Success, include three coriplete mobile
camera chains and vision control equip-
ment. Details are available from The
Commercial Relations and Exports
Departiment (Industries Branch), Board
of Trade, Room 1080, Thames House
North, Millbank, London, S.W.1 (Refer-
ence C.R.E.(IB)72118/50).

New studios for the broadcasting ser-
vice in Hong INong—the technical side
of which is the responsibility of Cable
and Wireless—are to be equipped with
seven Marconi control consoles.

Marconi International Marine Com-
munication Co. has acquired new pre-
mises at 36, Broad Street, Peterhead,
from which all Marconi marine business
in the port will he conducted (Tel.:
Peterhead 376).

A.B. Metal Products, Ltd., ha\'_e
found it necessary to extend their
works at  Yuyshoeth, Abercynon,

Glamorgan, inte which they recentlv
moved, and the factorvy now covers an
arca of 72,000 sq ft.

MEETINGS
Institution of Electrical Engineers

Radio Section.—Discussion on ** How
Reliable is 2 Radio Valve?” to be
opened by G. 1 Metson, Ph.D. M.Sc.,
13.Sc.(Eng.), at 5.30 on January 2a2nd
at Savoy Place, London, W.C.:.

Cambridge Radio Grouwp.—'"" The Us
of Saturabls Reactors as Discharge
Devices {for ’ulse Generators,”” by W
S, Melville, B.Sc.(Eng.), at 8.5 on
January  16th  at  the Cavendish
faboratory.

South Midland Radio Group.—in-
formal lecture on ' The Operation and
Maintenance of Television Qutside-
Broadcast  Iquipment’ by T. H
Bridgewnter at 6.0 on January 2gth at
the Janmwes Watt Memorial Institutc
Great Charles Street, Birminghanm.

Reading (Berks) District—" Trends
of Development in  Radiocommunica-
tion " by Professor Willis Jackson,
N.Sc., D.Phil,, at 7.0 on January z2nd
at the Great Western Hotel, Reading.

British Sound Recording Association
' Design Requirements for Magnetic

Recording Tape” by P. T. Hohson at
7.0 on January 19th at the Roval
Society of Arts, John Adam Street,

L.ondon, \V.C.2.

Television Society

Leicester Cenfre.—'* Television from
Calais ' by W. D. Richardson (B.B.C.
[elevision Service) at 7.0 on January
roth at the lLeicester College of Tech-
nology, The Newarkes, Leicester.
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Radio Research
Report of the Radio Research Board

IT is seventeen years since a report on the activities

of the Radio Research Board has been issued as a
separate publication, so that the one covering the
period 1933 to 1948, which is just published by the
Stationery Office (price 2s.), is of particular interest.

‘“Radio Research 1933-1948,” as it is called, in-
cludes in its 60 pages not only the ofticial report of the
Board, of which Sir Stanley Angwin is chairman, but
also a survey of the investigations carried out under
the direction of the Board between 1934 and 1947 ; the
report of the Director of Research—Dr. R. L. Smith-
Rose—{or 1948 ; and appendixes giving the member-
ship of the Board, the papers emanating from the
Radio Division of the N.P.L., and the constitution of
the Board’s various commiittees.  For the sake of
continuity with the earlier rcports, the Board gives
a brief account of its activities from 1933-1945, but
the major part of the publication is devoted to a more
detailed survey of the post-war period.

The report records that a considerable amount of
time is devoted to the study of the ionosphere and that
this part of the Board’s work is being extended. This
work has been centred on the Radio Research Station,
Slough, where these measurements have been con-
ducted for many years past. In addition, however,
regular observations of a similar type have been made
at the sub-stations at I'raserburgh in Aberdeenshire,
and at Port Stanley in the Iralkland Islands; while
during the latter part of 1948 preparations were made
for a similar ionospheric observatory to be set up at
Singapore.

Following the regommendation of the British Com-
monwealth Scientific Official Conference in 1946, the
possibility of installing ionospheric recording stations
in Graham Land has been explored and an observa-
torv is to be established on Deception Island.

The present research programme includes an in-
vestigation of the communication possibilities of the
shorter wavelengths now being used for radio-tele-
phone relay links and television, and valuable data
have already been accumulated.

Research into the characteristics and sources of
atmospheric noise has heen developed into a world-
wide survey in co-operation with Australia and the
United States of America. Sixteen Service and com-
mercial stations now make a schedule of hourly obser-
vations over the frequency band 2.5-20Mc/s. The
investigation is being extended to the low-frequency
range of 15 to 500kc/s, and a network of observa-
tion stations covering this range of frequencies is being
established.

Horn Leading

’I‘HE potentialities of horn loading were demon-
strated at a lecture by R. L. West, B.Sc,
AM.Brit.I.R.E., on “ Progress in Loudspeaker De-
sign”’ given to the British Institution of Radio
Engineers on December 18th last, when a 23-in
diameter unit of the type often used for monitoring
purposes in communication receivers was coupled by
an extension piece to an early Voigt tractrix horn
with 4ft square mouth. Remarkably good guality of
reproduction with a full round bass response resulted,
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and a comparison of the same unit as a direct radiator
bordered on the ludicrous.

This was, of course, a rather special case, and the
more advanced types of direct radiators among the
thirty-odd loudspeakers demonstrated gave a very
good account of themselves, particularly when
mounted in acoustically designed cabinets. Starting
with a pleated-diaphragm loudspeaker of pre-1930
vintage, the principal developments in loudspeaker
practice were traced — moving coil drive, twin
diaphragms, multiple units, duode drives and con-
centric horn and cone loudspeakers for wide-range
reproduction.

The distribution of high frequencies was discussed
in some detail and the use of mulli-cellular horns,
solid retlectors of the Voigt and Mordaunt type, and
slot diftusers were demonstrated. The latter consists
of a vertical slot aperture in a baffle placed in {ront
of the cone and the diffraction of sound from a
saturated diode source, normally exhibiting a well-
marked beam in the upper register when reproduced
through a simple cone unit, was one of the most
striking experiments of the evening.

The discussion which followed produced questions
on many aspects of sound reproduction including the
probable magnitude of the Doppler effect in causing
intermodulation between high and low frequencies
when radiated by a single diaphragm. Mr. West
thought that this effect was often exaggerated and
that before amplitudes which might make it aural
were reached, other distortions due to non-
uniformity of field in the magnet gap would have
made their appearance.

Piczoeleetrie Pickups

A PROPHECY that in five years time ceramic

aggregates of the strontium-barium titanate type
might displace Roclhelle salt as the principal material
for making crystal pickup elements was made by
S. Kelly in a lecture to the British Sound Recording
Association on December 2oth last. Much work
remained to be done before a piezoelectric ceramic of
adequate stability could be put into production, and
means devised for safeguarding it against fracture.
He compared its inherent strength to a piece of fur
from the lining of a kettle and pointed out that be-
cause of its high mechanical impedance elements of
only 0.005in thickness could be used in pickup move-
ments. The chief advantages of this material over
Rochelle salt were resistance to humidity changes and
high dielectric constant.

Recent advances in crystal pickups were reviewed
and a design described in which a narrow crystal
torsion element, free at both ends, is embedded in a
plastic gel of optimum viscosity to give an evenly
distributed load, presenting to the needle point the
equivalent ol a properly terminated transmission line.
The reflected mechanical impedance at the stylus
point was reduced by the use of a cantilever mounting
and record wear had proved to be remarkably low.
The pickup had given very good results with long-
playing records in which the problem of tracking was
made more difficult than on 78-r.p.m. records because
of the limitation of downward pressure imposed by
the new plastic materials used, and the higher
relative velocity of recording at high compared with
medium and low frequencies—about 10db between
1,000 and 10,000C/s.
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Societies and Clubs

List of Radio Groups in the British Isles

IT is now nearly three years since we last published a list of amateur

societies and, as the number of such organizations on our records
has almost doubled, it is considered opportune to issue a revised list.
Arranged in alphabetical order under towns, the name of the club, and
in some cases the club call sign, is followed by that of the secretary

from whom details of the society’s activities may be obtained.

Clubs

which are affiliated to the Radio Society of Great Britain are indicated

by an asterisk.

We shall be pleased to receive details froin the

secretaries of active societies which may have been inadvertently

omitted from this list.

ABERDARE.—Rhigos and District Radio
Club (GWSFFE).—F. Bamer, 7, Neath
Road Bungalows, Rhigos, Aberdare, Glam.

ABERDEEN.—Aberdeen Amateur Radio
Society* (UM3BSQ).—Q. M. Jamieson, 66.
Ehulield Avenue, Aberdeen.

ASHTON-UNDER-LYNE.—Ashton-under-
Lyne and District Amateur Radio Society”.
—N. H. Brown, 13, Corporation Road,
Audenshaw, nr. Manchester.

AYLESBURY.—Ayleshury and District
Radio Society*.—J. G. Penrice. 31, Pre
bendal Avenue, Aylesbury, Bucks.

BALDOCK.—Baldock and District Radio
Club* (G3AXP)—E. wW. Edwards, 164,
Icknield Way, Letchworth, Herts.

BARNSLEY.—Barnsley and District
Amateur Radio Club.—J. J. Rose. 21, Swifl
Street, Barnsley, Yorks.

BASINGSTOKE. — Basingstoke and
District Amateur Radio Society.—L. 8.
Adamns, 16, Bramblys Drive, Basingstoke.
Hants.

BATH.—Admiralty Electronics Society*
(G3BPU).—D. Houston, D.K.E. Dept., Ad
miralty, Bath, Som.

BELFAST.—City of Belfast Y.M.C.A.
Radio Club® (G18YM).—S. H. Foster, 31,
Belmont Park, Belfast.

BERWICK-ON-TWEED. — Berwick-on-
Tweed Radio Club.—\. Raker. 4, Devon
Terrace, Berwick-on-Tweed, Northumber-

land.

BIRKENHEAD.—Wirral Amateur Radio
So:_nety"—A. H. Watts, 38, Sandymount
Drive, Wallasey, Ches.

BIRMINGHAM. — Birmingham and
District Short-Wave Society.—\V. V. Shep-
ard, 174, Gristhiorpe Road, Selly Oak.
Birmingham, 29.

Kynoch Radio and Television Society*.-
G. E. Nicholls, 20, Merrions Close. Great
Barr, Birmingham, 22A.

Midland Amateur Radio Society*.—H. Ui
Bligh, 52, Norman Road. Birmiugham, 31.

international Radio-Conirolfed Mozlels
Society.—G. F. Golding. 32, Beechfield
Road. Smethwick, Staffs.

lade Radio Society*.—C. N. Swnart. 110,
Woohnore Road, Erdington, Birmingham.
23.

BLACKPOOL.—Blackpool and Fylde
Amateur Radio Society.—H. D Ashworth,
5, Albion Avenue, Blackpool, Lancs.

BOGNOR.—West Susscx Short-Wave and
Television Sogiety.—R. D. Jtolland, ** May
hury.” Aldwick Gardens. Rognor. Sussex

BOLTON.—Bolton and District Radio

Society.—N. Moorerolt, 3, leaconslield
Street, Bolton. Luuncs.
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BOURNEMOUTH. — Bournemouth  and
District Amateur Radio Club* (G3AYG).—

T. C. White, Chester House Hotel, Chine
Crescent. Bournemouth, Iants.
Bournemouth Radio and  Television

Society* (U3FVU).—F. (. Hamshere, 55,
Maclean Road, West Howe, Bournemouth.
Hants.

BOVINGDON.—Bovingdon Airport Club
Amateur Radio Section.—J. D. Laord.
Police Station, Bovingdon, Herts.

BRADFORD.—Bradford Amateur Radio
Society*.—V. . Sowen, ' Rushwood.”
Grange Park Drive, Cottingley, Bingley.
Yorks.

BRIGHTON.—Brighton and District
Radio Club*.—L. Hohden, 17. Bartington
Road. Brighton., Sussex.

East Brighton Short-Wave Club.—\W.
Jardine, 32. Kipling Avenue, Woodingdean,
Brighton. Snssex.

BRISTOL.—Bristol and Bath Television
Club.—C. J. Floyd, * Leagarth,” Muargaret
Road, Bishopswortl, ur. Bristol. Glos.

Bristol and District Short-Wave
Listeners’ Club (G3GIS).—N. G. Foord, 71,
Brynland Avenue, Bristol, 7, Glos.

BURNHAM.—Burnham and Highbridge
Amateur Radio Sosgiety.—T. N. Carter, ¢/o
Post  Oftice Radio Station, Highbridge.
Som.

BURTON-ON-TRENT. — Burton and

District Radio Society.—E. B. [IHardy,
“ f1il] Cottage,”” Dunstall, nr. Burton-on-
Trent, Stafls.

BURY.—Bury and District Radio

Society (G3BRS) —HL. . McVey, 46, Hol
combe Avenue, Elton, Bury, Lancs.

CAMBRIDGE.—Cambridge and District
Amateur Radio Club.—T. A, T. Dbavies,
““ Meadowside,”” Comberton, Cambridge.

Cambridge University Wireless Society®.

¥. 8. Williamson, 42, south Road, Histon,
Cambs.

CANNQOCK. — Cannock Chase Radio
Society.—D. M. Whitehouse, 69, Church
Street, Cannock, Statfs.

CARLISLE.—Carliste  Amateur Radio
Society.—J. Ostle, 2, Outgang. Aspatria.
Carlisle, Cumberiand.

CATTERICK.—Catterick Amateur Radio
Clud® (G3C10Y).—L/Cpl. Phelps, Catteriek
Amateur ladio Clnb, e/o 2, Sgn., 1st T.R..
Loos Lines, Catterick Camp, Yorks.

CHATHAM . -Medway Amateur HReceiv-
ing and Transmitting Socicty* (G2FJA).-
S A. C. Howell, 39, Broadway, Gillingham
Kenu.

CHELTENHAM.—Cheltenham  Amateur
Radio Socisly™ (G2GPW)Y.—F, W, Hun
plln'ics. 136, Whaddon HKoad, Cheltenham,
(:los.
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CHESTER. — Chester and District
Amateur Radio Society* (G3GIZ).—W.
Lloyd, 124, Tairin Road, Chester.

CHIPPENHAM, Chippenham and
District Short-Wave Club.—\V. A, Henson,
12, Filton Way, Chippenham, Wilts.

CLECKHEATON.--Spen Valley Radio
and Television Society*.—\. Pride. 100,
Raikes Lane, Birstall, nr. Leeds, Yorks.

COVENTRY.—GCourtaulds Amateur Radio
Group*.—W. ', Stevens, Courtaulds, Ltd..
Foleshill Road, Coventry, Warwiek.

Coventry Amateur  Radio  Society”
(G2ASF).—K. G. Lines, 142, Shornclifle
Road, Coventry, Warwick.

CRANWELL.—R.A.F. Amateur Radio
Society* (G8KC and G3DHQ).—N. Davis.
57, North Parade, Sleatord, Lincs.

DERBY.—Derby and District Amateur
Radio Society* (G3ERD) —F. C. Ward, 5,
Uplands Avenue, Littleover, Derby.

Derhy Wireless Club.—A. W. Elliott,
‘“ Chilvern.” 46, Robin Croft Road. Alles-
wree, Lierby.

DONCASTER.—Doncaster and District
Amateur Radio Society®* (G3CDM).—IL
Fiintham, 50, Burton Avenue, Balby. Don
caster, Yorks.

DORKING.- Dorking and District Radio
Society* ((i3CZU1.—J. Greenwell, 7, sondes
Place Drive. Dorking, Surrey.

DUBLIN.—Irish Radio  Transmitters’
Society.—Capt. A. C. Woods, 17, Butter:
field Crescent, Rathfarnlam, Co. Dublin

DUNFERMLINE. — Dunferniline Radio
Saciety*.—D. Leah, 14, Hillwood Terrace.
Rusyth, Fire.

EASTBOURNE.—Easthourne and District

Radio Society*.—R. . Nugent, Field
House, Windmill Rill, nr. Hailsham.
Sussex.

EAST GRINSTEAD.—East Grinstead
Radio and Television Society.——F C.
Cooper. & Heatherlea,” Cranston Road.
East Grinstead. Sussex.

ECCLES.—Eccles and District Radio

society® (G3GXI).—E. Rayson, 11. Hart
ington Roud, Winton, Lancs.

EDINBURGH. — Edinburgh Amateur
Radio Club* (GABHAM).—A. G. M. Bruce
80, Marchmont Road, Edinburgh. 9.

Lothians Radio Society.-——l. Mackeuzie.
41, Kuster Drylaw Drive, Edinburgh, 4.

EXETER.—Exeter and District Radio
Society.—1. M. Wills, *“ Mour View.” Wre
ford's Lane, Exeter, Devon.

FALMOUTH. — West  Cornwall  Radio
Club*.—R. Trewarvis, 10, Trevethan Rise,
Falmouth, Cornwall.

FARNBOROUCH.—R.A.E. and Farn-
borough District Amateur Radio Society*.
J. 8t. C. T. Ruddoek, 50, Byworth Estate,
IFaruham, Surrey.

FORFAR.—Forfar and District Amatewr
Radio Club® (GM3GBZ).—A. F. Ferguson.
3, Osnaburg Street, Forfar,

GATESHEAD.—Gateshead and District
Amateur Radio Club*.—L. Blackie, 109,
Brighton Road, ateshead. 8, Co. Durham

GERRARDS CROSS.—British Amateur
Tetevision Club.—M. W. 5. Barlow, Cheyne
Cottage. Dukes Wood Drive Gerrards
Cross, Bueks.
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Yector Diagrams

I.—Beginning with

By *“CATHODE RAY”

Lffect ”’* rather heavy going when it came to

the vector diagrams. It was pointed out to me
that not everybody knows how to apply vector dia-
grams to valve circuits, nor even where to find simple
instructions, and could 1 do something about it.

Always willing to oblige, I started off—and found I
had used up something like the mounth’s ration of
paper before valves came into it at all! For on con-
sidering the matter I became convinced that at least
half the trouble had to do with vector diagrams
themselves rather than with their application to valve
circuits. True, T could sce one possible difficuity
connected with the valves—I hope to get on to that
eventually—but the first thing seemed very definitely
to be the removal of possible misunderstandings abont
vector diagrams as such, applied to circuits using only
ordinary circuit components.
Looking through a good selection
of electrical and radio books, I
was surprised to find how few
made any serious attempt to
explain to the uninitiated how
to represent the conditions in a
circuit by a vector diagram
without risk of ambiguity.

Oftt I went to a fresh start, then—but again I found
the roots of the matter lay deeper. A particular
vector diagram shows, shall we sav, that at the moment
under consideration a certain voltage marked V, is
positive. What exactly does this mean ? Presumably
we also have the corresponding circuit diagram, on
which V), is marked ; does that help at all ? Suppose
Tig. 1 is the part of the diagram concerned. The two
arrows show that V, exists between {wo wires, which
we shall label a and 4. The vector diagram, if it is
drawn to scale, may tell us how many volts V, is.
It wouldn’t need a vector diagram just to say that.
The main object of the vector diagram is to show the
directions or phases of the quantities represented by
it. But even when it does this, by telling us that V,
is positive, how much wiser are we ? Does it mean that

* Wircless World, \ugust 19|§, p. 307

SOME readers seem to have found * Miller

What

Left : Fig. 1.

positive or

the other.

Right : Fig. 2.

voltage.
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is Meant by a

Positive Voltage ?

Example of one common
method of labelling a voltage.
tunately, knowing whether the voltage is
negative does not tell
which (¢ or b) is positive with respect to

Considering these additiona!
circuit details may help one to decide on
the best way of indicating the polarity of a

the Circuit

a 1s positive compared with &, or the other way
about ?

It does seem, then, that it would be a swaste of time
to talk about vector diagrams before we have cleared
up questions like these, concerning the circuit.
They are questions of convention rather than of fact.
The fact in our example is a tendency for electrons to
move from one wire to the other. Suppose that
actually they tended to move from a to b. That fact
could be conventionally expressed by marking either
wire “ - " and the other * — .’ Perhaps the most
sensible convention would call @ the positive wire.
But the most important thing about a convention
is not so much that it should be sensible as that
everybody should stick to the same one. If it can be
sensible too, so much the better. Conventions are
like the rules of a game. If you are playing a gaine
with people who have different
rules from vours there is likely
to be some unpleasantness,
sooner or later. As it happens,
the convention that has been
universally adopted (unluckily,
perhaps) would in this case put
the ” label on b

We still have to take care with
such a label, not to forget that it refers to & in relation
to a and does not necessarilv hold good with reference
to another wirc, say ¢, towards which & might be
negative. But for the present let us consider V, only.
It might be as well to attach the ““ + " label to the
b-ward arrow associated with V,, rather than to the
wire.

If the positiveness of b were permanent there would
be no need for the vector diagram : + and —- sigus
on the circuit diagram would do. But we are assum-
ing that V, is variable and reversible, and we need to
know what a positive value for it means. A negative
value will then automatically be the opposite.

If one of the wires, say a, happened to be connecte
to earth, then the accepted convention that potentials
are reckoned relative to earth (unless the contrary is
stated) would lead one to guess that a positive v,

Unfor-

one
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would mean that 4 was more positive than a. But
perhaps neither a nor b is earthed. What then ?

A neat way of indicating the two points and the
direction between them is to use the notation “ V,,”
in place of “ V,.”" It is generally agreed that this
means ‘‘ the voltage mn the direction a to b,” and
V., is the voltage in the opposite direction. But as
regards polarity or sign, it could mean either * the
voltage of a relative to that of 4 or * the voltage
change in the direction a-to-4."" According to the
former convention a positive value of V, would
mean that a was more positive than b, and the latter
would mean just the opposite.

The few books I have seen that make use of this
" double-subscript ”’ notation seem mostly to adopt
the first of the two conventions, so that a positive
Vg would mean a more positive than &. In other
words, it reckons falls of potential as positive.

In Fig. 1 we assumed, if you remember, that / was
more positive than a. According to the convention
just stated this could be expressed by saying either
that V,, was negative, or that V,, was positive.

Now try applying this to Fig. 2, in which some of the
circuit details have been filled in. The voltage origin-
ally called V, is now seen to be due to an em.f,
denoted by L, which tends to drive current (I) from
its positive to its negative terminal, through the
resistance R, in the clockwise direction indicated by
the arrow alongside “ 1.””  (If yvou prefer to call the
direction of the current the same as the direction of
electron flow, your arrow will point the opposite way.
You mav have logic on your side, but vou will run the
risk of being misunderstood. To the person who knows
what he is doing, all conventions are lawful, but
as St. Paul said—mnot all are expedient). Because the
circuit is closed (itsell a confusing description, 1
always think), and there is no stronger opposing
e.m.{.,, current actually must flow as indicated. Asa
result there is a voltage drop across R, denoted by V.
The current automatically flows at the strength that
makes this voltage exactly equal to the em.f. (re-
sistance other than R being neglected).

If we replace V7 and its rather non-committal
pair of arrows by V., then the fact that V, is
positive would appropriately be indicated by an
arrow pointing from b to a, as in Fig. 3. So far so good.
But what about E 7 The direction of current flow
through the batterv is from a to b, and according to
the assumed convention V, (or E,,, if you prefer) is
negative. This follows in another way, if we remember
that the convention regarded falls 1 potential as
positive ; here we have a rise in potential, which must
accordingly be negative.

This idea of regarding I£ as negative in the direction
from a to b seems tu follow inevitably from the
convention beins considered, but it doesn’t appeal

Left : Fig. 3.

Right : Fig. 4.
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The double-subscript no-
tation (example, V,,) shows the direction
in which the voltage is being considered
{in this case, from b to a), but an under-
standing is necessary as to whether a posi-
tive value means a rise or a fall in potential,
Here it is used to mean a fall, but that leads
to awkward results when it is applied to E.

Here the arrows indicate
the directions of rising potential,

to me. The only natural wav for me to draw an
arrow connected with E is in the direction in which
E tends to drive current; in this case, clockwise,
from a to b. If this clashes with the convention, so
much the worse for the convention.

The defender of the convention may tell me I
have got it wrong-—I am mixing up e.m.fsand p.ds
I ought to know that an ¢.m.f. drives current from
4- to — through the external circuit and from
— to 4 thro.gh itself, so of course it must be treated
ditferently.

Well, it is all very nice to be able to discriminate
between c.m.fs and the rest in this way, but (as we
saw last month) even the authorities differ on what
is and what is not an e.m.f.,, and busy people have
no time to argue it out every time they analyse a
circuit. Morcover, it would mean discriminating as
regards voltage convention hetween impedances that
are resistances (which have no e.m.f) and impedances
that are reactances (which are sources of e.m.f).

Reckoning voltages as falls in potential thus gives
a result that I for one find unnatural. How about
reckoning them as rises ? Then E in Fig. 3 is positive
in the direction of current tlow, which malkes sense
of Fig. 4. The double-subscript notation for E,
which would be E,, being positive, would have to
mean the change in voltage on moving from a to b.
V,, (across R) would on the same principle be negative.
So the appropriate direction for the arrow alongside \
is against the current (Fig. 4). Some people disagree
with that, because it makes V look as il it were an
em.f. But surely it fits the facts ? If you push a
table across the floor it moves in the direction in
which youn exert the ** table-mctive force,” and the
table presses against vour hands equally in the
opposite direction. If the circuit impedance were a
reactance, its opposition would be an e.m.f, and
there would be no doubt about its being opposite in
direction to the applied e.m.f. Although a resistance
has no e.m.{. it seems reasonable to treat the voltage
drop across it as an opposing voltage.

Provided, thercfore, that we can persuade every-
body to interpret * V, ”’ as “‘ the change in potential
on moving from a to b, the result is a useful conven-
tion that fits in well with other generally accepted or
acceptable ideas.

Manyv people may dislike this system because it
malkes the voltage across the resistance, V,,, negative ;
that is to say, opposite in phase to the current. One
is taught that the current through a resistance is in
phase with the voltage across it. But *‘ the voltage "
here means the voltage driving the current. So the
objection can be overcome by reckoning the voltage
across the resistance as the one that includes the
e.m.{.—the voltage between a and b /thrvough the
source, which is V,, (or E,,), and positive.
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There is still one possible cause of confusion to
clear up. I have spoken of V in Fig. 4 as being
opposite to E. " But,” you may say, ‘‘ the arrows
are pointing in the same direction, from a to b!”
It is surelv a serious matter for one person to say
onc thing and another person the opposite. Before
long they may be calling one another liars.
people, represented by A and B in Fig. 5, were to
face onc another and discuss a piece of string, xy,
Mr. A might well declare that x was the right-hand
end of the string, and Mr. B might be equally sure
it was the left-hand end. Mr. C, asked to adjudicate,
might say ‘‘ Nonsense! It is neither {o the right
nor left of y!” The plain man (as he likes to call
himself) is so apt to assume fhat if one statement is
true the diametrical opposite must be untrue. But
a simple example like Fig. 5 shows the fallacy of this.
It all depends on the point of view. Ihaven’t actually
heard Messrs. A and B in the course of their particular
heated argument (" Man! Don’t you know your
right hand from your left ? ), but I have heard
heated arguments that were just as futile, because
based on the same fallacy.

Electrical Point of View

Reverting to Fig. 4, anvbody who sees E and V as
being in the same direction should consider Tig. 6,
which shows exactlv the same circuit. The only
ditference is that the drawing is laid out a little
differently, which yon will surely agree can have no
effect whatever on the actuai voltages in the real
circuit. Yet I have actually read an article in which
the author confused himself over this very thing. It
is the point of view again. The way Fig. 4 is drawn
tends to suggest a parallel circuit, whereas TFig. 6
looks more like a series circuit. Either series or
parallel (or both) may be right, depending on circum-
stances and the way one is considering the circuit.
The particular way the circuit diagram is arranged
does mnot necessarily decide the matter, though
admittedly diagram layout is a useful method of
suggesting the point of view the drawer intends.

Fig. 5. Three
people, situated re-
spectively at A, B,
and C, would have
different views as
to whether x was
to the right or left
of v.

Fig. 6. This circuit
is identical with
that in Fig. 4 ;
only the drawing
is different.
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If two

Sometimes it is convenient to reckon voltages with
reference to a particular point in the circuit (usually
an earthed point) ; at other times they are reckoned
round the circuit.

This is where a sound system of notation is neces-
sary. As far as voltages are concerned, it should
indicate clearly the two points between which the
voltage exists, and the direction in which it is being
reckoned between those points. This does not
necessarily mean the direction in which it is actually
operating. I in Fig. 4 is operating from @ to b,
if one judges by the fact that it is driving or tending
to drive current in that direction. But we can
reckon it in either direction, as E, or E,,. In this
case E;, would be negative.

The double-arrow notation used in Figs. 1 and
2 is very good for showing the terminal points of the
voltage, but fails to distinguish one direction from
the other. The single-arrow system (Figs. 4 and 6)
certainly shows the direction but leaves one to guess
the points. Moreover I suspect that it is commonly
used to show the direction in which the voltage acts,
so using it to show the direction of reckoning may
cause confusion. The double-subscript notation
—V,, and so forth—states quite definitely Dboth of
the points and a direction between them. I think
it is universally agreed that the direction is from bhe
first subscript letter to the second.

Whichever point of view one takes, this rotation
fits in with familiar electrical axioms. If you con-
sider the voltage of one point relative to another, then
you have the fact that the voltage between two points
is the same regardless of the path you take between
them. The voltage from a to b is called V, and,
in Fig. 4 for example, is inevitably the same whether
one reckons clockwise or anticlockwise. If you take
the rotational point of view, then the principle is
that no point can be at two different voltages, so if
you go round any circuit the sum of the voltages
must be zero. Round Fig. 4 we have V-V,
and as V,, means —V,,, there can be no doubt about
the total being zero.

It is a matter of convenience which way round one
reckons a closed circuit. Some people tend to go
clockwise round the diagram. But it must be
remembered it may mean either way round the actual
circuit, depending on the particular way the circuit
diagram is drawn. Although Fig. 7 represents exact-
ly the same circuit as Figs. 6 and 4, taking it clock-
wise would reverse all the signs. They would still
be correct relative to one another, of course. Another
custom is to adopt the direction in which the current
is flowing. If that is unknown it doesn’t matter ;
a “ wrong ” guess will merely result in a negative
value for the current, which just means that it is
flowing the other way. The important thing is to
mark the assumed direction of current on the diagram.

So far, our example has for the sake of simplicity
been a d.c. circuit, on which + and — signs have been
marked, taking care that they are clearly arranged
in pairs so as to show which point is negative with
respect to each positive. Although with a.c. the
signs are periodically reversing, it is allowable and
sometimes convenient to mark them on a circuit dia-
gram, on the clear understanding that they refer,
say, to the first half of each cycle. During the second
half all will be reversed, so velative to one another
will be the same. This rather unorthodox practice
is useful for quickly working out the relative signal
polarities in a multi-stage amplifier, as when finding
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whether a proposed connection will give negative
or positive feedback ; but of course one has to take
care to keep the a.c. signs quite distinct from the
various d.c. polaritics. Except for very rough
work it is far better to use vectors, because they
cannot be confused with the d.c. symbols, and (much
more important) they are not restricted to only
two phase relationships—o° and 180°.

So next time we shall deal with vector diagrams.
Meanwhile Fig. 8 is an example for giving some prac-
tice in the use of the notations we have just been
considering. Try working out the values of all
the voltages, before looking at the answers in the
table. Because the circuit is linear (i.e., subject
throughout to Ohm’s Law) the d.c. and a.c. can cach
be calculated separately just as if the other didn’t
exist.

Here is a summary of the notations :

(1) A voltage between two points can be identified
on a circuit diagram by a numbered V with a pair
of arrows marking the points, as in Fig. 1.

(2) If the points are labelled (say «, b, etc.) an
alternative to (1) is the double-subscript notation
(Vi etc.) which has the advantages

(¢) that it isnot necessary to mark the voltage sym-
bols and arrows on the circuit diagram, and

(i2) that the voltages in the opposite directions are
distinguishable as V,,, etc., thus enabling one to
keep the relative polarities throughout the circuit
right.

(3) A further advantage follows if it is agreed
whether the reckoning is in falls or rises of potential.
If in falls, then a positive V,, means that a is more
positive than b; if in rises, it means b is more
positive than a.

(4) Compared with (3), + and — signs on the cir-
cuit diagram may be misleading, because a single
point can be both positive and negative, depending
on which other point it is being related to. Also
their usefulness is very limited in dealing with a.c.

(5) Single directional arrows are sometimes used
to indicate the positive direction of e.m.f. or of elec-
tric field. But since these are usually opposite
there is risk of confusion through doubt as to which
is meant.

Fig. 7. Still anoth-
er version of Figs.
4 and 6, in which
the rotation is re-
versed.

Below : Fig. 8. A
circuit for practice
in working out,
using the double-
subscript notation.
The a.c. e.m.f. may
be taken as positive
anti-clockwise.

(6) Whatever method is adopted, in order to give
any meaning to polarity (or sign} it is necessarv to
specify

(#) the direction of reckoning, and

(#7) whether reckoning in rises or falls of potential.
If only relative polarities are required, as usually
in a.c. circuits, the direction adopted does not matter
so long as the same one is used throughout the
reckoning.

The following table is the full working-out of
Fig. 8 in four different ways, from which you can

[
Clockwise [ Anticlockwise
Rise Fall Rise f Fall How derived
i
D.C. AC. D.C. 1 AC. D.C. AC. ’ DC. AL
| |
Vis 0 —170.0 0 ' 00 |V, 0 | 700 0 | —70.0 | Givenae. em.l .
Vi | —120.0 0 120.0 ! 0 A 120.0 0 ~1200 | 0 | Givende em.t |
I, —353 —2.06 3.53 | 2.06 | 1, 3.53 2.06 —3.53 2.06 | Rog = 24, so total re- |
! sistance R+ Rgg= 34
Vye 35.3 206 | —353 206 |V, | —353 | —206 | 353 | 206 | =— I, R,
Vo 86.7 494 | —847 | —494 |V, | —847 | —494 84.7 494 | = — I; Ryy ) }
Vou 120.0 700 | —1200 | —70.0 |V, |—120.0 | —70.0 120.0 700 | Voo = V,o + Vﬂ,,,
Va = Vg + ch
i i feither — — e.m.f.)
I, —141 | —0.82 1.41 082 I, 1.41 0.82 | —141 —082 = —V,/Ry |
| or -V /Ry To-
gether I
I, —212| —124 212 124 | Ig 2.12 124 | -212 | —124 | = VR, J =1,
' | or — V. /Ry
Vae 353 | —494 | —353 494 |V, | —353 494 | 353 | —494 [V, = Vg + V.|
i | Vrn Vl'h -+ v‘m l
|
Note that the a.c. and d.c. voltages between ¢ and ¢ are opposite in sign.
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take your choice.t Personaliy I would scrap the
“fall ” methods as a general principle ; and in this
particular case would choose the anti-clockwise rota-
tion because both the e.m.fs arc positive that way.
Note that the figures are the same in all four reckon-
ings; only the signs differ. And the *‘ clockwise
rise ” signs are the same as for ‘‘ anticlockwise
tall,” and opposite to those of the other two. The
rotation selected is indicated by the double-sub
script notation : ““ V,, "’ implies the direction a-to-D,
and V.. the opposite. Remember too that in the
“rise ”’ coluinus a positive V,, means b more posi-
tive than a, and vice versa in the ““ fall”’ columns.
A.c. is given in r.m.s. values; resistances are in

SHORT-WAVE

November in Retrospect

k@, and currents in mA.  R,,; meaus the resistance
of R, and R; in parallel (=R,R,/(R,+R,)) The
current is in every case assumed to flow in the same
direction as the e.m.f.; that is why voltage drops
are minus current X resistance. To avoid this minus
sign some people reckon rises and falls separately,
and their totals should then be equal ; but by reckon-
ing all the voltages as rises (or all as falls) one has the
useful check that the total round the whole circuit
must always be zero.

Unfortunately the convenient double-subscript
notation cannot be applied to currents: both T,
and I, flow from 4 to ¢. So some other method of
identification has to be used.

CONDITIONS

¢ lorecast for January

By T. W. BENNINGTON (Engineering Division, B.B.C.)

DURING the past three months sunspot activity has

been decreusing more rapidly than would have been
expected earlier in the year. The result has been that,
since September, the maximum usable frequencies for
long-distance transmission have becn considerably lower
than those predicted. The autumnal increase in day-
time working frequency has, therefore, been much
smaller than was expected, and the higher short-wave

Jy— 4 5 =
MONTREAL 1 | BUENOS AIRES|
o ~|- 40— + - -
[ 1
I—- +- + 36 ——t + —-
b1 et

36— =
2 —- —+ S p——at—t ——
1~

Mc/s

T2 16 26 2

Ve = W= YT
CAPE TOWN CHUNGKING
$o—1— ety WOt —p——
o - ol 36— S S -
St i 32— TR T

Mefs

FREQUENCY BELOW WHICH COMMUNICATION 5HOULD 2F POSSIBLE
ON ALL UNDISTURBED DAYS
PREDICTED AVERAGE MAXIMUM USABLE FREQUENCY
FREQUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE
FOR 257% OF THE TOTAL TIME

frequencies—Ilike the 28-Mc/s band—have never become
regularly usable. How long this depression in usable
frequencies will last it is impossible to sav, but it is
unlikely that 28 Mc/s will again become regularly usable
over east-west paths during the present sunspot cycle.

The average maximum usable frequencies for these
latitudes during November werc somewhat higher by
day, and slightly lower Ly night, than during the pre-
vious month, which variation was in accordance with
the normal scasonal trend.

Day-time working frequencies were moderately high,
but lower than had been expected, whilst those ior
night-time were relatively low, The 28-Mc/s band was
usable on a few occasions, but never for many days in
succession, and the highest day-time frequencies were
niore otten of the order of 22Mc/s. At night working
frequencies were generally lower than 7 Mc/s.

Unexpectedly, Sporadic E was more prevalent than
during the previous mounth, though not otten of sutficient
density to sustain propagation on very high frequencies.

Sunspot activity was, on the average, considerablv
lower than during the previons month.

There was a considerable amount of ionospheric stormi-
ness, and during the periods 1st-sth, 1oth-15th and
z4th-30th reception was adversely atfected by such dis-

turbances. Only one Dellinger {adeout was reported—at
1135 on 28th.
Forecast.—Both day-time and night-time m.u.fs

during January should remain about the same as during
December.

Long-distance working {requencies should thus be
moderately high by day and definitely low by night. The
highest regularly usable frequencies by day should be
of the order of 22-24 Mc/s, whilst at night-time they
will probably be as low as 6Mc/s over most circuits.
Medinm-high frequencies—like 15 Mc/s—will be the most
useful for long periods during the day-time.

Sporadic E capable of sustaining propagation on very
high frequencies is unlikely to be very prevalent. Iono-
spheric storms, whilst not usually particularly prevalent
during January, are likely to be troublesome when thev
do occur, especially at night.

The curves on the left indicate th: highest frequencies
likely to be usable over four long-dis:nce cireuits during
the month.
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Close-up of booster unit mounted close to the line-scan
output valve.

tures, aluminium-backed screens, and neutral

e

WI’[’H the present trend towards brighter pic-

light filters (i.e., ‘‘black screen’’ receivers),
higher e h.t. voltages have become general practice
today. There must be many owners of somewhat
older television receivers, whether commercially-built
or home-constructed, who would like to improve their
picture by increasing the e.h.t. voltage and substitut-
ing a modern tube designed for a higher anode volt-
age. Inm making such an improvement it is very
desirable, in the interests of economy, to retain the
existing e.h.t. supply (of whatever type), but to
augment its output by about 30 per cent to 50 per
cent while still retaining good voltage regulation.
The circuit described here allows this to be done in
any conventional receiver, whatever form of e.h.t.
supply it now employs, at very reasonable cost and
without disturbing or overstressing the existing e.h.t.
components in any way.

Form of Circuit

In any magnetically-deflected receiver, high-volt-
age line-frequency pulses are available at the anode
of the line-scan output pentode. These pulses usually
reach an amplitude of about 2 to 2.5 kV above carth,
so that they are of just the right order of magnitude
for providing the required boost to the e.li.t. supply,
but at first sight it appears a littls difficult to per-
suade them to add on to the existing (say) 5 kV
supply without using a double-wound trans{ormer or
raising the entire line-scan generator to an uncom-
fortable potential above earth! Fortanately this can
be overcome by making use of multiplier technique,
and a suggested circuit is shown in Fig 1.#

The operation is as follows: between ling fly-back
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Flyback E.H.I.
Booster

Increasing Tube Voltage in

Television Sels

By A. H. B. WALKER, BSec. (Hons), AMIE.}

(Research Laboratory, Westinghouse Brake % Signal Co., Ltd

pulses C, charges up to the original e.h.t. voltage
through R, and point A therelore reaches (say) 5 kV
above earth. When the line fly-back pulse occurs,
the valve anode potential increases by (say) 2.5 kV
and, since the charge in C, cannot change sufficiently
rapidly, point A is also carried up an additional
2.5 kV, reaching a total of 7.5 kV. At this instant
MR conducts, charging C, to 2.5 kV (since C remains
steadily charged at 5 kV). No change in the operating
conditions of the original e.h.t. unit is therefore
caused, all the ‘“boost’ voltage being developed
across C,. Any potentiometer chain should be left
conuected to the original e.h.t. supply output.

If the receiver already derives its e.h.t. supply
from the line fly-back the 'most obvious way of in-
creasing the output is to convert the rectifier from a
hali-wave circuit to a voltage-doubler.  This can
easily be arranged but it suffers from two practical
disadvantages. The first is that the e.h.t. produced
will usually be of the order of 12 kV which is too high

Fig. 1. Fly-back booster applied to an existing mains
driven e.h.t. supply unit. C; = 0.001uF (working
voltage equal to original e.h.t. voltage); C, == 0.001uF.
3kV working; R = 2MQ, 1 watt; MR = Westinghouse
36EHT4o0.

HT. +

AUGMENTED
+ E.H.T. SUPPLY
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(S| |
. |
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i --C .
POTENTIOMETER | i
CHAIN [
(IF_ANY) | |
L

EXISTING EHT. SUPPLY

*Virtually the same circuit has been suggested independently l‘;y
L. J. Hills, who described it in a lgtter in the November i)QSO, Wirelses
World, p, 412 [ED.]
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Fig. 2. The

booster of Fig. 1
appliad to a con-
veniional flyback
eht. supply.
When the trans-
\ former ratio is
e about 2 : 1 this
i produces not a
q doubler but a
C, “rieer”’ The
booster  compo-
n=nts are as in
Fig. 1.
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Fig. 3. Con-
struct;onal details

TO ANODE OF
LINE SCAN PENTODE E.H. of booster.

to enable the tube to be scanned without redesign
of the scanning circuit; and the second difficulty is
that the additional current burden on the line-scan
transformer, when reflected into the primary, results
in somewhat poor regulation. To produce the re-
quired increase of, say, 40 per cent in e.h t. voltage it
seems that the most useful circuit would be some-
thing giving a greater output than a half-wave recti-
fier, but less than a voltage doubler, in fact a *‘ one-
and-a-halfer.”” This result can be achieved with good
regulation by using the pulse at the anode to supply
a boost rectifier, and adding the output of this to the
original e.h.t. derived from the translormer over-
winding. Where the transformer ratio is 2:1 this
does, in fact, result in about 40 per cent increase in
output. The arrangement is shown in Fig. 2, and is
basically similar to Fig. 1.

Since the additional rectifier is fed directly from the
valve anode through C,, it adds no burden to the
e.h.t. auto-transformer, and its self-capacitance is
therefore only added directly to the anode circuit
instead of being multiplied by n? (where » is the
ratio of the auto-transtormer winding). By returning
capacitor C, to the position shown and not to earth,
it need only be rated for the amount of the increase
in e.h.t. voltage, and not the full new value.

The form of construction adopted depends mainly
on the type of capacitors used. Although not strictly
essential it is more convenient to use two identical
capacitors, and a suggested layout is shown in Fig. 3.
This has the merit of being small and very light so
that it is easily mounted in the required position.

The booster is best connected in series in the exist-
ing e.h.t. lead to the tube anode, a single new lead
being taken directly to the top cap (anode) of the

28

line-scan pentode. In most ieceivers this lead need
not excce%‘ a few inches in length (see photograph),
but if the line-scan pentode is some distance from the
present e.li.t. lead it is preferable to extend the latter
and mount the booster near to the valve so that the
pulse-fced lead is kept as short as possible.

The components required are only :—One 2 M(} re-
sistor of 1 W rating, two o.oo1 pF, 6 kV, capacitors
(such as, T.C.C. type CP55Q0) and one metal rectifier
of 2.9 kV rating (Westinghouse type 36EHT40).

After increasing the e h.t. in an existing receiver
it is, of course, necessary to increase the output of the
line- and {rame-scanning amplifiers slightly, and in
most cases there will be sufficient output margin to
deal with the increase in e.h.t. which this booster will
produce. If V| is the original ¢.h.t. voltage, and V,
the augmented voltage, then the scanning-current
output must be increased in the ratio of v(V,/V)) to
fill the screen again, and this adjustment can usuzlly
be made by the height and width controls. If V,/V,
=1.4, then the necessary increase in scanning output
current is approximately 18 per cent.

The actual increase in e.h.t. obtained naturally de-
pends entirely on the amplitude of the fiyback pulse,
and this varies considerably between receivers. The
rectifier referred to earlier is suitable for any pulse up
to 2.9 kV peak, but if the pulse is known to be much
less than this a smaller rectifier could be used and
the boost obtained would, of course, be smaller. As
an example of results the following figures were taken
on a receiver using a conventional fly-back e h.t. sys-
tem operated from a driven (i.e., not self-oscillating)
output pentode. The ‘augmented e.h.t.” readings
were recorded after the line-scan output had been in-
creased, so that the screen was again filled.

Mean Oviginal Augmented
Beam Curvent E.H.T. Voltage E.H.T. Voltage
10 A 6.0 kV 8.75 kV
50 nA 5.75 kV 8.45 kV
100 uAA 5.5kV 8.05 kV
Overall regulation, 8.39% 8.09

The interesting point which is brought out by these
figures is that the regulation has not been impaired
by the additional circuit, but has actually been
slightly improved. This result is partly due to the
helpful self-regulating action of the Type 36 EHT
metal rectifier. This use of the ‘limiting”’ action of
suitable metal rectifiers to improve the regulation of
fly-back e.h.t. circuits was proposed by the present
writer.! and has since been further discussed by
Cocking.?

! ““Metal Rectifier Voltage Multipliers.” A. H. B. Walker, Journal
Tele. Soc., Vol. 5, No. 11.
2 “I’Tsl)y(_)back EHT.” W. T. Cocking, Wireless World, September
50.

HEAVISIDE CENTENARY VOLUME

"T"HIS book is a symposium of I.E.E. papers read at

the Oliver Heaviside centenary celebrations in May
last year. Although it contains little of direct interest
to radio engineers, one suspects that if the world of radio
had not thrust Heaviside into undeniable fame as pro-
phet of the ionosphere, the main body of his valuable
work would have remained unsung and there would
have been no book. However, the mathematically
minded will doubtless find great interest in the papers
on Heaviside's Operational Calculus, his contributions
to electromagnetic theory and his hitherto unpublished
notes. Copies can be obtained from the I.EE.E. at Savoy
Place, London, W.C.z, price 10s or 4s to members,
post free.
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Your Loudspeaker

How Many Watts Should it Need and Should the Amplifier be “Flat”?

By THOMAS RODDAM

N article which appeared in the I'ebruan
1950 issue of Wireless World provoked a

letter from Mr. Thomasson, who said that
a mean output of 530 mW imvolved a peak output of
5 watts. I was rather suspicious of this figure, so I
have been examining the problemt more closelv.
First of all, there are two references which serve as a
useful starting point: one, a paper bv Divoire

(L’Onde  Llectvigque, January 1936), the second
by Pawley (Wiyeless [ngineey, January 1937).
Divoire measured the instantaneous level of

“ programme material ”’ and showed that the level,
in decibels, followed the normal probability curve.
From the figures given I deduce that for chamber
music, the level must be 20db above average for
1 per cent of the time. For 1 per cent of the time, too,
it will be 20 db below average. Piano music gives
a wider dynamic range, about 50 db instead of 40 db.

This certainly seems to confirm Mr. Thomasson’s
figure of 5 watts. The only conclusion we can reach
is that my figure of 50 mW mean level was wrong,
because the output stage, rated at 2 watts for 1 per
cent distortion, will produce quite a lot more noise
without unpleasantness. What sort of level is really
needed for home listening ?

To begin with, let us assume that we want the news
to be read at ordinary conversational level. This
means that the sound intensity should be about
70-75 db above 107! microwatt/em?® This is only
35-40 db above the miscellancous houschold noises,
so that the lowest sound level will drop down fairly
near to noise.

The Western Ilectric Company has published some
information on the power required to produce a given
sound level in rooms of various sizes. A typical
small sitting-room is about 1:2ft. X 15ft. X 10(t.
and thus has a volume of 1300 cubic feet. To produce
a level of 8o db above 10710 ,W/cm?, using a not very
efficient cone loudspeaker, we need, according to
the Western Electric Company, an input power of
about 200 milliwatts (+ 23 db/1mW). As we saw
above, - 70db/10°1% sW/cm?® represents a good
mean level, and this corresponds to -+ godb/1o-to
pW/cm?® peak level when the signal has a range of
10 db. The peak power into the loudspeaker must
therefore be 10 db higher than the 200 milliwatts
mentioned above, or 2 watts. The amplifier is
therefore required to deliver a power of 2 watts
to give ordinary conversational level.

This 2 watts, however, is a peak power. The ampli-
fier will be tested with a sinusoidal signal, which
gives 2 watts peak power when the root-mean-square
power, the value we usually measure, is 1 watt.
From this it is clear that a 1 watt amplifier will just
suffice to give us a suitable level with a dynamic
range of 40 detibels.

WIRELESS WORLD, JaNUaRY 1951

When we tarn to the reproduction of music the
question of level becomes rather difficult. My own
personal view is that mechanical reproduction, and
that goes for radio, too, should only be used for
chamber music. Mr. Rudo S. Globus, writing in
Audio FLngineering (FFebruarv 1950), expresses a
different view : he holds that symphony music is
better heard from records than in the concert hall,
while chamber music and jazz demand a personal
contact. But symphonv music demands a range of
somewhere between 60 db and 1oo db. For broadcast-
ing purposes, | suspect that the range is always kept
down to 6o db, in which case the peak power, assum-
ing that we keep the mean level constant, rises to
10 watts.

Peak Limitation

The reader will have alrcady noted that our design
criterion was the level which is excecded only 1 per
cent of the time. He mav ask whether we should not
push our peak power up to 100 watts, so that distor-
tion occurs onlv o.1 per cent of the time. The answer
is simple.  Alreadyv, earlier in the chain between
microphone and loudspeaker, the peaks have been
chopped off. A 60-db range for svmphony music
means that the mean modulation can only be 3 per
ceunt, a pretty low sideband power. The transmitter
limits quite firmly at 100 per cent modulation,
and 1if we are worried about distortion the limit is
about 20 per cent. Those peaks just don’t get out.

Looking back, we see that the ordinary home,
for really good reproduction of symphonv music,
needs a 10 watt amplifier, but that for speech and
chamber music we can get along with only 1 watt.
We can also see that my quiet background music is
at a mean level of only about 5 mW: it does not
seem very much.

The other thing, or one of the other things, about
which I get into trouble, is the question of the
transient response of loudspeakers. Sdme writers on
this subject always seem to be rather starrv-eyed
about quality, because thev never allow for the im
perfections of the earlier parts of the svstem. Any
reader who wants a shot of realism should look at
the distortion figures quotel for transmitters and for
disc recording.

However, I do not want to talk about non-linear
distortion, but about trausient response. A recent
article by Moir (Wareless World, May 1950) described
what happened when the driving impedance of a
loudspeaker amplifier was varied, and showed how
reduced 1mpedance affected the over-swing. Un
fortunately, there is more i the circuit than a
loudspeaker.

At this point [ must digress. At various periods of
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my life 1 have designed amplifiers for broadcasting
administrations. They always ask for a flat frequency
response and for low noise. This means that the
amplifiers have to be designed to cut off fairly sharply
above the permitted top frequency, to keep the
noise bandwidth down. There will probably be at
least half a dozen such amplifiers in tandem between
microphone and transmitter input.

Recently I adopted the policy of using square-
wave testing for adjusting a response trimming
capacitor in the feedback circuit. The information
obtained made it easy to adjust the response to be
flat within +- 0.5 db up to 15,000 ¢/s, and remember,
there is always an input transformer. But to achieve
the desired response, it was necessary to provide
some overshoot. An analysis of the problem in
scme detail has recently been published by J. E.
FFlood (Wireless Engineer, July 1950), and two of
Mr. Flood’s diagrams are reproduced in Figs. 1 and 2.
Although these curves are on the wrong scale for
audio frequency working, the effect is merely one of
scale. It will be seen that by rounding ofi the response
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Above : Fig. 1.—Measurced (solid line) and calculated

(dashed line) respcnses for a two-stage resistance
coupled amplifier with 26 db feedback. C, is in the
feedback circuit. Below : Fig. 2.—Response to- a
35-usec pulse of the amplifier with response curves
shown in Fig. 1.
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with a capacitor in the feedback circuit (C; in Fig.
14 of the article referred to), the overshoot can be
reduced, and the amplifier can become over-damped.
The curve and pulse response for C; = 1250 pF
represent the critically damped condition, and it will
be noted that the frequency response starts to droop
relatively early. In an amplifier using transformers
the effect is even more pronounced owing to the
more rapid cut-off produced by the transformers.
A really flat amplifier with input and output ampli
fiers will have a transient response rather like that
shown for C; = o.

The reverse is also true. If we want a transient
response like that shown for C; = 1250 pF we must
allow the response to droop pretty earlv. There is
thus a conflict between the *‘flat response” and
the ““ no overshoot ”’ response. Unless the amplifier
and loudspeaker are flat up to very high frequencies,
when we shall no longer care.

How is this conflict to be resolved ? l.et us con
sider why the response has an overshoot. The square
wave contains components of irequencies right up to
intinity, in theory, and up to about 1 Mc/s with most
square-wave generators. The ' error ”’ signal shown
in Fig. 3(c) is made up of all the frequency components
which do not pass through the amplifier, and we can
say that a false signal, made up of all those compo
nents with reversed sign, has been generated. But
these components are above our top cut-off, and that
means that the response can go up to a reasonably
high frequency and we shall still not hear the error-
signal. So this set of transient responses does not
matter : indeed, it shows that we have got a fairly flat
response.

The reader may question whether this applies also
to loudspeaker resonances, and many suspect that
these will produce overshoots which somehow
avoid this dependence on frequency response. The
answer is that frequency response and transient
response are inextricably mixed up, and a flat fre-
quency response means that the only transients can
be at the cut-off frequencies. So flatness pays.

This is only one aspect of a problem which can
be approached from several stand-points. Coupled
with one method used by Olson for loudspeaker
design—the network approach—it can, I think,
prove helpful.

Fig. 3.—The square wave with overshoot (a) can be re-
garded as being made up of a square wave (b) shown as
the leading edge step, together with an error signal (c).

STEP WAVE
WITH OVERSHOOT

‘ E SIGNAL

ERROR SIGNAL
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Unusual Ladder Filter

Applications in Audio
and Radio Circuils

By F. G. G. DAVEY, maA. AMILEE

(E.M.G. Handmade Gramophones)

HE possibilities of the simple ladder filter are by
no means exhausted by the classical filter
theorv. In one sense, any stray collection of

reactive compouents, connected together as a simple
ladder, is a filter. It will only lack value for design
purposes because the calculation of its performance is
laborious and needs to be repeated in full for every
fresh case. To be generally useful, a filter must have
some regularity in its design which simplifies the
formulae and makes them readily applicable to a
large variety of particular cases.

Broadly speaking, in the classical filter theory this
regularity is that the characteristic impedance of each
section is the same. In the filter which is the subject
of this article a different regularity has been chosen,
which is that the impedances looking forward and
backward from the central element bear a constant
ratio to each other with change of frequency and
maintain equal phase-angles. This condition leads
to quite general formulae which are sufficiently simple
for use. It also leads to a filter with some rather un-
usual properties which are of value in radio design.

In order to fulfil the chosen condition, it is clear
that there must be an odd number of reactive ele-
ments (i.e., series and shunt arms). It is also clear that
all those elements coming before the central element
must be proportioned to the input terminal resistance,
while all those following the central element must be
similarly proportioned to the output terminal
resistance. For the sake of a further simplification of
the formulae, the central element itself is expressed
in terms of the two terminal resistances together—in
series if it is a series element and in parallel if it is a
shunt element.

Let us take an example. Suppose a low-pass filter
is required consisting of five reactive elements working
between an input resistance a and an output resistance
b, (see Fig. 1). The nominal cut-off frequency will be
called f,. The first inductor has a reactance 2=f L, =
ka, where % is some constant to be determined. The

Five-element mid-series filter.

Fig. 1.
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E.M.G. steep-cut variable filter for connection between
output transformer and loudspeaker

next element, the shunt condenser, must then have a

reactance 1—1 ka.
2nf g

being the central element, has a reactance 2=f L, —

m{a+h), since it is a series arm. ¢ is another constant

to be chosen. The last two elements will be fixed in

the same way as the first two, but using & in the

formula instead of a.

First to be considered is the filter obtained by
maintaining » = k. Itis found that varying % alters
the shape of the response curve given by the filter.
Some typical curves are given in Fig. 2 for a five-
elementfilter, and in Fig. 3 for a three-clement filter.

The second inductor, L,

[ =g
e 12
5 2
0 N ‘
. i
15—
20 -
25— i
)
0 02 03 04
W
Fig. 2. Response of five-element low-pass

filter with varying k.

Fig. 3. Response of three-element low-pass
fiiter with varying k.
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It will be seen that the higher values of % give sieeper
cut-off slopes, but that this is offset by an increasing
amount of “ sag” in the pass band. Now, in radio
work filters are often required to give as level a res-
ponse as possible in the pass band, with as steep a fall
as possible outside it. [f a response not more than 1 db
down anywhere in the pass band is considered
good enough, then this will be given by making & =1.2
for the five-element filter and % = 2 for the three-ele-
ment filter. 1If the actual cut-off frequency f, is taken
to be the point where the response is 1 db down for
the last time, it will be found that this occurs, for the
five-element filter, at the frequency f, — 1.3f,. In
terms of the actual cut-off, then, the design formulae
for this performance become :

27f,L, = 1.56a
1 0.0:
2nf,C, 9230
2nf, Ly, = 1.56{a + b)
1
0.923}b
27f,C, 923°
2nf, L, = 1.56b

If a mid-shunt filter had been considered (three
shunt condensers separated by two series inductors)

n B
A
5— _—
ob—
db

15— — b
20— o —
E e —
h{] I

1 02
Fig. 4. A, five-element filter with B = 1.2 ;

B, five-element conventional filter.

the central element would have been a shunt arm. An
identical performance would then have been given

by putting £ [n this case, therefore, the design

formulae would become :

I
0.642a
2‘"'fuC1
2nf, L, = 1.084a
1 — 064z ab
2nf, Co ¥ b
27fgls 1.084b
’-?,fa = 0.642b

Fig. 4 shows the response curve for a five-element
filter designed to these formulae as compared with a
simnple filter with the same number of elements de-
signed to the conventional formulae. It will be seen
that, apart from the 1 db dip in the pass band which
we have allowed ourselves, nothing has been lost in
performance—indeed there is an appreciable gain in
sharpness of cut-off.

Tixactly similar performance curves can, of course,
be obtained for high-pass filters, and bandpass
filters can also be produced on similar lines.

Fig. 6.
varying m. k

Response of five-element low-pass filter with
- 1 throughout.

Fig. 5. The output current
iy 1s governed more strongly
by the centra! element ¢ than

by either of the others

Right : Fig. 7. Response curve of
infinitely variable filter inserted
between transformer and Wharfe-

dale ‘“ Golden "’ speaker. Inser-
tion loss o.75db. A, minimum
setting : B, appreoximately half
way, C, maximum setting.
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Fig. 8.

Bandpass five-element filter (a), redrawn (b)
as a three-circuit coupler.

We come now to the property which renders these
filters somewhat unusual. 1t can be shown (see
Appendix) that the cut-off frequency is much more
strongly controlled by the value of the central ele.
ment than by any other single element ; that is why,
at the start, the central element was given a different
coefficient /m from the other elements. This can be
roughly illustrated by taking the simplest possible
case, shown in Fig. 5. Here, the current through the

cle
———— Obviously
T T viously,

changes in the value of ¢ are going to affect i, much
more strongly than similar changes in @ or 6. This
property remains true even though a and b become
more complex networks, so long as the condition
defining these filters is retained.

Fig. 6 shows some typical curves that result from
varying s while retaining % constant. In this case
there is a variation in the pass band of 2 db, while the
cut-off at 2 db down has been varied in frequency by
about an octave. Better results would have been
obtained by using a rather higher %, but these curves
show the kind of limits to variation of # that must be
expected.

The five-element filter has been used in practice as a
variable high-note filter for loud-speakerst. In this
application the terminal resistances are not constant
but vary quite markedly with frequency. It happens,
however, that the variations are generally such as to
improve the filter performance. Fig. 7 shows the
measured results.

Another rather useful property shows up i this
practical case. It follows, from the fact that the
central element exercises a more than proportionate
control on the performance, that the other components
exercise less. Hence they neel not be very accurately
matched to their theoretical value. Now the filter of
Fig. 7 is of the five-element mid-series type such as
Fig. 1. The input is the speech transformer and this

output resistance b is 7,

Britist Jwieni No. 001531 and patent pendine
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10 6 3 2 0 [ 1
kc/s MISTUNED FROM 465 kc/s

Fig.9. Response of the circuit of Fig. 8 (b) at 465 kc/s
Q of coils-—300. Turns ratio of tapping = Q/m.

contains leakage inductance which, it is found, can
sufficiently represent 1.,; the output load is the
speech coil and this also has inductance which can
serveas L;. Only the two condensers and the mhnitely
variable central inductance have actually to appeax
inthe filter. The curves shown in Fig. 7 are the change
m db resulting from cutting these elements in and ont
of the circuit. The steepness of slope averages about
34 db per octave, showing that all five elements are in
lact playing their full part.

The principle of these filters can be usefully applied
to the bandpass filter. Here the central element
contains both an inductor and a condenser—it is, in
fact, a tuned circmt. Fig. 8(a) shows the circuit now
being considered. \When redrawn as Tig. 8(b) it is
instantly recognizable as two tuned circuits bottomn
coupled by a third. The tapping is introduced so that
the components of the central circuit can be of the
same values as those of the outer circuits, and also to
give a simple means of varying the impedance which
provides the coupling. There are now two independent
variables in the central element—its mmpedance as a
coupling and its resonant frequency. Again, these
variations of the central element exercise a pre-

APPENDIX
Let E be the input voltage in series with a
Let V be the output voltage across &

Let W be &
w

Then the response curve of all filters of this type can be
expressed in the form :

v b 1

E at+b A(B4CA)
where A, BB and C are complex expressions independent o
a and b. Their values are

3-element mid- 5-element mid-

series filter series filler
. W
A I 7RA\V 1 W2 4 4
B I 1 4 iR\V
C Jm\V W

The mid-shunt formulae are the same with 4 and m o
verted. A always contains a higher power oi W than I3
The C term, therefore, is always the term containing the
highest power of W present in'the expression, and this s
proportional to 2. Therefore variation of # governs the
cut-oft to a much greater extent than any other iactor
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deminating control on the performance. Variation
of its frequency ehifts the centre frequency of the
pass band, withm limits, without unduly atiecting its
symmetryv or width, while variation of the coupling
tmpedance varies the width of the pass band without
at all aifecting its centre frequency. A varlation of
bandwidth of about 3 or 4 to 1 can be obtained
without too bad a shape in the pass band.

This circutt has been used to provide varnable

selectivity in i.f. couplerst. Typical curves are shown
in Fig. 9. The coupler gives the full wall steepness of
three tuned cirenits, and the effective selectivity of
all of them is controlled by only one varable 1t
follows also that in production these couplers can be
satisfactorily ganged up to the desired i.f. frequency
with one trimmer on the central circuit only, so long
as the outer components are tolerablyv close to their
designed values.

SUNDERLAND RADAR

New Port Installation to be Worked by Pilots

of shipping in the harbours of the United

Kingdom was carried a stage further in
November last when the Minister of [ransport
opened a new experimental station at Sunderland

The installation selected is a standard marine
radar designed for use on bhoard ship. The naviga-
tional requirements at Sunderland are well within
its range, and a specially designed system, such as
that installed at Liverpool for its 14 miles of narrow
channel, is not necessary. Most of the docks are
grouped just inside the harbour entrance and the
navigational hazards to north and soutn of the en-
trance are adequately covered.

A marine-type radar has been in use for some time
at Douglas, Isle of Man, but in this case, as at Liver-
pool, special observers are employed for its opera-
tion, and the traffic consists of passenger ships work-
ing to regular schedule. At Sunderland there is a
big volume of genecral shipping, and the experiment
is being tried of leaving the operation of the equip-
ment in the hands of the pilots themselves, who can
decide when and how it can be best used; for
¢xample, to help the pilot cutter to locate an in-

! I YVHE application of radar aids to the movement
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coming vessel, or to assist pilots already engaged in
bringing in vessels under conditions of bad visibility.

Communication between pilots and the Pilot
House ashore will be maintained by a two-frequency
v.h.f  radio-telephone channel, the shore station
working on 163.1 Mc/s and the pilots’ transmitter-
receivers on 158.6 Mc/s. The v.h.f. equipment has
been supplied by the Automatic Telephone and
Electric Company in association with British Tele-
communications Research, and the portable units are
similar in design to those employed at Liverpool
Additional coaxial resonant filters have been included
in the receiver input feeders to reduce crosstalk
between the transmitter of one equipment and the
receiver of the other due to the close frequency
spacing employed. The shore transmitter (Type
PM14) is rated for 10 watts output and employs
amplitude modulation. A similar transmitter pro-
vides single-frequency simplex working on the
marine International Guard Channel of 156.8 Mc/s,
and Sunderland is the first port in the DBritish Isles
to be given this facility.

A continuous listening watch is kept by the pilot
vessel and a 12-volt battery-operated transmitter-
receiver (Type PMIC) is used, the batteries
being charged from a generator on the
main engine.

The radar installation consists of a
Kelvin Hughes Type 1A (Series 2) instru-
ment with 12-in diameter display. The i.{.
signal and locking pulse are split after the
pre-amplifier to provide a second display
in another part of the building for experi-
mental work by the Admiralty Signals
Research  Establishment—the  technical
authority for the installation. The scanner
unit is mounted at the top of a 50-ft lattice
tower, which also carries the coaxial dipole
aerials of the communications equipment.

Radar display unit and chart tables in the
Pilot House, Sunderland. Communication
with pilots on duty is maintained by v.h.f.
radio-telephony.
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Square-Wave Generator

By 0. C. WELLS

Practical Design Giving Three Repetition Frequencies at Low Impedance

SQUARE-WAVE generator is convenient for

testing a.f. amplifiers, as well as being

generally useful. By means of an oscilloscope
and a sinusoidal input it is possible to see when a
stage becomes overloaded and to measure the input
amplitude for which it occurs, but in order to mea-
sure frequency distortion we need an a.f. source of
continuously varidble frequency. Using a square-
wave input, there is no need to make an extended
series of readings, as we can gain some idea of the
distortion by examining the output waveform. This
method was described on page 6 of Wireless World
for January 1948, to show the effect of negative
feedback on the Baxandall amplifier. There is no
need to have a continuously variable repetition fre-
quency, but it is a good idea to have several '* spot”’
frequencies, and so be able to gain an idea of the
low-frequency response by means of a low-frequency
square-wave, and the top response by wmeans of a
higher repetition frequency. '

The following, then, is a square-wave generator de-
signed along these lines. Three spot frequencies are
available, 8oc/s, 8ooc/s, and 8kc/s, each of which
can be selected by a switch. The amplitude is con-
tinuously variable from zero up to about 50 volts
peak-to-peak, whilst the output impedance is of the
order of 150 ohms. The mark-to-space ratio is con-
tinuously variable from about 5:1 to 1:3. Two
valves are used, both type EF50.

There is a choice of several methods of producing
the square wave, of which the multivibrator might
seem the most suitable. But to obtain a rapid
rise on the square-waves it would be necessary
to use at least one cathode follower, and even then
we would have to add some sort of limiter. At least
two double triodes would be needed. But the main
disadvantage of this circuit is that it would necessi-
tate switching two capacitors to change the frequency.

The transitron relay is capable of producing a

+HT.

©400V

OUTPUT §

o-1uF

OUTPUT 2
—O0 —HT.
AMPLITUDE
500k}
BIAS
=400V
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better square-wave, using a simpler circuit in which
only one capacitor needs to be switched.

Referring to the circuit in Fig. 1, V, is the trans-
itron oscillator, producing a 100-V peak-to-peak
waveform at its anode. As a point of interest, this
valve, when connected up as shown, is unstable when
the suppressor voltage lies between about -5 and
—40 volts. If R, is returned to a bias outside this
range, however, the circuit will not self-oscillate, and
will only produce a pulse when suitably triggered.

R, alters this suppressor bias, and so controls the
mark-to-space ratio—and, to some extent, the fre-
quency. (The repetition frequencies quoted above
correspond to an exactly square output.) S, selects
the spot frequency without affecting the mark-to-
space ratio, enabling R, to be calibrated directly. If
desired R, can be made variable to give continuous
frequency coverage, but if this is done the frequency
and mark-to-space controls will interact. In practice
the one control R, is sufficient.

The negative half-cycles produced at the anode of
V, are by no means square, so it is necessary to add
some sort of limiting circuit. V, is a combined triode
limiter and cathode follower, having the double pur-
pose of limiting the negative peaks and providing a
low output impedance by its cathode-follower action.
An EF50 was used to give a low output impedance.
Almost any valve will operate effectively in this paosi-
tion, so if for any reason it was desired to add some
additional pulse-shaping circuit, one section of a
6SN7 double triode could be used for V,, leaving the
other section for the new device.

Fig. 2 shows the output waveforms at 8oc/s and
8kc/s. The 8kc/s waveform is not so square as the
other two, but is nevertheless still useful.

To give a 50-V peak-to-peak output, 400-V h.t.
and bias supplies are needed. The circuit will, how-
ever, operate from half these voltages at somewhat
reduced amplitude.

Left : Fig. 1. Circuit of the square-wave generator

Fig. 2. At (a) is the waveform produced at a repeti-
tion frequency of 8oc/s, and at (b} is the waveform at
8okc/s.
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Manuiacturers - Products

New Equipment and Accessories for Radio and Electronics

Wave Analyser
an aid to rapid medical diag-

S

A nosis from electro-encephalo-
graphic recordings, the Edison Swan
Electric Co., of 155 Charing Cross
Road, London, W.C.2, have pro-
duced an instrument for automatic-
ally analysing a complex waveform
in a very short space of nme. When
dealing with a continuous e.e.g.
waveform it provides a complete
analysis every 1o seconds and pre-
sents this in written form on the
part of the record to which it refers.
The problem of analysing aperiodic
functions is solved by integrating
the outputs of pre-tuned frequency
selectors over a period of time.

Broadcast Receivers

FEATURE of the new “ Twin-

victa ' a.c./d.c. mains/battery
portable, made by Invicta Radio
Ltd., of Parkhurst Road, London,
N.7, is the extremely attractive and
colourful material covering the
cabinet, a new woven plastic called

‘“Tygan,”” which is claimed to be
gxtremely durable and easily
cleaned. The receiver weighs ¢lb

and costs £14 125 6d. Two new sets
with the emphasis on qgalily of re-

production are the ‘' Mayfair’’
radiogram, made by Ace Radio Ltd.,
of Tower Road, London, N.W.1o0,
and the model ‘“ 750’ receiver by
Rainbow Radio Mig. Co. Ltd., of
Mincing Lane and Mill Lane, Black-
burn, Lancs. Both use 10-in
speakers, and some attention has
been given to the acoustic designing
of the cabinets.

Aertel Multicoupler

’I‘HE purpose of this equipment,
introduced by The Plessey
Company of Ilford, Essex, is to per-
mit the operation of up to ten com-
munication receivers from a com-
mon aerial without cross-modulation
cffects or loss of individual signal
strengths. It consists of a wide-
band amplifier with filters, giving a
pass range of 2-z0Mc/s flat to with-
in +3db, and this arrangement
feeds into ten cathode-follower
stages which are designed to work
into 75-0 unbalanced loads. The
amplifier will handle signals up to
250mV without overloading or exces-
sive cross-talk, and down to 1xV
without the noise becoming appreci-
able, Tt is designed to an Inter-
national Aeradio Speciication and is

suitable for international rack-and-
panel mounting.

Loudspeakers
AS a result of the cousiderable in-
terest shown in their *‘ Sten-

torian’’ 12-in Concentric Duplex
loudspeaker, Whiteley Electrical
Radio Co. Ltd., of Victoria Street,
Mansfield, Notts, are now produc-
ing this model in an acoustically
designed vented cabinet at £32 10s.
It stands 3ft high and 2ft wide, and
is finished in polished walnut. From
E. K. Cole Ltd., of Southend-on-
Sea, LEssex, comes the Model ES115
extension speaker, an 8-in p.m.
dustproof type in a plastic cabinet,
at £2 175 6d. It will handle a 3-
watt output and has an on/off and
volume control flush-fitted in the
side.

Picture-telegraph
Equipment

ONE feature of the picture-tele-
graph equipment now being
made by the General Electric Com-
pany is that the transmitter can be
converted for use as a receiver when
required by a simple interchange of

Ediswan Mark 1II low-frequency
wave analyser with top open. One
of the chassis sections has been
withdrawn and swung round on
its bearings for maintenance.

Right : Ekco extension
speaker, model ES115.
The plastic case can be
supplied in either beige
or maroon.

“ Twinvicta ”’

two of the patterns available in the new ‘' Tygan '

mains,battery portables, showing

covering material.
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parts. At normal transmission speed
a 10in X 8in piettire can be sent over
telephone  line, carrier circult or
radio link in 14 minutes, although
this time can be reduced to seven
minutes at the expense of picture
quality,

Definition is the highest pessible
within the limits prescribed by the
C.C.1.T., and the equipment will
work in conjunction with any other
picture-telegraph equipment which
complies with these standards. Pic-
tures can be received as positives on
photographic paper for direct viewing
or blockmaking, or as negatives when
a quantity of prints are wanted.

Miniature Hearing-Aid

REATLY improved intelligibility

is claimed for the new *‘ Micro-

pak I1* one-piece hearing-aid,
which has a high maximum gain
(55db air-te-air) and is provided
with optional a.v.c., in addition to
manual volume control, to ensure a
maintained comfort level and free-
dom from loud noise. A recessed
crystal microphone is used, followed
by three stages of amplification,
with the output pentode feeding into
either air- or bone-conduction re-
ceivers. The overall response is sen-
sibly flat, but a bass cut for tone
control is introduced when on a.v.c.
Produced by Bonochord, Ltd., 48
Welbeck Street, London, W.1, this
model measures 3jinx275inx }in,
and weighs only 50z complete with
batteries. It gives 350 hours of life
on a 15-V h.t. battery, 10 hours of
L.t. life on a standard ‘“pen’’ cell,

and costs less than }d per hour te
run. The price is 30 guineas.

Germanium Rectifier

() meet the needs of designers
who want a low reverse
current at a reasonable price,
the General Electric Co. Ltd. have
introduced the GEX45. This has
a reverse current of 10-3ouA and
costs 108, as distinct from the IopA
of the GEX 55, which costs 30s. The
forward current is approximately
8mA at +1 volt and the turnover
voltage is greater than GoV.

Miniature Transformer

AN exceptionally small trans-

former, giving an impedance
ratio of 250:1, has been designed by
John Bell and Croyden, of 117 High
Street, Oxtord. It is suitable as an
output transformer for hearing-aids
and the primary winding can be in-
cluded in the anode circuit of the
output valve, giving an inductance
of 28H at 2zooxA d.c. or 12H at 1mA
d.c. There are 5,000 turns of 48
s.w.g. on the primary and 100 turns
of 38 s.w.g. on the secondary. Using
“F’  size laminations and a
moulded bobbin, the outside dimen-
sions work out to0.752in x 0.438in x
0.55in.

Educational Oscilloscope
Units

O meet the needs of schools and
colleges for a moderately
priced demonstration instrument,
the Equipment Division of Mullard

Electronic Products Ltd., Century
House, Shaftesbury Avenue, Lon
don 1V.C.z has introduced a c.r.t.
unit Broo and an associated time-
base/amplifier unit Brior that to-
gether provide most of the features
of the modern oscilloscope. Each
unit has its own internal power
supply. There is a 3-in c.r.t. in the
Bioo, with vertical and horizontal
deflection sensitivities of about 0.2
mm/V. If desired, the vertical and
horizontal amplifiers in the Broi,
which have a frequency response of
25¢/s to 30 kc/s, can be used with-
out modification as independent
general-purpose  amplifiers. The
Broo unit costs £12 128 and the
Bior unit £15.

Transmitter Feeder Cable

ESIGNED for handling large
amounts of r.f. power, the new
Telcon AS.84.A1 semi-air-spaced
cable has shown itself capable of
carrying 20kW at 45Mc/s without
difficulty. Regarding its propaga-
tion characteristics on wide-band
transmission, tests on a 28o-yard
length have shown that the voltage
standing-wave ratio would not be
worse than 0.93 over a 1o Mc/s band
centred at 60 Mc/s. The inner con-
ductor is a solid copper wire of
diameter slightly above }in, and is
supported at intervals by a series of
interlocking Telcothene mouldings.
The outer conductor is a seamless
extruded tube of aluminium. The
Telegraph Construction & Mainten-
ance Co. are at 22, Old Broad St.,
l.ondon, E.C.2.

Right : Mullard educa-
tional aid ; on the left
is the time-base/ampli-
fier unit Bror and on
the right is the cathode-
ray tube unit

Bi1oo.

Bonochord ‘‘ Micro-
pak I1 ’’ hearing-aid,
showing the drum-
type volume control,
microphone grille
and pocket clips.

Telcon transmitter feeder cable. On the left is a cut-
away view to show the interlocking mouldings which
support the inner conductor.

Belclere miniature
transformer  for
use in hearing-
aids, showing its
size in relation to
the human hand.
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Maybe in May

Source of the Saucers

FLYING saticers have taken the
place of the Loch Ness Monster,
but whereas the monster did no
greater harm than to frighten a few
Scotsmen out of their wits, thus
leading them to forswear further in-
dulgence in the national beverage,
this new menace is far more serious.
By acting as transient reflectors and
s0 causing intermittent distortion
and fleeting ghost images on our
television screens, ihese so-called
salicers are proving a very real
source of irouIbIe.

At present the trouble is not ex-
cessive because these saucers are few
in number, but Jike Hitler, who also
began in a small way, they will be-
come' uncontrollable unless dealt
with promptly. Obviously the first
thing to do 1s to find out whence
they come and deal with them at
the source; for when plagued by
wasps it saves a lot of time if we
can Jocate their nest.

Now it has been suggested that
they come from another planet but
astronomers insist that their obser-
vations show that, with the excep-
tion of the Earth, the Sun’s satellites
are incapable of supporting life, and
who am I to disagree with such
learned men? But we must not
torget. as Mr. Hoyle, the erudite
astrophysicist fromn the banks of the
Cam, has reminded us over the air,
that we cannot absolutely rule out
the possibility that some of the
myriad  sparkling spheres, with
which the heavens are bespangled,
may possess some inhabited satel-
lites. This, however, does not take
us very much farther for, as Mr.
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Hoyle also tells us, the nearest stars
to us, which for the sake of argu-
ment we  will assume to possess
inhabited planets, are roughly three
light-years, or in more homely
figures  17,330,476,800,000 miles,
distant from us. Now since the
observed maximum speed of the
saucers is said to be a mere eighteen
thousand miles per fowr it would,
leap years included, take them
rather more than twenty-two thou-
sand vears to do the round trip (“*if
in doubt, work it out’’ as the peda-
gogic maxim puts it, but in the
interests of domestic harmony dou'!
‘“ Ask your Dad ”’ in this case).

1t is clear, therefore, that we must
look for a ‘‘ home-counties”’ planet
in our own Solar System which has so
far eluded the eye of the astronomer
and I think I have found it by
means of radar. Basing my work,
like many others, on the specula-
tions of Aristarchus and other
ancient Greek philosophers, I have
discovered that this new planet
travels round the same orbit as that
of the Earth but, as it is 180 degrees
out of phase and moves at the same
speed, 1t is always on the opposite
side of the Sun to us; therefore, we
can neither see it nor get a direct
radar echo from it. But any of you
who are proficient at billiards will
readily understand how an indirect
radar-echo can be obtained by a
simple there-and-back cannon = off
one of the other planets when it is
in a suitable position. I am hoping,
therefore, to get the Government to
allow me to demonstrate this to the
public at the Shot Tower radar in-
stallation which is being erected for
this year’s IFestival of Britain. The
echo from it will automatically ring
the bell and return the money of
successtul shooters. I propose to
give the planet the appropriately
commemorative name of Radaria.

Radio Jubilee

HIS year we enter upon the
second half of the zoth century
and it would surely be fitting that
a section of this year’s radio show
should be devoted to a review of the
tremendous progress made in the
past fifty years. The year marks
for one thing the jubilee of trans-
atlantic wireless, as it was on
December r12th, 1901, that Marconi
first linked us with the New \World,
and it was in 1901, too, that the
first British merchant ship, the Lake
Champlain, was fitted with wireless.
It 15, however, rather a ditficult
thing to stage a suitable review of
the past half-century of radio and
make it interesting to the general
public. It can so easily degenerate
into a moth-eaten dry-as-dust ex-
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hibition of ancient sets and com-
ponents.  \We want to see and
hear the things in action and also
hear the B.B.C. artists as we heard
them nigh on 30 years ago when
loudspeakers, driven by output
valves as unbiased as myself, bel-
lowed like the bulls of Bashan, and
famous public enterlainers refused
to have anything to do with broad-
casting. In other words, we want
something that i1s alive and inter-
esting  like the annual run {to
Brighton of ancient cars when
ploneer motorists celebrate their
red-flag emancipation dav which,
like Marconi’s first British patent,
was an outstanding event of 1896.
It is astonishing how few listeners
realize how old wireless really is;
not many, for instance, know that
the valve was invented in 1904.
Perhaps the organizers of this
year’s Naticnal Radio Show will
give my suggestions for enlightening
the man in the street some thought.

Power-cut Pageantry

WONDER why no radio manu-

facturer has yet marketed a set
which automatically switches itself
over to batteries during a power cut.
Such an instrument is a logical de
velopment of the battery/mains
portable now available. Say what
you will, power-cuts have come to
stay. At present unavoidable, they
will eventually remain as part of the
rich pageantry of our national life
like the posy which Judges of the
High Court still carry on certain
occasions even though the combined
efforts of the imedical and plumbing
professions have long since removed
the necessity for it. T am surprised,
too, that no effort has yet been
made to enable an a.c. mains clock
to keep itself going during a power-
cut; surely the answer is a battery,
a vibrator, a transformer and an
automatic switching arrangement.

uur National Life.

WIRELESS WORLD, JANUARY 1951


www.americanradiohistory.com

LETTERS TO

The Editor does not

opinions expressed

A.M. versus F.M.

AVING been interested in this
controversy for a long while,
I constructed an a.m./f.m. receiver
some time ago, but have only re-
cently had an opportunity to carry
out somec tests on the Wrotham
transmissions, particularly from the
fidelity and interference angles. The
results have not altogether surprised
me, as I knew from cxperience on
television sonnd that e.h.f. a.m. was
capable of very high quality, but
prone io ignition interference; how-
ever, I was agreeably surprised by
the almost complete absence of this
virulent interference (and, incident-
ally, any other kind) on the
Wrotham transmissions.

Comparing the a.m. with the f.m.,
I find little to choose hetween them
as regards fidelity and lack of inter-
ference; the a.m. appears to be the
stronger signal, though ample pick-
up can be obtained on an ordinary
indoor aerial from both signals. The
fidelity of both seems to be effected
by Jland-line considerations, and
much of the programme material
shows up badly when used to modu-
late these high-fidelity transmis-
sions, though occasional ‘‘live’’
studio broadcasts are first-class.

I consider there is a definite future
for e.h.f. broadcasting as an un-
limited number of low-power {rans-
mitters would entirely solve the
problem of 100 per cent covcrage
(which is far from being achieved
with the present system) without
the disadvantages of sharing fre-
quencics, and would at the same
time provide much better quality.

However, to return to the a.m./
{f.m. controversy, considering the
the additional complications and
extra cost of the f.m. receiver,
which, in my experience, is in no
way superior to its a.m. counterpart,
I can see no earthlv reason for the
controversy. Let’s have lots of a.m.
broadcasting on e.h.f., and those of
us with high-fidelity equipment will
at last get value for their licence fee !

R. C. BURNELL,

Wallington, Surrey.

Television Load

HE recent extension of the tele-
vision Children’s Hour from
Sundays to week-days seems likely,
with the present timing, to have un-
fortunate results in several direc-
tioms. The highest peak electricity
load during the six winter months
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necessarily endorse the

by his correspondents

occurs around 5 p.m. At that time
it is the rule rather than the excep-
tion in my own district (which is no
doubt typical) for the mains voltage
to be reduced 15 per cent in order to
shed load. This is just the time at
which the children’s television is put
on.  To the British Electricity
Authority it means that a new load,
of the order of 100,000 kW, and
growing rapidly, is being placed on
top of their highest peak. To the
radio industry 1t means that 6.3-V
heaters of valves and cathode-ray
tubes are being run at 5.35 V, a drop
of rather more than double 1he safe
maximum prescribed in the Code of
Practice issued bv the B.R.V.M.A.
which states that low heater volt-
ages are as much to be avoided as
high voltages. To the radio dealer
it means that television sets (especi-
allv the modern a.c./d.c. tvpe) are
hl\ely to go out of adjustment and
give poor results generally, so that
his customers complain.

The remedy would seem to be to
delay the children’s television pro-
gramme on Monday to Friday until,
say, six p.m.

M. G,

Bromley, Kent.

SCROGGIE.

¢« Phase Shift Oscillators”™

’I‘HIS article by W. G. Raistrick
in your November issue is of
considerable interest in view of the
unusual merits of the circuit con-
cerned.

We feel, however, that other work
on this circuit is worthy of mention.
The principle of the valve phase
shifter was described by Dome’, and
an oscillator incorporating this by
Villard under the title ‘‘Tunable
A.F. Amplifier. e

Villard's article is particularly
valuable in that it mentions the use
of the circuit as a selective amplifier
by the use of 180 degrees Pphase
change. Villard claims this gives a
sharper null than either twin tee or
\Wien Bridge networks. He also
points out a unique feature of the
oscillator, namely its ability to pro-
duce two outputs go degrees apart
in phase.

One further point. For successful
operation of this circuit it is desir-
able that cathode and anode load
resistors should be fairly closely
matched, and also that the im-

' Eleotronics, Dec., 1946.
* Electronirs, July, 1949.
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SOUND E‘iﬂJ]PMhNT

MODEL T.101

12 Waig
Hish Fidelity
AMPLIFIER

This latest Trix model is a
versatile high fidelity amplifier
suitable for numerous applications.
It incorporates special twin channel
tone compensation circuits with
controls for bass and treble boost,
and push-pull output stage with
inverse feedback, thus providing
exceptional quality of reproduction.

Separate input sockets are fitted
for gramophone pick-up, micro-
phone and radio inputs with
appropriate selector switch on the
front panel.

A socket is also incorporated for
H.T. and L.T. supply to feed an
external mixer or radio feeder unit.

LONG-PLAYING RECORDS

The T.101 gives superb results
with ¢ long playing® records as
well as standard types.

The output is high impedance,
allowing several external speakers
to be connected, on long lines
without loss of power.

Full details of this aemplifier and
other models in the large Trix range
of Sound Equipment available on re-
quest. Send for latest catalogues and
price lists.

THE TRIX ELECTRICAL CO, LTD-
1.5 Maple Place, Tottenhsm Court Road,
London, W.I. ‘Phenez MUSeum 5817
Grams & Cables: **Trixadio, Wesdo, London.”

AMPLIFIERS - MICROPHOMES + LOUDSPEAKERS
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pedance of the power supply should
be low in comparison. As the loads
may only be of the order of a few
hundred ohms this may cause
trouble at low frequencies.

W. BACON

D. P. SALAMON

Hindhead, Surrey.

“ Curtous Effect”

DDITIONAL experiences with
flashes and streaks of light on

the screens of cathode-ray tubes
after switching off may be of interest

to your readers. The tube in ques-
tion was used in a high-speed oscillo-
graph for transient observation and
photography. It was a Du Mont
5RPrrA, using a gun voltage of
4kV and a post-deflection accelera~
tor voltage of 20kV.

It has f{requently been observed
that, after switching off, luminous
phenomena of various types oc-
curred. These phenomena consisted
of any or all of the following.

(a) Occasional general illumina-
tion over an area of a few sy. inches,
which was of low intensity.

(b) Bright spots of varying in-
tensity, some bright and some dim.
These were oblong in shape and
radial in direction, and have been
observed as intermittent flashes, or
as moving flashes of a few seconds
duration, or more.

(¢) Occasional small patches ot
light, which could be moved slightly
by rubbing the tube face with the
hand or a cloth.

Of these three tvpes (b) was the
most frequent, and could often be
increased in intensity by rubbing the
tube face with a cloth or by hand.

[hese phenomena did not always
appear on switching off, the most
favourable time for their appearance
being when the apparatus was thor-
oughly warm. However, rubbing
the tube face would often produce
them if they had not appeared, or
increase and intensify them if they
were weak. It would also prolong
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the duration of their appearance.

voltmeter permanently con-
nected across the e.h.t. supply defi-
uitely indicated th:t such supplies
were off. The phenomena appeared
sometimes instantly, when it was
reasonable to suppose that the
cathode was still hot, but at other
times they appeared some time
after, or persisted for such a time
that it seemed unlikely that the
cathode would even be warm. The
tube did not use any Perspex screen,
as has a previous example given in
these columns. The electrostatic
charges, presumably responsible for
these phenomena,
seemed either to be
on the outer surface
of the tube or pos-
sibly internally on
various parts of the
tube itsell. The fact
that the phenomena
appeared most fre-
quently and strongly
in summer with a
warm, dry day, and
when the apparatus
had been working
for a long time and
was thoroughly
warm, would seem
to indicate that the
origin of these
flashes was outside
the tube rather than
inside.

The accompanying photograph,
made accidentally owing to a mains
failare at the time of exposure,
shows some of the phenomena, which
must have occurred shortly after the
supplies were cut otf, as the camera
shutter was ouly open for a few
seconds. (Note, the zero line had
been previously recorded.) Tt illus-
trates equally well the phenomena
which occurred much later after
switching off, and lasted for a few
minutes. R. RITTER.

RICHARD G. PARR

Zirich, Switzerland.

Pickup Input Circuit

N additional input circuit for the
Acos GP20 pickup may be of
interest to readers in view of your
article ‘* Pickup Input Circuits '’ in
the November 1950 issue. It is based
on the article ** Negative Feedback '

continued

in the March 1950 Wireless World.
[ have used this circuit in an
attempt to approximate to curve 1
rather than curve 2. The effective
input impedance is increased by
negative feedback to about 6 M,
and a very satisfactory bass response
is obtained from 78 r.p.m. records.
J. G. KNAPP.
Nottingham.

Beauty and the Beholder

I WAS interested to read in your
October issue the letter on
aerials as things of beauty—or
otherwise.

As to outdoor television aerials,
I doubt if the ** Dictators of Town
and Country Planning’’ can con-
trol the erection of an outdoor
aerial; certainly not an ‘*H " on a
short mast, anyway. DMultiple ele-
ments on 50-foot masts might be a
different proposition.

My reasons for this contention
may be found in Section 12 of the
Town and Country Planning Act,
1947, which exempts from the pro-
visions of the Act (and therefore
the dictates of local planning
authorities) certain things. One of
these is: works for the improve-
ment or alteration of a building
which do not materially affect the

+ 250V
100 kré
)
SPLITTER
005uF

ACOS
6P 20

skl

25kl

i

Negative feedback applied to
increase input impedance and
(betow) response of GP2o pickup
taken with Decca Ki8og4 test
record. I, on open circuit; 2, with
0.5 MQ load.

-
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external appearance thereol. 1
think the ordinary ““H "’ ¢n a chim-
ney stack (with a short mast, if you
like) comes within this provision.
Now, of course, the local planning
authority may think otherwise.
Very well, let them; the Act also
contains, in Section 17a, provision
which says: Anyone proposing to do
something to a building, and being
uncertain whether or not (1) his
proposals come within the seope of
the Act, and (2) if they do, whether
or not they require permission, can
apply to the local planning author-
ity to determine these points. This
being so, let anyone wishing to erect
an ““H’’ and fearing the wrath of
the local planning authority apply
for a determination, as mentioned
above. If the answers to (1) and
(2) above are ‘‘No,’”’ then he ma
proceed. If the answer to (1) 1§
“Yes® and to (2) ‘“No,”" then
again, unless the local planning
authority go to some trouble by
using other provisions of the Act
(which is, T think, fairly unlikely)
he may carry on with his proposal.
If the answer to (1) and (2) is
““Yes,”” then the local <planning
authority can refuse permission.
But in this last case the applicant
can appeal to the Ministry of Town
and Country Planning on two
points: first, that his proposal is not
within the scope of the Act, and,
secondly, even if it is within the
scope of the Act, that permission
should be granted. I doubt very
much if, on such an appeal, the
Minister of Town and Country Plan-
ning would refuse permission. I
think he would overrule the local
planning authority in most cases.
So let some would-be viewer take
action on the lines mentioned
above; perhaps someone has already
done so, in which case, T suggest
the result should be of interest to

many readers.
W. WILSON.
Sne. iton Dale, Nottingham.

“ Tolerances and Errors”

HEN (in the November issue)

I likened the manufacture of
resistors to shooting at a target
““from a considerable distance’’ it
was with a certain naughty provo-
cativeness. So it didn’t altogether
surprise. me when a  well-known
resistor manufacturer reacted. From
what he says it appears that the hit-
and-miss method 1 described is no
longer practised in the enlightened
modern resistor factory.

It seems, then, a good oppor-
tunity for a resistor manufacturer
to tell us how he does it now. It
may be that when making +5 per
cent resistors he stands nearer to the
target.

T still suspect that before T bought
my + 20 per cent stock someone had
picked out the best ones—but per-
haps they were made in the bad old
days. ““CATHODE RAY.”
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SWITCHES

“Bulgin’ Miniature Switches are truly Great.
Made up of as many as 50 different parts, each part
precision made and type checked and gauged,
these switches are strong, compact, robust and
reliable, guaranteed for 25,000 operations.

The choice of operating-style is vast. ROTARY,
ToGGLE, PusH-pULL, KEY, PRESS-KEY, MICRO-
SENSITIVE, AUTOMOBILE, APPLIANCE, THERMAL-
DELAY and FLASHER, PEAR-DOLLY, BALL-DOLLY,
FORKED-DOLLY, EXTRA-LONG BUSH, LONG-BUSH,
SHORT-BUSH, DOUBLE-POLE, SINGLE-POLE, BIASED,
ON-OFF . . . We should need the whole “ Wire-
less World *” to tell yeu all about our switches ;
full details are given in our Catalogue No. 185
(185/WW) Price 1/~ post free. Here are a few
brief examples :

1. List No. S8.365, 366. Single-pole On-off
Switch. Press for ON (S8.365) Press for OFF
(8.366). These switches are ideal for Refrigerators,
cupboards, etc. Roller-Contact Q.M.B. action,
highest grade laminated bakelite insulation, fitted
with silver-plated solder~tags for contacts. Fixing
is 15/32in.¢ on up to {,in. thickness. Thread 32
t.p.i., Whit-form. Plunger travel is approx. }in.
2. List No. S.324. Double-pole, change-over,
semi-rotary Key-switch.  Working voltages,
6-250 a.c. or d.c. Max. test voltage 1,000 peak:
insul. res., <« 40MQ. Contact res., F 0.01Q
(10mQ) at: 6V. and 2 x rated amps. Angle of
operation, 60° - 10°. Reverse force against
internal stops, } 7lb.-in. Clean Make-break snap
action. Fixing is by 15/32in. ¢ hole, preferably with
re-entrant ‘key’ 4in. X Ain.

3. List No. S.400. Single pole Make-break, long-
bush type, for panels, not greater than #%in, thick.
Tested at 1 KV. peak ( = max. test V.) Dry I.R. «
40MQ at 500V. This switch, with S.401 and S.404,
is suitable for automob:les or mains uses.

4. List No. 8.565. (Shown fitted with K.107
Knob) Semi-rotary Q.M.B. snap-switch. Shafts
are lin.¢ (0.247in.—0.249in. actual) and take
standard knobs. Shaft is not flatted, this is a great
advantage when legended knobs are used; the
switch may then be mounted in panel any way up
if space is tight and the legend is still in horizontal
position. Fitted with solder-tags or terminals for
connection.

5. List No, S.332. Single-pole, Make-break,
On-off Switch with forked-dolly for mechanical
operation by #in.¢ pins or equivalent, moving
on jin. radius. Average operating angle, 45°.
Peak Amps. at 6V. ~ = 6, at 110V. ~ = 4.,
at 250V. ~ = 3,

6, List No. S.220 and S8.390. Q.M.B. Toggle-
action push-pull models. Popular contacting-
combination-push-pull types, fully insulated from
case, and suitable for 6-250V. (i.e., Automobile
as well as mains uscs). Both these switches are
Single-pole Make-break, and are fitted with rear
terminals for contactirg. Pull for * ON’ (S.220)
and Pull for * OFF ’ (§.390.) Fitted with polished
black bakelite knob, unscrewable for mounting
switch to pancl.

7. List No. S.277. Double-pole Q.M.B. Toggle
switch for 6-250V. circuits. In accordance with
wise, modern, safety requirements, double-pele
switches are in greater demand than ever before.
Suitable for 6-~250V. circuits a.c. or d.c. Tested
at 1,000V. peak (=4 times working voltage) :
insulation resistance € 40MQ. Contact resistance =
3 0.01Q (10mQ) at 2 K rated amps. Rated amps
may be doubled at 6~12 Volts.

END FOR CATALOGUE (185/W.W.) NOW

PRICE I/- POST FREE

~A.F.BULGIN & CO.LTD

BYE-PASS ROAD BARKING

TELEPHONE -Ruppie LT
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RANDOM RADIATIONY

By “DIALLIST”

Woulid You Like One?

ONE QUITE OFTEN hears or reads
that one of the things mankind most
needs to-day is a television equiva-
lent of the crystal set. People who
air this opinion not infrequently
show a few moments later that they
have never stopped to think what
they mean by it; for almost in the
next sentence they add that much
larger images than those now usual
must be provided. The great ad-
vantages of the crvstal set are that
it can be bought cheaply, that it is
very simple, that almost anyone
who wants to do so can make it and
that it can be run at next to no cost.
Fine! But what does it do? The
best that it can furnish is headphone
reception of the broadcast pro-
grammes at comparatively short
ranges.  The equivalent television
set, wore there such a thing, would
presumably present its images on a
ene-inch screen, with headphone
reception of the accompanying
sound. I cannot see any rush for
such an instrument. Can you?

If Wishes Were Horses . . .

It and when vou can get them
down to brass tacks, you find that
what those who say such things
really have in mind is that the world
is longing for the advent of the
high-grade receiver, giving at least a
16 x 12-inch image, at a price well
below £25. 1i that be so, the
world, one fears, will go on longing,
at any rate for quite a bit yet. Un-
less—as is quite possible—some en-
tirely new and far simpler method of
transmission and  reception is
evolved, television must continue to
e something of a luxury. To my
poo:r brain it seems that home tele-
vision is an amenity, on a par with
a good piano or a home-movie out-
fit, to be earned, should you desire
to have it, by eflort and by saving.
And what you want to get for your
money 1s a set which can be relied
upon to give good results.

There’s a Limit to Cheapness

What I'm driving at is that, when
you come to buy a television set,
you cannot expect to get more than
you pay for. The bare facts are
that as things are at present it must
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contain upwards of 15 valves; 1n-
clude a considerable number of cir-
cuits capable of being finely adjusted
and of staying put, once they are
adjusted ; and, if you want a big
picture, have either a monster c.r.t.
for direct presentation, or—it you
prefer projection—a small super-
brilliant c.r.t. p/us devices for rais-
ing the eh.t. to 16,000-20,000V,
plus an optical system, plus a
separate screen. The set should
also be easy to operate and perfectlv
safe. To provide all these things
the maker cannot go below a certain
minimum price unless he is prepared
to cut his costs in undesirable ways.
There may be a real danger in that
the cry for cheaper and cheaper
television sets may lead to a price
war and to the large-scale produc-
tion of over-cheap sets which not
only give a comparatively poor per-
formance when at their best, but
develop into constant and expen-
sive sources of trouble.

Valve Symbols

IT was MENTIONED in the Novem-
ber Editorial that the revised
edition of the British Standards In-
stitution’s ‘‘ Letter Symbols * for
Electronic Valves'” (B.S. 1409: 1950)
bears on its cover a most unfor-
tunate statement that the symbols
which it lays down are intended for
use mainly in manufacturers’ cata-
logues and such like. Myself, I read
this statement with a horrid sinking
feeling; but I felt a bit better when
I had time to think over its implica-
tions.  If valve manufacturers and
other members of the radio industry
are going all out for the use of the
symbols in their catalogues and
other *‘literature " {(and presumably
they are, for they played a major
part in evolving them), their cus-
tomers will have perforce to be
tamiliar with them, or they will not
be able to follow what thev read.
The symbols, then, are bound to
become established as a kind of
lingua franca of radio technique in
this country. Those who write or
publish books and articles would be
foolish indeed if they did not use
them, knowing, as they must, that
these symbols are parts of a
language with which all their readers
must have at any rate a nodding
acquaintance. It would have been
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far better, admittedly, had the state-
ment in question not appeared on
the cover of B.S. 1409:1950. Better
still would have been one recom-
mending the adoption of the sym-
bols by all British writers, teachers,
publishers and manufacturers con-
cerned with the advancement of
electronics.

International Standards
Lacking

Probably the most one can pray
for is that the technical terms and
symbols used in one’s own country
mav achieve standardization, for we
seem to be drifting farther and far-
ther away from the international
systems that were once inaugurated
with such high hopes. A mathema-
tical friend to whom I said some-
thing of the kind promptly pulled
me up short. " In my particular
branch,” said he, ‘' we have been a
bit more sensible. A/l the signs and
svmbols of mathematics, which is a
reallv  international language, are
completely standardized throughout
the world.”” I pulled an old enve-
lope from my pocket and wrote on
i+

e 1,432
“What,”” I asked, ‘“would that
convey to a IFrenchman or a Ger-
man?’’  ‘“Why, one thousand four-
hundred and thirty-two, of course.”
I explained that it would mean one
point four three {wo and that either
of them would write the number he
had mentioned as: —

1.432
Electronics, being one of the newest
branches of science, probably suffers
more than most from lack of inter-
national standardization, for each
country tends to adopt its own set
of terms and signs for advances and
discoveries which it makes simul-
taneously with other countries.

Sunspots Again

ONE DOES NOT ENVY engineers en-
gaged in keeping telecommunica-
tions going during disturbances due
to sunspot activity, such as we had
at the end of November and the
beginning of December. World
traffic was very heavy at that time
and there were longish periods ot
almost complete blackout, particu-
larly in northerly and southerly
directions. All sorts of ingenious
expedients have to be adopted. I was
told that on this occasion messages
to Australia, which normally go
direct by radio, were at times sent
by cable to America, by radio across
that continent and by cable to their
destination.

WIRELESS WORLD, JANUARY 1951
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