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CENERAL INDEX

To facilitate reference, the month of issue as.well as the page number is given.

The General Index is followed by a Classified Index under the headings of Aerials, Books and Publications, Circuitry,
Components, Design, Education and Training, Electronics, Manufacturers’ Products, Organization, Personalities, Propagation,
Radio-location, Sound Reproduction, Television, Test and Measurement, Transmission and Communications, and Valves.
References to Books and Personalities appear only in the Classified Index.
Indexes to lllustrations and Authors appear on pp. 10 and I1.

A.F. Millivoltmeter, Moditied, R.
565 Nov.

A.G.C. System, New Vision, 8. 1. Gent and
D. J. 5. Westwood, 542 Nov.
AM/F.M. Communications Neceiver, Eddy-

stone. 41 Jan.
AL A K. Exhibition Review, 312 July
“ Adjacent Channel” Colour Lelevizion.
Televizion Noeiety’s Lecture, 254 June
Aerial Cirenit Magnification, S. Nannan.
461 Nept,
Air Traffiec Control Centre (London) 212 May
Aireraft Radio, Growth of, R.AE. Golden
Jubilee, 354 Auy.
< S.B.A.C. Exhibition Review, 491

Selby,

ct.
Airtiecld Radar Developments, Marconi, 243

ay
Amateur Band Violation, 502 Oct.
Radio S8how, R.S.G.B. Exhibition, 23

an.
American Colour Televizion, 621 Dec.
Oscilloscope Techuiguie, A. J. Reynolds.
441 Sept.
Amplifier, Design tor a 20-watt High-Quality,
W. A, Terguson, 223 May, 279 June
, Inexpenxsive 10-Watt, (Corvespondence)
21 Jan.
, Transistor D.C., (4. Johnson, 3L Jan.
Attenuation by Trees, V.II.F. and U.tL¥.,
J. A, Saxton and J. A. Lane, 229 May
Audio Equipment in the Home, Richard
Arbib, 385 Aug.
Australian Television, 494 Oct.
Automatic  Control  of  Machine Tools:
Rlectronic Positioning, 25 Jan.
Fuactory, Institution of Production
Engincers” Conference, 378 Aug.

B.B.C.

Avnual Report 1954-55 (Editorial)
105 Sept.

Band IIT Television (News) 255 June

Colour Television KExperiments (Kdif-
orial) 353 Aug.

Colour Television Tests (.News) 528
Nov., 587 Dec.

Colour Television Standards, 365 Aug.

Co-siting London Television Stations
(NVews) 578 Dec.

Cross-Channel TV Link (News) 56
Yeb,, 356 Aug.

Crystal Palace Station (News) 105

ar.

Divis Television
(Newsg) 3566 Aug.

Llection Result Computer, 254 Juae

Pontop Pike Permanent 'lelevision
Station opened (News) 579 Dec.

Second Thoughts on Television Dis-
tribution (Editorial) 101 Mar.

Television Complications (Lditorial)
525 Nov.

Television Frequencies. 291 June

Two New "Lelevision Stations (News)
528 Nov.

V.H.IY Sound Broadeasting {(Vews)
56 Lreh., 1556 Apr., 204 Mayv (Edit-
orial) 261 June; Article, 252 June;
(Correction) 462 Sept.

Welsh  V.HE. Service (News) 528
Nov,

Wrothatn on Tull Power (News) 472

Station  Opened

ct.

Wrothamn, Spurious Radiation from,

J. R. Brinkley, 325 July; (Corres-
pondence) 367 Aug.

B.LALA.

Council Eleeled (News) 256 Juue;
(Correction, News) 310 July

Receiver Sales Surveys, 208 June

346 July, 396 Aug. (News) 528 Nov.

BRIT. 1L.R.KE.
Annual Bepuri (News) 578 Dec.
Council Elected (.Vews) 580 Dec.
Premium Awards to Authors (News)
472 Oct.

B.S.R.A.
Amateur
July
““Art of Bualance and Control in,
Recording Studios,” Lecture, 30
Jan.
lxhibition (Mews) 201 May; Review,
312 July
Otficers LElected (News) 256 Juue
Baird- Ambassador Merger (News) 58 Keh.
taird Memorial at, Royal Technical College,
Glasgow (News) H6 Fel.
Band 11 F.M. Tuner Unit, L. Hampson,
368 Aug.  (Correction) 410 Sept.:
Coil Type Numbers, 429 Nept.
sets giving TV Sound (Cerres-
pondence) 606 Dec.
HI Convertor Interierence, ¥'. Howard

Competition Trizes, 349

Steele, 528 Nov.; (Correspondence)
606 Dec.

7 Ll onvertors (Correspondence) 497
c

Pilot Transmitter. Belling & Leec,
56 Teb., 131 Mar.

Proprietorship
323 July

~Television for B.R.C. (News) 2565
June

(C'orres poidence)

Aerials, Antiferenee, 244 May
Test Transmissions (News) 56 ebh.
Wobbulator  Adaptor, G. M.
Leonard. 253 June
Rands I and III Television Aerials, F. R.. W,
Strafford, 339 Nov., 607 Dec.
3 Propupation, F. R. W,
Strafford and I A. Davidson, 171 Apr.
Batterv-Mains  Short-Cireuits  (Correspond-
enee) 427 Sept.
Batterv Reactivator, R. W. Hallows, 503
Qct.; (Correspondence) 606 Dec.
Briges’ Royal Festival Hall Tecture Demon-
stration (News) 56 Feb.
British Communications Commission? Letter
to P.M.G;., C. I. Orr-Ewing, 215 May
Broadeast Receiver Sales Surveys, 295 June,
346 July, 896 Aug.; (News) 5253 Nov.

C.C.1.R. Colour Television Standardization
(News) 204 May

Capacitance Tester, Direct-Reading, O. T.
Dzierzyuski, 141 Mar.

Capacitors, Lacquer Film, 27 Feb.

———, Plessey * Cascap,” 144 Mar.

Car Radio Units, 8. Smith & Sons (Radio-
mobile) 144 Mar.

Cascode, The. '* Cathode Rav,” 397 Aug.:
(Correspondence) 427 Sept.

Cathode Tollowers, '* Cathode Ray.” 292

une
" CATHODE RAY ” ARTICLES:

All You need to Know about Radio
29 Jan.

Cascode, The, 397 Ang.; (Correspond-
enee) 427 Sept.

Cathode Yotlowers, 292 June

Distortion, 191 Apr., 239 May

FInx-Cutting or Flux-Linking 7 74 Fel

Fauwrier — Fact of Fietion? 455 Sept.,
506 Oct.; (Correspondence 7 Nov,

Nyquist’s Diagram, 587 Dee.

Tolarization of Waves, H5:

Valve Citrve Diagrams, 3

Voltage-Multiplving  Rec
cnitg, 115 Mar.; (Correspondence)
175 Apr., 214 May

Chassis for Experimenters, 1. K. Cowell,
159 Sept
Circuit  Svmbols,  American  Standard,

T Svmbol SimonT 44 Jan.
Coil Pack, Denco Four-Band, 244 May
Colour Tnformation, Trausmitting. 393 Aug.
‘Television. " Adjacent-Channel,” Tele
vision Society’s [ecture, 254 June
. American, 621 Dec.
, Choice of System (Ediloriul) 525
Nov.
-, Buropean, 511 Oct.
lixperiments (FEditorinl) 355 Aug.

3
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Colour Television, Russian, 127 Mar.
Standards, 355 Aug.
Tests by BLC. (News) H2X Nov.,
587 Dec.
Tnbe, R.C.A. 21-in, 227 May
“ Commercial Killer ” Cirenit, 407 Sept.
Commereial ‘Lelevision Studios, Assoeiated
Reditfusion, 470 Ot
Conmipunent Tolerances, H.
Nov.
Computer, Election Result, 254 June
Computers, Electronie Digital, 1: W. Woods-
Hill, 557 Nov.. 20 A. A. Robinson
601 Dec.
Computing Machines:

8. Jewitt, Ho:

Language Translation
by Eleetron J. P. Cleave and B
Zacharov, 433 Sept.

" Lonsol " Beacon Receiver, 136 Mar.

Convertors. Interierence from Band-TII,
F. Howard Steele, 526 Nov.; (Corres-
pondence) 606 Dec.

Copyright Rill (Editorinls)y 303 July, 575 Dec.

Correlation Deteetion Techniqgues: Recover-
ing Hidden Signals, James TFranklin,
137 Mar.; (Correspondence) 177 Apr.

Cross-Channel TV Link (News) 56 Feb., 356

Aug.
Crystat Palace Sidebands (Editorinl) 525
Nov.: Article, 614 Dec.
Station (News) 105 Mar.

D.C. ;}Impli(ier, Transistor, G. Johnson, 31
at.

Damping Factor: A New Approach (Corres-
pondence) 367 Aug.

Decea/Taean Systems Compared, ** Radio-
vhare,” 576 Dec.

Decca Navigator Extensions. 366 Aug.

HEUCE Computer, 254 June

Differentiating speech and Music, 407 Sept.

Digitat  Computing  Machines: Labdgunge
Cranslation by Electronies. J. P
Cleave und B. Zacharov, 433 Sept.

Diplexers for Television Reception (Corres-
pondence) 176 Apr,

Direct-Rending Capacitance Tester, 0, E.
Dzierzynski, 141 Mar.

Distortion, " Cathode Ray,” 191 Apr., 239

av

Measurement of Non-Linearitv, M. .
Scroggie, 317 July

Divis Television Station Opened (Aews) 356

Auy.

Dry-Cell TReactivator, R. W. Hallows, 303
Oct.; (Correspondence) 606 Dec.
Dual-Band Television Aerials, ¥, R. W.
Stratford. 539 Nov., 607 Dec.

Dust  Problem  (Cleaning  Gramophone

Records), Cecit XK. Watts, 27 Jun.

Earthing Metul Braiding (¢orrespondence)
270 June
EDITORIALS:
A New Muster? 1 Jan,
Aniarchy in the Ether, 51 Ieb.:
(Correspondence) 126 Mar., 176 Apr.
\s She Is Spoke, 51 Web.; (Corres-
pondence) 125 Mar., 177 Apr., 212
May, 270 June
B.B.C. Report, 40, Sept.
Cloak of Security (Frequency Alloga-
tion) 201 May
Colour Television Kxperiments, 553

Aug.

Copyright Bill, 575 Dec.

Electrostatic Loudspeakers, 251 Jyue
303 July

Gallons into Quart Pots, 525 Nov.

Inetfective  Regulation  (Interference
Suppression) 201 May

Levalized Recording, 303 Jutby

New ldeas in Electro-Acoustics, 303
July

Receiver Oscillator Radiation, 1ol
Mar,

second Thoughts on Television Dis-
tribmtion, 101 Mar.
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Tditorials (contd.)
Tape Bookmark,353 Aug.; (Correspond-
ence) 427 Sept.
Television and V.HT. Sound, 251
ay
Television Complications, 525 Nov.,
Too Little and Too Late, 467 Oct.
Too Many Exhibitions? 575 Dec.
Transistor Svmbols, 151 Apr.; (Cor-
rection) 201 Mayv, (Correspondence)
125 Mar., 213 May, 269 June, 323
July, 493 Oct.
Velvet Glove or Mailed Fist? 405 Sept.
Bducation and Training, Francis Reece,
5 Jan.; (Correspondence) 126 Mar.:
Ministry of Education Rejoinder, 103

Muy.

Electrical Theorems (Correspondence) 22 Jan.

Lilectromagnetic Theory Fundamentals: Flux-
Cutting or Flux-Linking? " Cathode
Ray,” 74 Febh.

Electronic biuiml(}omput s, 1. W. Woods-
Hill, 557 Nov., 2. A. A. Raobinson,
601 Dec. )

Llectronic Tositioning (of Machine Tools)
20 Jan.

Eiectrostatic  Loudspeakers,  Wide-Raoge,
T T. Walker. 208 DMay, 265 Jun
(Correction, 346 July). 381  Aug.;
(Editorials) 251 June, 303 July

Llectrostatic Tweeters, Technical Supplies,
568 Nov.; (Correction) 620 Dec.

Etehed Foil Printed Cireuits, H. G, Mantield,
436 Sept.; (Correspondence) H38 Nov.,
606 Dec.

Buropean Colour Television, 511 Oct.

V. H.¥. Broadeasting (News) 105 Mar,

EXHIBITIONS:
A P.A.E., Review, 312 July; Amatenr
Radio Kxhibition, R.3.G.3B. (News)
353 Ang., Review, 23 Jan; B8 R.A.
(News) 204 May, Review, 312 Juty;
British Plastics, 805 July; Germaun
Radio Show, Review, 468 Oct.:
Institution of Tleetronics (News) 156
Apr., 305 July, Marine (News) 353
Aug.: Midlands Radio Show (News)
353 Aug.; Model Kngineer (News) 358
Aug.; National Radio Show, Preview,
112 Sept., Review, 476 Oct.; Northern
Radio Show, List of Bxhibitors, 237
May; Paris  Air show, 375 Aug.;
Physical Society’s Report, 271 June,
1056, 358 Aur.; R.E.CMY., List of
Lxhibitors, 1538 Apr., Reviews, 2068,
274 June; 5.B.A.C., Review, 491 Uct;
Television Society (News) 4 Jan.,
Review. 52 I'eb.

Ixhibitions, Are there too Many? (Eduoril)

575 Dec.
Export Figures for 1953 (News) 105 Mar.
——— -Tpport Yigures (News) 57 Teh., 255

June, 108 Sept.
Lxtended Range L.¥. Nine-\Wave Oscillator
(Correction) 30 Jan.

F.C.C. (Federal Communications Commiis-
sion) (Edioriat) 1 Jan.
Reduce Channel Spacing tor Mobile
Radio (News) 156 Apr.
1. M./A M. Communieations Receiver, Tddy-
stone, 41 Jan.
Tuner, Eddystone 820: Test
Report, 317 July
for Marine V.H.F. (News) 408 Sept.;
(Correspondence) 497 Oct.

Neon Tuning Indicator, John 1.
Collinson, 428 sept.; (Correspondence)
537 Nov.

Receivers, Ratio Detgetor in, M. 1.

Minrav, 245 May; (Correspondence)
323 July

Tuner, Dexign for an, 5. W. Amaos aund
G. . Johnstone. 159 Apr., 216 May,
330 Nwdy; (Correspondence) 323 July,
367 Aug.. 498 Oct.: Kits, 254 June;
CUoil Suppliers, 568 Nov.

— Unit, Band 1}, L. Hawpson. 56~
Aug.; (Correction) 410 Sept.; Coil Ly
Numbers, 429 Sept.
Tuning Indicator, J. R. bLavies. 287
June: (Correspondence) 324 July
Teedback LY. Amplifiers (Correspondence)
213 May

Fencing Svstems, Blectronic (Correspondence)
71 Feh.. 126 Mar.. 178 Apy, 214
Mav, 269 June

Ferrite Rud Aerials, Teletrou, 342 July

Testival Hal) Lecture Hemonstration (Briges)
230 July

Filter Design, Tehebychetf, G. H. Burchill,
, 49 Sept.
Tilters, Variuble High-1'ass (Correspondence)
71 Yeb

T'ish Detection, Ultrasonic, Pye, 418 Sept.

Flnx-Cutting or Flux-Linking? °* Cathode
Ray,” 74 l'eb.

T'ramne ;?lvbnck suppression, W. T. Cocking,

33 Jan.

VYourier-—Fact or Fiction? “ Cathode Ray,”
1455 Sept., 506 Oct.; (Correspondence)
537 Nov.

Jfrequency Allocation, Mobhile Radio
(Editorinl) 525 Nov.; Pye Demonstra-
tion, 527 Nov.

Tregquency Allocations (Editorials) 51 Feb.
201 May; (Corcespondence) 126 Mar.,
176 Apr.; Letter to PAMG, ¢ L
Orr-Bwing, 215 May

G.C.A. Radar (Bendix) 451 Sept
G E.CL 7 Clean ™ Valves, 187 Apr.
(1.0, Coast station at Miracombe opened
(News) 579 Dec.
Radio Relay Stations (News) H7s Dee.
— Rugby Radio Extension, 463 Sept.
Geophysical Rescarch, R. L. Smith-Rose,
is® Apr.
Gerinan Radio Show Review, 168 Oct.
Germanium  from Coal, D.S.I.R. Report
(News) 108 Sept.
Coodmany’s Acoustics Laboratory, t4 Jan.
¢iramophone and Microphone re- Amplitier,

P. J. Basandall, 8 Jan, 91 keb;
(Corresponedence) 270 June
Needles, IPresent Trends, 8. Telly

9233 May: (Correspondence) 324 July

¢« HANSARD >’ Magnetic Recorder, 102 Mar-

Hoadphones, Magnetic Induction, 96 Teb.

Hearing Aid, Multitone Transistor, 290 June;
(Correction) 324 July

Ii-Fi Bquipment, Living with, A. Dinsdale.

589 Dec.
High-Fidelity Home, Richard Arbib, 385
ug.
-Pass \l ariable Vilters (Cornespondence)
71 ¥eh.
SQuality  Amplitier,  Design dora

20-Watd, W.

279 June

Histavical Valve Collection, 65 Feb.

Honours (News) 57 eb., 309 July. 357 Aug.

Hum-Reducing Cireuit for Radio Receivers,
Herbert J. Lraser, 495 Oct.

A. Yerguson, 223 May

]I.?.E.S.T.E. Student LBxehange, 596 Dec.
PR UN
Council Llected (.News) 409 Sept.
H.R.H. Duke of Edinburgh heconies
Houorary Member (Vews) 106 Mar.
“Inquiring Mind,” Tilm (News) 358
Aug.
Premium Awards to Authors, 392 Aug.
Radio and Telecommuniciations Sec-
tion Committee (News) 410 Sept.
Seliolarships, 232 May
“ Transathuitic  ‘Lelephone  Cable,”
Lecture, 36 Jan.
LT.A

Bevan, P. A. T. appointed Chiel
Eugineer (News) b Jan.

Co-siting London Television Stations
(News) 578 Dec.

Distribnting L.T.A. Programmes, 471
Oct

Treduencies (News) 4 Jan.
Ticenee Granted (News) 256 June
Liehtiedd Transmitter, 577 Nee.
London Coverage Map, 307 July
: Transinitter, 470 Oct.
Midlands Anticipated Coverage Map
196 Oct.
Midland Links (News) 356 Aug.
New llcadguarters (Aews) 256 June
Northern Stations (News) 308 July
second Thoughts on Television Dis-
tribntion (#ditorial) 101 Mar.
Pransmiteer Siting, Map. 120 M
Wrothun, Spuriows  Radiation from
J. R. BRrinkley. 325 July; (Corres-
) pondence) 387 Aug.
Lenition  Interference suppressovs (Corres
pondence) 72 Feb., 178 Apr.
Tmpedance and  Admittance Calewations
Trancis Oakes and E. W. Lawson,
304 July
Import-Byport Vigures (News) 57 e,
255 June, 408 Sept.

4
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Indicator, ¥.M. Tuning, J. R. Davies, 297
June; (Correspondence) 324 July
Inductance, Capacitance and Resonance

Meter, L. ¥. Sintield, 95 Heb.
Inexpensive 10-\Watt Amplitier
pondence) 21 Jan.
Tnformation Theory symposiam, 545 Nov.
Iustitute of Physics Jeport (News) 309 July
Institution of Hlectronies Exhibition (News)
156 Apr., 308 July
Instrinent Kits, Charles B, Bovill, 517 Oct.
Interference  from  Band-T1)  Convertors,
F. Howard Steele, 526 Nov.; (Corres-
pordence) 606 Dec.
Suppression (News) 155 Apr.;
(Editorials) 201 May, 105 Sept..
167 Oct.: Post Oflice Surnmary  of
Sources, 207 May
on - Motors,

(Corres-

R. Davidson, 173

Apr.
Reunlations (Ediforials) 405 Sept.,
467 Oct.
L Televigion, 567 Nov.

International Standardization, LE.C. Dis-
cussions, G. David Revnolds. 32 Jan.
Tonosphere Review, 1954, 10 W, Beunington,

66 I'eh.

LACQUER I'ilm Capacitors, 87 ch.

Lanuage Translation by Electronics, s @
Cleave and B. Zacharov, 433 Sept.

Tegalized Recording (Copyright Law) (Edit-
orials) 303 July, 575 Dec.

LETTRRS TO THE EDITOR:
Anarchy in the Ether, (i H. Sturge,
126 Mar. E
As She is spoke, 1. L. K. Pawley:
M. (. Scroguie; Alex. Goldsmith,
125 Mar.; W. D. Arnob 177 Apr ;G AL
Briges, 177 Apr., 270 June; M. G.
Seroggic. 213 May; R. H. Nisbet,
3214 July
Back to Methuselah, M. G.
gie, Hi38 Nov.
Band LI Convertors, H. Barhaui, 497
Oct.

SCrog-

Battery-mains Short-circuits, W. H.
Jarvis, 127 Sept.

Damping Facror: A New Approach, i
Langford smith, 367 Auy.

Diplesers for Reception, [ [\
Stratford, 176 Apr.

Dry-Uell Reactivator, A. I'. Standing,
George 1. Smythe. 606 Dec,

Karthing Metal Braiding, W. T
Clalt, 270 June

Bdueation and Training, Harold C.
Shearman, 128 Mar.

Jlectronics on the Farm, A. G. P.
Tavlor, 71 Feb.. 269 Jupve; D. A.
Bond, 126 Mar., 173 Apr,; €. W.
Robson, 178 Apr.: K. 5. Drake. 214

May

Ytehed Toil Lrinted Circuits, L. D.
Stuart, 53% Nov.; H. G. Maunfield,
606 Dec.

M. at Sea, L. I T. TFalkner, 4497
Oct.

1. M. Receiver Design, I'. L. Morris,
J. K. Carter, 323 July; 8. W. Amos
and (. G. Johnstone, 367 Aug.; Tan
Leslie. 498 Oct.

I'M. Tuning Indicator, C. H. Banks,
J. R. Davies, 324 July

Feedback I.¥. Awplifiers. Jens Ras-
mussen and P. V. Iversen, 213 May

Tourier - -Faet or Kietion? . 1.
Fooks . Dougherty, ~ Cathode
Ray,” 537 Nov.

Frequency Allogation, . P. 5. Orr,
176 Apr; (Editoriel) 201 May

Inexpensive 10-Watt, Amplifier,
D0, 1 Martin, J. K. Webb, P. J.
Baxandall, 21 Jan.

Interference (rom Band IIT Conver-
tors, 1). N. tortield, 606 Dec.

Magnetic Tape, A. H. Bean, 535 Nov.

Magnetic Tape Characteristies, X. G.
M. Spraty, 427 Hept.

Mathematies in Articles, F. V. Bale, 22
Jan.; - Cathode Ray.”” 72 Feb.

Musical Feedback, A. Camphell. 2114
Mav

Needles  for  Lalking
Kelly. 324 July

Neon Tiners, N. T, Wadsworth, 22
Jan.; D. M. Neale. 177 Apr.

Neon Tuning Indieator, A. Lionel
Williams, 537  Nov;  John D
Collinson, 538 Nov.

Machines. 5
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Tetters to the Bdilor (contd.)

Overseas Buvers, Magtin L.
72 Feb.

Pre-Amplitier  Design, W, (. R.
Witbers, D. II. W. Busby, 367 Aug.

Proprietorship o Band 111 Paut
Adorian, 323 July

Quality on V.H.I*,, A. t. Hagrison,
21 Jan,; C. E. Watts, 176 Apr.

Radio in Schools, A. \W. Rowe, 498 Oct.

Recovering Hidden Signals, R. AL
Fairthorne, 177 Apr.

Renely,

Situations Vacant, J. Gilbert, 2069
June

Some Electrical Theorems. H. V.
Harley, 22 Jau.

Special Quality Valves, A. T. Denni-
son, 178 Apr.

Spurions Radiations from Wrotham,
E. L. B, Pawley, 367 Aug.

Tape Bookmark, R. G. Wicker,
E. 8. Rushton, 427 Sept.; J. R.
Price and R. A, Frewer, H. . M.
Spratt, 497 Oct.

Tape Machines, R. Leach, P. Stuart,

71 Feb.

Tape (Recording) Terms, W, D.
Arnot, 72 Ieb.; R. A. Kairthorne
126 7\1'11

iX (‘éh[)lth\ by V.HLE., Nocl Mazkelyne,

14N

Television Aerial Veeders, 1. \. Lewis,
533 Nov.

Television DLicture Quality. G. T.
Clack, 22 Jan.; Charles A. Marshall,
214 May

Television Sound on Band TI Sets,
1. H. Snelling. 606 Dee.

Television-to->ound Interference, Tan
Leslie, 214 May

The Cascode, G. R.
427 Sept.

Transistor Graphical
Aisberg, 125 Mar.

Transistor Letter Svinbol, E. A, W,
Spreadbury, 125 Mar.; (Editoriel)
151 Apr.; 1. Nappin, W. K. Thomp-
son, 213 May; B. R. Betteridge,
M. Levy, Trancis Oakes, 269 June;
K.J. \elﬂhbour %’3Jul\ V. Maves,
323 July, 498 Uct

Variable igh-Pass Filters, M. R. H.

Woodville,

Symbols, L.

Macenamars, 71 Feb.
Veetor Adnlltlon and  the  Slide
Rule. G. J. Phllllps 126 Mar.
Viewers' .wtu»\v W, 1. Niall, 72 Feh;

H. S, Chadwmk 178 A]n‘.
Voltage  Multipliers, . N. 1.
Pasch. 178 Apr.
Ticence Fignres, 6 Jan.

Graph, 124 Mar.,

156 Apr. 2u6 May, 256 June, 309
July, 357 Aug., 409 Sept., 474 Oet,
530 Nov., 579 Dec.

Line-Sean  Resonauces, Spurious, K. G.
Beauchamp, 109 Mar.
TLondon Airport Aiv Trattic Control, 212 May
Millimetric Radar, 44 Jun.

Radar Height Finder, Marcoui,
287 June
Long-Distance V.H.F. Tnilerference, T. .
Bennington, 592 Dec
TLong-Playing  Recording Quulity, 0. J.

Ruissell, 8~ Feb.
Long-Range Televigion l{eceptmn 6504 Oct.;
(Correction, News) 530 Novy.
Loudspeakers, Widle- Rauge Electrostatic,
Ba J. W(\ll\er, 208 May, 2656 June
(Correction, 346 July), 381 Aug.:
(Fd?lmutls) 251 June, 303 July

MAQNETIC Industion leadphones. Mag-
netic Broadeasting Co., 96 Ych.
Tape Storing (Cm:mpmuience) 535 Nov.,

Marine Distress Calls (News) ¢72 Oct

Mathematics in  Articles  (Correspondence)
22 Jan., 72 Feb.

Measurenent ol © Wow” :md ”l"lnttcr e

0. B. Dzierzynski, 547 N

Medium- and I.on;_ Wave (,Ongestmn (Edit-
oriuls) 51 Feb., 201 May; (Corres-
Dpondence) 126 M‘lr 176 Apr., 215 May

Merchaut Shipping R/T, | B9 ¥eh.; (Correction)
122 Mar.

Microphone Teehniue in Recording, B.S.R.A
JTecture, 30 Jan.

Microwave Harbour Ueacon, A. L. L.

Milwright, 569 Nov.

Millimetric  Rudar  at  Loudon  Airport,
Decea, 14 Jun,

Millivoltreter, Mediticd A, R. Selby
565 Nov.

Mobile Radio Bands, Committee’s Keport,
203 May
Channel
52h Nov.
Nov
, FeG) Reduee
for, (\yus) 1ot Ay n
Monopolies Comission: Valves and Cathode
Ray Tubes (News) 4 Ym 409 Sept.
Monte Carlo Television Station, C. B. Bovill

Conservation (Editoriel)
Pye DNemonstration, 27

Channel Spacing

Ju beb.
Mullird Radio-Astronomy Observatory

at
Cambridge (News) 410 Sept.
NATIONAL Radio Show Preview, 112
Sept., Review, 476 Oct.

Navigation: i Aids, Paris Air Show, iTS Aug.
Needies for Talking Machines,” 5. Kelly
233 May; (Correspondence) 324 July
.M. Tuning Indieator, John D.
Collinson, 428 Sept.; (Correspondence)

Neon

537 Nov.
Timers (Correspondence) 22 Jan., 177
Apr.

Noise Measurenient Spectrometer, Salfords,
128 Mar.

Nou-Livearity Distortion Measurement, M. G,
seroggie, 317 July

Northern Radio Show, List of Exhibitors,
247 May

Nyquist's Diagram, “ Cathode Rav,” 597
Dec.

OBITUARY: Cotton, Richiids W., 409
sept.; Fogarty, L. F., 357 Aug.;
]«md Cyril I, 156 Apr.;, Kirke,
Harold L., 473 Oct.; Macadie, Donald,
156 Apr.; Mc'lonnld A. 5., 579 Dec.:

Morse, Arthur H., 256 June; Murphy,
hmuk 106 Mar.; }’d[ll]l“ Charles J.
256 June; Watts, H. :\., 579 Dee,;
Wood, Hubert, 579 Dec.

Oscillator, Extended Range 1..1°. Sine-Wave
(Correction) 30 Jan.

——— Radiation, Raceiver, (Editorial) 101 Mar.

Oscillators, Testing Precigion, M. P. Johnson,
179 Apr.

Oscilloscope  Technique, American, A, J.
Reyvnolds, 441 Sept.

Output Jlanshnmel Design, R. I Gilson,
195 Apr.; (Correction) 206 ’SI.x\
Overseas Buveh (Lroblems) (Correspondence)

72 Feb.

PHASE-to-Amplitude Modalation, Bryant
D, Virmani, 183 Apr.

I'hysical Society’s Lxhibiticn Review, 271
June; 1956 (News) 358 Aug.

“ Piped” Scauning  Waveforms, K. ).
Gargini, 83 Feb.

Plasties in Radio (Exhibition) 305 July

Polarization of Waves, °“Cathode Ray.”
553 Nov.

Polyphase Oscillator Transmitter: Phase-to-
Amplitude Modulation, Bryvant D.
Virmani, 183 Apr.

Post OJtl'lce Control of Radio (Editorial) 1

an.

Power Valves, small, R. K, Wyke, 518 Oct.

Pre- \mplmer Desu.n, D. H. w. Busby,
326 July; (Correspondence) 367 Aug.

Pre-Anmplifier, ul(mmpl\(mc and Microphoe,
% Baxandall, s Jan., 91 TFeb.;
{Correspondence) 270 June

Printed Circuits, Etched Foil. H. G. Mantield,
436 Sept.: (Correspondence) 538 Nov..
G066 Dee.

Problems in  Television
Pafford, 288 June

Pulse Rise-Time Measurcment, I
79 Feb.

Purchase 1'ax Increased (News) 578

Lighting, W. (.

G. Dann,

Dec.

Q MEASUREMENT, S. Kannan, 615 Dec.
Quality on V.H.F. (Correspondence) 21 Jan.,
176 Apr.

Workshop, B. T. Gilling, 80

b.
R.C.E.L. A (mnnml Elected (Aews) 107 Mar.
R.B.OME
Anmnl Repmt {(News) 20+ May
Change of Addresz (News) 3568 Aug.
Council Elected (News) 200 Mayv
Lxhibition Reviews, 233, 274 June
List of Exhibitors, 158 Apr.

RC Rridye,
Fe

5
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R.LC. Lechnical Writing Premiuins (News)
105 Mar., 579 Dec.
RSALB. Exhibition 1954,
(News) 358 Aug.:
News Nervice (Aemws) 530 Nov.,
TR Servicing lExams, 197 Apr.
Radar, Decea Type 212, 299 June
- Training  Simulator, Solatron, 354

23 Jan.; 1055

Aug.
Radio Control of Models Licensing Reguli-
tions (News) 157 Apr.
- Industries Club Report {(News) 310

July
Jargon Terms (Bditorial) 51 TFeb.;
(Correspondence) 125 Mar., 177 Apr.
213 May, 270 June, 324 July
Navaids, ** Radiophare,”” 576 Dec.
Oflicers” Training, 17 Jan.
Training, 103 Mar.
Radioactive Aids for Industry, Harwell,
307 July
RANDOM KRADIATIONS, by  Diallist.”
18 Jan., 92 Feh., 148 Mar., 198 Apr.,
248 May 300 June 350" Tul\' 102
Ang., 464 Sept,, 5:32 Oet.. 572 Nov.,

G624 Dee.
Ratio Detector. K. R. Sturley, 532 Nov

- , M. R, Mmmv, 245 May: (Corres-
pmulezwe) 323 July
Reactivator, Dryv-Cell, R. W. Hullows, 503

Oct.; (Correspondence) 608 Dec.

Receeiver ()%ull.ltm Radiation  (Editorial)
101 Mar.
\ale~ Figures, 208 June, 346 July, 396
, 528 Nov.,

Rtecord md Styvtus Wear, 570 Nov.
Cleaning Material, TALT.. 144 Mar,

Recmdmvr Tape \pllcel Multicore, 90 Feb.

~ Topies, 0. J. Tus<ell. 85 Feb.
Revovcring Hidden Signals, James Franklin,

7 Mar.; (¢ or»e\pamlwue) 177 Apr.
Liise- Jnne Measurement (QPulse), E. G.
Dann, 79 Feb.

Rocket Sounding in the Upper Sir
Edward Appleton, 406 Sept.
Aireraft.  Establishneut

Jubilee, 354 Ang.
Festival Hall, Briggs' Lecture Demou-
Eirilt,ion (News) 56 Teb., Report, 330

Alr,

Royal Golden

Wy
Rughy P.O. Radio Extension, 463 Sept.
Russinn Colour Televigion. 127 Mar.

S.B.A.C. Exhibitinn Review,

Scatter Propagation, 253 June

School Radio (Correspondence) 498 Ot

Science  Museurn Amateur Station (News)
74 et

SHORT-WAVE CONDITIONS,
04 Feb., 132 Mar., 163 Apr., 211 May,
206 June, 316 July, 355 Aug., 460
Sept., 510 Oct., 552 Nov., 610 Dec.

signal Generator, V.H.¥., Rohde & Schwarz,
i20 Dec.

Single-sidehand Receiver, Racal, 565 Nov.

Situations Vacant ((orrespondence) 269 June

Slide Rule: Inipedance Calculation, Francis
Oakes and K. W. Lawson, 305 June

and Vector Addition, A. .
London. 73 Teb.; (Correspondence)
126 Mar.

Slot Aerials, B. L. Morley, 129 Mar.

Special Quality Valves, . G. Rowe, P.
Weleh, and W. W. Wright, 18 Jan.;
(Correspondence) 178 Apr.

ﬁnech'ometexr, Saltords” Noise Measurement,

28 Mar.

Spiral Scanning, 2 Jan.

Spurtons Radiation from \Wrotham, J. K.
Brinkley, 3256 July; (Correspondence)
367 Auy.

Square-Wave Generator,

491 Oet

40 Jan,,

Arthur W. Wayne,

69 Feb.

Standards of © Wow 7 and “* Flutter,”” 622
Pec.

©Stercosonic ™ Tape Records, HAM V., 202
May

Styli (Sapphire) by the Million, 2 Jan.

Superhet, Two-Valve, R. C. Lever, 145 Mar,,
Modifieation. 238 May

Swedish Television (News) 308 July

Switch, Bulgin Light-Action Push, 244 May

Sylvania-Thorn C.R.T. Project (News) 475

ct.
Symbols, Circuit, * Symbol Simon,”” +1 Jan.
Transistor, (Coyrespondence) 125 Mau.,
2138 My, 269 June, 323 July, 366 Aug.,
198 Oct.; [Editorial) 151 Apr.; (Cor-
rection) 201 May
Symposium ou Information Theory, 5456 Nov.
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T.R.F. Recciver, Seuasitive 'f'hree-Valve,
H.E. Styles, 616 Dec.
Tuaean/Decca Systems Compared, © Radio-
phare,”” 576 Dec.
Tape Bookmark Requirement (Editorial)
3563 Aug.; (Correspondence) 427:Sept.,
4497 Qct.
Characteristic, Does it Matter? 102
Mar.; (Correspondence) 427 Sept.
Kraser, Leevers-Rich, 144 Mar.
Recorder, ** Ericorder,” 586 Dec.
. Philips ' Recorderyram,” 143
Mar., Test Report, 335 July
spools (Correspondence) 71 KFeb.
(Recording) Terms (Correspondence) 72
Feb., 126 Mar.
](icording Very Low Irequeucies, 562
Nov.
selector Mechanism, J. E. Uriee and
R. A. Yrewer, 162 Apr.; (Editorial)
353 Aug.; (Correspondence) 427 Sept.,
497 Oct.
Tchebyeheti Filter Design, G. H. Burchill
+49 Sept.
Technical Writing Premiums, R.L(., (News)
105 Mar., 579 Dee.
Teleputﬁy by V.H.F. (Correspondence) 214
ay
Teleprinting, R.C.A. Electronic. 401 Aug.
Television Advisory Committee New Meinbers
(News) 408 Sept.
A(\a‘gial Feeders (Correspondence) 538
ov.
and V.H.Y'. Sound (Editorial) 261 June
Distribution (Editorial) 101 Mar.
Freguencies, B.B.C., 281 June
Interference, 567 Nov.
Picture Quality (Correspondence) 22
Jan., 214 May
Sereen Mask, Vendota, 403 Aug.
Society:
*Adjacent  Chapnel  Colour  Tele-
vision,” Lecture, 254 June
Exhibition (~News) 4 Jan., Review, 52

Feb.
Ofticers Elected (News) 357 Aug.
Premium Awards {News) 206 Mayv
Standards Conversion, H. A. Pair-
hurst, 53 Feb.
Stations, Two New B.B.C. (News) 528
Nov.
-to-Sound Interference ((orrespondene?)
214 May
Transmitter Siting, 120 Mar.
l'est Gear Design, A J. Reynolds, 5 Jan.
‘esting Precision Oscillators, M. P. Johnson.
179 Apr.
Tolerances, Component, H. 5. Jewitt, 563

Nov.

Toronto Audio Show, . G. &. TL. Voiut, 430
Sept.

“ Transatlantic Telephone Cable,” 1.E.k.
Tecture, 36 Jan.

‘Lranstormer Design, Output, R. F. Gilson,
195 Apr.: (Correction) 206 May
Tester, Farnell 1nstruments, 620 Dec.
Transistor Circuits, Stahility of D.C., Franeis
Oakes. 164 Apr.
D.C. Awplitier, (. Johnsow, 31 Jan.
Electronics. Introduction to, H. K.
Milward, 60 Feb., 133 Mar.
Equivalent Circuits. W. T. Cocking, 331
July, 385 Aug., 444 Sept., 499 Oct.

CGraphical sSymbols (Correspondence)
125 Mar.
Hearing Aid, Multitone, 290 June;

(Correction) 324 July
Letter Svmbol (Correspondence) 125
Mar,, 213 May, 269 Juue, 323 July,
498 Oct.: (Editorial) 161 Apr.; (Cor-
rection) 201 May
I'ower Supplies, L. H. Light, 582 Dec.
Radio Receiver, D. Nappin, 123 Mar
Restoration, 337 July
svmbols (Editorial) 151 Apr.; (Corree-
tion) 201 May
, Irench 366 Auy.
Transistorized Telephone Amplifier, Mullan!
90 Feb., 108 Mar.
Transmitter, Kkco Ground-to-Air, 342 July
‘I'ropospheric Seatter Propagation, 253 June
Tubeless Television? 153 Apr.

Tweeters, Technical Supplies Ilectrostatic,
58% Nav.: (Correction) 620 Dec.
Twin-Channel  Tane  Records, H.M.V.

““ Stereosouic,” 202 May
Two-Valve Superhet, R. €. Lever, 145 Mar.,
Modilieation, 238 Muy

U.H.F. Mobile Radio (News) 472 Oct.
— Television Broadcasting, R. 1. Smith-
Rose and J. A. Saxton, 343 July
U.S. Broadeasting Stations (News) 472 Oct.
Ultrasonie Depth Sounding, Pve, 458 Sept.

UNBIASED, by ‘‘ Free Grid,” 50 Jan.,
100 Feb., 150 3ar, 200 Apr., 256
May, 302 June, 352 July, 104 Aug..
466 Sept., 524 Oct., 574 Nov., 620
Dec.

V.H.F. Aerials: Vertical Pattern Measure-
ment, B. G. Hamer, 452 Sept.
and U.H.F. Reception, J. A. Saxton
and J. A. Lane, 220 May
Broadcasting, B.B.C. Plans (News).
56 Feh., 160 Apr.
. Buropean (News), 105 Mar.
Interference, Long-Distance, T. W
Bennington, 592 Dec.
Measurements, W. Tusting, 611 Dec.
Quality (Correspondence) 21 Jan., 176
Apr.

6
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V.H.F. Service Starts (News) 204 Mav: (Fdi;
torial) 251 June: Article, 252 Junc
(Correction) 462 Sept.

. Welsh (News), 5249 Nov.
signal Generator, Rohde & Schwarz,
620 Dec.
Sound (in Television Receivers) (Edi-
torwal) 251 June
Valve Connector, Power Controls, 46
Jan.

Valve Curve Diagrams, ' Cathode Ray,”
338 July

Valves—a Restrictive Practice? (News) 4

an.

Yector Addition and the Slide Rule, A. G.
London, 73 Feb; (Correspondence) 126

Mar.

Yelocity of Radio Waves (Correction,
News) 6 Jan.

Very Low Frequencies from Tape, 562 Nov.

Vestigial-Sideband Television, 614 Dec.;
(Editorial) 523 Nov.

Vision A.G.C. System, S.E. Gent and D. J. 8.
Westwondl, 542 Nov.

Voltage-Multiplying Rectificr Cireuits,
* Cathode Ray,” 115 Mar; (Corres-
pondence) 175 Apr., 214 May

Voltmeters, Mullard Valve, 182 Apr.

WAVE Analyser, Inexpensive, M. G. Scerog-
gic, 360 Aug.: (Correction) 409 Sept.

Waveforms, Fourier Analysis of, * Cathode

av.” 455 Sept., 506 Oct.; (Corres-

pondence) 537 Nov.

Waveguides as Microwave Links, 168 Apr.

Wave-Shaper. Simple, Arthur W. Wayne,
59 Teb. ]

Waves, Polarization of, “ Cathode Ray,”
553 Nov.

VWelsh V.H.Y. Service (News) 529 Nov.

wide-Range Electrostatic Loudspenkers,
P. J. Walker, 208 May, 265 June
(Correction, 346 July), 381 Aug;
(Editorials) 251 June, 303 July

Wired Television Svstem: ** Piped ” Scan-
ning Waveiorms, K. J. Gargini. 83
Teb.

wobbulator Adaptor for Band IIT, G. I
Leonard, 283 June

WORLD OF WIRELESS, 4 Jan., 56 Feb..
105 Mar.. 155 Apr., 204 May. 255
Tune, 308 July, 356 Aug., 408 Sept.,
472 Oct., 528 Nov., 575 Deu.

Wrotham on Fuli Power (News) 472 Oct.

Spurious  Radiations from, J. R.
Brinkley, 323 July; {(Correspondence)
367 Aug.

_ V.H.¥. Station (News) 204 May;
(Editorial) 251 June: Article, 252 June:
(Correction) 462 Sept.
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CLASSIFIED INDEX

(All entries except Books & Publications and Personalities also appear in the General Index.)

AERIALS
Doal-Band Television Aerials, F. R. W,
Strafford, 539 Nov., 607 Dee.

T.T.A. Transmitter Siting, 120 Mar.

Slot Aerials, B. 1., Morley, 129 Mar.

Television Acrial Feeders (Correspondence)
538 Nov.

V.H.F. Aerials: Vertical Pattern Measure-

ment, E. . Hamer, 452, sept.

BOOKS AND PUBLICATIONS
A.R.R.L. \ntenna Book, 512 Oet.
Handbook 19353, 246 May
Ahsolute Measurements in Magnetic Re-
cording, K. . Daniel and P. k.
Ason, 591 Dec.

Networks, Vincent .
Teh

\ctive Rideout, 82
Advanced Television Servieing Technijues,
ar.
Frequeney

N.P.L., 82 Keb.
Autnmatlc Counter for the Measurement of

Audio Power Measurements.

Tmpuisive Interference. J. Miedzinski,

512 Oct.

B.B.C. Annual Report 1954-55 (Editorial)
105 Sept.

B.E.A.M.A. Catalogne (Vews) 580 Dee.

Basic Television; Principles and Servicing,
Bernard Grob‘ 146 Mar.

BBeginners’ Guide to Radio, F. J. Camin, 591

Dee.

Book-keeping for Small Traders ( Vews) 310
July

BRITISH STANDARDS

Basie Climatic and Durability Tests
fot Components for Radio and
Allied Eleetronic Equipment, BS
2011 ( Vews) 6 Jan.

Components and Filter Units for

Radio Intcrference Suppression
(Editorial) 467 Oct.

DNise Recording and Reproducing
Characteristics, BE1925, 354 Avg.
1'ine Resistance Wire for Telecom-
munication and Similar Purposes

1351117, 119 Mar.

General Aspects of itadio Interterence
sSuppression (Fditorial) 467 Oct.
(rlossary of Acoustical Terms, BS 661,

290 Juue
Rosin-Cored Solder Wire, Activated
and Non-Activated, BsS441 (News)

6 Jan. . .
Buvers' Guide to Plastics Materials and
Machinery and Equipment for the

Plastics Industry (News) 310 July
CADBMA Register 19556 (Vews) 358 Aug
Calibration  of ']‘emperuture Measuring

Instruments, N.P.L. 306 July
Cireuits Electroniques, J. . Oehmichen, 146

Mar.

Cours de Radioélectricité Générale, Vol. .
Propagation des Ondes, Plerre David,
448 Sept.

D.5S.I.R. Report for 1053-54, 202 May

Defects in Crystalline Solids, i’hvalcal Society,
306 July

Die Empiangstechnik Irequenzmodulierter

Sendungen, A. Nowak and F. Schilling,

591 Dec.

Enquiry Ceneerning the Choice of
Intermediate Frequencies for Domestic
Television Receivers and  Related
Questions (News), G Jan.

Kleetrie system Operation.  Tdited by
B. A Skrotzki, 202 May
'l‘ranmnsanon and Di bution, Kdited
. A. Skrotzki, 202 May
V[efxsuremenm “and Measuring
Instruments, ©. W. Golding, 512 Ocr
Engineers in the B.B.C. (News). 528 Nov.
F.M. lu\plamed E. A. W. Spreadbury,

EB.U.

by
Blectrical

51z

Trom the Tlectron to the Superhet, J. Ofte
Ph.F.8alverda and C. J. van Willigen

306 July
Findamentals of Radar, Stephen AL Knight,

146 Mar.
Pransistors, Leonard M. Wrngman

196 Apr

Guide to Broadeasting Stations, 407 Septb.
Blectricity, J. H. M. Svkes,
Sept.

148

High Quality Sound Reproduction, Mullard,
512 Oct.

How to Use Test Probes, Alfred A. Gerhardi
and Robert G. Middleton, 146 Mar.

Ibbetson’s  Eleetric  Wiring, Edited by
. R. Urwin, W. F. Parker and I'. G.
Thompson, 196 Apr.

Suppression Regulations,

Interierence
H.M.8.0. (Editorial), 405 Scps
Introduction of T.V. Soervicing, H. T.
Swiduw and J. van der \Voeul, 091
Dec.

Inventor of the Valve, J. T.
Morris, 82 Feb., 146 Mar.

Licence Manual for Radio Operators, T.
Richard Johuson, 202 May

Linear Ieedback Analysis, J. }. Thomason

MacGregor-

445 Sent.

Maugnetic Allovs and Ferrites, Tilited by
M. (. Say, 146 Mar,

Mass Spectrometry, A. J. B. Robertson,
146 Mar

Mathematics ot Engineering Systems (Linear
and Non-Linear), herek 1. Lawden
A2 Feb.

Metal Induatr) Tandbook and Directory
1955, 264 June

Mullard * Ferroxcube.” 591 Dee.

Putent Ahstracts Journal (News), 310 July

Photo-electric  Handbook, . A. G. Ive,
306 July

I’thos of the Tonosphere. Physical Society,

> July

Picture Book of TV Tronbles: Vol. 1, Hori-

iﬁnt”l AT(C-Oscillator Circuits, 146
Lar.

Points on Pickups, k \\ ilson, 448 Sept.
Powder Metallurgy, 145 Sept.

Practical Wireless 5e; vxcmg Manual, F. J.
Camm, 418 Sept.

Precision Electrical Measurements, Pro-
ceedings of N.P.I.. Sviposium, 1954,
306 July

Principles for ‘Television Advertising, T.1"A
306 July.

Proceedings of NTth General Assembly of
tlie Union Radio-Scientitique Inter-
national, Parts 4 and 8. 512 Oct.

the Fourth Meeting of the Mixed
(! unnmqsnon on the tonosphere,
U.R.S.T, 512 Oct
the National Klectronies Conference,
Vol. X, 306 July
Radar Pncl\ct Book, R. 8. H. Boulding, 196

\pr.
Ratio A\mﬂtour Operator’s  Ilandbook,
A R.R.L., 512 Oct.
Radio and Televisinn Engineers’” Reference

Look, Hdited hy ¥. Molloy and
W. E. Panunett, 196 Apr.

Servicing, H.M.8.0., 510

306

1954, R.R.B.

Oct.
— R eseamh Report,
I{egﬂl;ltiuns for the Llectrical Bquipment of
Buildings, L.E.E.. 591 Dec.
Remote Control by Radio, A. H. Bruinsma,
202 May
Repmt of the Mobile Radio Committee,
3 May; Comment, 527 Nov.
Sclmltungs!heorie und  Messtechnik  des
Dezimeter - und - Zentimeter -wellenge-

bietes. Albert Weissiloch, 202 May
second I‘houwl s on Radio Theory, ~ Cathode
* 432 Nept.
Single mdeband for the Radio Amateur.
AR.R.T.., 202 May
Speci;tll/ed JT pe Recorder Mauual, Vol. 1,
306 July

Ntaging TV Programmes and Cominercials,
Robt. J. W.Lde, 306 July

Studio Engmemmg for Sound Broadeasting,

B.C.. 132 Mar.

Supxureqsed Trame System of Telexecmdmg,
¢. B. B. Wood, E. R. Rout, A.
Lord and R. F. Vigurs, 512 Oct.

TV Tield Service Manual with Tube Loca-
tions, Edited by Harold Alsbery, 146
Mar.

Manutacturers Receiver Lrouble Cures,

Vol. 6,146 Mur.

Tuble of the Gamma Tunetion for Conplex
Arguments, N.B.5.) 146 Mar.

Techuique et \])phmtwn des Transistor, H.
schreiber, 306 July

7
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i

Television: A Wmld Survey, UN.ES.C.0

(News) 531 Nov.

Principles and Practice, T, J. Camm,
202 May

Receiver  Servicing, E. A .
Spreadbury, 510 Oct.

V. K. Zworykin and G. A. Morton,
196 Apr.

Years of Semi-Conducting Materials
and Transistors, N. L. Meyriek and
G. Roman (News), 108 May.

Test Scope Traces, John ¥. Rider, 146 Mar.

Théorie des Réseaux de Kirchhotf, M.

Bayard, 148 Sept
Therntionic Valves 191)4 19*)4 I1.E.E. (News),
157 Apr.; 448 Sept.

Trader Yearbook 1955 (News), 166 Apr.

Jransistors and Crystal Diodes, B. R.
ridge 82, Feb.
Other Crystal Valves, T. R. Scott,

Ten

Jott-

512 Qct.

Ultrasonic Engineering, Alan E. Crawford,
512 Oct., 591 Dec.

Unit Constructed TV Receivers, kK. N.
Bradley, 146 Mar.

Used Rddl() dnd Television Set Vatues (1955),
R.T.R.AL (Vews) 256 June

Vacnum V‘LIves in Pulse Technique, P. A,
Neeteson, 591 Dec.

Valves for A.F. Amplitiers, E. Rodenhuis,
32 Keb.

Wireless Engineer, Abstracts Index, 167 Apr.

Wireless, Frederick Roberts, 32 Feb.

Telegraphy (Control of Interference
from Klectric Motor Regulations
1955, No. 291 and ‘ Wireless

Telegraphy” (Control of Interference
irom  Refrigerators) Regulations, No.
292 (News) 155 Apr.
World Radio-Television Handbook, Edited
- by O. Lund Johansen, 146 Mar.
Zilvereu-Jubileumboek, Royal Flemish En-

ginvers’ Association, 306 July
CIRCUITRY
Acrinl Cireuit Magnification, 8. Rannan,
161 Sept

Batterv-Mains "Short-cireuits (Clorrespon-

dence) 427 Sept

Cascode, The, ** Cathode Ray,” 397 Aug,;
(Correspondence) 127 Sept.
Cathode Followers, “Cathode Ray,” 292

June

Component Tolerances, H. §. Jewitt, 563

ov.
Iilectrical Theorems (Correspondence) 22

an.
I‘eedhacl\ I. V. Amplifiers (Correspondence)

213 May

Flux-Cutting or Flux-Linking? ** Cathode
Ray,” 74 Feb.

Imipedance and Admittance Calculations,

Francis Oakes and LK. W. Lawson,
304 Julv
Interference Suppression on Motors, R.
Davidson, 173 Apr.
Mathematics in Articles (Correspondence) 22
Jan., 72 I'eb.
Nyquislt)’s Diagram, “ Cathode Ray,”
ec.
Ratio Detector, M. R. Murray, 245 May;
{Correspondence) 323 July
Deteetor, K. R. Sturley, 532 Nov.
Telebycheft Vilter Design, G. H. Burchill,
419 Sept.
Iransistor Cireuits, D.C. Stability of, Francis
Oakes, 164& T.
= I‘qlnv.\leut bncmts w.r
331 July, 388 Aug., 44Lbe|»t 199 Oct.
T'ower Supphes L. H. Light, 582 Dec.
Vector Addition and the Slide I{ule. A G

597

Cocking,

London., 73 TFeb.; (Correspondence)
126 Mar.
\nlt(um Multiplying Rectitier Cireuits,
Cathode Ray,”” 1153 Mar.; (Corres-
pondence) 175 APr., 214 May
COMPONENTS

Capacitors, Lacquer Film, 87 Feb.
Circuit 3y Il!b()l‘i, Amerl(‘.n,n Standard,
bol Simon,” 44 Jan.

\‘ym.

Component Tolerances, H. 8. Jewith, 563
Nov
Dry-Cell Reactivator, . W. Hallows. 503

Oct.; ((,'or/espurulence) 606 Dec.
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Etched F011 Printed Circuits, H. G. Mantield,
136 Sept.; (Correspondence) 538 Nov.,
0 Dec
International Standardization, 1.E.C. Dis-
cussions, G. David Reynolds, 32 Jan.
I'l:l‘sticg_in Radio (Plasties Exhibirion), 305

uly
R.E.C.M.F. Components lixhihition, 253

June
Radioactive Aids for Industry, Harwell,
307 July
DESIGN

Amplifier, Design for a 20-watt High-Quality.

W. A. Ferguson, 223 May, 279 June
, Inexpensive 10-watt, (Correspondence)

21 Jan.

Capacitance Tester, Direct-Reading, 0. E.
Dzierzynski, 141 Mar

Chassis for Experimenters, T.
459 Sept.

T.M. Tuner, Design for an, 8. W. Amos and
G. G. Johnstone, 159 Apr., 216 May,
330 July; Kitx, 251 June; lesuppllels
H63 Nov. (Correspondence) 323 July,
367 Aug.. 498 Oct.

Tuning Indicator, J. R. Davies, 247

June; (Corzrspondeme) 324 July

Huni- Reducmg Circuit for Radio Receivers
Herbert J. Fraser, 495 Oct.

Inductance. upacn:mce and  Resonance
Mete I. Sinfield, 95 I'eh.

Neon llmels (Cmrespondcnce) 22 Jan., 177

K. Cowell

pr.
Outpt Tmnsmrmer Design, R. I. Gilson,
> Apr.: (Correction) 206 May
Pre-Amplmer Desugn D. H. W. Busbhy. 326
July; (Correspoidence) 367 Aug.

, Gramophone and Mierophone, P. J.
Baxandall, 8 Jan.. 91 Feb.; (Corres-
pondence) 270 June

R-C Bridge, Workshop, B. U. Gilling, 80 Feb.

superhbet, Two-Valve, R. (. Lever, 145 Mar.;
‘\[odmcatlon $38 \le

T.R.F. Receiver, Sensitive Three-Valve,
H. E. Styles, 616 Dec.

G. Johnson, 31

T lIlSlSTOI‘ D.C. Amplnlel
- Ra‘dio Receiver, D. Nappin, 123 Mar.
Wave Analyser, Inexpensive, M. G. Scrogaie,
360  Aug.; (Correction) 409 Sept.
Shaper. sumple, Arthur W. Wayne, 64

eb.
Wobbulator Adaptor for Band ITI, G. H.
Teonurd, 283 June

EDUCATION AND TRAINING
Fdueation and Training, Francis Reece, 15
Jan.: (Correspondence) 126 Mar..
Ministry of Education Rejoinder, 103

Mar.
‘“ Inquil{in;: Mind,” LE.E. ¥ilor (News) 368
ug.
Radio Ofticers’ Training, 17 Jan.
school Radio (Correspondence) 498 Oct,.
student Exchange, 1L.A E.S.T1.E., 596 Dec.

ELECTRONICS
Autornatic Factory, Institution of Produc-
tion Lngineers’ Lomerouce 373 Aug.
C omputers Lilectronic Dlg]td] W. Woods-
, 507 Nov.; 20 AL AL Kobinson, 601
Dec
Deuce Computer, 254 June
Flectrngnc Positioning (of Machine Tools), 25
at.
Fencing Systems, Electronic, (Corresponds nee)
71 Feb., 1’0 Mar., 11?‘ Apr, 214 May,
269 June
Language Translation by Klectronics, J. I.
leave and B. Zacharov. 433 Sept.

Neon K.M. Tuning Indicator, John .
Collinson, 42% Sept.; (Correspondence)
/37 Nov.

—— Timers (Correspondence) 22 Jan., 177
Apr.

Reecovering Hidden Signals, James ¥ranklin,

7 Mar.; (Correspondence) 177 Apr.

‘Teleprinting, Llectronic, 401 Aug.

Television Standards Conversion, H. A. I'air-
hurst, 53 Feb.

Tubeless Television? 153 Apr.

Ultrasonic Depth Sounding, 458 Sept.

MANUFACTURERS’' PRODUCTS
Antiference Band TI1 Television Aerials, 214
May
Aveley Electrie, Rohde & Schwarz V.H.I
Signal Generator, 620 Dec

Bulgin Light-Action Push Switch, 241 May
Copy Windings F.M. Tuner (‘oils, 568 Nov.
Decen Radar Type 212, 299 June

Denco Four-Band Coil Pack, 244 May
JMLT. IunntC\ " Reeord Cleaning Material,

ddy~ttmc A \1 JE M
ceiver, 41 Jan.
F.M./A.M. Tuner, Test Report, 347 July
Ekco Ground to-Air Transmitter, 342 July
* Ericorder’ T(mo Recordcr, 536 Dec.
Erie .M. Tuner Kit, 254 June
Farnell Tnstrumeuts Transformer
()"le Dec
H.M.V. - Stereosonic ™
Records, 202 May
Leevers-Rich T‘JDC Eraser, 144 Mar.
Magnetic Broadeasting Co. , Magnetic Tndac-
tion He:xdphones, 96 Teb.
Muliard E7555 Valve Voltmeters, 152 Apr.
Transistorized Telephone, 90 Feb.; 108

Connmunications Re-

Tester,

Twin-Channel Tape

Mar.
Multicore Solders Recording Tape Splicer, 90

Feb.

Multitone Transistor Hearing Aid, 290 June;
{Correction) 324 July

Philips = Recordergram ** Tape Recorder, 143
Mar.; Test Repmt 3356 July

Plessey * Casc ap Capacntors 144 Mar.

Power Controls V.H.F. Valve Connecior, 16
Jan.

DPye Marine “ Swordtish > Transmitter Re-
ceiver, 59 ¥eb.

Racal Single-Sideband Receiver, 568 Nov.

Rohde & schwarz V.H.F. mgual Generator,

620
salfords’ \m::(, Measurement Speetrometer,

Smith & Sons (Ra(liomobile) Car Radio Units,
144 Mar.

Technical bupphes Electrostatic Tweeters,
568 Nov.; (Correction) 620 Dec.

Teletron Ferrite Rod Aerials, 342 July

Vendoma Television Screen ‘\L’lsl\ 103 Aug.

ORGANIZATION
Amateur Band Violation, 502 Oct
B.B.C. Annual Report 1954-55 ‘(Editorial)

105 Sept
Plans for V. Broadcasting (News)
56 Feb., 165 Apr., 204 May.
- Two New Television Stations (News)
528 Nov.
ItR.}-LM.A. Council Elected (News) 2506

June; (Correction) 310 July
Broadcast Keceiver Sales Surveys. 295
June, 346 July, 396 Aug., 2% Nov.
B.S.R.A. Exhibition and Convention, 204
May; Review, 312 July
Othicers 1 lectcd (New») 258 June
Baird-Ambassador Merger (News) 58 Teb
Band 11f Proprietorship (Correspondencs) 32:

y
—— TII Television {News) 255 June
Brit.I.R.E. Council Llected {/Vews) 580 Dec.
Co-siting London Television Stations (News)

578 Dec
C'ross- (h:mnel TV Link (News) 56 Feb., 356

}uuropmn 001011r Television, 511 Oct
Exhibitions, Are there too Many? (Iyrluo: tal)
Deec.
F.C.C. (Federal Communications Commis-
sion) (Editortal) 1 Jan.
T.M. for Marine V.H.F. (Vews) 108 Sept.;
(Correspondence) 497 Oct.
Frequency Allocations: Letter to P.M.G.,
C. L. Orr-Kwing, 215 May
(+.P.0. Coast Station at lltracomube uvpened
(News) 579 Dec.
— U.K. Radio Backbone (News) 178 Dec.
German Radio Show, 468 Oct.
1.15.¢. Discussion on Componem Standard-
ization, G. David Revnolds, 32 Jan.
LE.LE. Awurds to Authors, 392 Allg,
- Council Elected (News) 109 Sept.
Radio and Teleeommumication Section
Committee (News) 110 Sept.
—— Bcholarships, 232 May
1T.A. l'luluencxes (News) 4 Jan.
— Licence Granted {Vews) 256 June
-——— Northern Stations { Vews) 308 July
Import-Export Ratio (News) 57 Feh., 206
June, 408 Sept.
Institute of Physics Report (News) 309 July
Interference Suppression (News) 155 Apr;
(Editorials) 201 May, 405 Sept., 467
Oct.; Post Office Summury of Sourees,
207 Ma\
on Motors, . Davidsoun, 173 Apr.
l(egul.ntluns (fdditorinls) 105 sept.,
467 Oct,

8
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Legadized [\e(uulmlr((*up\ vight Law), { Editor-
fals) 303 July, 575 Dee

Medium- and Long-Wave Congestion {(Edit-
ortals) 51 Teh., 201 May: (Correspon-

dence) 126 Mar., 176 Apr.. 215 May
Merchant Shipping R 'J' 59 keb.: (Correction)
122 Mar
Mobile Radio Bunds: Committee's Leport,
203 Mav

Monopolies Coramission: Valves and Cathode-
Ry Tubes (News) 4 Jan., 400 Sept.
National Radio Show Preview, 412 Sepr.;
eview, 476 Oct.
Northern Radio Show,
247 May
()\'erso:;s‘ Bugers (Problems) (Correspondence)
e

List of Iixhibitors

Phy s:c.\l bncwtv s Exhibition 1955, 271 Juue;
6 (News) 358 Aug

Post Hm(e Control  of Rudxo (Editorial)

1 Jan.

Purchase Tax Inecreased (News) H78 Dec.

R.OCEE A, Council Elected (News) 107 Mar.

R.I..C. M F. Annual Report (\ezz 8) 204 May
ange of Address (News) 3558 Aug.

Council Elected (News) 206 5

1.ist of Exhibitors, 1568 Apr.

R.I.C. Technical Wntnm.r Premius (News)
105 Mar., 579 Dec.

R.5.G.B. Exhibition 19564, 23 Jun.:
(News) 358 Aug.

News Service (News) 530 Nov.
R.T.E.B. Servicing Exams, 197 Apr.
Radio Control of Models, Licensing Regula-

tions (NMews) 1567 Apr.
argon Terms (Editorial) 51 Feb.;
(Correspondence) 125 Muar.. 177 Apr.

213 May, 270 June, 324 Jul\
I(e(elver Sales Flgun*s 208 June, 316 July,

96 Aug., 523 Nov.
Afrcraft  Establishment, Golden

Jubilee. 354 Aug.

situations Vacant (Correspondence) 269 June
Svlvania-Thorn C.R.T. Project (News) 475

1955

Royal

Oct.
Television Advisory Committee Meimnbers
(News) 408 Nept.
Distribution (Kditorial) 101 Mar
Society Otticers Llected (Avems) 357 Aug.
Fforonto Audio Show, P. . H. Voign
430 Sept.
T.H.F. Mobile Radio (Aews) 472 Oct,.
T Broadeasting stations (News) 472 Oct.
I Broadeasting  B.B.C. Plans (News)

56 Fel., 155 Apr.
Service  Starts (News) 204 May:
(Editortal) 251 June: Article, 252
Juni: (Correction) 462 Sept.

Viadves—a Restrietive  Practice?  (News)
4+ Jin., 409 Sept.

Wrotham on Kull Power (Avws) 472 Oct

PERSONALITIES
Allen, J. J., 473 Oct.: Anderson, W. N., 205
May; Appleton, Sir Edward, 255

June: :\rnulnl, Dr. A. II. M., 529 Nov.
Bailey, €. E. G., 473 Oct.; Balfour, W., 473
Oct.; B udem A T., 473 Oct;
Barnes, B. T. W., 309 July; lmrtlett

A., 156 Apr.; Barton FoS “ 529

Now; Bell, Air Comdre, C. AL, 5 Jan.;

Benham, C. M., 206 May: Boresford-
Cooke A M., 205 May; Bevan
PoAT, B Jan., 106 Mar.; Bn}dnshuw,
D.C, 156 Apr.; Blaek, D. H., 5249
Nov.; Bowden, H. F‘., 173 Oct,
Brown, Dr. L. W., 309 July; Brunker,

A. )., 6 Jan: Bunett, R, B., 357 Aug.

Cattanes, E.. 309 July, (la[\e, Rear-
\dwiral  Sir l’hilip, 409 Sept.:
Clarricoats, John, 5 Jan., 57 Feb.
Cockburn, Dr. Robert, 357 Aug;
Colings-Wells, P. D, 473  Oct;
Cooper. ). A, 520 Nov.: Cooper,
Michael, 529 Nov.: (,mgg% J. D,
473 Oct.: Cullen. Dr. A. L., 357 Aug.

Davies, David L., 53 Feb.; Debenh‘nm T. k.
57 Kebh. ])mlg]ﬂ.s, T 2.y 205 May:
Dwyer, George A., 309 Iul\

Edinburgh, HR.H. The Duke of, 106 Mar.;
Evans, BE. II., 357 Aug.

Ferguson, R., ;\ug‘ I'leteher. W. R.,
16 A Fonvs% Conmarder f..
409 dept.

Gavin, M. R., 409 Sept.: Goldup, T. E,
5 Jan; Goode, 1. T, 209 July:
Goodman, Alexander P, 309 July:
towr, H. J. C., 579 Dec.; Greatorex,
H. T., 205 May; Green, Robert 1.,
300 July
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Hamilton - Schaschke, D., 156  Apr.;
Hammans, R. H., 255 June; Ham-

mond, E. N. B.,, 106 Mar.; Harmau,
R. C., 205 Mw Harris, K. E., 106
Mar.; H.fmr\ey, R J. P, 4(!9 Sept

Holmes, 5. T., 473 Oct.; HO\\e l’r()l
G. W. 0, 4 .Lxu, ﬂughes L. E.

529 Nov' Hulse, R. G., 357 Au;:
Humphre\'b ., 255 Tiine
Jepheott, €. R., 5 Jan.: Jeunings, A. K.,
579 Dec.
Kelly, Dr. Mervin, 579 Dec.; Kelsall, R. H.,
106 Mar.; lxompfm- Rudolt 308
July; Krause, A. V. 409 Sept.

Lawrenson, E., 409 Sept; Lewis, K. R. L.
357 \ug Lewis, Thomas A, 205 May:
Lovell, Prof. A ( 205 May

MeCrea, I H., 6 Jan.; MCKen/u‘ John C.,

520 Nov.; Mason, J. A., 205 Mayv

Siv Gmwv 255 June 408 bept

Nicholls, Sir Leslic, 473 Oct.

Oastler, \l(to(l)(,l 309 J

1’;1|f0|d W .

529 Nov.; 1’1lkcl, L.

June Yayman, H.

Payvue, C. L., 473

Hzlll\\'ey sir Reginald, 166 Apr.:

Peard, Captain K. H. T., 408 Sept.;

PThillips, L. H. J., 309 July; Pretty,

Air Comdre, W. G., 5 Jan.

Col. . W., 106 Mar.; Radley, 8ir

Gordun, 109 %ept, Dee.; Ray

D.H., 156 Apr.: I(e(ul Colonel A. H

473 Oct.; chdmg Col. J., 579 D

Rendall. Dr. A. R. A.. 106 Mar.;

Renwiek, Sir Robert, 205 May; Robb,

¥. G., 307 Ang.; Rohmts, Vernon M.,

57 Tob.; Rohelfq W. AL, 529 Nov.;

Rosen, Dr. A, 309 July; Rowliey.

. G. /., 57 Feb.; Rumble, Charles H.,

255 June; Russell, J. L., 309 July

sanctuary, Clitford, 6 Jan.; axche J. J.

57 Feb Saunders, Robert L., 205

May; Scott Donald, 205 May; Smale,

J. K. 357 Aug.; Stanesby, H., 404

Sept.; Szel\elv I., 529 Nov.

P. 1., 409 5ept Thom.«a Dr. W.J,

57 I“eb ’lhmnhxll . E.. 309 Jul)

Titmus, Walter, 529 Nov.: Touch,

Dr. A. G., 5 Jan.; Townsend, I'. H.,

529 Nov.; Tuecker, br. David .,

473 Oct.; Turner, (..apt,aln G, G,

409 Sept Turner, W. A., 106 Mar.

Van der Veide, . C, 357 Aug.

Watkins, Arthur H. 20') May; Watson-Watt,
sir Robert, 473 Oct.; Whitaker,
Captain Gemuev s F., 473 Oct.;
White, W. T, 473 Oct.; Whitehead,
Dr. 5., 156 \pr VWhiteley, Alfred H.,
2565 Juue W lutneld G A 205 May;
\’Intﬁeld H R, 357 Aug Williams,
8. A., 473 Oct.

Nelson.

Parker, J. D.
Kearton. 255
., 5290 Nav,
Oct.: I’il)’l\l‘-

Raby,

Taylor,

PROPAGATION

Bands I and YII Tropagation, ¥. R. W.
stratford and I. A Davidson, 171 Apr.

Geophysical Research, R. L. Smith- Rose,
158 Apr.

lonosphere Review, 1954, T. W. Beunington
56 Feb.

Long-Distance V.H.IF. Interference, I. W.
Bennington, 592 Dee.

AMullard Radio- Astrononiy Observatory at
Cambridge (News) 410 Sept.
Polarization of Waves, * Cathode Ray,

553 Nov.
Rocket Sounding in the Upper
Ldward Appleton, 106 Sept.
Short-Wave Conditions, U Jan.,, 94 Feh,
152 Mar., 163 Apr., 211 May, 296
June, 3L6 July, 355 Ang., 460 Sept.,
510 Ucer., 052 Nov., 610 Dec.
’]‘mpm]lheu(, seatter 1’!1»])‘|Ldt10n, 253 Juue

Air, Sir

Television Broadeasting, R. I.

smith-Rose and J. A. Saxton, 343
July

Vv.H.F. and U.H.¥. Reception, J. A. saxton
and J. A, Lane, 229 May

RADIOLOCATION

Adr Teaffie dontrol Centre av London Airport,
212 May

Airtield Radar Developments, Marcoui, 243

Ly,
“Consol " Reacon Receiver, 136 Mar.
Decca Navigator Extensions, 366 Aug.
G.C.A. Radar (Bendix), 451 Sept.
London Airport Millimetric Radar, 44 Jan.
Radar Height Finder, Marcoui,
287 June

Microwave Harbour Beacon, A. L. P.
Milwright, 569 Nov.

Navigational Aids, Paris Air Show, 376 Aug.

Radar Training ﬂnnulator Sol:m on 354 Aun

Radio Navaids, Rad]oph.ue 576 Dec
$.B.A.C. Exhibition Review 491 Oct.

SOUND REPRODUCTION

Amplifier, Design for a 20-watt. Hml.-Quallt\,
V. A. Ferguson, 223 My, 279 June
——— Inexpensive 10-watt (Cormspomlenoe)

21 Jan.

B.B.C. Annual Report 105455 (Editorial)
405 sept.

Band Il Y.M. Tuner Unit, I.. Hampson,
368  Auy.; (Corre 710/1») 110 Sept.;
Coil Type I\umheu 420 Sept.

“ Connoercial Killer  Circuit. 407 Sept.

Copyright Bill on Recordings (Editoriuls)
303 July, 575 Dec.

Damping Factor: A New Approach {(Corres-
pondence) 367 Aug.

Differentinting Speech and Music, 407 Sept

Disc Recording and Reproducing "Character-
istics, BS 1928: 1955, 354 Aug.

Distortion,  Cathode R.‘L}, 191 Apr.,
239 May

Dust Problem (Cleaning Gramophone Re-
cords) Cecil E. Watts, 27 Jan.

Electrostatic Loudspeakers. Wide-Range,
P. J. Walker, 208 Mayv, 265 June
(Correction, 346 July) 381  Aug.;

(Kditorials) 251 June, 303 July
Fostival Hall Lecture Demonstration (Briggs)
330 July
Goodman’s Acousties Laboratory, 14 Jan.
Hi-1'i Kquipment, Living with, A. Dinsdale,

589 Dec.
High-Tidelity Home, Richard Arbhib, 385

Aug.
High-Pass Filters, Variahle (Correspondence)
71 ¥eb.
Tuformuation Theory Symposgium, 545 Nov.
Legalized Recording (Copyright L.uv) (Edi-
torials) 303 July, 575 Dec.
Long-Plaving Recording Quality, 0. J.
Russell, 38 Keb.
Magnetic Induction Headphones, Magnetic
Browdeasting Co., 96 I'eb.
Recorder, EM. L. 102 Mar.

Magnetic I‘ape Storing  {Correspondence)
a3% Nov.
Mluophnne Technique in  Reeording,

B.S.R.A. Leeture, 30 Jan.
Musm Svnthesizer Jlustration) 167 Apr.
" Needles for Talking Machines,” 5. Nelly,
233 May,; (Cor:mporuleme) 324 Julv
Nou-Linearity Distortion Measurement, M. G.
seroggie, 317 July
quul\]t); Diagram, © Cathode Ray,” 597
Qutput Transformer Design, k. F. Gilson,
195 Apr.; (Correction) 206 May
Pre-Amplifier l)cau.n D. H. W. Busby,
326 July; ((,OH‘E\’ZIOIUIGINZ) 367 Aug.
,(_xmmuphonc and Microphone, P. J.
Baxandall, 8 Jan., 91 Feb,; (Corles—
pondence) 570 June
Radio Jargon Terms (Kditorial) 51 VYeb.;
(Correspondence) 125 Mar,, 177 Apr.,
213 May, 270 June, 324 July
Record and 5tylus Wear, 370 Nov.
Royal Festival Hall, Bnogs Lecture Demon-

stration (’wws) 56 Ieb.; Report
330 July
* Stereosonic ” Tape Records, HM.V., 2062
ay
Styli (Sapphiire) by the Million, 2 Jan.
Tape Vookmark Kequirement (Kditorial)
353 Aug.; (Correspondence) 427 Sept.,
497 Oct.
Characteristic, Does it Matter? 102
Mar.; ((,mw\pondeme) 427 Scpt.
Recorder, Philips’ Recordergram, Test

Report, 335 July
- ¥pouls (Correspondence) 71 Feb.
—— Recording Terns (Correspondence) 72
JFeb., 126 Mar.
Very Low Treguencivs, 562 Nov.

selector Mechanisin, J. E. Price amd
R. A. Frewer, 152 Apr.; (/dzlozml)
3063 Aug.; (Conmpmulmm') 427 Sept.,
07 Oct.
Television and V.H. 1. Sound (Kditorial), 251
June
Toronto Audio Show, P. 6. A. H. Voigt,
430 Sept.

Transistorized Telephone Amplitier, Mullard.
90 I'eb., 108 Mar.

9
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V.H.F. Sound Quality (Correspondence)
21 Jan., 176 Ap

“ Wow " and ¢ I'Iuttel » Standard of, 622
Dec

Measurement, O. E.
l)z1er/vnsl\1 547 Nov.

TELEVISION

* Adjacent-Channel ”  Colour Television
Television Society’'s Lecture, 254 June
American Colour Television, 621 Dec.
Australian Television, 194 Oct.
B.B.C. gn(hIT A. Distribution (Editorial)
101
Band 111 Television (News) 255 June
Crystal Patace Station (News) 105 Mar.
— Television Frequencies, 291 June
Baud 1[I Sets giving TV Sound (Corres-
‘pondence) 606 Dec.

1T Clearance, Commibtec’'s Report,

203 May
-Convertors (Correspondence) 497
Oct.
—— Pilot Transmitter, Belling & Lee,
56 Feb., 131 Mur.
J ul"l(mriutmdlip(' orrespondence) 323
\

- Tele\lHIUIl for B.B.C. (News) 255

Jun
C.C.LR. ‘_Olour Television Standardization
(News) 20t May
Cascode, The, ** Cathode Ray,” 397 Aug.;
(Conespomlenw’) 427 Sept.
Colour Information, Trausmitting, 393 Aug,
— Television, Choice of System (Editorisl)
525 Nov,
lluropean, 511 Oct.
Experiments (Hditorial) 353 Aug.
standards, 3556 Aug.
Tests by B.R.C. (News) 528 Nov.,
537 Dec.
—— Tube, 21-in., R.C.A., 227 May
Commercial Television Studios, Associated-
Rediffusion, 470 Oct.
Co-siting London LT.A. and B.B.C.
vision Stations (News) 57% Dec.
Cross-Channel TV Link (Meus) 506
356 Aug.
Diplexers for
176 Apr.
Divis Television Station Opened (News) 35H6

Tele-
Teb.,

Television {Correspondence)

Aug.

Dual-Band Television Aerials, ¥. R. W.
Stratford, 539 Nov., 607 Dec.

Yeedback 1.¥. Amplifiers (Correspondence)
213 May

Frame Flyback Suppression, ‘.
33 Jau.

L'T.A., Distributing ngmmme: 471 Oct.

lrequenmes {News) 4+ Jan.

Licence Granted (News) 256 June

Lichfield Transmitter, 577 Dec.

London Coverage Mdp 307 July

—— Transmitter, 470 Oct.

Midlands Antwma‘ >4 Coverage Map,

496 Oct.

Midland Links (News) 356 Aug.

Northern Stations ( News) 308 July

Transmitter Siting, 120 Mar.

Tgnition Interference Suppressors
pandence) 72 T'eb., 178 Apr.

Interference (Channel 9jChanuel 1) 567 Nov.

from Band-I11 Convertors, 1. Howard

Steele, 526 Nov.; (Coneq)onden‘ce) 606

U, Coeking,

{Corres-

Dee.

Lightinlg Troblems in Television, W. .
atford, 285 June ]

Line Sean Keaun.mt,(% Spurious, K. G.

Beauchamp, 109 NMar.

Long- Range Tolevision Reception, 04 Oct.
(Correction, News) 530 Nov.

London Television Stations, Co-siving (News)
578 Dec

Monte Carlo Televisiml station, U 13, Baovill,
55 Feb.

New \151011 A.G.C. system, S, B. Gent and

J. 3. Westwood, 512 Nov.
PICDIIH‘ Qudllt\' (Conmpumlmu@) 22 Jau..

-HM

© Liped 7 \c‘lnnlug5 Wavelorns, H. J.
Gargini, 83 Feb.

Receiver  Oseiflator  Radintion  (Kditorial).
101 Mar.

127 Mar.
129 Mur.

Russian Colour Felevision,
Slot Aerials, B. L. Morley,
spiral scanuing, 2 Jan.
standards  Couversion,
Irairhurst, 53 Feb.
Swedish Television (News) 308 July
Telgvision  Advisory  Comnmittee
Members (News) 108 Sept.

Television, 1. A.

New
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Television Aerial Feeders (Correspondence) 538
Nov.
—— and V.H.F. Sound (Edilorial), 251 June
— Society’s Ixhibition (News) 4 Jan.;
Review, 52 Febh.

Stations, Two New B B.C. (News) 528
Nov.
Television-To-Sound  Interference (Corres-
pondence) 214 May
Tubheless Television? 153 Apr.
UHF¥. Television Broadcasting, R. L.
?n}ithdtose and J. A. Saxton, 343
uly

V.H.F. Measurements, W.
Vestigial-Sideband Television,
(Editorial) 525 Nov.
Wobbulator Adaptor for Band III, G. H.

Leonard, 283 June

Tusting. 611 Dec.
611 Dec.

TEST AND MEASUREVIENT
American  Oscilloscope Technique, A. J.
zeynolds, 411 Sept.
Capacitance Tester, Direcl-Reading, O. k.
Dzierzynski, 141 Mar.

Correlation Detection  Technigues, Jamnes
¥ranklin. 1837 Mar.; (Correspondence)
L77 Apr.

Fourier—Faet or Fiction? ** Cathode Ray,”
455 Sept., 506 Oct.; (Correspondence)
537 Nov.

Inductance, Capacitance and Resonance
Meter, L. F. Sinlield, 95 Feb.

Instrument Ivits, Charles B, Bovill. 517 Oct.

Mllhvohmeter Modihed A.F.. R. Selby, 565

Noise Medsmement Spectronmeter, Salfords’.
128 Mar.

Non-Linearity Distortion Measurement, M. G.
Scroggie, 317 July

Oqullntinu Leatmgl’mcmml M. P. Johnson,

9 Ap

Pulse Rise- Ilmv Measuremnent, E. G. Danu,
79 Yeb.

Q. Measurement. 8. Kannan. 615 Dec.

R-C Bridge, 13. 1. Gilling, 80 Feb.

R.E.C.M.T. Exhibition Report, 274 June

Test Gear Design, A. J. Reynolds, 45 Jan.

Armstrong, Edwin H., 107 Mar.
Associated Reditfusion’s Televizion Theatre,

474 Oct.

1.B.C. Mobile Television O.B. Control Room,
257 June

B.B.C. Programme Switching, 94 Keh,

B.S.RA Amateur Competition, 349 July

Barton, F. 8., 1 Nov.

Belgian 'Television Stamp, 310 July

Belling-Lee Television Transmitter at Lich-
field, 580 Dec.

Belling-Lee Television Transmitter at Cioy-
don 206 May

Benham. C. M., ZU’) May

Bevan, P. A. T, 5 Jan.

(. R. Tube Manufacturing, 440 Sept.

Clarricoats, J., 57 Keb.

Collings-Wells, P. D, 473 Oct.

Colonr Television Camera.  Marconi. 528
Nov.

Croydon T.T.A. Temporary Avrial Mast
356 Aug.

Debenham, F. E., 57 Y¥eb.
Decca, Radar Scanner, 1556 Apr.
Dzierzyvuski, 0. K., 106 Mar.

V.H.F. Aerials, Vertical Pattern Measure-
ment, E. G. Hamer, 452, Sept
\[e.lsurements, w '[ustmL' (\11 Dec

Wavc Analvser Inexpensive, M. Gi. Scroggie,

Aug.; (Correction) 109 Sept.

Wave-Shaper, Himple, Arthur W. Wayne,

89 Feh.

> and * Flutter * Measurement, O. T.
Dzierzynski. 547 Nov.
Standards of, 622 Dec.

“ Wow

TRANSMISSION AND
CONVIMUNICATIONS

AM./F.M. Communications Receiver, Eddy-

stone, 41 Jan.

B.B.C. Television Frequencies, 291 June

Band III Pilot Transmitter, Belling & Jec

H6 Ieb., 131 Mar.
Test Transmissions (News) 56 T'eb.

Bauds I and IIT Propagation, F. R. W

Stratford and I. A. Davidsou, 171 Apr.
Colour Information, Transmitting, 393 Aug.
Enrupea[n V.H.¥. Broadcasting (News) 100

Mar.

k.U reduce Channel Spacing tor Mobile

Radio (ANews) 156 Apr.

.M. for Marine V.H¥. (News) 408 Sept.;

(Correspondence) 497 Oct.

1.T.A. Lichfield Transmitter, 577 Dec.
London Transmitter, 470 Oct.
Transmitter Siting, 120 Mar.

Information Theory, symposium, 545 Nov.

Marine Distress Calls (Vews) 472 Oct.
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Quality on V.H.I. (Correspondence) 21 Jan.

Rugby P.O. Radio Extension, 463 Sept.

Russian Colour Television, 127 Mar.
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474 Oct.
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ILLUSTRATIONS

Eden, sir Anthony, i Jan.
Tivans, K. H., 357 Aug.
Ferguson Factory Entield,

duction at, 359 Amn
Ferguson, R., 357 Ang.
H.RM. Duke of E(linhuruh
w81 Dec

O., 4 Jan.

Fadr, 5

Howe, Professor (. W,

1.1 A, Aerial at Crovdon, 308 Jul:

LT A Midland Transmitter, 311 July

Krause, A. V., 400 Nept.

Map of BB.C. and LT A, Sugyested Tele-
vision Station Sites, 121 Mar.

Map of Coverage ol Tirst Ten B.B.C. .M.
stations, 161 Apr.

Maps of Coverage of B.B.0 S0 Devon amd
N.E. scotland Transmitters b Jan,

Map of LT A, Midlands Television Coverage,
496 Oct.

Map of LT.A. London Caverage, 307 July

Map showing Estimated Coverage of Tem-
porary t'roydon awd Alexandra Lalace
Transniitters, 154 Apr.

Marconi Sub-Miniature Automutic Direction
Finder, 306 July

Television Pro-

at Copenhitgen

10

wWww.americanradiohistorv.com

Transatlantic Telephone (Cable, LE.E.
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Welch and W. W. Wright, 18 jzuL;
{Correspondence) 178 Apr.
’Ielep‘nhv by V.H.F¥. (Correspondence) 214

Ir.\nsxstor Electronics, Introduction to,
H. K. Milward, 60 Feb.; 133 Mar.
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tion) 201 May
Restoration, 337 July
symbols, French, 366 Aug.
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Prizewinpers, 204
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228 May

at G.E.U. Laboratories,
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“ I'ree Grid,” 50 Jan., 100 Fel., 150 Mar.,
200 Apr., 250 May. 302 June, 352
July, 404 Aug., 466 Sept.. 524 Oct.,

574 Nov.. 626 Dec.
Frewer, R. A. with Price, J. RR., 152 Apr.
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A New Master ?

[T must have sounded revolutionary to suggest, as
we did last month, that the time had at last come to
relieve the Post Office of some of its powers of con-
trol over radio. The present system has survived
without basic change for over 50 years; we all tend
to be conservative in these matters; the more sur-
prising, therefore, that hardly any real objection has
been raised against our proposals. Indeed, most of
the criticisms have urged something more drastic, in
some cases going so far as to say all executive and
administrative power should be transferred to an
independent body. Anyway, it scems clear that none
of the radio interests are fully satisfied with the
present position. Dissatisfaction has also been
expressed in the House of Commons, where C. Ian
Orr-Ewing said it would be wise to try to take the
responsibility of frequency allocations from the Post
Office and lcave it to an independent body.

What kind of body should replace the G.P.O. as
the controlling authority? When this kind of ques-
tion crops up the Federal Communications Commis-
sion of the U.S.A. always comes to mind, and we
have spent some time studying its history and con-
stitution. The F.C.C. is “an independent Federal
establishment ” responsible to Congress. It is
administered by seven Commissioners appointed by
the President. Commissioners hold office normally
for seven years. Not more than four Commissioners
may be members of the same political party.

What does the F.C.C. do? Roughly, it exercises
all the licensing and controlling functions over radio
that come under the G.P.O. in this country. In
addition, 1t regulates internal and external wire com-
munications, but does not license U.S. Government
stations. Frequency allocations for these are made
by an inter-departmental committec with which the
F.C.C.,, however, works in close collaboration.
Technical functions of the F.C.C. include the main-
tenance of a laboratory dealing with such things as
studying propagation and investigating interference;
the operation of over 20 monitoring stations, the
holding of technical ekaminations for operators and
the inspection of stations. Administrative functions
include the regulation of telegraph and telephone
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charges and the assumption of at least some respon-
sibility for the content of broadcast programmes.

For the year 1951 (the latest for which a report
is available) the F.C.C. was run by a total staff of
1,205 persons. The number of transmitters licensed
numbered 425,000. For all this the cost was
$6,600,000, which does not seem high, allowing for
the vast size of the country and the large number of
stations. It should also be remembered that much
of the work of the F.C.C. is brought about by the
intensely competitive nature of American radio.
Taking everything into account, a safe guess is that
a “B.C.C.” would be far less costly than its American
prototype.

Can the F.C.C. model be fitted with a right-hand
drive for use in this country? We can see no
insuperable difficulties, though we must admit some
of the organizational problems involved are rather
outside our province. For instance, which of the
Ministers would replace the Postmaster-General in
assuming responsibility in Parliament for radio
matters? Not, we should hope, the hcad of any of
those Ministries which are large users—and, it is
to be feared, often prodigal users—of radio channels.

In the interest of economy the sale of broadcast
receiving licences, the tracking-down of “pirates”
and the investigation of interference with broadcast

_ reception should remain in the hands of the Post

Office. Such tasks as the allocation of channels and
licensing of stations, monitoring, inspection and the
examination and licensing of operators should be
transferred to the new controlling body.

All but the most fervent of revolutionaries are apt
to have some doubts when a sweeping change is
proposed. Is it worth while passing over from the
known to the unknown? Our thoughts go back to
a talk with an American visitor a year or two ago.
After we had explained in some detail the way
British radio was controlled, he said, “I sce; near
enough, then, F.C.C. is American for G.P.O.” To
make a change for the sake of a new set of initial
letters would indeed be foolish, but there are in fact
real differences. The G.P.O. is both an interested
party and it is tied up with politics.

Wwww.americanradiohistorv.com
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SPIRAL SCANNING

Simple Mcthod for Industrial Television Equipment

WHEN F. P. Hughes conducted his public search
in the pages of Wireless World for the Simplest
Possible Scan* he started with a point, proceeded
to a line and ended with a Lissajous figure generated
by two slightly different frequencies. With the
wisdom that comes after the event one can now sce
that he missed out what is perhaps the simplest pos-
sible Lissajous figure—the circle.  This has the
advantage that the two sine waves applied to the x
and y deflection systems of the c.r. tube are of the
same f{requency, although displaced 90° in phasec.
It is then only necessary to linearly modulate the
amplitude of thesc two waves to produce a series
of circles of increasing diameter which will completely
fill in the tube face—in short, a spiral.

The spiral scan, of course, is not exactly new and

- -

fsoth:sec. |
I15ke/s

I
t

™

(a) (b)

Form of the spiral scan is shown at (a) while (b) is the
waveform used to produce it

has been used in oscillography for a good many ycars,
but it is to the credit of the French firm Laboratoires
Derveaux that they have successfully adapted it to
television purposes. A description of the industrial
television equipment they have developed on this
principle is given in Toute la Radio for November,
1954. The scanning waveform, shown at (b) of the
diagram, is a 15-kc/s sine wave modulated with a
50-c/s sawtooth (to produce the variation in circle
diameter). One such signal is applied to the hori-
zontal deflector coils of the camera tube and receiving
c.r. tube and another one, 90° displaced in phase,
to the vertical deflector coils. Each “tooth™ of the
sawtooth waveform contains 300 cycles of the 15-kc/s
sine wave, so this means that one complete swcep
of the spiral, from the centre of the tube to the out-
side, involves 300 revolutions of the spot. If the
tube face is bisected by an imaginary line this gives
the cquivalent of 600 lines in a conventional raster.
Of course, the two components of the scanning
waveform have to be kept in very strict phase and
frequency relationship, so the 50-c/s sawtooth is pro-
duced by frequency dividing from the 15-kc/s source.
Brightness modulation is applied to the receiving c.r.
tube in the normal way. In addition it is necessary
to apply a brightness correction waveform (of saw-
tooth form) to compensate for the fact that the spot
has a lower “tracking” speed in the centre and the

* “Why Lines ?” by F. . Hughes. Wireless Wor/d, August 1954.
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trace Is consequently brighter there than at the out-
side of the spiral.

This variation in the spced of the spot, as it
describes circles of increasing circumference, brings
up an interesting point about definition. In the centre
of the picture, where information is scanned and
transmitted at low speed, the bandwidth required for
the system is considerably less than at the outside,
where the picture information is being scanned at
high speed. In practice, using a fixed and limited
bandwidth, this mecans that the definition will be
higher in the centre than at the outside. However,
Laboratoires Derveaux say that this is actually an
advantage because the centre of intercst of a tele-
vision picturc is generally in the centre of rhe tube.

In its utilization of time for the transmission of
picture information the system is very efficient. Very
little time is wasted on flyback (only one per “frame”
instead of several hundreds) and none at all on trans-
mitting sync pulses. The only synchronization that
is necessary is to kcep the transmitter and receiver
15-kc/s sine waves (which are derived from the same
source) in correct phase relationship with each other.
This adjustment is done by a simple phase-shifting
network.  Incorrect phasing merely results in the
received picture being turned round out of the hori-
zontal. Another incidental advantage of having no
sync pulses is that if an r.f. carrier is used for trans-
mission it can be modulated completely by the picture
waveform.

The circular shape of the complete picture makes
it unsuitable for domestic television, but this does
not matter so much in industrial television. In fact
it might be considered something of an advantage,
in so far as it gives better utilization of lenses, pick-up
tubes and cathode ray tubes, most of which are
circular in form.

STYLI BY THE MILLION
Mass Production of Sapphire Points

FOR a gramophone pickup stylus to function satis-
factorily it must be shaped to close limits to conform
with the groove section of the particular type of record
with which it is to be used. The first sapphire styli
were produced by the same basic techniques as those
used by precious stone cutters, which accounted for
their high price.

To meet the enormously increased demand and at
the same time to bring down prices, Sapphire
Bearings, Ltd, in collaboration with the Union
Carbide Corporation of America, have developed
radically new manufacturing methods in which quality
is maintained, but costs are much reduced.

The slicing of the synthetic sapphire “boule” and
the production of the “rondel” or cylindrical shank
follow normal practice, but the formation of the
conical point is carried out on a centreless grinder of
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Left : Untouched photo-
micrograph of stylus tip
(standard finish).

Right Diamond-wheel
point grinding machine
used in the production of
“Windsor "’ sapphire
styli.

special design in which a sintered diamond grinding
wheel revolving at 22,000 r.p.m. takes the place of the
more usual lap, which must be continually re-dressed
with diamond powder by skilled operatives.

After the formation of the cone, which is taken right
up to a sharp point, the styli are subjected to a
“tumbling ” process in batches of 10,000 to 20,000 in
a diamond powder medium. Details of this process
are not disclosed, but the result is a symmetrical
spherical point which will pass the closest examina-
tion.

Inspection probably accounts for the major part of
the cost of these styli, and every onc is examined for
flaws and to check that its dimensions fall within
prescribed limits. Binocular microscopes of the latest
design and projection shadowgraphs are used for this
purpose. A further inspection is made after the styli
have been mounted in their shanks or pickup move-
ments (some of the leading pickup manufacturers
entrust this work to the stylus makers).

The surface finish of the sapphire after “ tumbling ”
is of a high order and satisfies all ordinary require-

Commercial

Radar Plotting Aid; the * Locatorgraph.” An illustrated
booklet explaining how it can be used in various ways, with
worked examples, available from Marconi Marine, Chelms-
ford, Essex, price 4s 6d.

Solderless Connections; a system involving many different
types of crimped wire terminations, with special tools for
attaching them, described in an illustrated brochure from
Aircraft-Marine Products, 2100 Paxton Street, Harrisburg, Pa.,
U.S.A.

Spring Alloy for high-temperature working (up to about
800° C), impervious to rust and corrosion. Leaflet giving
the properties of Nimonic 90 {rom Henry Wiggin & Company,
Wiggin Street, Birmingham, 16.

Tape Recording Accessories; foot switch for dictating; tele-
phone pick-up device (attached by suction cup); stethoscope
carphones; single-earpiece headphones; a small crvstal set
mounted on a jack for reception of radio programmes.
Leaflets from Truvox, 15 Lyon Road, Harrow, Middlesex.

Low-voltage Stabilizer, with a range of I1-15V d.c. and
0-25A. Regulation: a load current of 2.5A causes a voltage
drop not exceeding 5mV. Stability: a +10 per cent mains
voltage change causes an output change of less than +5 mV.
Specification on a leaflet from Scrvomex Controls, Crow-
borough Hill, Jarvis Brook, Sussex.

Voltmeters, ammeters, wattmeters, including moving-coil,
moving-iron and dynamometer types, mainly for use on indus-
trial switchboards. Latest catalogue from Measuring Instru-
ments (Pullin), Electrin Works, Winchester Street, Acton,
London, W.3.

Valve Retainers; booklet of tables giving the type of retainers
needed for most valves in common use, from Electrothermal
Engineering, 270 Neville Road, London, E.7. Distribution is
restricted 10 equipment manufacturers.

Tape Recorders; transportable model in wooden cabinet,
giving high-quality reproduction; a smaller portable model
weighing 35 lb; a tape deck (used in both) with rwo speeds,
7%in and 4’in per second. Leaflets from Lee Products (Great
Britain), Elpico House, Great Eastern Street, London, E.C.2.
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ments. An cven higher polish can be obuined by
fusion of the surface in an oxy-acetylene flame, and
this “super ” finish may be expected to give a corres-
pondingly lower surface noise on records whose
grooves are in mint condition.

Both standard and flame-polished types of stylus are
available under the trade name of “Windsor” and
cost 2s 6d and Ss 6d each respectively.

In a new factory to be opened next year it is ex-
pected that production will be at the rate of 20
million a year.

Literature

R.F. High-voltage Generators for cathode-ray tube supplies
and other purposes. Several models giving variable outputs
over ranges between 5kV and 50kV. Output currents from
0.25mA to 1mA. An illustrated brochure from Teleonics
(Communications), 196 Dawes Road, London, $.W.6.

Signal Strength Meter for television, consisting of r.f. am-
plifier, germanum diode and meter, with three ranges cover-
ing 0-10 mV altogether. Mode! supplied for each channel
in Band I. Descriptive leatlet from Radio-Aids, 29 Market
Street, Watford, Herts.

Communications Receiver, originally designed for Admiralty,
with frequency range of 60kc/s to 31Mc/s divided into
eight bands. Reception of a.m., c.w. and m.c.w. with either
single or double superhet circuit, depending on frequency.
Specification and description from Pye Telecommunications,
Ditton Works, Newmarket Road, Cambridge.

Nickel-Copper Alloy “ Monel” with strong resistance to
corrosion. Data sheet giving physical and mechanical proper-
ties from Henry Wiggin & Company, Wiggin Street, Bir-
mingham, 16.

R.F. Tuner, 3-valve 4-waveband supcrhet, for feeding high-
quality amplifiers. Output 1 volt maximum at infinite impe-
dance. Also two new amplifiers, onc for use with tape
recorders. Lcaflets from Lee Products, Elpico House, Great
Eastern Street, London, E.C.2.

Electronic Manufacturing Facilities available in the Man-
chester arca outlined in an illustrated booklet from the factory
of F. C. Robinson & Partners at Councillor Lane, Cheadle,
Cheshire.

Electronic Instruments for electrical, acoustic, radioactive,
vibration, strain-gauge and eclectro-chemical measurements. An
illustrated catalogue (in English) from the Danish company
Briiel and Kjaer, available from the London oftice of Rocke
International, 59 Union Street, London, S.E.1.

Component Storage Trays for assembly of electronic equip-
ment in factories. Plastic mouldings designed suitably for
interlocking, stacking and labelling. Leaflet from Precision
Components (Barnet), i3, Byng Road, Barnet, Herts.
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A Restrictive Practice?

VALVES and cathode-ray tubes are to come under
the scrutiny of the Monopolies and Restrictive Prac-
tices Commission. The supply of these accessories
is to be investigated by the Commission which has
been asked to “report about both the facts of the
matter and their bearing on the public interest.”

Any person or organization wishing to offer
evidence should write to the secretary of the Monopo-
lies and Restrictive Practices Commission, 3, Corn-
wall Terrace, Regent’s Park, L.ondon, N.W.1L.

I.T.A. News

FREQUENCIES for the first three stations to be
opened by the Independent Television Authority have
now been announced. Birmingham will operate in
Channel 8 (189.75 Mc/s vision, 186.25 Mc/s sound)
and the transmitters for the London and Manchester
areas in Channe' ¢ (194.75 Mc/s vision, 191.25 Mc/s
sound). The frequencies of the London transmitter
will be offset by 6.75 kc/s (vision) and 20 ke/s (sound).

Although Channels 8 and 9 were allocated to British
siations in the Stockholm V.H.F. Broadcasting Plan
the allocations were not made to transmitters in Lon-
don, Manchester and Birmingham. It must, however,
be remembered that the plan provides for the use of
eight channels in Band III, only two of which will
be available for television until such time as the
present users of the band are accommodated elsewhere.

In addition to the appointment of P. A. T. Bevan as
chief engineer (see Personalities) the IT.A. has
appointed Major-General D. A. L. Wade and Briga-
dier R. H. O. Coryton as assistants to the chief
engineer. General Wade was, until recently, telecom-
munications attaché in Washington, and Brigadier
Coryton chief signal officer. Northern Army Group.
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Notes and News

National Radio Show

THE period chosen for this year’s Earls Court
exhibition is approximately the same as last year—
August 24th to September 3rd. The Radio Industry
Council, which organizes the show with the co-opera-
tion of its constituent associations covering the various
sections of the industry, is again arranging for a pre-
view for overseas visitors and invited guests on
August 23rd.

Television Society Exhibition

IN addition to some 30 manufacturers and research
organizations, exhibitors at the Television Society’s
Exhibition will include a number of members. The
exhibition, which will be held in the gymnasium,
University College, Gower Street, London, W.C.1, on
January 6th, 7th and 8th, is concerned with television
research rather than domestic reception and amongst
the equipment to be seen will be standards conver-
sion gear for international television exchanges.

Admission on the first day (6-9 p.m.) is limited to
members and the Press. Tickets for the other two
days (noon to 9 p.m. and 10 am. to 7 p.m., respec-
tively) are obtainable free from the society, 164,
Shaftesbury Avenue, London, W.C.2.

Ambulance Radio

ACCORDING to figures given by the Minister of
Health in reply to a question in the House of
Commons, 20 of the 63 county health departments
use mobile radio in the operation of their ambulance
services. Of the 83 county boroughs, 42 have installed
mobile radio equipment. It might be added that this
15 In spite of the fact that ambulances come under
the “private mobile radio” category and have to pay
£3 per annum for each transmitter, whereas fire ser-
vices and police pay only £2 per annum for each
fixed station irrespective of the number of mobile
transmitters operating in the network.

PERSONALITIES

Professor G. W. O.
Howe, D.Sc, MIEE,
has been awarded the Fel-
lowship of the American
Institute of Radio Engin-
cers “for his pioneering
work in radio and his out-
standing contributions to
engineering education.”
Dr. Howe retited in 1946
from the James Wartt
chair of electrical engin-
eering at Giasgow Univer-
sity, where he had heen
for 25 vyears, and was
awarded an emeritus pro-
fessorship. For  fifteen
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vears prior to going to the university he was lecturer and
assistant professor at Imperial College, London. Dr.
Howe has been technical editor of our sister journal
Wireless Engineer for necarly 30 years. Incidentally a
75-page index to his editorials in Wireless Engineer from
January, 1926, to May, 1954, has been prepared by
Dr. A. J. Small of Glasgow University.*

T. E. Goldup, CB.E, M.I.E.E,, has also been awarded
the Fellowship of the LR.E. ““for his pioneering achieve-
ments in the design and development of thermionic tubes
and his contributions to the technical and administrative
cqunsels of the British radio industry.” He joined the
rescarch staff of the Royal Navy Signal School, Ports-
mouth, in 1914, where from 1918 to 1923 he was senior
experimental officer. He is now a director of Mullard’s,
which he joined in 1923 as an assistant in the valve
laboratory.

Dr. A. G. Touch, M.A,, D.Phil, the new director of
electronics research and development at the Ministry of
Supply, was a member of the Watson Watt radar team
at Bawdsey research station from 1936 to 1940. For his
contribution to the development of metre-wave Al and
ASV he received an award from the Royal Commission
on Awards to Inventors. Before joining the civil service
he was at Clarendon Laboratory, Oxford. From 1941 to
1947 Dr. Touch was liaison officer with the British Joint
Services Mission in Washington, where he was concerned
with the development and production of airborne radio
and radar equipment. For five years after his return
from Washington he was superintendent, Armament and
Instrument Experimental Unit, Martlesham Heath, Suf-
folk, and for the past two years has been deputy to the
director, Air Comdre. W. G. Pretty, C.B.E.,, whom he is
now succeeding. Air Comdre. Pretty was for two years in
the Air Ministry directorate of signals, was deputy
director (radar) at the Air Ministry and after a tour of
duty as chief signals officer, Fighter Command, assumed
the directorship at the Ministry of Supply, which he is
now relinquishing The new deputy director, electronics
research and development (air) is Air Comdre. C. A. Bell.

John Clarricoats, G6CL, has completed 25 years as
secretary of the Radio Society of Great Britain. To mark
the occasion, the retiring president, A. O. Milne, made a
presentation, for which over £150 was collected from
members.

W. L. Flack, AssocI.E.E., who is well known as the
designer of the View Master television receiver and
Soundmaster tape recorder, is to concentrate on printed
circuitry for the Telegraph Condenser Company.

* Obtainable from Dir. Small, price 5s.

P. A. T. Bevan, B.Sc,
M.I.EEE, whose appoint-
ment as chief engineer of
the Independent Television
Authority was announced
early in December, was for
20 vyears with the B.B.C.
where he had latterly been
a senior member of the
Planning and Installation
Department of the Enginecr-
ing Division. He graduated
in engineering at Cardiff
University and was for three
years a graduate apprentice
1 at the B.T-H. Rugby works.
At the B.B.C. he has been
- — N * mainly concerned with the
development of v.h.f. television and sound transmitters.
Mr. Bevan is the author of a number of papers, for one of
which he received the I. E. E. Duddell premium and has,
since 1949, been a member of the editorial advisory board
of Wireless Engineer.

C. R. Jephcott, AM.L.EE., has been appointed engi-
neer-in-charge of the B.B.C.’s temporary television trans-
mitting station at North Hessary Tor, South Devon. He
joined the corporation in 1935 at the Droitwich station,
where six years later he became a senior maintenance
engincer. In 1946 he transferred to the short-wave trans-
mitter at Skelton, Cumberland, where he has been a
senior maintenance engineer until taking up his new
appointment.

S. W. Wain has retired from the position of deputy
engincer-in-charge of the Post Office radio station, Lea-
field, which he has held since 1942. During his 34 years
at the Post Office he has also served at Bodmin, Rugby
and Portishead stations. He is succeeded at Leafield by
E. G. H. Middleditch, who has been in the Post Office
since 1923. Mr. Middleditch went to the engineer-in-
chief’s office at headquarters in 1935 and during the war
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PROVISIONAL field-strength contours for the two transmit-
ters (S. Devon and N.E. Scotland) opened by the B.B.C. in
December. The service contours (100uV/m) of the tempor-
ary stations are shown dotted. Scotland’s temporary station
is at Redmoss, near Aberdeen, some 25 miles from the
permanent site at Meidrum. The station’s horizontally
polarized tranmissions are radiated in Channel 4. The
N. Hessary Tor mobile transmitter, which radiates in
Channel 2 (carriers offset), is pictured on the opposite page.
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SIR ANTHONY EDEN, guest of honour at the Radio Industry
Council annual dinner, is seen talking to Sir Kenneth Clark,
chairman of 1.T.A. On his right is Sir lan Jacob, director-
general, B.B.C.

was given the task of providing emergency radio-
telephone installations and mobile multi-channel R/T
stations for the War Office.

Clifford Sanctuary, who has gone to Canada to take
charge of the engineering side of the recently formed
Decca Radar (Canada) company, has been associated
with radar since he joined the Bawdsey research station
in 1939. Two years later he joined the R.A.F. and was
concerned with the installation of CH radar stations and
OBOE. He joined the Decca Navigator Company in
19416 grlld transferred to the research labs of Decca Radar
in 1951.

A. J. Brunker, B.Sc.(Eng.), AM.LEE.,, who before
joining E. K. Cole, Ltd., in 1947, was deputy director
(radio production) at the Ministry of Supply, has become
the company’s chief engineer. He has relinquished the
position of general export manager but retains his
directorship in the subsidiary company, Ekco Electronics.

Walter M. York, who, as an executive director of
E. K. Cole, already controls Ekco publicity and the com-
pany’s heating division, will, in addition, now direct the
export of radio, television, plastics and ciné equipment.

F. H. McCrea has been clected chairman of the
Dubilier Condenser Company in succession to the late
W. H. Goodman, who formed the original Dubilier com-
pany in 1912. Mr. McCrea has just completed 25 years’
service with the company and was appointed managing
director in 1939, a position which he still holds.

G. Johnson, author of the article in this issue on a
transistor d.c. amplifier, was concerned with the develop-
ment of prototype gunnery radar at A.S.R.E. during the
war, after which he was for a time senior inspecting
officer at Ferranti’s. In 1948 he became interested in
electro-physiology and went to Hurstwood Park Hospital,
Haywards Heath, to organize the new department of
applied electro-physiology of which he is now in charge.
He is honorary secretary of the Electrophysiological Tech-
nologists’ Association and a council member of the EEG
Society (electroencephalographic).

WHAT THEY SAY

Industry and P.Q. Control.—“ There is a strong door
that shuts us out from discussions on frequency alloca-
tions ”—G. Darnley Smith speaking at the Radio Industry
Council dinner.

Are we so Boring?>—*“ I do not want to weary the House
with a quotation from Wireless World . . ”—C. R.
Hobson, M.P., speaking in the House of Commons on
November 23rd.
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IN BRIEF

4,000,000 TV Licences.—Within the first few days of
December the four-millionth television licence was issued.
The number of television licences current in the United
Kingdom at the end of November was 3,999,624, an in-
crease of 157,956 during the month. The total number
of receiving licences, including 250,256 for car receivers,
was 13,794,195,

Television I.F.—The report on the choice of inter-
mediate frequencies for television receivers prepared by
the European Broadcasting Union, to which G. H. Russell
referred in our July issue, is now available in English.
The report, the full title of which is “ The E.B.U. Enquiry
Concerning the Choice of Intermediate Frequencies for
Domestic Television Receivers and Related” Questions ”
(Tech. 3062-E) can be obtained from the Union
Européenne de Radiodiffusion, 4, rue de la Vallée, Brussels,
Belgium, price 70 Belgian francs, including postage.

R.S.G.B. Membership.—A regreitable but expected
drop in membership as a result of the necessary increase
in subscription rates is recorded in the annual report of
the Radio Socicety of Great Britain. Comparative figures
given in the report show a 13 per cent decrease during
the year ended June 30th, 1954. The respective figures
for 1953 and 1954 are 11,190 and 9,735.

U.S. Colour TV.—Over 130 stations in the U.S.A. are
now equipped to rebroadcast network colour transmissions
and, according to data given in Television Digest, 40 of
these will have three-colour film cameras by the end of
January. A few stations are already equipped for live
colour transmissions.

Solder Standard.—BS441:1954 “Rosin Cored Solder
Wire, Activated and Non-Activated” is a revision of the
standard “ Cored-solder, Rosin Filled,” published in 1932
and now includes methods of activating the rosin core.
It costs 3s and is obtainable from British Standards
Institution, 2, Park Street, London, W.1.

Component Testing.—Conditions and procedure for
climatic and durability testing for components are given
in BS2011:1954 “ Basic Climatic and Durability Tests
for Components for Radio and Allied Electronic Equip-
ment.” Based upon the Radio Industry Council specifi-
cation RIC11 and the Services specification RCS11, the
standard describes tests which will form the basis of the
tests to be included in individual standards for specific
components. Price 5s.

The French Components Show will be held at the
Port de Versailles, Paris, from March 11th to 15th.

Germany’s Radio Show, which, like its British counter-
part, covers sound and vision reception and gramophone
reproduction, will be held from August 26th to September
4th in Disseldorf.

Luxembourg TV.—The operators of Radio Luxem-
bourg have been granted the monopoly of television in
the Duchy. Commercial programmes will be radiated
by the 819-line station on 189.26 Mc/s vision and
194,75 Mc/s sound when the service starts early this year.

Monte Carlo TV.—Using the French definition of 819
lines the Monte Carlo television transmitter has a direc-
tional aerial array which concentrates energy along a
narrow stretch of the Rivieria coast. Its sponsored pro-
grammes are receivable from San Remo, Italy, to St.
Raphael, France.

E.B.U. Headquarters.—Having moved its receiving
centre from the outer suburbs of Brussels to an inter-
ference-free site at Jurbise-Masnuy (see W.W., Septem-
ber, 1953), the European Broadcasting Union has trans-
ferred its offices nearer the centre of the city. The new
address is 4, rue de la Vallée, Brussels.

“Velocity of Radio Waves.”-—The velocity of light
given in Dr. Smith-Rose’s article (December, page 590)
should, of course, have been 3 x 10° km/sec.
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A course of 20 lectures on the applications of Pulse
Technique in communications, radar and computor cir-
cuits will be given on Tuesdays, beginning January 11th,
from 7.0-9.0 at the Kingston Technical College, Fassett
Road, Kingston-upon-Thames. The fee is 3 guineas.

The presentation of technical information is naturally
of particular interest to Wireless World and we, there-
fore, draw readers’ attenrion to the course of five weekly
lectures on the Writing of Technical Reports at the
Borough Polytechnic, Borough Road, London, S.E.1. The
lecturer is Geoffrey Parr, and the course, for which the
fee is one guinea, begins on January 20th at 6.30.

The one-full-day-per-week course on Band II (f.m.)
and Band III (television) reception, which ran from
September to the end of the year at the Northern Poly-
technic, Holloway, London, N.7, will be repcated on
Mondays from 9.30 to 4.30, commencing January 10th.
The fee for the three-months course is £2.

The recent presentation of awards to trainecs in
Cossor's electronic engineering Apprenticeship Scheme
afforded an opportunitv to record that 112 student
apprentices have entered the scheme since its inception
in 1947,

BUSINESS NOTES

Aveley Electric, Ltd., of 44, Tottenham Court Road,
London, W.1 (Tel.: Langham 7097), have been formed
to act as representatives and agents for Rchde and
Schwarz, of Munich., manufacturers of communication
and laboratory measuring cquipment. Eventually the
company plans to manufacture some of the instruments
in the Rohde and Schwarz range and a factory is under
construction in Aveley, Essex. The directors are R. F.
Parker, B.Sc, J. I. Brown, AM.Brit1.R.E, and A, C.
Judd, A.C.A.

Mobile radio cquipment has been supplied by
Marconi’s to the North of Scotland Hydro-Electric Board
to facilitate the repair and maintenance of the new power
transmission line which runs betwcen Fort Augustus and
Speyside and is the highest in the UK. The equipment
has been installed in small buildings containing repair
gear near the top of Corrieyairack Pass.

The General Electric Company, which, some months
ago, installed mobile radio equipment for the rescue
service of the N.W. Division of the National Coal Board,
has now supplied similar installations for four other
divisions.

It is announced by Decca Radar that over 3,500 ships,
operated by more than 840 companies, navies and
ministries throughout the world, have been equipped with
Decca radar since the company started five years ago.

Lecarning a foreign language by “almost unconscious
assimilation ” with the aid of gramophone records is the
principle of Assimil, which has been introduced into this
country by E.M.I. Institutes. There are 20 double-sided
records in the complete course, details of which are
obtainable from 10, Pembridge Square, London, W.2.

A, K. Fans, Ltd,, of 20, Upper Park Road, London,
N.W.3 (Tel.: Primrose 5969), announce that A. W. Dean,
who was with Marconi’s, has joined the company and
that they have taken over further factory space at 352,
Goswell Road, London, E.C.1.

The complete television studio and equipment which
Pye installed at the recent British Trade Fair in Baghdad
is to be purchased by the Iraq government and re-erected
on a site belonging to the country’s broadcasting authority.
It is anticipated that initially the station will be used for
educational purposes.

Underwater television cquipment is being supplied by
Pye to the expedition which is endeavouring to locate the
wreck of the General Grant, sunk off the Lord Auckland
Islands, south of New Zealand, in 1866 with a cargo of
91 tons of unrefined gold.
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Medium- and short-wave transmitters, complete aerial
systems and studio equipment are to be installed by
Redifon at Piura for the Peruvian broadcasting organiza-
tion Radio Nacional.

Cossor airfield control radar (Mark VI) has been
installed at Zurich airport. A feature of this 450-kW
surveillance radar equipment is the cancellation of
permanent echoes, which is particularly important at
Zurich where the Alps give heavy responses.

All-wave broadcast receciving equipment, gramophone
amplifiers and loudspeakers are being supplied by Pye
Marine for 20 trawlers being built at Lowestoft for the
Soviet Union.

A $25M contract awarded to the General Electric
Company for extensions to the telephone system of Haiti,
in the Caribbean, includes the provision of v.h.f. radio
relay equipment where the terrain makes the use of
lines uneconomic.

Public address and intercom equipment has been
installed by Hadley Sound Equipments, of Smethwick,
at both the Renfrew (Glasgow) and Ringway (Man-
chester) airports.

Australian Agency.—The Sydney, N.S.W., firm of
L. D. Beston (Aust.) Proprietary, Ltd., 387, Kent Street,
would like to act as representatives of a U.K. manu-
facturer of television receiving aerials. Interested
manufacturers should write directly to the company and
are advised to send a copy of the correspondence to the
U.g. Trade Commissioner, 39-49, Martin Place, Sydney,
N.S.W.

Agency for a three-valve, all-dry, long- and medium-
wave set made by a U.K. manufacturer not already
represented in Ceylon is sought by Hentleys, Lid., P.O.
Box 670, Mackinnon Building, York Street, Colombo.
Manufacturers should write direct to Hentleys but are
invited to send copies of their correspondence to the
UK. Trade Commissioner, P.O. Box 745, Hong Kong
Bank Building, Fort, Colombo.

NEW ADDRESSES

F. C. Robinson and Partners, manufacturers of elec-
tronic measuring and control equipment, have moved
their head office and sales and service departments from
Deansgate to 122, Seymour Grove, Old Trafford, Man-
chester, 16 (Tel.: Chorlton 5366). The factory is in
Councillor Lane, Cheadle, Cheshire.

Furzehill Laboratories have transferred their head
office and sales and designs departments to 57, Clarendon
Road, Watford (Tel.: Gadebrook 4686). The production
and purchasing departments are still at the works in
Shenley Road, Borecham Wood, Herts (Tel.: Elstree
1137).

The Rectifier Division of Standard Telephones and
Cables has moved from Boreham Wood, Herts, to a new
factory in Edinburgh Way, Harlow, Essex (Tel.: Harlow
26811).

The London district office and service depot of the
Edison Swan Electric Company is now at 10-12, Euston
Buildings, N.W.1 (Tel.. Euston 6072). The company’s
head office will remain at 155, Charing Cross Road,
Ww.C.2.

The Manchester office of Elliott Brothers (London),
Ltd., is now at 32, Deansgate, Manchester, 3 (Tel.:
Blackfriars 7752).

A new branch office at 270, Corporation Street, Bir-
mingham (Tel.: Central 6191), has been opened by the
Telegraph Construction and Maintenance Company.
The branch manager is J. H. Barham, Assoc.I.E.E.

Philips have opened new showrooms and a branch
office at 47-49, Victoria Street, Bristol, Glos. (Tel.:
Bristol 20307).

The address of the Middlesbrough district office of
British Insulated Callender’s Construction Company is
now 55-57, Borough Road (Tel.: Middlesbrough 43644).
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Gramophone

THE pre-amplifier described in this article is in-
tended primarily for use with the 10-watt amplifier
described by the author in 1948,' and its h.t. supply
of approximately 20mA at 300V may be obtained
from this power amplifier with complete freedom
from motor-boating troubles. If desired, however,
the pre-amplifier may be built with its own power
pack, and may then be employed for feeding any
high-quality power amplifier requiring a sine-wave
input not exceeding 4V r.m.s., at high impedance,
for full output.

Separate input stages and gain controls are em-
ployed for the gramophone and microphone inputs,
followed by a mixing circuit, making the pre-amplifier
suitable for applications such as stage sound effects,
recording, etc., where, for example, an effects record
may be mixed in to provide a background to the
spoken words of a play. If required, several micro-
phone channels may be incorporated, whereas readers
interested only in high-quality record reproduction
may include only the gramophone channel.

The full output of 4V r.m.s. may be obtained, with
a total harmonic distortion not exceeding 0.1 per cent,
for sine-wave signal inputs ranging from 1mV to
about 50mV on the microphone channel, and from
20mV to 1 volt on the gramophone channel. Full
provision is made for recording-characteristic equali-
zation, scratch filtering and microphone bass-cut, the
writer’s continuously adjustable tone-control circuit?

and Microphone

being employed, in addition to the above, to provide
adjustable compensation to suit room acoustics, loud-
speaker characteristics, etc.

The equipment as described uses Noval-based

miniature valves; but certain other valves may be
employed if desired, and the slight changes in circuit
values then neccessary are indicated below Fig. 1.
The Noval type appears to be becoming established
as the preferred series in British commercial practice,
combining excellent electrical characteristics with
conveniently small size and satisfactorily robust
construction.
Microphone Input Stage.—Experience with high-
quality ribbon microphones has shown that, for
general purposes, the maximum gain available on
microphone channels should be sufficient to enable
the following amplifier to be fully loaded when a
sine-wave signal of about 1mV r.m.s. is applied to
the input valve grid. An EF86 low-hum, low-micro-
phony pentode, under the operating conditions
employed in the present equipment, gives a gain of
approximately 90 without negative feedback, and its
harmonic distortion is less than 0.1 per cent provided
the input does not exceed about 10 mV r.m.s.

However, even a low-sensitivity high-quality micro-
phone may sometimes give a signal in excess of 10 mV
—for example, when placed near to a piano or an
orchestra—so that the distortion introduced by such
a pentode stage will then be greater than 0.1 per cent
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Fig. I. Complete circuit of pre-amplifier.

All resistors L watt -4 20%, except where otherwise specified. All capacitors (other

than electrolytic) 4 20%, except where otherwise specified. Mullard valve type EF86 may be directly replaced by Osram Z729;
other alternatives require circuit changes as shown in the inset table.
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Pre-Amplifier
Versatile Design with

unless the gain control is placed between the micro-
phone and the grid. The disadvantage of having the
gain control in this latter position is that the actual
amplifier is operating at full gain all the time, result-
ing in unnecessarily high noise and hum levels under
average conditions of use.

The problem is, therefore, to reduce the gain in
such a way that low distortion is obtained without
sacrificing signal-to-noise ratio, and the solution
adopted in the present design is to place the gain-
control potentiometer after the input stage and arrange
that the valve may be switched to operate effectively
as a triode instead of as a pentode when large signals
are to be handled. Under triode conditions, an input
of about 3mV r.ms. is required to give full output
at the maximum-gain setting of the potentiometer,
and the distortion does not exceed 0.1 per cent until
the input reaches about 50 mV r.m.s. Thus, provided
the switch is never used in the “pentode” position
when sufficient gain can readily be obtained in the
“triode” position, the distortion will never exceed
0.1 per cent for any value of input up to 50mV—a
value unlikely to be exceeded with a high-quality
microphone.

The gain following the above input stage must be
sufficient to give 4V rm.s. output from the pre-

- - !

- I 5
soH +HT.
20mA  (300V)

SWITCH S5
" POSITION FILTER
f CUT-OFF FREQ. “skefs” 33k}
2 o - “7skels” 150kl W
3 “RLar” 0-05uf ;
i+ 1 0054
VGO T b o0-25uF
47kl 4Tk ol TopF et i
oML [ 100k 1 (ki |EF80
/ ooruF toufs
10MNL 8 Ssc
o STIIOMA 3 O'O/Z,uF
«.oooTpF 1.000] pF '.zj;pf: "_5,*
680k 00k}
[ooTF T“q-pr ?(‘LOG)I )
! — — Vs
12M0L ooluf QUTPUT
(LOAD MuST B
APPROX. 250k f1)
TABLE 1
= - T I =
Number of | Approximate Approximate distance

’ contact | frequency from ideal ribbon

on switch S2 for 3 db microphone for

l attenuation. | perfect bass

| compensation.

1 | _— =
2 ] 50 c/s 3 ft
3 100 c/s 18 in
' 4 ‘ 200 c/s 10 in
5 l 400 c/s 5 in
' 6 | soocis 25 in

WIRELESS WORLD, JANUARY 1955

By P. J. BAXANDALL, B.Sc.(Eng.)

Facilitics for Mixing Several Inputs

amplifier for a microphone stage output of 90mV
r.m.s.; with the mixing circuit employed, the noise
level at the pre-amplifier output, with the input stages
faded right down, is then approximately 70 db below
4V r.m.s., which is highly satisfactory.

The above system has been adopted, instead of one
of the feedback arrangements used in high-grade
broadcasting equipment, for the following reasons'—

(a) Shunt-feedback methods,” if optimum signal-to-
noise ratio is to be obtained, require the feedback
circuit, microphone and input transformer to be
designed to work in conjunction with one another,
whereas in a versatile design, intended for amateur
construction, it scems desirable to have an mput
circuit which will suit any available microphone with
or without input transformer.

(b) Feedback obtained by inserting resistance in the
cathode lead* ° is lizble to lead to unnecessarily high
hum levels, unless a d.c. heater supply is used or
other expensive precautions are taken.

(¢) Circuits involving more than one stage®: ®, special
feedback transformers,® or ganged ctud-typ: poten-
tiometers,’ are regarded as undesirably expensive for
amateur use.

Though a single-knob gain-control system is
certainly more convenient than the combination of
potentiometer and switch used in the present design,
it is thought that most amateurs will be prepared to
sacrifice a small amount of simplicity of control in
order to obtain a very high-grade performance
economically.

In most circumstances the gain switch can be set,
before commencing operations, to the position appro-
priate to the sensitivity of the microphone and the
likely intensity of the sound, and it will not require
altering during the performance. The gain-switching
circuit has been so arranged, however, that no switch
clicks are heard even if the switch s operated, as
may occasionally be necessary, without first fading
the input stage down. The switch (S1 in Fig. 1) must
be of the make-before-break variety, to ensure that
section SIB maintains a short circuit across the gain
control during the whole of the time that section Sia
is effecting the change-over from triode to pentode
or vice versa.

On measuring the input capacitance of the micro-
phone stage, including the input socket, values of
approximately 30 pF and 70 pF were obtained under
pentode and triode conditions respectively. The
higher value under triode conditions is due to Miller
effect, involving the screen-grid to control-grid capa-
citance. A capacitance of 70 pF, shunted across the
secondary of a microphone transformer, will produce
an appreciable effect on the high-frequency response
only if the secondary impedance is well in excess of
50 k!2; since such transformers are very rare, no
trouble arising from input capacitance is likely to be
experienced in practice.

A switch S2 is included (see Fig. 1) to enable various
degrees of bass cut to be introduced on the micro-
phone channel. This is a very desirable feature, par-

9
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ticularly when using a ribbon microphone under fairly
close-speaking conditions, since the curved wave-front
reaching the microphone then causes a considerable
increase in the relative output at low frequencies’.
Table I on the preceding page gives, for each setting
of the switch, the approximate frequency at which an
attenuation of 3 db occurs, and the approximate dis-
tance from an ideal ribbon microphone at which the
compensation for spherical wave propagation is
theoretically perfect.

Gramophone Input Stage.—Equalization for record-
ing characteristics® is obtained by means of negative-
feedback networks associated with V2 in Fig. 1, it
being assumed that the pickup emploved gives a
constant cutput for constant stylus velocity at all
frequencies.*

In the “ LP ” position of the switch S3, the measured
response curve of the gramophone stage is as shown
in Fig. 2 (broken-line curve), and is suitable for equa-
lizing microgroove records of both British and Ameri-
can origin. A little extra bass lift may sometimes be
required, however, pariicularly with R.C.A. records,
but this can rcadily be applied by means of the main

* The best moving-iron, moving-coil and ribbon pickups approxi-
mate closelv to this ideal.

ROTATION OF
TREBLE-CUT CONTROL
T, |

RELATIVE RESPONSE (db)

FREQUENCY (c/s)

Fig. 2. Measured response curves for gramophone input
stage (all components within 5%, of values shown in Fig. I).

_ . 5

(iii) Determine C, from :— C,

(iv) Determine C, from :— C,

tone control circuit. The “LP” setting may also be
used for American 78 r.p.m. records.

The full-line curves in Fig. 2 are obtained on the
“78” setting of S3; fixed bass equalization, which is
accurately the inverse of the E.M.I. recording charac-
teristic, is provided, and the treble cqualization is
adjustable by means of a potentiometer. With the
potentiometer at approximately 40 per. cent rotation
from the maximum-treble end, assuming a linear
clement, the treble attenuation is nominally correct
for equalizing the high-frequency pre-emphasis on
Decca “ffrr” records. Other settings may be used
to give the best audible results with records of various
makes and conditions.

It will be seen that the “78” bass-equalization
curve shown in Fig. 2 rises at a rate approaching 6 db/
octave down to about 35 ¢/s, below which it changes
over fairly rapidly to a similar rate of fall. This latter
feature, which provides a useful measure of turntable
rumble filtering, is achieved by including two a.c.
couplings in the feedback loop used for bass equali-
zation, instead of only one as is more usually the
case’. The basic theory involved is the same as for
the high-pass filter, and is considered later in this
article. The practical design formule are given in
Fig. 3, which also shows the circuit freed from irrele-
vant details such as grid bias, screen supply, etc.

A low-pass filter, to be described later, i1s included
in the last stage of the pre-amplifier, and will fre-
quently be employed as a scratch filter when using
the equipment for reproducing gramophone records
only. When mixing a gramophone recording with
live speech from a microphone, however, it is often
preferable not to limit the frequency range of the
microphone contribution, so that the low-pass filter
cannot then be employed; but since conditions are not
very critical when the gramophone channel is used
merely to provide a background effect, scratch filtering
is likely to be nccessary only with 73 r.p.m. records and
can be provided adequately well by means of the
adjustable treble-cut control associated with the
gramophone input stage. By placing the low-pass
filter at the output end of the pre-amplifier, instead

Practical Design Procedure :—

! (i) Choose arbitrary value for R, (at least 100k£)
(ii) Make R, several timss R,

1
27f,R,

1 /1 1y
2-R, Qf, f./
Q*CiR; +CiR,)*

(v) Determine R, trom:— R, Rz', C,R:C,_,R; = 1]
b . . R, R, | Required valueof | |
(vi) Determine R, from :— R, R.\R, LVOUT/’VIN - HFJ i
4 Note :— The formulae apply accurately only when the actual |
; 8dbjocTave L. . Vour j
valve gain is much higher than the value of Vi at £, =
IN

f0 fl .
Fig..3. (a) Circuit used for gramophone bass equalization, omitting irrelevant details.
Q=l.
10

In practice R, may be made higher than the calculated value,
to compensate for finite valve gain.

(b) Frequency response obtained when
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Fig. 4.

The constant-k, n-section low-pass filter shown at (a) has the same response (to both sine-waves and transients) as that

given by circuits (b) and (c) in cascade, assuming that (c) does not appreciably load (b).

of making it part of the gramophone stage, it becomes
available for use on radio programmes, the radio
input being fed to the mixer circuit in a similar man-
ner to the microphone and gramophone inputs. A
further consideration is that if a crystal pickup is
used, the gramophone input stage may be omirtted
altogether, a suitable passive equalizing network'*
being connected between the pickup and the gramo-
phone gain control;* the low-pass filter is, however,
still available under these conditions. (An alternative
method of using a crystal pickup, such as the Cos-
mocord GP20 “Hi-g,” is to shunt the pickup with
a series combination of two resistors, of values about
220 kQ and 22 k£, the voltage drop across the 22 k
resistor being applied to the input of the gramophone
stage shown in Fig. 1. The correct value of shunt
resistance makes the crystal pickup have a response
approximately the same as that of a moving-iron or
‘moving-coil pickup.)

Mixer Stage.—An anode-follower or virtual-earth
type of mixer® is employed, because it possesses the
following desirable features:—

(a) The gain on one input channel is almost inde-
pendent of the gain-control scttings on the other input
channels.

(b) The circuit is economical, enabling several in-
puts to be mixed with a single valve whilst also

* The values of the gain control potentiometer and the mixer
input resistor may be advantageously increased to 500 kQ and 1 M
respectively.
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p_roviding a useful amount of gain—just over four
times in the present case.

(c) The non-linearity distortion is low, due to the
negative feedback.

(d) The output impedance is low, also because of
the negative feedback, making the circuit suitable
for feeding the tone-control.

Tone-control Stage.—The tone-control circuit is
almost exactly as previously published?, but an EF86
valve is used in place of the high-slope valve originaily
specified, in order to secure reliable freedom from
microphony and hum. The signal output from the
tone-control valve, for a final output from the pre-
amplifier of 4V, is 400mV; under these conditions,
the non-linearity distortion introduced by the tone-
control stage is much less than 0.1 per cent despite
the low-slope valve employed.

With the switch S4 in the “open” position, the
alternative treble-response curves, as shown dotted
in Fig. 8 of the previous article’, may be obtained.
A resistor of 330 kQ is connected to carth from each
end of the treble-control potentiometer, to provide
a d.c. return path from the grid to earth when S4 is
opened—a requirement inadvertently overlooked
when the original article was written, but soon pointed
out by several readers! Whether this facility for
obtaining the alternative response curv@s is included,
is a matter for personal choice, and some constructors
may prefer to omit it.

11
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Output Stage.—The output stage provides a voltage
gain of approximately 10, and has associated with it
feedback circuits giving high-pass and low-pass filter
characteristics.

The high-pass filter, which has a fixed cut-off fre-
quency of about 30c¢/s, reduces tendencies for the
main amplifier and/or loudspeaker to be overloaded
by sub-audio frequency inputs caused by turntable
rumble, or, on the microphone channel, floor vibra-
tion and the effects of wind on the microphone. This
filter also substantially reduces the amount of h.t.
decoupling necessary for obtaining complete freedom
from motor-boating troubles when the pre-amplifier
is fed from the main amplifier h.t. supply. Full bass
lift may, in fact, be applied at maximum gain settings
without causing instability, though this combination
is unlikely to be nceded in normal use.

The low-pass filter, as already mentioned, is
primarily for reducing scratch and distortion on the
gramophone channel, and cut-off frequencies of
Ske/s and 7.5kc/s may be selected by means of
switch S5, a third position of which cuts the filter out.

It is sometimes said that filters using resistors and
capacitors only, in suitable feedback circuits, give
better transient response than can be obtained with
passive filters which include inductors. In general,
however, this notion is quite incorrect, and any filter
employing feedback principles may, in fact, be shown
to be cquivalent, in both frequency response and
transient response, to a particular passive filter using
inductors. The feedback flters employed in the
present equipment are equivalent to, or “simulate,”
simple constant-k filters'' with one = (or T) section
and resistive terminations, the rate of cut-off tending
to 18 db/octave.

Fig. 5. Feedback circuits simulating the circuit of Fig. 4 (b).

much higher than the gain given by the above circuits at low frequencies.

lag required for simulating Fig. 4 (a) instead of Fig. 4 (b).

Considering first the low-pass filter, the basic cir-
cuit to be stimulated is that shown in Fig. 4 (a), and
the first fact utilized in deriving the equivalent feed-
back circuit is that the response of the basic circuit
is exactly the same as that of the two circuits shown
in Fig. 4 (b) and (c) in cascade, provided that the
component values are correctly chosen and that cir-
cuit (c) does not appreciably load circuit (b)*. Tt is
the normal practice to make R in Fig. 4 (a) equal to
vL/C ; to simulate this condition, the circuit of
Fig. 4 (b) must series-resonate at the nominal cut-off
frequency of the filter, with a Q of unity at resonance,
and circuit (¢) must have a response which is 3 db
down at the cut-off frequency. Thus, provided a
feedback circuit can be found, which has the same
kind of response as the Fig. 4 (b) circuit, it is then
only necessary to add a “sample lag,” as shown in
Fig. 4 (c), to make it simulate the filter of Fig. 4 (a).

The main characteristics of the Fig. 4 (b) type of
circuit are:—

(a) Level response at low frequencies.

(b) A peak in the response near to the resonant
frequency—unless the Q is very low.

(c) A rate of attenuation tending to 12 db/octave
at frequencies well above resonance. :

The above are also the main characteristics of a
negative-feedback amplifier having two simple lags
in the forward path, and it is actually found that the
equation relating input and output voltages for such
an amplifier is of exactly the same form as that for
the Fig. 4 (b) circuit. Alternatively, one of the simple

* The latter condition may be satisfied by making circuit (c) of
much higher impedance than circuit (b), or by interposing an
isolating stage, such as a cathode follower, between the two circuits.

The formulz apply accurately only when the actual valve gain is
The capacitor shawn dotted above provides the additional

VOUY

fy = —=
am/C R CoR,
‘LR, ASSUMED >> R,
- /GR,
Q TR, |

+HT.

|

fy = ————
2m/C3RyCeRy
CeR 1

Q=pB/2% WHERRE:-B = ——=—F—2 7

/3 C\R5 / RA (R!+RS)

|+ — =

Ry Ry
[ﬁﬂ] -
' R
W IAT LE B
(b)
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Fig. 6.

Feedback circuits simulating Fig. 4 (b) with L” and C’ interchanged,

For simulating a constant-k, high-pass filter with

R=\/L/_C terminations, Q is made unity and a passive a.c. coupling, —3db at f,, is added externally to the above circuits.

lags may be replaced by a Miller integrator,'” leading
to the circuit. shown in Fig. 5 (a); this arrangement
has the advantage that its performance is almost inde-
pendent of the actual valve gain, provided the latter
is high enough. The necessity for a *“floating”
signal-input source may be avoided by employing the
modified circuit shown in Fig. 5 (b). The capacitor
shown dortted in Fig. 5 (b) provides the additional lag
required for simulating the circuit of Fig. 4 (a) rather
than that of Fig. 4 (b),* and is placed before the
valve (instead of after it) in order to enable the low
output impedance of the feedback circuit to be
utilized for feeding the cable connecting the pre-
amplifier to the main amplifier—the cable capacit-
ance may be as muca as 200pF without materially
affecting the performance.

On referring to the complete circuit diagram, Fig. 1,
it will be seen that the low-pass filter circuit of
Fig. 5 (b) is that employed in the actual equipment,
though a little effort may be needed to disentangle
the low-pass filter from the high-pass filter, the latter
being achieved by feedback round the samec valve!

* The above method of providing the additional lag actually
results in sl'ght departures from the simple theory, because the
extra capacitor affects, to some extent the operation of the other
lag, involving C4; but perfectly satisfactory results may be obtained
in practice by suitable choice of component values. Ref. (13) gives
an ingenious solution of this complication.

WIRELESS WORLD, JANUARY 1955

_In the high-pass filter, a feedback circuit is used to
simulate a series tuned circuit like that shown in
Fig. 4 (b) but with L’ and C’ interchanged. This is
foll,lowed by a circuit as shown in Fig. 4 (¢) but with
C and R” interchanged, the combination of these
circuits simulating a constant-k high-pass filter with
a rate of attenuation tending to 18 db/octave below
cut-off. The basic system used for simulating the
series tuned circuit is shown in Fig. 6 (a), and involves
a feedback loop having two a.c. couplings in the for-

RELATIVE RESPONSE (db)

o
=3
=

FREQUENCY (c/s)

u

|
=]
=3
=3
=]
~

Fig. 7. Measured response curves for output stage in Fig. |
(all components as marked, within 4-59%).
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ward path, the forward gain being stabilized by
non-frequency-dependent internal feedback. The
arrangement is the same in principle as that used for
bass equalization and rumble-reduction in the gramo-
phone stage, except that in the gramophone applica-
tion the output is taken from the point “P.” The
practical circuit evolved from Fig. 6 (a) is shown in
Fig. 6 (b), in which irrelevant details have been
omitted for clarity, and it will be scen that one of the
time constants in the feedback loop comes before
the valve and one after. Non-linearity distortion is
considerably reduced by this means.

Fig. 7 gives the results of mecasurements on the
complete output stage, with component values as
shown in Fig. 1.

(To be concluded)
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Dates for Your
Wireless World Diary

INDIVIDUAL announcements have already been made
of the dates of many of this year’s exhibitions, but for
the convenience of readers we give below a list of the
principal shows in 1955.
Television Society Exhibition
University College, Gower St.,, London,
W.C.I.
Components Show (R.E.C.M.F.)
Grosvenor House, Park Lane, London,
W. 1.
Physical Society Exhibition
New Royal Horticultural
minster, London, SSW.1,
Association of Public Address Engineers
Exhibition
Horseshoe Hotel, Tottenham Court Rd.,
London, W.I.
Northern Radio Show
City Hall, Manchester.
British Sound Recording Association
Exhibition
Waldorf Hotel, Aldwych, London, W.C.2.
British Plastics Exhibition
National Hall, Olympia, London, W.14.
National Radio Show
Earls Court, Fulham, London, S.W.5.
Farnborough Air Show (S.B.A.C.)
Farnborough, Hants.

Jan. 6-8

April 1924

April 25 & 28

Hall, West-

April 27 & 28

May 4-14

May 21 & 22
June I-11
Aug. 24-Sept. 3

Sept. 5-l1

NEW ACOUSTICS LABORATORY
A NEW wing has been added to the laboratory of Good-
mans Industries, Ltd., at Wembley for research and
development in the production of loudspeakers, micro-
phones and other elcctro-acoustic devices.

The main feature of the new extension is an echo-
free room with a volume of 4,500 cu ft lined with glass
tibre wedges 8in square at the base and 3ft long. The
whole room floats on rubber supports and although a
main line railway is only 100ft away, structurally borne
vibrations are negligible. The unusually deep lagging
presents problems in the design of the door, which must,
of course, be similarly treated. These problems have been
solved by mounting the door on vertical guides and rais-
g it electrically into a tower on the roof of the building
when access to the room is required.

In addition to normal frequency response curves,
measurements of “hang-over” transients are also made
by a tone pulse technique, and this has proved useful in
investigating cabinet as well as loudspeaker performance.

Auxiliary equipment in-
cludes a high-speed level
recorder (1,000 db/sec), elec-
trical and acoustical stan-
dards and instruments for
measurement of compliance
and other mechanical para-
meters.

The services of the labora-
tory are available to set
manufacturers  for testing
prototype designs and ensur-
ing that harmonious acoustic
relations exist between loud-
speaker and cabinet.

Goodmans Industries acoustics-
laboratory, showing in the
background the entrance to
the echo-free chamber.
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Education and Trainin

Can We be Satisfied with the Results?

By FRANCIS REECE

THE tremendous demand for radio engineers and
technicians is reflected in the many advertisements
which appear not only in the technical press, but also
in the lay press. There has been no easing of the
shortage of manpower over the past ten years, and it
may be assumed that this is a serious handicap to a fast
developing industry.

Why is there such a shortage when the importance
of technical education is so widely appreciated and
public interest in technology in this country is greater
than ever before?

It is popular to criticize the lethargy of the younger
generation. Be that as it may, employers cannot
complain at the number of young men who are suffi-
ciently attracted towards employment in the radio field
to embark upon long and arduous courses of instruc-
tion. In fact, there has been a very large increase in
the number of candidates taking the examinations of
the City and Guilds of London Institute, the Institu-
tion of Electrical Engincers, and the British Institution
of Radio Engineers.

Whilst, however, large numbers of students under-
take courses of study, comparatively few successfully
complete the courses. Every technical college reports
that at the end of each academic year a number of
students give up their courses either because of their
waning interest or an inability to assimilate the work.
One London technical college has reported, for ex-
ample, that 50 students started on the first year of an
Ordinary National Certificate course, but by the end
of the third year only 25 actually attempted the final
examination leading to the award of the certificate.
Of that 25, only 5 went on to attempt the Higher
National Certificate. Similar figures have been given
in respect of courses in preparation for the City and
Guilds Full Technological Certificate and other
examinations.

These facts are of supreme importance in estimating
the future number of engineers, as distinct from tech-
nicians, likely to enter the radio industry. The bulk
of the engineers already employed and certainly the
majority of future engineers, will come from the tech-
nical colleges with a Higher National Certificate or
having directly passed the examinations of the I.LE.E.
or the Brit.LR.E.

A Popular Misconception

It is a popular misconception that engineers have
necessarily to be university graduates. The majority
of the engineering staff of any firm or Government
organization have not had the advantage of a university
education. Indeed, the number of graduates securing
degrees in the appropriate engineering faculties. could
not ‘possibly meet the present enormous demand for
junior and senior development and research engineers.
Moreover, the number of engineering degrees awarded
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in Great Britain has decreased in the last two years.
Thus, in the main, industry must look to the technical
colleges to provide the majority of men for whom
there is at present such a demand.

It may be argued that much of the trouble lies in
preliminary education. The minimum level of basic
education laid down by the professional institutions is
the Common Preliminary Examination conducted by
the Engineering Joint Examination Board. This
requires success in English, mathematics, elementary
physics and a foreign language, and exemption is
granted from it to the boy (or girl) who has obtained a
pass in these subjects in the General Certificate of
Education at the ordinary level.

Unfortunately, figures are not available to indicate
how many grammar school boys enter the engineering
profession, including the radio industry. Apart from
this source many of the engineers of the future will
receive their basic education in the secondary modern
schools. It is, however, a deplorable fact that very
few of these schools train their pupils for the General
Certificate of Education even in two or three subjects.

Under the provision of the 1944 Education Act
children not admitted to either grammar or secondary
modern schools finish their education in the secondary
technical schools. For the purpose of these notes such
pupils need not enter into our reckoning, although
doubtless many of them are ultimately engaged in
engineering in an unskilled capacity or as craftsmen or
mechanics. A few may have the tenacity to carry on
with part-time studies to qualify for better positions.

Is Basic Education to Blame ?

The bulk of students taking the Ordinary National
Certificate or similar courses at a technical college
come now from the secondary modern schools and
have not had the advantage of a grammar school edu-
cation. It may well be that this lack of basic educa-
tion accounts for the large wastage now being
experienced in second and subsequent years of techni-
cal coliege courses.

The question may, therefore, be asked as to whether
the eight years working of the new Education Act is
in any way responsible for the very high percentage
of failures in the C. and G., L.E.E,, and Brit..LR.E.
examinations. Whatever the reasons, the fact is that
since the war the number of young students attracted
to the radio engineering career has steadily increased.
In 1953, for example, the C. and G. had a record entry
of over 30.000 candidates for their various examina-
tions in telecommunications. Of this number only
394 succeeded in obtaining an Intermediate Certificate,
139 were awarded a Final Certificate, and 67 obtained
the Full Technological Certificate in Telecommunica-
tions Engineering (Radio).

Success in the Full Technological Certificate exami-
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nation in telecommunications only secures partial
exemption from the appropriate professional examina-
tions of the L.E.E. and the BritL.R.E. The younger
engineer usually looks forward to quahfymg for mem-
bership of one of these professional bddies.  Some
consideration must therefore be given to the experi-
ence of these institutions in assessing the technical
qualifications of their prospective members, whether
by direct examination or by granting cxemption.

According to the last annual report of the Brit.I.R.E.
the results of its own examination are very disappoint-
ing. Whilst the number of entries is now over 1,000
a year, fewer than 6% of the candidates pass the
graduateship examination.

The LLE.E. runs a different scheme of examination
but it is sufficient for our purpose to consider the
results of its Section B, which includes the optional
subject of radio communication. The I.E.E. does not
distinguish between candidates taking radio com-
munication and the electricity supply subjects in its
summary of results, but m 1953 1t had 722 candi-
dates writing the Section B subjects, of which only
152 succeeded. Thus, although the percentage of
success may vary between the threce examining bodies
mentioned, the over-all result must be disappointing
to both the entrants and those who are looking for
an increased entry to the engineering ranks of the
radio industry.

Varying Standards of Instruction

It is true, of course, that apprentices, irainees and
others may meet the requirements of their individual
firms by obtaining National Certificates. In 1953 over
7,500 Higher and Ordinary National Certificates (Elec-
trical Engincering) were awarded, but figures are not
available to show how many of these certificates were
in respect of radio or telecommunication subjects. The
pass standard required for National Certificates seems
to be a little lower than that required for success in
external examinations, but an important additional
requirement is that the candidate’s course work is also
taken into account. Furthermore, the radio content
ol a course for the H.N.C. varies according to the
college. There are all too few colleges in Great
Britain able to offer a course leading to a Higher
National Certificate in radio subjects. Indeed, the
I.LE.E. issued a memorandum in 1950 which stated
that only 20 such colleges were offering approved
courses in radio and telecommunications engineering
(including line communication).

Courses in preparation for National Certificates or
the examinations of the C. and G., I.E.E. or Brit.I.R.E.
are the first steps which must be taken for qualifica-
tion as an engineer by a candidate not having the
advantage of a university education. Only from these
sources can the industry recruit the type of engineer
who, graduating through the technician and junior
ranks, can undertake responsibility for development
and production. Such experience must be coupled
with proper training for ultimate employment in
senior positions.

A Select Committee has recently issued a report
in regard to the manpower requirement of the Royal
Air Force. The shortage is particularly acute in
the electronic field. Thus the Services now add their
claim upon the too few people available to industry.

Surely the first step towards solving this problem
is for the Mlmstry of Educanon, the C. and G. and
the engineering institutions concerned, to make a
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detailed investigation as to the reasons for the poor
results in their examinations and the National Certifi-
cate scheme. If the answer is that the calibre of the
candidates is- too low because of the inadequacy of
basic education, then the Ministry of Education has
it in its power to alter the application of the 1944
Education Act. The present writer suggests, however,
that the failure lies not so much with basic education
as with the inadequacy of subsequent technical
instruction. Various reports, including one issued by
the Parliamentary and Scientific Committee, have
suggested that there is a shortage of properly quali-
fied lecturers and that the colleges are handicapped
in not possessing suitable equipment. There has also
been. little progress with the proposal that lecturers
should have better opportunity to secure industrial
experience with corresponding release of industrial
engineers to undertake part-time teaching.

A further factor in trying to produce better results
is the need to overcome the reluctance of some col-
leges to provide courses specifically designed for the
radio engineer. Many of the existing syllabuses were
drafted for the training of the electrical engineer. The
addition of one subject in radio in the final year of a
course for the H.N.C. is not generally thought to be
sufficient to meet the needs of a rapidly expanding
industry.

The third possibility is to consider whether the
examining bodies demand too high a standard. Every-
one would welcome these various bodies reconciling
their differences of opinion. If they did so the tech-
nical colleges would be greatly helped in the arrange-
ment of their courses. Concerted and agreed opinion
would also influence training at the grammar school
level.

Pros and Cons of Specialization

The C. and G. has always been primarily concerned
with the training of the mechanic and technician. In
more recent years, however, it has developed these
interests. to a more advanced level for the radio and
telecommunications engineer. To this extent they
are encouraging specialization.

On the other hand the I.E.E. does not fully sub-
scribe to any degree of specialization, as will be seen
from a perusal of its examination syllabus. This,
however, does not necessarily account for its slightly
better percentage of examination successes when
compared with those recorded by the C. and G. and
the BritI.R.E. In general the LE.E. insists on a
broader education In general engineering, with
emphasis upon practical laboratory work.

Rather naturally perhaps the Brit.I.R.E. appears to
subscribe to the policy of specialization. The ten-
dency is to attach more importance to physics than
would normally be followed in an O.N.C. course;
possibly the main criticism of the Brit.I.R.E. is that
it encourages specialization within two years of start-
ing a general enginecring course. This insistence
upon specialization in depth might therefore account
for the small percentage of successes in its. graduate-
ship examination.

In only one respect does the National Certificate
examination scheme and the examinations of the two
institutions agree—that of insisting upon some system
of approved coursés requiring actual attendance and
the provision of suitable laboratory work. In the case
of the C. and G. there is no insistence on the satisfac-
tory completion of an approved course. ‘The candi-
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date alone decides when he will take the examination
and the temptation to “have a go” may account for
many of the failures. The Brit.I.R.E. appears to have
realized that this factor contributes to the low per-
centages of success and is now insisting that candi-
dates for the examination must provide evidence of
supervised course work.

There is much discussion on the proper way of
using an engineer once he has been recruited. The
unskilled worker, the mechanic, and the technician
are all nceded by the industry. The future devclop-
ment, and the grasping of opportunities at hand in
the radio industry, will be lost unless the engineer is
recruited at the right age and with the requisite basic
education.

It is not the function of this article to discuss the
opportunities which are available to the properly
trained young engineer. It is true that unfavourable
comparison is very often made with the returns avail-
able elsewhere to unskilled labour. Nevertheless the
interest of a comparatively new and growing art con-
tinues to attract large numbers of young men. The
fact that they fail to achieve their goal must reflect
on the education and training that they receive.

Education and training will continuc to be a subject
in which industry must take an increasing part. As
employers, however, they are not alone in this respon-
sibility for the same story of shortage of radio and
electronic engineers is to be found in the Civil Ser-
vice, the Navy, the Army, and the Air Force. Even
the B.B.C., with its own internal system of training,
is continually advertising vacancies for radio engineers.

Last year the Radio Industry Council published a
most useful pamphlet “Careers in Radio and Elec-
tronics ” dealing with the nced and the opportunities
for the young engineer in the radio industry. The
booklet was a further indication of industry’s realiza-
tion that it has a very important part to play in the
training of the engineer of the future. Certainly, the
opportunities available within the industry for “sand-
wich” courses and other methods of part-time study,
coupled with experience, are a great advance upon
the facilities available to the pre-war student.

The R.I.C. estimated that up to 3,000 boys a year
can be absorbed by the industry. No account was
taken, however, of the demand for radio engineers
outside the industry, and the dcvelopments already
mentioned, including the Services’ requirement, prob-
ably means that at least double this number is
required every year if all demands are to be reason-
ably satisfied. All the more reason, therefore, to
ensure that available material is properly trained and
not wasted. The first essential is to retain the interest
of the student in the ecarly yecars of his technical
training. Unless this problem is tackled, the tendency
must be for the younger man to take advantage of
the opportunities in other fields, to the subsequent
detriment of future development in the radio industry.

Can we, therefore, be satisfied with the results
achieved by our present method of technical
education?

PURBLICATION DATE
Wireless World will in future appear on the fourth
Tuesday of the Month preceding that for which
it is dated. The February issue will therefore

be publiished on 25th January.
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Radio Officers’
Training
Colleges Providing Courses

THE particulars included in the lists of further education
establishments published in our September and October
issues last year were provided by the Ministry of Edu-
cation and included only those colleges, etc., which come
under the direct control of the Ministry. They do not,
therefore, include the privately operated wireless schools
throughout the country which provide training for pro-
spective radio officers. The following establishments in
the United Kingdom are licensed by the P.M.G. to use
transmitting equipment for instruction purposes.

Bridlington
North Eastern School of Wireless Telegraphy, Radio House,
Shaftesbury Road, Bridlington, Yorks.
Grimsby Nautical School, Orwell Strect, Grimsby, Lincs.
Hull
Municipal Technical College, Park Street, Hull,
Leamington Spa
Midland Wireless Scheol,
Leamington, Warwicks.

Yorks.

2, Myton Croft, Myton Road,

Liverpool
Riversdale Technical College, Riversdale Road, Liver-
pool, 19.
Wireless College, 6, Princes Road, Liverpool, 8.
London
British  School of Telegraphy, 179, Clapham Road,
London, S.\W.9
Wireless School, Radioc Mouse, 21, Manor Gardens,

Holloway, London, N.7.
London Telegraph Training College, Morse House, 20,
Penywern Road, Earls Court, London, S.W.5.
Norwood Technical College, iKnight's Hill, W.
London, S.E.27.
Manchester
Wireless Telegraph College, 25,
Manchester.
College of International Marine Radiotelegraphic Com-
munication, Overseas House, Brook's Bar, Manchester, 16.
Plymouth
Plymouth and Devonport
Road, Plymouth, Devon
Preston
Northern Counties Wireless School,
Preston, Lancs.
Southampton
The University, Southampton.
Air Service Training School of Radio and Radar, Hamble,
Hants.
South Shields
Marine School,

Norwood,

John Dalton Street,

T'echnical College, Tavistock

91, Lancaster Road,

Ocean Road, South Shields, Co. Durham:

SCOTLAND
Aberdcen

Marine Radio College, 56, Union Street, Aberdeen.
Edinburgh

Edinburgh Wireless College, 17, Gayfield Square, Edin-

burgh, 1, Midlothian.
Leith Nautical College Leith, Edinburgh, 6, Midlothian.
Glasgow
Glasgow Wireless College, 26, Newton Place, Glasgow, C.3,
Lanarks.
Greenock
Watt  Memorial
Renfrews.

School, Dalrvmple Street, Greenock,

WALES
Cardiff
Cardiff Wireless College, 1, Stuart Street, Docks, Cardiff,
Glam.
Colwyn Bay
Wireless College, East Parade, Colwyn Bay, Denbighshire.

NORTHERN IRELAND
Belfast
Marine Radio College. Orlington House,
Avenue, Lisburn Road, Belfast.

2, Eglantine
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“Special Quality” Valves:

Improvements in Electrical Characteristics as Well as in Reliability

By E. G. ROWE,* M5c, ACGI, D.IC, P. WELCH* and W. W. WRIGHT,* B.Sc. A.Inst.P.

lN our company, we started work on reliable valves
in early 1949 because of complaints about valve
failures in an automatic pilot equipment. We then
expanded our efforts in order to help our Radio
Division to produce equipment which would success-
fully pass flight trials. The real impetus, however,
was provided by tre Services, who later in the same
year placed large-scale development contracts for the
design of recliable valves to be plug-in replacements
for types on the Preferred List.

Our work showed that whilst human errors in manu-
facture played a part in producing failures, the basic
valve designs needed attention. The major problem
was that most valves had loose structures which gave
rise to noise and characteristic instability, whilst some
had structures of such dimensions that low frequency
resonances were inevitable. Fig. 1 shows the propor-
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Fig. 1. Contribution of various parts of the valve structure
to noise output.
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static life test.
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tions of noise output contributed by the various valve
components.

Some manufacturers tended to take panic measures
on the principle that if more struts were added to the
valve structures then they would be bound to be
more reliable, but our view has always been that a
more scientific approach would pay dividends, even
though it might take longer in actual tume. Our
philosophy was that before a valve design was con-
sidered suitable for production it had to oe analysed
for noise, and a resonance search test equipment
designed by Dr. H. Moss proved invaluable for this
purpose. Its disadvantage was that valves lad to be
made up first and then tested, but since then we have
devised empirical formulae to forecast in advance
whether the individual components would produce
objectionable resonances. Thus this particular piece
of test gear has now become a routine checking
instrument only.

Cathode Poisoning

The most serious cause of valve failures, other than
short life catastrophes, was found to be the evolution
of gas, resulting in cat-ode poisoning. The cause of
this was traced to frictional movement between the
mica insulators and the valve envelope and com-
ponents, and the elimination of this has been the
most important contribution to valve longevity under
conditions of vibration and shock.

The techniques used to overcome such troubles,
and the results obtained, have already been described
in Wireless Worldt. Work done on these mechanical
improvements has also shown some very gratifying
results with respect to the electrical characteristics.
Not only has it been possible to produce redesigns
which are electrically interchangeable with the exist-
ing types, but added advantages have been obtained
in that there is a significant reduction in characteristic
spread, a lower drift of characteristics in early life,
reduced electrical noise and improved microphony
performance. Fig. 2 shows a typical improvement in
mutual conductance spread and Fig. 3 relates to the
low frequency noise distribution.

In addition, it has been established that many of
the theories held regarding valve instability are
second-order effects compared with the advantages
resulting from mechanically strengthening the valve
structure. As an example, it has been possible to
produce double triodes for d.c. amplifier work and
Fig. 4 shows the improvement achieved on the type
6158.

The successful elimination of early life catastrophic

* Brimar Eng'neering Division, Standard Telephones & Cables.
This article makes use of some of the information and dlagrams

in a paper *‘ Thermionic Valves of Improved Quality for Govern-
ment and Industrial Purposes,” to be published in I;mc. 1.E.E.

t+ *Trustworthy Valves,” by E. G. Rowe. World,
March, 1952,

Wireless
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Progress Report

failures under vibration is shown in Fig. 5, which
compares the SD3 with the 6064 and also demon-
strates the improvement which can be achieved by
selective testing of ordinary commercial valves.

With normal static life testing we have used a
method popular in the U.S.A. and based on a 500-
hour life test. At the end of the run the average life
of the group of valves is assessed by using the
formula:

Sum of life hours for
all valves under test

x hours and number
of valves started

American specifications for the minimum acceptable
life performance give a figure of 80 per cent for
normal commercial valves and 95 per cent for the
reliable types, while R.C.A. quote 97 per cent for
their Red Series. Our figures on three of our “ Trust-
worthy ” types are 99.82 per cent, 99 per cent and
100 per cent respectively.

Having said something about the design of reliable
valves, let us now look at the manufacturing problems.

An average valve has seven glass-ro-metal seals and
35 welds, with over 800 separate and distinct manu-
facturing steps to convert the raw material into the
finished product. The production engineer has tke
task of manufacturing mass-production quantities of
such complex articles with the minimum variation of
mechanical, chemical and human tolerances. The
problems of reliability resolve themselves into greater
efforts to control the materials, the processes and the
operators’ variability.

There are two schools of thought regarding the
place in which special quality valves should be made.
One advises an entirely separate location from the
ordinary types, but much can be said in favour of
their manufacture in the centre of the main assembly
groups, so that with strong supervisory control the
effect of the lessons learned will have a large psycho-
logical effect on the whole factory. This point is
doubly important when it is realized that in the event
of another war very large numbers of special quality
valves will be demanded.

To obtain the high quality demanded it is necessary
to have continuity of production over long periods
and the corollary to this is that the diversity of valve
types shall be limited as much as possibile.

Average life percentage _

at x hours o0

Mass-Production Outlook

Initially the assembly of “Trustworthy” valves was
done on a time-work basis with no incentive towards
speed. However, it was found that this was so alien
to the mass-production outlook in valve manufacturing,
that a change was made to operate teams controlled
by a quality control system working on each assembly
position. It has now been possible to introduce an
incentive scheme based on quality and quantity, and
a study of the results has demonstrated that when an
operator is given a simple sequence of jig-aided opera-
tions the work begins to flow at her natural rate with
maximum efficiency.

The achievement of failure rates as low as 2 per
cent per 1,000 hours is not dependent solely upon
structural design and the control of the manufacturing
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Fig. 5. Comparison between special quality, selected
commercial and normal commercial valves for survival
under vibration (470 ¢/s at 3.5g for a period of 120 hours).

unit. Good design and manufacturing controls com-
bine to ensure that the manufacturing variations will
be small and that there will be a few random faults
or errors, but they cannot guarantee their complete
elimination. It is imperative, therefore, that a form
of valve testing shall be adopted which takes into
account both ¢ manufacturing variations ” and “ manu-
facturing errors.” The development of suitable testing
procedures is very important, as it is easy to evolve a
series of unwieldy tests which can make large-scale
production impracticable.

So much for the problems involved in making reli-
able valves—but the matter does not end there. The
contribution required from those who use valves is
a very large and vital one. It is the very versatility
of the valve which gives so much scope to the circuit
designer’s ingenuity.

I: may not be appreciated that the rate of failures of
specific valves in different equipments can vary by
a factor of 10. This can best be minimized by co-
operative effort between the designers and the valve
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Fig. 6.

Typical examples of flying-lead valves.

makers. The valve manufacturer makes the request
to all designers that they should take full advantage of
his intimate knowledge of the idiosyncrasies of valves.
Valves are defined by specifications, but these can
only cover the applications known and visualized at
the time the valve was introduced. Close collabora-
tion can ensure that all valves which meet the test
specification will perform satisfactorily in service and
will enable the valve maker to carry out adequate
checks to cover any use of special characteristics. By
this means a compromise is reached whereby the most
suitable valve for the job is used, from the point of view
characteristics and continued availability, and the best-
known circuitry is utilized to accomplish its purpose.

Avoiding Glass Fractures

Now for the equipment manufacturer. Reliability
can depend on more mundane matters than circuitry
and valve characteristics. The valve is a glass article
and should be treated as such. Glass is severely
weakened by the minutest of scratches, and jumbling
valves together in a box, for example, will produce
scratching by the nickel pins. Modern valves such
as miniatures have a complex multiple glass-to-metal
seal, and leaks result from strains caused by mechani-
cal incompatibility with the wvalve-holders. It is
therefore important that wiring jigs shall be inserted
into all holders before chassis wiring takes place, and
as the valve pins are easily distorted on handling,
all valves should be pin-straightened in a proper jig,
and not with pliers, immediately before insertion into
holders.

In circuit testing the valve should not be tapped
harder than is necessary to check for noise. The ten-
dency to use a screwdriver for this purpose is
unfortunate.

It may be thought that some of these comments arc
irrelevant, but experience has shown that such prac-
tices are common and contribute materially to setting
up conditions which cause delayed fractures some time
after the installation of the equipment. The recent
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publication of a Code of Practice, CP.1005, on the
correct usage of valves, should be learnt by heart by
all designers, and is every bit as important in our
sphere as the new Highway Code is intended to be
to the road user.

It is obvious that electronic equipment in the future
is likely to become more and more complex, and it
is important that steps are taken to see that circuit
complexity and unreliability do not become synony-
mous. The equipment designer must create and
engineer his apparatus so that it becomes just a
“black box” as far as the user is concerned. As an
example, the telephone is a simple device to the user,
yet we are all aware of the complexity of automatic
telephone equipment. It is therefore increasingly
important that equipment is designed conjointly with
all component manufacturers and with adequate
thought given to problems that will confront the user.

Now, what about the valve outlook—present, past
and future? )

Valves for the immediate future are taken care of
by an adequate number of reliable miniature types.
The past can best be dealt with by applying the testing
techniques established for reliable valves to the
domestic manufacture of the older types of valves,
thereby eliminating the early life catastrophic failures
due to unsatisfactory workmanship.

Further improvements in valve reliability must be
at the expense of the present type of valveholder.
Incompatibility between this and the valve pin posi-
tioning can cause failures in excess of the target
achieved by the valves alone, and it is logical to adopt
wired-in techniques which, in addition to reducing
failures, can permit greater exploitation of the valve
characteristics. There is a great need for -bright
circuit engineers to cast aside the chains of present
circuit-technique thinking. They should regard these
wired-in valves as new tools to be used on their own
merits and in circuitry designed to use them to their
full capabilities, so that the whole ratio of ironmongery
to electronic circuitry is drastically changed. Some
typical wired-in types are illustrated in Fig. 6. -

As valve makers we dislike intensely the suggestion
of unreliability which is cast at the electronics in-
dustry. One rarely hears such comments in the civil
and mechanical engineering fields, but we are con-
fident that we are on the brink of an era when elec-
tronics will have grown up and will have no more of
this slur.

NEWS FROM THE CLUBS

Kingston-on-Thames.—The Osram 912 amplifier and
G.E.C. metal-cone loudspeaker will be demonstrated at
the meeting of the Kingston and District Amateur Radio
Society at 7.45 on January 13th at Penryn House, Penryn
Road, Kingston-on-Thames. Sec.: R. S. Babbs, 28,
Grove Lane, Kingston-on-Thames, Surrey.

Cleckheaton.—The meeting of the Spen Valley and
District Radio and Television Society on January 12th
at 7.30 in the Temperance Hall, Cleckheaton, will be
devoted to films. On the 25th members will meet the
Bradford Radio Society in a quiz at Cambridge House,
Bradford, Yorks. Sec.: N. Pride, 100, Raikes Lane,
Birstall, Nr. Leeds, Yorks.

Coventry.—At the mecting of the Coventry Amateur
Radio Society at 7.30 on January 3rd at 9, Queens Road,
Coventry, T. R. Theakston will speak on “ Mathematics.”
Sec.: K.“G./ Lines, G3FOH, 142, Shorncliffe Road,
Coventry, Warwicks.
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LETTERS TO

THE EDITOR

The Editor does not necessarily endorse the opinions expressed by correspondents

¢ Inexpensive 10-Watt Amplifier”

IN his criticism in your November issue of the
Baxandall type of amplifier your correspondent John
Brighton underrates the benefits of negetive feedback
when applied to tetrodes and pentodes working into loud-
speaker loads.

An increase in load impedance, such as occurs at high
and low frequencies, will cause the “violent increase in
third-harmonic distortion ” mentioned only if the signal
voltage is maintained constant, and occurs on account of
the increased anode-voltage swing. When negative feed-
back is applied, even in small amount, the grid-voltage
swing is automatically adjusted 1o maintain the output
voltage reasonably constant against load variations, and
the condition which would cause the sudden increase in
third harmonic distortion is prevented from arising. It
is a fallacy to say that negative feedback can only reduce
distortion to the same extent as the gain; where the feed-
back prevents an overload, as in this case, the reduction
can be much greater for the cause of the distortion is, in
fact, removed.

Apart {rom this consideration, of course, the quoted
typical figure of 40db for feedback would apply only for
the correct load condition. An increase in load also causes
a corresponding increase in loop gain, and on this account
alone the picture would be brighter than that painted by

Mr. Brighton.
Chislehurst, Kent. D. J. R, MARTIN.

YOUR correspondent, John Brighton, in your Novem-
ber 1ssue, raises again the hypothetical objection to the use
of tetrodes in the output stage of a “quality ” amplificr,
but what, might we ask, does this alleged “violent™ in-
crease in third harmonic distortion really amount to in
practice? Precious little!

The real reason why the Baxandall amplifier has not
become popular is more likely to be owing to the fact that
it requires 4 volts r.m.s. to give {ull output, which in many
cases 1S inconveniently insensitive. A big point in its
favour, however, is that it is a very “sanitary” design,
meaning that its author’s specification of performance can
be achieved with ease. Despite protestations to the con-
trary, I do not think that this is quite so true of the
Williamson. Constructors would be very well advised
always to check performances with square wayes as
Baxandall suggests, and prepare themselves for some
shocks!

Enfield, Middx. J. K. WEBB.
JOHN BRIGHTON. in his letter published in the
November issue, suggests that tetrodes are less desirable
than triodes for use in the output stage of a high-quality
loudspeaker amplifier employing negative feedback, be-
cause of increased third-harmonic distortion when the load
impedance becomes reactive and/or higher in value than
the nominally correct value.

The following experimental results have been obtained
recently, on an amplifier which is the same as that
described 1n my article in Wireless World, January, 1948,
except for the use of a smaller and cheaper output trans-
former with a silicon-steel core.

TABLE

With a 15-ohm load resistor connected to the output, a
500-c/s sine-wave input, of negligible third-harmonic con-
tent, was adjusted to give a mean power output of
10 watts; 1.¢., an output voltage of 12.2 volts rrm.s. With
the input voltage kept constant, the value of the load
resistor was then varied, and the effect on the third-
harmonic distortion was as shown in the table.

An air-cored inductor, having a reactance of approxi-
mately 15 ohms at 500 ¢/s, was then connected across the
amplifier output, and-it was found that 1he third-harmonic
distortion, at a level of 12.2volts, was considerably less
than with a 15-ohm resistive load. Reduced distortion
was also obtained with a 16-#F capacitance load.

The above results thus show that, with this amplifier,
the distortion is not critically dependent on either the
value or the phase angle of the load, and that an increase
in load impedance actually causes a reduction in distor-
tion. What, then, is wrong with Mr. Brighton’s
argument ?

In the absence of feadback, it is perfectly true that an
increase in the load impedance of a tetrode amplifier, with
constant signal input, causes an increase in third-harmonic
distortion.* It should be noted, however, that there is also
an increase in output voltage snd an increase in gain.

When a large amount of voltage negative feedback is
applied to a tetrode amplifier, on the other hand, an
increase in load impedance causes almost no increase in
output voltage, the feedback automatically reducing the
signal applied to the grids of the output valves by the
appropriate amount. Since this reduction in grid swing
is accompanied by an increase in the forward gain of the
feedback loop (i.e., more decibels of fecdback are brought

‘into play), it is hardly surprising that the third-harmonic

distortion falls off as the load impedance is increased.

It would thus appear that Mr. Brighton has overlooked
the beneficial effects of reduced grid swing and increased
loop gain which automatically occur when there is a rise
in the load impedance of a feedback amplifier using
tetrodes.

Malvern. P. J. BAXANDALL.

* Sce, for example, Fig. 13.30, p 570, *“ Radio i’)esigner?ﬂand-
book,” Fourth Edition.

“Quality on V.H.F.”

I AM surprised and disappointed to learn from H.
Bishop’s rejoinder (December issue) to your editorial that
it is not the B.B.C.’s intention at least to try to transmit
as many programmes as possible that justify high quality,
with a full 15-kc/s frequency responsc. The B.B.C.
apparently intends to usc ordinary Post Office music cir-
cuits for all its transmussions. These, [ believe, are
equalized only up to 8,560 c/s, and hence constitute a poor
feeder for quality transmitters.

Mr. Bishop states that the better quality is brought
about by the improved signal/noise ratno. 1 take it that
the P.O. music circuis are better than the fm. trans-
mitters in this respect. However, surely the main advan-
tage to be gained from a better signal/noise ratio is the
wider dynamic range atiainable. Even this, [ suppose,
will not be realized, as the programmes will be common
to both f.m. and medium-wave transmitters, and the

manual compression necessary for
the latter 1s done at the studios.

l Load Resistance
(ohms) 11 13 15 17 20

=——, It is also unfortunate that -this
I compression is more noticeable on
f.m. as the now discernible concert

25 30 | o hall atmosphere and microphone

Third Harmonic
| Distortion (per cent)l 0.172 0.089 0.070 0.061

0.056 0.053 0.052 0‘042|
|

hiss rise and fall. The outlook
certainly looks black for music
lovers and quality enthusiasts, of
which there must now be a great

| l
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LETTERS TO THE EDITOR .

and quickly increasing number in the country—witness
the expanding sales of “ hi-fi ” equipment and L.P.s; also
the popularity of Mr. Briggs’ lectures.

Surely a circuit equalized up to 15 kc/s could be pro-
vided from the local studios to the transmitters at a cost
small compared to the cost of the transm.tters themselves.
A 15-kc/s line could also be provided to much-used
concert halls—a small “hi-fi” nerwork. After all, it is
done for television, and up to 3 Mc/s, too, probably at
a far greater cost than for 15 kc/s circuits.

Let us hope that, in years to come, a high-quality
national network will enable, for example, Londoners to
hear an Usher Hall concert with 15-kc¢/s bandwidth.
However, why not start now with a few local circuits—
why spoil the ship for a ha’p’orth of tar?

London, N.10. A. F. HARRISON.

Television Quality

1 WOULD like to draw attention to the picture degra-
dation that is evident in the regular B.B.C. television news
and newsreel.

Bearing 1n mind the high standard of reproduction set
by the previous newsreel, I feel that there can be little
justification for the noticeably low picture quality, the
snowstorm effect of innumerable scratches, spots and lines
brought about by imperfect camera and development pro-
cesses, and the unnecessarily large and often thrice-
repeated cueing marks which could be easily replaced by
other less obtrusive methods of cueing.

Perhaps quality is partly determined by the small gauge
film techniques involved in producing a daily news film
service and partly by the transcription equipment. It
might be argued that no better equipment is available at
present, but as far as the film is concerned there can be
no excuse.

Instead of carrying on with the present feature, the
B.B.C. might well consider reverting to the style and
quality of the earlier newsreel until such time as they are
in the position to operate with equipment and film pro-
cessing techn’'oues free from avoidable degradations.

London, S.W.4. G. T. CLACK.

« Some Electrical Theorems ™

THE publication of this article by W. Tusting in the
November issue of Wireless World recalls to mind a com-
munication by Professor Williams* on a diagrammatic
expression of the star-delta transformation.

Y=A, As N
REFERENCE BELOW

It may be of interest that this expression can be simpli-
fied a little further if a change is made in labelling the
impedances of a delta for which an equivalent star is
required. The diagrammatic expression is then as shown
in the accompanying diagrams.

The labelling of the delta will be recognized as corre-

* E. Williams; * Star Delta Theorem ", Wireless Engineer, August,
1951, p. 258.
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continued

. . * . . . .

A=Y, WITH CHANGE
OF LABELLING

sponding to the commonly used method of identifying the

sides and angles of a triangle.
Portland, Dorset. H. V. HARLEY.

Mathematics

DO you not think, Sir, that the general tone of some of
your articles tends to increase the non-mathematical
reader’s fear of mathematics? I have noticed repeatedly
that “the mathematician” is regarded as some strange
creature with a curious twist of mind quite beyond normal
comprehension. For example, * Cathode Ray” spoke of
the filter expert who disposed of the non-expert with a
cosh, as though it were something dreadfully obtruse and
difficult, whereas in fact the use of mathematics renders
the subject easier, not harder, if one takes the trouble to
learn it. And it is only a matter of taking trouble; one
does not need to be in any way extraordinary.

1 see that Thomas Roddam has heard mutterings in the
undergrowth about his use of maths. (This is hardly
surprising, since a non-mathematical reader doesn’t know
what a palynominal is anyway, and isn’t encouraged when
he notes that it is a Tchebycheff variety!) Surely this is
all the more reason for trying to debunk the supposed
difficulty of maths, not to encourage such an attitude. It
is with great pleasure, therefore, that one notes
W. Tusting’s attempt (November issue) to popularize the
use of the better-known circuit theorems. But have they
got “high sounding” names? Or is it just imaginary
difficulty with the theorems themselves which makes the
titles seem a supercilious affectation on the part of “the
mathematicians »? I fear it is the latter!

Harefield, Middx. F. V. BALE.

« Neon Timers”

IN your December issue B, T. Gilling advocates the
use for photographic work of a timer which gives a con-
stant interval irrespective of fluctuations in mains voltage.
Surely this is not worth any bother and, in fact, the timer
is better without it.

The visual light output of a normal filament mains lamp
is proportional to approximately the fourth power of the
mains voltage. The effect on normal blue-sensitive
bromide paper presumably varies with an even higher
power. An ideal photographic timer would, therefore, re-
duce the interval by, say, 6 per cent for each 1 per cent
increase in mains voltage. To do this it would be neces-
sary to have the capacitor charging voltage only a few
per cent higher than the neon striking voltage. This is
probably impracticable, as the interval would also vary
rapidly with small changes in component values, etc., but
at least it is clear that for photographic work a stabilized
h.t. supply actually makes the overall performance worse
as well as making the unit more expensive. For black-
and-white work a normal timer is sufficient and for colour
work the enlarger bulb must be run from a constant
voltage source; the same can be used for the timer.

Bristol, 6. N. J. WADSWORTH.
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Amateur  television station
G2WJ/T as installed at the
exhibition. On the extreme
left is the 436-Mc/s trans-
mitter, while the rest of the
equipment consists of video
control gear. Two cameras
(not shown) were used for
televising personalities, talks
and demonstrations.

R.S.G.B. Exhibition

Amateur and Commercial Equipment at the Eighth Annual Show

SINGLE-SIDEBAND techniques were again very
much in evidence at the recent show organized by the
Radio Society of Great Britain, and their bandwidth-
saving properties came in for special mention by
Harry Faulkner, C.M.G., who opened the exhibition.
Mr. Faulkner, as a former Deputy Engineer-in-Chief
of the Post Office, once had a great deal to do with
international frequency allocations and he said that
anything concerned with saving space in the ether
came very close to his heart.

Two main methods of achieving single-sideband
telephony transmission were actually represented. In
one, known as the “filter ” system, the audio signal is
first modulated on to a low-frequency r.f. voltage and
the unwanted sidebands resulting from the process
are removed by a filter. (The “carrier” is sup-
pressed by the use of a balanced modulator.) The
remaining sidebands are then mixed with a high-
frequency r.f. oscillation to produce the desired out-

transmitter  for

Representative single-sideband operation

on 3.8 Mc/s and 14 Mc/s.

Right : Examples of workmanship in
operation on 70 centimetres.

*“ plumbing ** for
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put frequency. In the other method, which seems
to be more generally popular, the audio signal is first
of all split into two components with a phase differ-
ence of 90° between them. An rf. oscillation is
similarly divided into two components and these are
modulated respectively by the two af. signals and
finally combined. The carrier again is suppressed by
the use of balanced modulators, while the phases of
the resulting sidebands are such that in the combined
output one sideband is balanced out and the other
is augmented. This method requires fewer stages but
is perhaps more difficult to adjust.

One of the practical difficulties of the last-men-
tioned “phasing” method is in obtaining two af.
outputs displaced 90° in phase, but one exhibitor was
showing some small units designed for this purpose
which are manufactured (on an amateur basis) and
made available to other amateurs who feel unable
to cope with the problem themselves.

Another branch of amateur work praised by Mr.
Faulkner was the active experimentation which has
been going on for some time in the 70-cm band.
He said that as the professional radio people seemed
rather reluctant to move into Band IV the amateurs
would now be able to lead the way once again, as
they did in the old days. There was, in fact, a good
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Midget transistor transmitter
operating on 7 Mc/s and powered
by a hearing-aid battery.

Turret crystal microphone
and pre-amplifier with
cathode-:follower output.

A 70-cm  crystal-con-
trolled transmitter (home
constructed) featuring the
use of Mullard QQV03-20
valves.

deal of 70-cm fransmitting and receiving equipment
on show with some very fine examples of workman-
ship in “plumbing” and tuned-line techniques.
Mr. Faulkner was, however, referring more par-
ticularly to the amateur television transmissions in
the 70-cm band. These were represented at the
exhibition by a complete amateur television station
with two cameras and a transmitter working on
436 Mc/s. The r.f. output (20 watts peak white) was
being absorbed in a dummy load, and from thi§ a
probe supplied an input to a 70-cm convertor, which
represented the receiving side. The 45-Mc/s output
from the convertor was then “piped” to various
standard television receivers distributed about the
hall. Apart from the cameras, the video side of the
transmitting equipment included the usual sync-pulse
and waveform generators, a 3-camera mixXer unit, a
monoscope unit and c.r.t. monitors for checking the
video waveform and the outgoing picture. The trans-
mission standards were 2023 lines non-interlaced.
Transistor transmitters are apparently becoming
quite popular. The transistors at present available,
however, are somewhat limited in their operating fre-
quencies, and most of the transmitters on show were
for working on either 1.8 Mc/s or 3.5 Mc/s. In one
notable exception, however, the designer had suc-
ceeded in making the transistor oscillate at 7 Mc/s.
The tiny transmitter (shown on the Brimar stand)
was crystal controlled and it used a new point tran-
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sistor made by Brimar, Type TP2, which officially
has a maximum operating frequency of 2 Mc/s. Other
new transistors shown by Brimar were the TP1 point
type, for switching applications up to 100kc/s, and
the TJ1, TJ2 and TJ3 junction types for audio
applications.

Brimar also had some interesting new miniature
valves suitable for Band IV receiving circuits. The
6AM4 is an earthed-grid triode on the B9A base suit-
able for amplification or mixing, while the 6AF4 is
a B7G triode intended for use as an oscillator. Both
will operate at frequencies up to 1,000 Mc/s. Suitable
circuits for these valves have already been described
in Wireless World *

Apart from the home-constructed transmitters
there were two new commercial equipments on view,
Both were fairly compact table models, with band
switching from about 3 to 30 Mc/s. The Labgear
model- gave a nominal output of 150 watts
while the Panda equipment was for the lower
power of 35 watts. Amongst the new “pre-
fabricated ” transmitting units shown by the
Minimitter Company was an aerial matching
unit, which permits the separate tuning of
open-wire feeders, and a 35ft steel mast
which is hinged in the middle to allow
adjustments to be made to the aerial on top.

A comprehensive range of cabinets shown
by Philpott’s Metalworks included a portable
instrument case for amateurs who like to give
their home-constructed test gear a finished
and professional appearance. The one on
view, with a black crackle finish, measured approxi-
mately 84 x 61 x4}in, but other sizes can be sup-
plied. Miniature racks, complete with chassis and
panels, were also displayed.

Magnetic Devices were showing a useful new relay
which is almost identical in operation with the Post
Office Type 3,000 relay but is somewhat smaller. The
dimensions (above chassis) are 2}in high x lin wide
x 13in deep. A dust-proof can is provided. When
fitted with a 10-kQ coil the pull-in current is approxi-
mately 4 milliamps. An associated firm, Cathodeon
Crystals, featured their quartz crystal units, which
can now be supplied to order in as short a time as
one week.

* “Valves for Bands III, IV and V,” by D. N. Corfield. W./;elexx
World, June, 1954, p. 272.

FIRMS SHOWING

Amos (Electronics), 45-49, High Street, Bletchley, Bucks.

Automatic Coil Winde=r and Electrical Equipment Co., Winder
House, Douglas Street, London, $.W.1.

Cosmocord, 700, Great Cambridge Road, Enfield, Middlesex.

Enélish Electric Valve Co., Waterhoute Lane, Chelmsford,
ssex.

Enthoven Solders, Enthoven House, 89, Upper Thames Street,
London, E.C4.

General Electric Co.,
w.C2

Grundig (Great Britain), Kidbrooke Park Road, London, S.E.3,

Labgear (Cambridge), W'llow Place, Cambridge.

Magnetic Devices, Exning Road, Newmarket, Cambs.

Minimitter Company, 37, Dollis Hill Avenue, Cricklewood,
London, N.W.2.

Panda Radio Company, 58, Schoo! Lane, Rochdale, Lancs.

Philpott’s Metalworks, Chapman Street, Loughborough,

Pye Telecommunications, Ditton Works, Newmarket Road,
Cambridge.

Standard Telephones & Cables (Brimar), Footscray, Sidcup,
Kent.

Taylor
Bucks.

Magnet House, Kirgsway, London,

Electrical Instruments, Montrose Avenue, Slough,
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st for Automatie

Machine Tools

.aea of controlling machine tools by electronic
.aanisms may not seem very startling to the
average radio or electronics man, but it is creating
quite a stir in the engineering world. Various systems
are being tried out, some more advanced than others,
but they all have the same ultimate end in view:
to replace the human operator, working his lathe
or drill or milling machine, by an electronic apparatus
controlled by a continuous input of information from
some kind of storage medium, such as a punched card
or magnetic tape.

The scheme is really intended for manufacturing
relatively small quantities of precision machined
parts where the use of normal mass-production tech-
niques would be somewhat incfficient. Exponents of
the idea say that it will be more accurate than using
human operators (because electronic mechanisms don’t
get tired) and that the machine tools will be used more
efficiently: the machining operation is carried straight
through at maximum speed and the control apparatus
does not have to stop periodically to scratch its head,
so to speak.

A fairly advanced system is shown schematically in
Fig. 1. This has been devised by Ferranti’s (at Edin-
burgh) for the automatic control of a milling machine,
the work-table under the cutting tool being moved
in accordance with information fed in from a mag-
netic tape. The whole system is based on the prin-
ciple of specifying the contours of the part to be
machined by a series of points, each having x and y
co-ordinates from a given reference point. The x and
y values are then used to move the work-table in two
directions. This does not mean, however, that a
human “ programmer ” has laboriously to put all this
information on to the magnetic tape point by point.
A digital computor is brought into play here, for most
contours can be represented by mathematical expres-
sions and it is only necessary to instruct the computor
to calculate a straight line or a semi-circle or a para-
bola, as the case may be. Thus all that the human
“ programmer ” has to do is to feed in information

Fig. 1. Automatic control system for a milling
machipe. The encoding machine is worked by a

Electronically controlled drilling machine. The required
positicn of the work-table is set up initially on the control
desk (right).

about the points of change on the contours (for
example, where a straight line starts to bend round
into a circle) and then the computor does the rest.

The real heart of the system, however (and the real
subject of this article), is the mechanism by which
the work-table is continuously positioned under the
cutting tool. For precision machinad parts this
positioning has to be donc to an accuracy of one ten-
thousandth of an inch. The straigatforward method
of simply turning a calibrated lead-screw is there-
fore not good enough. With backlash in the work-
table mechanism, one could never be sure that the
work was actually being moved in accordance with
the control information going into the lead-screw.
The ideal method would be to measure the work itself
as it was being cut and control ihe work-table move-
ments accordingly. This, however, is somewhat
difficult to do. In practice the best solution is to
measure the movements of the work-table and use
this information for controlling the positioning
process.

The feedback type of mechanism by which this is
achieved can be seen at the right-hand side of Fig. 1.
The control system actually works on a digital, or
step-by-step, principle because this enables it to be
made as accurate as desired, according to the number
of digits used. Thus a measurement or movement of
2.3075 inches can be represented more accurately in

digits of one ten-thousandth

FEEDBACK PULSES of an inch than in digits

human operator.

ENCODING
MACHINE

DIGITAL
COMPUTOR

ACTUATING
MECHANISM

METRIC HOLES N PULSES
INFORMATION PAPER ON
TAPE MAGNETIC TAPE
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of one thousandth of an
inch, which would give
either 2.307 or 2.308.
Actually digits of one ten-
thousandth of an inch are
used. The actuating
mechanism receives a train

DISPLACEMENT
MEASURING
DEVICE

MOVEMENTS
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of “command” pulses from the magnetic tape,

each representing one digit. These cause the work-
table to move and as-a result the displacement measur-
ing device produces a train of similar pulses repre-
senting ten-thousandths, which are fed back to the
actuating mechanism. On the receipt of each “com-
mand ” pulse the work-table moves in the required
direction until a feedback pulse cancels the “com-
mand ” pulse, when the movement stops. Thus the
work-table can only move through the measured ten-
thousandth of an inch and no further movement is
possible until another “command” pulse arrives.

A similar digital servo system is used by Ferranti
for positioning the work-table of a drilling machine
(shown in the title picture). Here, however, therc
is no automatic control from magnetic tape. A human
operator sets up the x and y co-ordinates of the hole
to be drilled on a series of control knobs, then the
machine proceeds to move the work-table until the
required point is directly under the drilling bit. The
work-table is driven by electric motors and, as before,
its movement in each direction is measured by a
device which produces a train of pulses, each pulse
representing 2 displacement of one ten-thousandth of
an inch. These pulses are counted by a decade
counter until they have canceclled the number (in
ten-thousandths) already set up on the centrol knobs
by the operator. The “error signal ” is then reduced
to zero and the driving motors stop. There are five
control knobs for setting up cach dimension (x and
y), the first for inches, the second for tenths, the third
for hundredths and so on. Thus, if the cperator sets
the x dimension to, say, 5.7394 inches, this is the
same as 57,394 ten-thousandths, and the decade
counter has to count ithat number of digits before
the cancellation occurs and the motor stops.

The electronic circuit which counts the pulses and
finally cancels the original number makes use of the
well-known Dekatron tube. For each dimension, x
or y, there are five of these tubes in cascade, one for
each decimal place of the number. The required
number is set up on the five tubes by applying a
negative voltage to a particular cathode on c¢ach one
(this is done by the control knobs) so that the glow
1s initiated at this point. The arrival of pulses from
the displacement measuring device then causes the
glow to move, not in the normal clockwise forward
direction, but backwards towards zero. In other
words the incoming pulses are subtracted from the
original number set up by the operator. This sub-

Fig. 2. Diffraction-grating system for measuring displace-
ment and giving an output in digital pulse form.
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LINE LIGHT
SOURCE

INTERPOLATION
SCALE

Fig. 3. Displacement measuring device using an
machined coarse scale and optical interpolation syst
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Fig. 4. Typical position of the interpolation-scale image
of Fig. 3 in relation to the teeth of the coarse scale.

tractive operation can be achieved quite simply
because of the reversible properties of the Dekatron.
It 1s only necessary to reverse the connections to the
guide electrodes to cause the glow to be transferred
in an anti-clockwise direction. Thus, when the incom-
ing pulses have finally brought the original number
down to zero the glow in the last tube transfers to
the “zero” cathode and this produces an output
signal which stops the work-table driving motor.

One of the most difficult problems from the prac-
tical engineering point of view is in producing a dis-
placement measuring device capable of detecting a
movement as small as a ten-thousandth of an inch.
The two Ferranti machines use an optical system
based on the interference pattern produced by two
finely ruled gratings. Fig. 2 shows the general
principle. A length of grating is fixed to the moving
part of the work-table while another short length is
fixed to the stationary part. The long grating there-
fore slides across the short one with the two surfaces
almost in contact, and the pair are suitably aligned to
produce an interference effect. A parallel beam of
light 1s projected through the arrangement and when
there is relative movement the interference effect
modulates the intensity of the beam. One complete
cycle of variation 1n intensity occurs for a movement
cqual to the pitch of the gratings, and from this it is
possible to obtain two discrete electrical pulses per
grating line. The gratings are ruled with 5,000 lines
to the inch*, so that one pulse is produced for every
ten-thousandth of an inch. By arranging two photo-
cells as shown, so that the phase of the light variation
is different in each, a two-phase electrical system is
formed, and the phase rotation of this reveals in which
direction the work-table is moving.

A rather different system of measuring displacement
in digital form has been developed by Mullard.
Measurements are made by referring to a standard
marked off at intervals of a tenth of an inch with high
accuracy. Such a standard can be produced in a tool-
room by skilled craftsmen. An optical interpolation
system is used for intermediate measurements, and the

* “The Production of Diffraction Gratings” by L. A. Sayce,
Endeavour, October. 1953.
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interpolating scale is easy to make photographically.

The standard takes the form of a long rod cut with
a screw thread of sawtooth form, the pitch being one-
tenth of an inch. Part of the rod is cut away to reveal
a cross-section of the thread as shown in Fig. 3. The
vertical edges are then individually ground and lapped
to form scale graduations 0.1in apart with an absolute
positional accuracy of 0.00005in. The rod is fixed to
the moving part of the machine and is made of
hardened steel with the same coefficient of expansion
as that of the machine.

The principle of the optical interpolation is shown in
Fig. 3. An interpolating scale four inches long has
1,000 equidistant vertical opaque bars 0.002in wide,
alternating with transparent bars of equal width. A
lens forms an image of this grid across the teeth of the
screw-thread, and a reduction factor of 40 is used to
make the image fit exactly between two teeth.

Fig. 4 shows a typical relative position of the two
scales. The optical image is fixed in space while the
screw-thread scale is moving past it to the right
Regarding the left-hand edge of the image as a fixed
reference point, the total displacement of the first edge
of the screw-thread scale (marked “0%) is two tenths
of an inch plus the fraction of a tenth x. The number
of interpolation bars in x is the number of ten-
thousandths of an inch in the fraction. To count these
ten-thousandths electronically, the transparent bars in
the scale are illuminated one by one by a line of light
which moves behind it (Fig. 3). A photocell placed
close behind the screw-thread scale then receives a
succession of light pulses. As the sloping edge of the
sawtooth is encountered by the moving light the pulses
are reduced in amplitude until they finally disappear.
Their sudden reappearance at the 0.2-in edge is the
signal for them to be counted. This proceeds until
the light reaches the left-hand end of the scale, when
the total count is the fraction x of 1,000.

The scale is scanned repetitively by the line of light
and the fraction x is determined afresh at each scan.
In this way the system provides an output at regular
intervals stating the position of the moving part of the
machine. At the end of a scan the position is com-
pared by means of a reversible counter with that set up
initially by a human operator on six 10-position dials.
The difference is then held and displayed on a meter
until the end of the next scan, when a fresh value of
the difference is available. The relative position is
given within a definite limit, one ten-thousandth of an
inch, since only whole numbers of interpolation scale
bars are counted. However, the distance in which the
count changes by one unit is less than 0.0001in, and the
moving part of the machine can be set to these discrete
positions with an even greater accuracy.

The reversible counter actually subtracts the
measured dimension from the pre-determined dimen-
sion, and the difference displayed on the meter indi-
cates whether the measured dimension is too long or
too short and gives a rough indication of the magnitude
of the error.

Both this Mullard machine and the Ferranti drill
require a human operator to set up the controls in
the first place—though, of course, no special skill is
needed for such an operation. This could, however.
be avoided by using a punched card svstem to supply
the input information. The Ferranti drill would then
be fully automatic and the Mullard machine could
be made so by using the error signal (normally fed
to the meter) to control motors which would drive the
moving part of the machine until the error was reduced
to zero.
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THE DIST
PROBLEM

A New Deviee for Cleaning

Gramophone Records
By CECIL E. WATTS

GRAMOPHONE records when examined under a
microscope all have one thing in common; dust can be
observed in nearly every inch of groove. As the
reproducing stylus must surmount most of those par-
ticles small enough to rest in the angle of the groove,
it is certain the groove loses control of the stylus many
times a second, with a corresponding loss in accurate
tracing. It may be reasoned that microscopic dust is
mainly airborne and is light enough to be pushed aside.
This is no doubt true of the larger masses; the smaller
particles, such as those shown in the groove in Fig. 1,
must obviously be trapped by the contour of the stylus.
This fact, plus the increased surface noise, extra wear
and tear of stylus and groove wall, clogging of stylus
tip, etc., provide sufficient reason for more than casual
attention to the dust problem, which becomes increas-
ingly important as the quality of the reproducing
system is improved.

The use of a plush or other pad, with or without
cleaning fluids, has been the recommended treatment
to date. If this operation is performed in bright sun-
light a close examination usually shows the groove to
be anything but clean, and certainly by the time the
record is played it is again well charged.

Elementary logic points to the “instant of playing

Fig. I. Photomicrograph of record grooves before cleaning.
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as being the ideal moment to clean
the record; in practice with an
interval of a fraction of one revolu-
tion of the turntable between
cleaning and playing. No doubt
the various types of brush attach-
able to the pickup arm which have
been designed in the past have been
produced with this object in mind.
Any such fitment applied to the
modern ultra-lightweight pickup is,
unfortunately, more than likely to
affect its performance.

A separate arm seems essential
to carry such a cleaning device, and these thoughts
have been embodied in the “Dust Bug,” a device
which has in fact a lightweight plastic arm terminat-
ing in a small brush of nylon bristles, each of which
is pointed so that the bottom of the groove may be
thoroughly explored. The bristles also serve to track
the arm across the record. A cylindrical plush pad
(the “bug ) 1s situated immediately behind the brush
and collects the loosened particles.

The device is placed at the commencement of a
record just before the pickup is lowered and cleans the
record as it is played. A wipe with the dispenser cork
of the cleaning fluid bottle cleans and charges the pad

28

Automatic record cleaning accessory (‘‘ Dust Bug ’’) with
suction mounting for fixing to the motor board.

with the minute amount of fluid required to dissipate
any electrostatic charge induced by the friction of the
reproducing stylus or by previous polishing.

Most record cleaning fluids seem to serve equally
well, the one favoured being a moderate concentration
of ethylene glycol in distilled water, this being a
trusted favcourite for use in direct disc recerding. One
advantage of this form of cleaning is that the quantity
of any anti-static or cleaning fluid is so minute that
it is extremely unlikely that any trace remains in the
groove even after prolonged use. This 1s well illus-
trated in Fig. 2 which depicts the last few seconds of
“Petrouchka  (Decca LXT 2502) where the final
“high C” on the trumpet disappears into the tape
and other background noise.

Fig. 3 has been included to emphasize the necessity
for using the cleaner each time a record is played.

Fig. 2. Any residues remaining after cleaning are consider-
ably less than the background noise modulation as seen in the
four grooves on the left.

Left: Fig. 3. Dust particles, etc., collected by the plush
pad (a) of:er the first use of the cleaner on a I2-inch lLp.
record, (b) after a second playing immediately following the
first, and (c) a third playing of the same recerd after being
stored for a@ day in the maker's envelope.
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ALL YOU NEED TO
KNOW ABOUT RADIO

Technical Terms Used in the Underworld of Wireless

THIS particular season of the year is so full of things
that there is grave danger of the necessities of life
being crowded out by the luxuries. This page, for
example, might receive less attention than usual, by
reason of the prolonged concentration ordinarily
demanded by it. As a concession to the flesh, there-
fore, I am this month bestowing a complete treatise
on radio. It is so light that it can be assimilated even
after the pudding, and yet so comprehensive that it
i1s a good defence against the loss of dignity that is
entailed by party games of the general knowledge
sort. Originally presented free with the Christmas
1934 issue, it is now completely revised and enlarged.

Experience has shown that the whole of anything is
equal to the sum of its parts. Know cach part, and
you know the whole. Samson himself might have
struggled in vain to snap a bundle of firewood, but
a child can take a stick at a time and break it. The
reason why radio is found to be so difficult is that
the student takes the whole bundle in his hand and
expects to build Rome in a day. But when the loaf
has been daintily sliced into scparate grains of sand
it soon (to put it metaphorically) makes a mighty
ocean.

Each mysterious part of radio will now be clearly
defined. This knowledge has hitherto been confined
to a few experts; now, it is all revealed in language
that everybody can understand. N.B.—You are
warned that it is not considered suitable for children.

Band Pass. You don’t suppose the musicians pay to
get in, do you?

Band Spread. An effect closely associated with Self
Capacity (q.v.).

Beat Frequency. Confidential information for avoid-
ing a Lightning Arrester.

B.F. Source. According to Eton, Harrow. (And vice
versa.)

Buffer Stage. Usually the last but one in the scries.
For a description, refer to W. Shakespeare (As You
Like It, Act 2, Scene 7).

Cavity Resonance. A causc of unwanted whistles,
often existing at the Buffer Stage.

Condenser. High official of the B.B.C., whose duty
is to fit the programmes in at all costs. His work
is often in vain, and may be cither fixed or moving.
See also Padding Condenser.

Detector. Post Office official equipped with clever
apparatus that responds to absence of licence.

Dissipation. Sce Featherweight Pick-up, Night Effect,
Watt.

Earth. All natural wircless sets must be planted with
the roots firmly underground, and well watered.
A flower-pot is not recommended; it might be neg-
lected during holidays. Portable sets are grown
under a frame and need no earth.
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By *“CATHODE RAY”

Eliminator. Chemical preparation for combating
parasitic oscillation. See Skin Effect.

Featherweight Pick-up. A form of Dissipation (q.v.).

Feedback. A concomitant of Instability (q.v.); also
noticed just after Christmas and at other irregular
scasons. The Pre-selector is particularly subject
to it.

Gain Control. See OHMS Law.

Hand Capacity. A high-frequency phenomenon
especially noticeable on leaving a hotel, whether
equipped with wireless or not. It is believed that
some form of direction-finder is used in the acceptor
circuit, for screening :eldom avails to prevent onc
from being run to carth.

Harmonic Distortion. Well-known characteristic of
music pupils and modern composers. In severc
cases is known as Random Noise.

High Tension. A state which is liable to exist as
a result of Key Clicks (q.v.).

Homing System. A device for cases of Instability
(g.v.). In its more fully developed forms it can be
used to suppress Key Clicks (q.v.).

Indoor Aerial. A device for foiling the Detector.

Insertion Loss. Money put in a fruir machine.

Instability. A variety of Night Effect (q.v.).

Key Clicks. Unwanted noises due te Instability.

Lightning Arrester. Sce Beat Frequency.

Microphonic Noises. Technical term for broadcast
programmes.

Miller Effect. See Dust Core (if you canl).

Mutual Conductance, Tight Coupling, etc. These
expressions are too romantic in character to be
discussed in a prose publication. The subject is
more suitable for an ode.

Night Effect. There are several varicties: one of
them is usually most noticcable at the Output
Stage; it is characterized by Instability, and, in
severe cases, the seeing of two or more programmes
at once. Sce also Homing System, Key Clicks,
Dissipation. Another variety, which is common at
a later stage, is also known as Variable-Mu. Still
another (liable to be confused with the latter) is
Threshold Howl (q.v.).

Noise Suppression. Seec Output Stage, Threshold
Howl.

Non-linear Conductor. One that takes excessive stage
gain.

OHMS Law. A law relating to Income Tax (or
Remote Gain Control).

Output Stage. Generally coincides in time with
severe outbreaks of Night Effect; usually about
10.30 p.m. Noise Suppression may have to be fitted
at this stage.
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Padding Condenser. A negative condenser employed
when a programme runs short.

Phase-change. Often observed at the detector or
lightning arrester stage, or when a communication
is received relating to OHMS Law.

Pre-selector. Scientific term for acquisitive junior
member of a family. The pre-selector stage is
reached at the age of about two years.

Primary Cell. One designed for first offenders.

Random Noise. Sce Harmonic Distortion.

Reaction. A common result of Dissipation. A pick-up
may be needed.

Self Capacity. Characteristic typical of the Pre-
selector.

Shunted Meter. Device for avoiding electric charge.

Skin Effect. Also known as parasitic oscillation.

Speech Choke. Would be very valuable, but is not
permitted in this country, since it conflicts with
the tradition of “freedom of speech.”

Superhet. A very powerful type of receiver that
brings in every station, and most of them twice.
From the American super=very, and het=hot
(e.g., “all het up”).

Tape Recorder. A tailor’s assistant, who repeats
everything back.

Thermal Agitation. Characteristic exhibited by a cat
on hot bricks. See also Variable-Mu.

Threshold Howl. A form of interference peculiar to
the weeks leading to Christmas. Is almost in-
variably followed by Hand Capacity.

Tracking. Operation of the Detector.
Trimmer. Another name for Condenser (q.v.).

Twin Feeder. The sort of thing one expects to s¢e
on “Inventors’ Club.”

Variable-Mu. A form of interference of feline origin.
See Night effect, Thermal Agitation.

Watt. A character who, in his youth, performed
useful services in the kitchen, such as preventing
kettle lids from flying off, so that his name became
symbolic of energy. In later life, however, he seems
to have fallen into evil ways, to judge from frequent
references to Watt’s Dissipation.

Wavechange Switch. Despite the popularity of so-
called continuous (or permanent) waves, this
appliance meets with some application in the art

of coiffure. Closely associated with step-up trans-
formation.
Zero Beat. Absence of corporal punishment.

By now you will, I am sure, need no further
evidence that radio is a sordid and degrading occupa-
tion. Perhaps you would care to make it the subject
of a New Year Resolution?

MAKING A GOOD RECORDING
Importance of Microphone Technique

ENCOURAGED by the high standard of quality
which is readily obtainable from commercial gramo-
phone records these days, many people have bought
disc or tape recorders to make their cwn musical
recordings, either for self-criticism or for the delecta-
tion of friends. After spending not inconsiderable sums
on the best available equipment it is a common
experience to find the first results disappointing.

In nearly every case the trouble can be traced to
unsuitable acoustical surroundings or to faulty micro-
phone technique, and can be remedied only by prac-
tice and experience. This point was emphasized by
G. Elliott in a recent lecture on *“ The Art of Balance
and Contro! in Recording Studios” to the British
Sound Recording Association in London. Mr. Elliott,
who has many outstanding recordings to his credit,
including the “tugboat” effects record (Mercury
Sound Recordings) said that while there was as yet
no perfect microphone there were many very good
ones, each with characteristic merits and short-
comings which could be deployed to make the most
of any given situation.

Microphones were the tools of the recording
“ engineer ”—microphones and his own ears, wkich
could best be trained by listening to all and sundry
sounds, first directly and then through a simple
reéproducing channel consisting of microphone(s),
amplifier and a monitoring loudspeaker. Where pos-
sible the same loudspeaker should always be used in
the same acoustical environment, and it was signifi-
cant that broadcasting and recording orgamzations
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concerned with the interchange of recorded material
had recently initiated moves for the standardization
of monitoring conditions.

Mr. Elliott described several typical recording
problems and illustrated with tape recordings the
synthesis of a good recording of an orchestra from
the outputs of a number of microphones, distributed
among the players and in the body of the hall. It
was evident that a single microphone failed to give
that elusive quality of “ presence,” so much esteemed
by gramophiles.

An interesting point which emerged from Mr.
Elliott’s talk was the increasing importance given by
composers and arrangers of light music to “ balance
and control.” It was now becoming the practice to
include in the score specific instructions for emphasis,
and even the introduction of artificial reverberation
over part of an individual musical phrase.  The
results are undoubtedly stimulating and the means by
which they are obtained were, in the examples played
by Mr. Elliott, completely hidden by the “art which
conceals art.”

Extended-range L.F. Sine Wave Oscillator. The author
asks us to correct a printer’s error in the second line of
this article (page 596, December, 1954, issue); the range
of 20-20,000 c¢/s should be regarded now as insufficient
for exhaustive testing of high-fidelity amplifiers. He also
points out that the 1-MQ grid leak of the last valve
should be returned to earth and not to cathode as shown,
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TRANSISTOR D.C. AMPLIFIER

Stable Push-Pull Circuit for
Low Level Operation

By G. JOHNSON*

A N instrument constructed in the laboratory using
a barrier-layer photocell in a photometer arrange-
ment proved to be too insensitive for certain uses
and an attempt was made to improve it by adding
a d.c. amplifier between the photocell and the meter.
It was desirable to make the instrument portable and
independent of the mains, and the transistor appeared
to offer advantages in these directions. Since the
completed amplifier measures 3in x 14in x 2in, includ-
ing the power pack of two 1.5-V cells, and could be
made smaller if desired, it fulfils both these require-
ments.

The main difficulty with d.c. transistor amplification
is the extreme sensitivity to temperature variations.
The collector current is approximately doubled for
every 10°C rise in temperature. In this amplifier
the problem was overcome by using a completely
symmetrical push-pull circuit and arranging that any
change in ambient temperature would equally affect
both transistors.

Two Mullard OC71 p-n-p junction transistors are
used in a simple earthed-emitter circuit with the
0-50uA meter connected between the collectors and
the photocell with its attenuator connected between
the bases. The voltage at the collectors is equalized
by the load-balancing potentiometer, which acts as a
set-zero control. The transistor temperatures are
equalized by enclosing them in adjacent holes drilled
in a small block of aluminium.

The power is derived from two Vidor V.0107

* Biophysics Department, Hurstwood Park Hospital.

Underside view of amplifier. The transistor leads can ke
seen emerging from holes in a Faxolin cover over the alu-
minium block. Controls are on the top of thz case.

Right : Circuit of the transistor d.c. amplifier.
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The amplifier mounted on the base plate of a 7-in scale

edgewise-reading meter. Batteries are on the back of the
meter case. The control potentiometers can be seen immed-
iately below the scal= and their shafts protrude through the
case on either side of the mechanical set zero.

Kalium cells which are of the same dimensions as the
U7 pencil battery but are capable of providing up to
3,000 hours use at the average current drain of 200uA
required in this amplifier. With this length of life
it was at first thought unnecessary to include a battery
switch, but this is essential for the purpose of setting
the mechanical zero of the microammeter, which has
been found to vary quite as much as the zero varia-
tions due to the d.c. amplifier itself.

The measured overall gain is approximately 30,
giving the 7-inch meter a sensitivity of better than
0-2uA full scale. The overall noise produces a fluc-
tuation on the needle which does not exceed plus or
minus half a scale division, i.e., better than +0.01zA.
This very low figure is due to the fact that most of
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the transistor noise is of too high a frequency for the
meter needle to respond.

Following the satisfactory results  obtained with
this amplifier a second one was constructed, the
potentiometers, amplifier, chassis, and batteries being
mounted inside the case of a similar 0-50#A meter
with the controls accessible underneath the edgewise

INTERNATIONAL

scale. This has proved to be a very usetul general-
purpose meter, taking the place of the cumbersome
mirror galvanometer and having a very much shorter
time-constant. The instrument works equally well as
a centre-zero galvanometer since the set-zero control
can be used to bring the needle to any point on the
scale for zero input to the amplifier.

STANDARDIZATION

Summary of I.E.C. Discussions on Gomponents

By G. DAVID REYNOLDS,* Ph.D..

AS already recorded, the International Electro-
technical Commission held its Golden Jubilee meet-
ing in Philadelphia in September. As in all
international bodies the work of the I.LE.C. is con-
ducted by comparatively small committees represen-
tative of the countries participating. One of the
sub-committees (12-3) deals exclusively with the
standardization of radio and electronic components.
This component committee has been working since
1950 on the international recommendations for
standardizing methods of testing radio components
and cxcellent progress has been made in spite of the
fact that the full committec meets f[or only about
eight days in each year. The radio industry and the
Service establishments in this country had done a
great deal of work, scparately and jointly, on this
subject before 1950 and this helped considerably in
the rapid progress made internationally.

The meetings are not too formal and the committee
works as a body of engineers with a common end in
view and with a minimum of * politics.” This year,
at Philadelphia, thirteen nations took part and the
co-operation and mutual understanding shown was
even better than in past years. The Briush delegation
1o the components committee, of which I have been a
member since 1950, is officially sponsored by the
British Standards Institution and is paid for by the
various associations in the radio industry.

In these notes a few items have been sclected from
the great mass of detailed discussion on every aspect
of testing of capacitors and composition resistors at
the Philadelphia mceting. They give some idea of
the problems and difficulties met in reaching inter-
national agreement.

Capacitor and Resistor Standards

Draft standards for paper, ceramic, electrolytic and
mica capacitors, for the colour coding of ceramic
capacitors, and for carbon resistors, were discussed
and brought near to completion. Work is now be-
ginning on standards for high-stability composition
resistors and carbon potentiometers and on the stan-
dardization of some of the principal dimensions of the
components themselves.

The ceramic capacitor standard covers Type I
capacitors, with moderate power factor and reasonably
linear temperature coefficients. A standard series of
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values for the temperature coefficient has been agreed,
and there are tolerances ranging from +15 parts per
million per degree centigrade for special purposes, to
+1,000 p.p.m./°C for general use. The capacitance
values follow the E-series of preferred numbers
(BS 2488), which is already used for carbon resistors.

The colour coding of ceramic capacitors has pre-
sented a very serious problem. There are at present
several codes in existence with slight variations be-
tween them, and attempts to arrive at a standard code
have proved very difficult. The code must cover
temperature coefficient (one band or, sometimes, two),
value (three bands using resistor code, with values in
pF), and tolerance (one band). The principal diffi-
culty is that there are only ten colours normally used
while there are more than ten temperature coefficient
groups, with their various tolerances, to put into the
code. The latest I.LE.C. proposal is for a five-band
code except for the +100+30 p.p.m./°C, and the

3300+ 2500 p.p.m./ C coefficients which will need
six bands. The code also covers two qualities of high-
dielectric constant material (Type II).

The preparation of a series of standard values for
electrolytic capacitors has also proved extremely diffi-
cult. In most Buropean countries the “powers of
two” series—2, 4, 8, 16, 32, 64—is used up to 64uF,
but for higher values and for low voltages round
values such as 10, 20, 25, 50, 60, 100, 150, 200, 250
are quite common.

For mechanical dimensions and tolerances in
general, the R10 series of numbers adopted by the
International Standardization Organization is widely
used (BS 2045). Each term is obtained by multiplying
the previous term by the tenth root of ten. The values
are rounded to 1, 1.3, 1.6, 2.0, 2.5, 3.2, 4.0, 5.0, 6.3,
8.0, 10, etc. (Incidentally, the well-known resistor
series is based on the twelfth root of ten.) At one
stage it was suggested that the R10/3 series be used
for electrolytic capacitors—i.e., every third item of
the R10 series, making the values 1, 2, 4, 8, 16, 32,
130, 250, 500, 1,000—but this has not proved popular.
The latest drastic proposal is 1, 2, 5, 10, 20, 50, etc.,
but this may not be the last word.

The agreement of standard voltages for electrolytic
capacitors has proved equally difficult, and to meet
the needs of all the representatives present a very
long series has finally been adopted.

* Murphy Radio, Ltd.
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Frame Flyback Suppression

Requirements and Circuitry

By W. T. COCKING, M.LEE.

lT is now a common practice to include frame fly-
back suppression circuits 1n television receivers. It
has become common only in the last year or so, how-
ever, and many, if not most, existing sets do not
contain them at all. The reason for this lies in the
fact that the television signal itself is supposed to
suppress any visible effect of the frame flyback. Dur-
ing the flyback period the signal is at or below black
level and so the scanning spot is
supposed to be extinguished and,
therefore, invisible.

In practice, however, it is by
no means rare for the flyback lines
to show up on dark parts of the
picture. It is often said that this
occurs because the d.c. com-
ponent of the signal is not fully
retained in the receiver, but this
is certainly not the only cause.
If one starts initially with the
receiver correctly adjusted on a
picture of average mean bright-
ness, the adjustment being such
that good tone gradation is se-
cured in the dark parts as well as
the light parts, there should be
no trace of the frame flyback even
on quite black parts of the pic-
ture. If that condition is obtained
and the mean brightness of the
picture becomes less, the flyback
lines will show if the d.c. com-
ponent is not retained fully. A readjustment of the
brightness control will then restore the proper condi-
tions.

It does frequently happen, however, that with a
picture of average mean brightness it is not possible
to secure a complete absence of the frame flyback
lines and at the same time to obtain good rendering
of tonal values in dark parts of the picture. When
brightness is adjusted so that the flyback lines just
become invisible on a black part of the picture it is
found that there is no tone gradation in dark regions.
When brightness is adjusted for the best picture
quality, the flyback lines show in the dark parts.

One possible, but not very likely, cause of this is
the presence of an unwanted brightening pulse on
the cathode-ray tube. In the frame timebase and
deflection circuits pulses exist during the flyback
period; in particular, there is a positive pulse of
several hundred volts amplitude on the anode of the
frame output valve. If, by stray coupling, this could
reach the grid of the tube with an amplitude of only
a volt or so it would have an appreciable effect. At
the grid of the video stage it would have much more
effect because of the gain of this stage.

Such effects are not very likely, however, because
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AC
GRID VOLTS

Typical c.r. tube character-
With the bias set at A and the
signal sweeping over AB there is little
detail in dark regions.
are secured by biasing to C but only
a relative black is then obtained.

the grid of the c.r. tube is normally by-passed to
chassis by a large capacitance and the video stage is
usually well screened.

The unwanted appearance of the flyback lines is
usually brought about by the curvature of the valve
and tube characteristics. In an ideal system, the
brightness of any point on the screen of the c.r. tube
would be proportional to the brightness of the corres-
ponding point in the scene being
televised. The transmission
system as a whole would be
linear.

The tube characteristic, how-
ever, is not linear. It is rather like
that of a valve and there is a
considerable amount of curvature
towards cut-off. A typical charac-
teristic has the form sketched in
Fig. 1. If the tube is biased so
that black level corresponds to
point A changes of signal near
black level cause only small
changes of brightness, whereas
the same changes of signal near
white level (point B) cause much
larger changes of brightness.

If the linearity of the system is
perfect except for the tube charac-
teristic, therefore, tone gradations
in dark parts of the picture are
less well reproduced than they
are in the light parts. A consider-~
able improvement can be secured by reducing the
tube bias so that black level comes at the point C.
Black and white now correspond to C and D and the
difference between the slopes of the curve at these
points is much less. As a result, a better tonal range
in the black region is secured.

However, “black ” is no longer a complete cessa-
tion of light output from the tube. It is really a dark
grey, but it does appear black by contrast with the
bright parts of the picture.

It might be thought that the flyback, being at black
level, would not be visible even under these con-
ditions. However, it is and the reason is because the
flyback trace is superimposed on the picture. In a
black region of the picture, and especially towards
the bottom of the picture, the screen is still emitting
some light when the spot retraces it for the flyback
and re-excites the screen. In such a region of the
picture the screen is excited twice per scanning cycle
where the flyback crosses it but only once per cycle
clsewhere. Only when black corresponds to zero
light output from the tube does this effect cease to
occur.

It is, therefore, inevitable that the flyback lines
shall be visible as long as the flyback signal is at

Better results
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black level and black level is not a true black but
only a relative back. In these days of bright pictures
and the use of a good deal of ambient lighting, it is
not often that a true black is permissible if a soot
and whitewash effect is to be avoided. It becomes
desirable, therefore, to suppress the signal on the
tube during flyback by applying a pulse which drives
the tube beyond cut-off.

Before going on to discuss the form of circuitry
employed, it may be as well to deal with an objection
that may be raised to the foregoing argument about
the effect of the tube characteristic. Curvature of the
tube characteristic means, in other terminology, that
its “gamma” is not unity; it is actually about 2.2.
In the transm:tter, iconoscope-type tubes have a
gamma of about 0.5 and so the camera tube and the
receiving tube are complementary and produce an
overall gamma of about unity. With other tubes
gamma correction is employed.

It should happen, therefore, that the video signal
is pre-distorted at the transmitter to correct for the
curvature of the characteristic of the receiving tube.
It thus appears that the argument based upon this
curvature is a false one.

Video Stage

However, a similar curvature takes place in the
video stage. Even if the transmitter pre-distortion
corrects precisely for the tube curvature, therefore,
the argument still holds for the curvature of the video
stage. In practice, too, the pre-distortion cannot be
precisely right for every receiving tube.

It is interesting to notice at tkis point that the
effect of the video stage is quite different in modern
receivers employing cathode feed to the tube than
it was in early ones in which the video signal was
fed to the grid. The video-stage characteristic is
of the form sketched in Fig. 2 and when the signal

Fig. 2. Typical video
stage  characteristic.
With grid feed to the
c.r. tube the valve is
biased at A ; with cath-
ode feed the bias is at
at B.

GRID YOLTS

Fig. 3. The waveform
on the anode of the
frame output valve
is sketched at (a) and
the result of differen-
tiating it at (b).
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is fed to the grid of the tube the valve is biased to
point A, the video signal sweeping always negative
with respect to A. The output then becomes more
positive as the input becomes more negative for in-
creasing brightness. The sync pulses and th= dark
regions of the video signal fall on the linear part of
the valve curve and it is the white parts that come
on to the curved portion. The result of video-stage
curvature is thus to reduce the tonal range in the
white parts of the picture.

When the video signal is applied in the modern
way to the cathode of the c.r. tube, however, the
video signal must be of the opposite polarity. The
video valve must be biased to point B in Fig. 2, so
that as the input increases positively for increasing
brightness, the output must change negatively to
carry the tube cathode negatively. As a-result, it is
now the syrc pulses and dark parts of the picture
signal that fall upon the curved part of the charac-
teristic and the white parts that come in the linear
region.

Video-stage curvature is not, of course, a necessary
thing. It can be avoided by using a big enough valve
and supplying it with enough current. Also, various
correction circuits are possible. All these things cost
money, however, and apart from the flyback lines
the curvature does not have a very large effect upon
the picture quality.

Suppression Pulse

Because of these effects, therefore, it has become
the practice to apply a suppression pulse to the c.r.
tube, the pulse being derived from the frame time-
base. The ideal pulse would be a rectangular one
of the same duration as the actual flyback of the spot.
The amplitude of pulse required is not critical; it
must be sufficient to extinguish the spot during fly-
back but not so great that it can cause any damage to
the tube.

Tube makers generally set a limit of about 200 V to
the maximum negative grid cathode voltage. At
least one-half of this must be allowed for the bright-
ness control and so it is probably undesirable that
the pulse should exceed 50V in amplitude. The
minimum value for suppressing the spot is probably
around 5V. There is thus a good deal of latitude
in the choice of amplitude. This is just as well
because the ideal rectangular pulse is usually difficult
to obtain.

The pulse can be applied to the control grid of
the tube if it is negative-going, or to the cathode if it
is positive-going. As the signal is applied to the
cathode in most sets, applying a suppression pulse
to the cathode as well involves mixing the two. It
is simpler to apply the pulse to the grid if a negative
pulse is as easily obtained as a positive.

The usual commercial practice is to take a pulse
which appears naturally in some part of the frame
timebase and to apply it 1o the tube through a simple
RC shaping circuit. The resulting wavetorm is very
far from the ideal one but, as the requirements are
not stringent, a satisfactory result is secured.

On the anode of the frame output valve there
appears a waveform of the kind shown in Fig. 3(a).
It comprises a negative-going saw-tooth during the
scan period and a positive-going pulse during the
flyback.  The total amplitude is rarely less than
100V and is usually several hundred volts. The rise
of voltage at the end of the scan is very rapid indeed
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Fig. 4. Circuit diagram of the
video stage and frame output
circuit of a typical receiver.
The video signal from V, is fed
to the cathode of the tube. The
frame waveform on V, is fed to
the tube through C and R which
differentiate it ; in addition R
with the video components R,
and R, form a potential divi-
der to reduce the amplitude.

FRAME
ouTPUT

Fig. 5. The waveform
across the charging
capacitor of a time-
base is shown at (a)
and the result of diff-
erentiating it at (b).

and the subsequent fall during the flyback period is
relatively slow and follows a more-or-iess exponential
law.

An RC coupling of differentiating type will remove
the saw-tooth and leave a pulse wave as shown in
Fig. 3(b). Such a wave can be applied to the cathode
of the c.r. tube. The time constant of the coupling
is commonly around 0.2msec and the suppression
circuit is no more than a 0.002-+F capacitor in series
with a 100-k!! resistor connected between the tube
cathode and the anode of the frame output valve.

The video circuits connected io the cathode affect
the performance, of course, and because of their
moderate impedance the pulse is considerably attenu-
ated. The impedance is commonly around 5k!! and
the attenuaticn is therefore some 20:1. A typical
circuit of this type is sketched in Fig. 4.

Another common method is to differentiate the
waveform across the timebasc charging capacitor and
apply it to the grid of the tube. The waveform is
roughly like the one of Fig. 5(a) and differentiating
it changes it to the form (b) which is much the same
as that of Fig. 3(b), but inverted. All that this in-
volves in many cases is a resistor in series with the
lcad from the grid of the tube to the brightness
control and a capacitor betwcen the tube grid and
the charging capacitor of the timebas:.

Pulse Duration

In most scts, the flyback is governed mainly, if
not entirely, by the output circuit of the frame time-
base. The flyback of the saw-tooth generator itself
can be quicker than the flyback in the output circuit.
When this is the case it is unlikely to be satisfactory
to take the suppression pulse from the saw-tooth
generator.  The pulse will be too short and wil! only
suppress a part of the flyback.

Generally speaking, it 1s safer to take the pulse
from the output circuit itself, for it is then neces-
sarily related to the flyback on the tube. However,
when the usual form of feedback circuit is used in
the output stage the output flyback is fed back too

WIRELESS WORLD, TANUARY 1955

VIDEO

and reacts on the input to modify the flyback there.
As a result, there is a relation between the input
and output flyback times and it can be quite saiis-
factory to take the pulse from the input; that is,
from the charging capacitor.

The shape of the pulse obtained by simple means
is far from ideal. The maximum amplitude is un-
nccessarily large and the quick initial return and
slow end to the pulse mecan that it is difficult to
secure full flyback suppression at the top of the
picturc without darkening the picture itself at the
top. In practice, it seems easier to get a satisfactory
performance than one would expect on thcoretical
grounds.

In a test with the Wireless World Te:levision
Receiver, Model 2, a 100-k!? resistor was inscrted in
scries with the grid lead of the tube and the grid
connected through a 0.001-xF capacitor to the “hot ™
end of the frame deflector coils. The output trans-
former is normally connected to be phasc-reversing
so a negative pulse is secured. The pulse amplitude is
about 10V only but is adequate for quite good
suppression.

Transmitted Suppression Pulse

In recent months, the need for flyback supprassion
has been reduced by a change which has been intro-
duced in the television waveform. This change
amounts to the introduction of a small flyback sup-
pression pulse in the video signal itself as transmitted.
Before the alteration, the signal level immediately
betore and after the line sync pulses (the front and
back porches) and on the tips of the inverse frame
pulses was black, corresponding to 30 per cent of
peak white signal. The present level is unchanged
at 30 per cent but is now blacker than black, for
the true black level of the picture itself has been
altered to 35 per cent of peak white.

If the picture signal itself swings through 30V
between black and white the total video amplitude
used to be 30/0.7=43V, ot which 13V was sync-
pulse amplitude. Now it must be 30/0.65=46V of
which 13.8V is the sync-pulse amplitude and 2.2V
1s the amplitude of the *‘suppression pulse.”

The change is one which is helpful in preventing
the flyback lines from showing whatever may be the
actual cause of their tendency to appear. The pulse
amplitude, however, is hardly sufficient to ensurc the
absence of the lincs in all circumstances and it can
hardly be increased in the transmission. Its presence
does not remove the desirability of suppression cir-
cuits in the receiver, therefore, but it does make their
design somewhat easier.

35

wWwWw.americanradiohistorv.com


www.americanradiohistory.com

Transatlantic Telephone

Cable

BOLD PROJECT

AMPLIFIER DESIGN

lN one of the books on which our youthful enthu-
siasm for clectrical communication was fed there
appeared a confident statement that, despite the great
progress made in ocean telegraph cables, a trans-
atlantic telephone cable was (for reasons stated) for-
ever beyond the bounds of possibility. So it was an
interesting experience to be sitting in the LE.E.
lecture theatre listening to details of a transatlantic
telephone cable, laying of which is to begin next
summer*. And this cable is to provide not just one
telephone circuit, but 36 simultaneously.

Admittedly it is not yet an accomplished fact. To
the conservative engineer, brought up on generous
factors of safety, it may appear bold to the point of
foolhardiness to put some £12,500,000 into a scheme
that includes a sub-ocean link more than 10 times
longer and much deeper than any yet in use, and in
which the failure of any one of 312 valves or of
thousands of associated components at the bottom
of the sea will cut off all 36 lines at once, with no
spare in reserve.

To the ordinary radio man with emphatic views
on accessibility for servicing, the idea of sinking all
those amplifiers at 40-mile intervals across the bed of
the Atlantic, under anything up to 24 miles depth of
water, must appesar more like a nightmare than a
serious engineering project. To say that it was asking
for trouble would seem to be a sublime understate-
ment. Other aspects of the matter spring to mind:
how does one supply the valves with the necessary
power? And how, when something goes wrong, does
one locate the fault? Yet notwithstanding its rather
unpractical appearance, the whole thing has been
gone into and accepted by the best British and

* Infermation from the lecture, “ A Transatlantic Telephone
able 7’ by M. J. Kelly, Sir Gordon Radley, G. W. Gilman and

C.
R. J. Halsey, has provided the basis for this article.

CALLING FOR UNCONVENTIONAL

American brains, the contract between the American
telephone companies and the British Post Office was
signed more than a year ago, and preparations for
carrying out the work are far advanced.

Why offer such hostages to fortune, instead of ex-
tending the radio telephone system that has served
the transatlantic route for 27 years? The answer
to that, at least, can readily be appreciated by the
radio man. There are in fact two transatlantic radio
telephone systems: the original long-wave circuit
between transmitters at Rugby and Rocky Point, and
the short-wave system providing at present 16 cir-
cuits. Not only are there no spare frequency channels
left for extending the service, but interference is
making things increasingly difficult on the existing
channels. Unlike broadcasting, v.h.f. channels are
not available to fall back on, because their range is
too limited. Even the present short-wave frequencies
are not entirely suitable, because they are at the
mercy of ionospheric disturbances which suspend
communication in an unpredictable manner, so that
quite often the inadequate long-wave link is the only
one effectively serviceable.

Attenuation

The difficulty about a submarine cable is its
attenuation, or loss of signal power with distance.
Even with an open-air wire line there are limits to
the distance before signals are reduced below noise
level. A cable necessarily has solid dielectric, so the
loss is greater. It increases with frequency, so the
longer the cable the lower the maximum frequency
that can be effectively transmitted. The first trans-
atlantic cable was limited to something of the order
of 1 ¢/s, so obviously only telegraphy was possible,
and very slow tclegraphy at that. New materials and

techniques, especially Per-

CANADA

10 "
NEW YORK

LU.S A
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Fig. I.
transatlantic telephone
cable.

malloy for continuous in-
ductive loading, have en-
abled the bandwidth to be
raised, in the very latest
and best examples, to
about 100 c¢/s. This is
still far short of what is
needed for a single speech
channel, even if com-
pressed by the device
known as the Vocoder.
Ordinary  underground
telephone cables have an
attenuation of the order of
1 db per mile at audio fre-
quencies. At that figure, a
20-mile run reduces the
power of the signal by 99

The route of the
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per cent. This is not more than can easily be made
up by a simple amplifier at the receiving end. But
a 200-mile line having the same rate of attenuation
would reduce the signal power to one hundred-tril-
lionth; a loss that could not be made good, for
although an amplifier with a power gain of 10?° could
no doubt be made it would be futile, since it would
be overloaded with its own noise, let alone any picked
up by the line. Judge, then, of the impossibility of
a transatlantic distance, which would reduce the signal
power in the ratio 10", to say nothing of the dis-
tortion caused by unequal velocity with frequency.
Long-distance telephony of any kind is only made
possible by inserting amplifiers—called by telephone
engineers repeaters—at intervals along the route. Thus
although the loss caused by a 200-mile line is too
much to make up in one go at the end, there is not
the slightest difficulty in keeping it up to strength

2 MAINTENANCE
TELEGRAPH CHANNELS
72 REPEATER

CLARENVILLE- TEST FREQUENCIES

OBAN

MAINTENANCE
TELEPHONE CHANNEL

el
[N 36 TevEpHoNE cranners |l

(wssr TO EAST &)

EAST TO WEST

. N — - — - o
=
>

reasons are not much interested in shallow-water
routes of moderate distance, had been studying the
problem of a sub-Atlantic repeater ab initio, and have
evolved a rather different type. In 1950, two cables
(115 and 125 miles long) using five submerged
repeaters of this type at depths from 120 feet to just
over a mile were laid between Key West and Havana,
and they have worked ever since without failure or
deterioration. Fifty-two such repeaters are to be
included in each of the two cables to be laid over
the 2,000-mile route between Newfoundland (Claren-
ville) and Scotland (Oban).

A long-distance telephone cable providing only one
communication circuit would not be an economic
proposition. Multi-core cables, as used for local tele-
phone circuits, are quite out of the question for sub-
marine cables. Instead, a simple coaxial line is used,
having sufficient frequency band width to take a

Fig. 2. Allocation of the frequency bands transmitted by
the cable.
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if amplification is applied every 20 miles, or even 40
miles. But where the telephone line is at the bottom
of the sea for such (or greater) distances, the diffi-
culties are only too obvious. The idea of having
floating. battery-driven repeater stations moored at
intervals across the Atlantic was looked into and, not
surprisingly, abandoned as impracticable.

Submerged Repeaters

The first submerged repeater put into telephone
service anywhere in the world is one belonging to
the British Post Office laid between Anglesey and
the Isle of Man in 1943. There are now 31 G.P.O.
repeaters underneath the seas around the British
Isles, and more are being installed. But all this
experience does not necessarily provide a basis for
a transatlantic system, for not only are these European
cables much shorter but they are laid in relatively
shallow water. Nevertheless, a 300-mile cable
between Scotland and Scandinavia was designed and
constructed deliberately with Atlantic requirements in
view, for experience, and 16 repeaters of the same
type are to be used in the 340-mile section of the
transatlantic system linking Newfoundland with Nova
Scotia (Clarenville to Sydney Mines; see Fig. 1).

Meanwhile the Americans, who for geographical
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FREQUENCY (ke/s)

number of separate speech channels. Single-sideband
frequency changers are used to shift the 3,000-c/s
wide speech band to higher frequency channels for
transmission. So the transatlantic telephone cable
problem is in fact much harder than it was when
envisaged a gencration or so ago and declared impos-
sible, because it is required to transmit frequencies
many times higher—and therefore many times more
severely attenuated—than the highest speech fre-
quencies. Hence the need for repeaters at fairly
frequent intervals.

The net working bandwidth of the cable to be used
for the main transatlantic link (Oban to Clarenville)
extends from 20 to 164 kc/s, divided into 36 speech
channels at 4kc/s intervals (Fig. 2). Frequencies
below 20kc/s are to be used for one telephone
channel and two telegraph channels for maintenance
purposes, and 167-174 kc/s for certain test frequencies
to be explained later. The second cable is not a spare;
it is required for communication in the reverse direc-
tion. In the shorter Clarenville to Sydney Mines sec-
tion the repeaters are much larger and enable that
part of the cable (which is of the same type for both
sections) to be used over a frequency band more than
three times greater. This leaves room for no fewer
than 60 speech channels in both directions, so only
one cable is needed. Some of the extra channels
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will be used for service between Newfoundland and
the rest of Canada; the remainder will be spare.

The cable itself (Fig. 3) is built around a central
copper conductor slightly thicker than 10 s.w.g., over-
wound with copper tape. The dielectric is Polythene
—a valuable British contribution to cable technique—
and the outer conductor is made up of six copper
tapes, overwound with copper worm-resisting tape.
Over this again is Telconax for screening, and steel
armour wiring sandwiched between jute servings;
overall diameter 1.21in. Near the shore ends, addi-
tional armour is used for extra protection.

Repeater Construction

Experience in laying cables had shown that unless
great care was taken they were liable to be damaged,
especially by kinking. Two things that conduced to
kinking were irregularities in the cable itself and
interruptions in the laying process. For both these
reasons the Americans decided to design the repeaters
to be used for the main crossing as nearly uniform
with the rest of the cable as possible; in particular,
that they should be sufficiently flexible to pass
through the cable-laying gear without interruption.
The repeater finally evolved takes the form of a

J
__“i_\\ H G

N

Z

Fig. 3. Cross-sectional and constructional views of the
deep-water type of coaxial cable. A. Centre conductor:
0.1318in dia copper. B. Three 0.0145in copper surround
tapes. C. Polythene to 0.620in diameter. D. Six 0.016in
copper return tapes. E. 0.003in overiapped copper anti-
teredo-worm tape. F. Gapped Telconax tape. G. One
serving of cutched jute. H. Twenty-four 0.086in diameter
high-tensile steel armour wires. J. Two impregnated-jute
servings.

SPACING SPRINGS Two I(.)éYERS

STEEL RINGS
——B8'LONG — |

PLASTIC CYLINDERS
CONTAINING
AMPLIFIER COMPONENTS

TWO LAYERS OF
STEEL ARMOUR
WIRES

ARMOUR BEDDING
CORROSION PROTECTION

Fig. 4. Llongitudinal section showing construction of
American-type flexible repeater built into the main trans-
atlantic run of the cable.
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flexible bulge in the cable, 8ft long and 2.8in diameter,
tapering down to the normal cable diameter over a
distance of 20ft at each end. To design and produce
a repeater in such a narrow space, with protection
against ingress of moisture or collapse under sea water
pressure up to 3 tons per sq in, yet at the same time
to be flexible; to fulfil a stringent specification of gain
from 23 db at 12kec/s to 65db at 108 kc/s; to be fed
and tested from the shore; and to maintain its per-
formance within close limits, without access for not
less than about 20 years—that was a problem indeed.

The construction is certainly unconventional
(Fig. 4). The valves and components constituting
the amplifier are divided into 15 separatc parcels,
each contained in a cylinder 5in long and about 1iin
internal diameter. These cylinders, made of a plastic
material similar to Perspex, are coupled together with
short springs to form a system resembling a string
of sausages. They are protected against the external
pressure by two layers of overlapping steel cylinders
each }in long, over which is a layer of copper and
then the usual armouring wires and jute. An elaborate
system of scals is provided to prevent water penetrat-
ing the joints between this repeater housing and the
cable proper. The tensile strength of the cable,
which must be very considerable to stand the weight
of several miles of itself from ship to sea bed, plus
the laying stresses, has to be maintained throughout
the repeater sections. Sufficient flexibility has been
achieved to enable the repeaters to bend to a 3ft
radius. To minimize risk of damage to the cables it
is intended to lay the whole of the deep-water part
of each {about 1,500 miles) in one operation. This
length of cable weighs about 5,000 tons, and the only
ship capable of doing the job is the British HM.T.S.
Monarch. It is hoped that the necessary twelve conse-
cutive days of favourable North Atlantic weather will
occur next summer, and again for laying the second
cable the year after.

Amplifier Circuitry

Fig. 5 shows the circuit diagram of the American
repeater. It is a 3-stage amplitier using pentodes of a
type that is old enough to have been on continuous
test for 13 years, and in which reliability, long life,
and low anode voltage took precedence over high
muiual conductance. The heaters are rated at 0.25 A
20V d.c., so the three in series require 60V, which is
also the anode voltage. Initially, however, they are
to be under-run as shown. The power is fed along
the signal wire; consequently transformers are needed
to keep it out of the amplifier circuits, and chokes to
keep the signals out of the power circuits (which in
Fig. 5 are drawn in heavy line). A necessity in an
amplifier to cover a frequency band of more than 144
ke/s without intermodulation, and at the same time
to maintain a stable gain for years without adjustment,
is negative feedback. It is applied through a frequency-
discriminating network to give the desired gain/fre-
quency characteristic.

Two interesting details can be seen in the diagram.
One is the quartz-crystal resonator shunted across
the feedback circuit. Its effect virtually is to remove
feedback at its resonant frequency. Each repeater
has its crystal tuned to a different frequency, in the
167-174 test band already mentioned. At that fre-
quency its gain is much greater than at other frequen-
cies, and, moreover, is much more dependable on
valve characteristics. By measuring the transmission
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Fig. 5. Amplifier circuit diagram of the American-type repeater. The power circuit is distinguished by heavy line and for clarity
the heaters are shown separately above the valves to which they belong.

of the cable at the 52 different frequencies in the
test band to which the crystals resonate it is possible
to locate any repeater that is falling below standard.
Not only so but each high-gain peak at crystal reson-
ance causes an increase in amplifier noisc at that
frequency, which can be detected by a sharply-tuned
receiver on shore; it is, therefore, a quick and simple
matter to locate any repeater that has failed. One
has only to note the test frequency at which the
noise peak is missing. It might be supposed that
an open-circuited heater would interrupt the power
feed for the whole cable, rendering this test impos-
sible; but the second interesting detail is the gas-
discharge tube shunted across the heater chain of

Fig. 6é—Block diagram of
British-type repeater for the
Newfoundland to Nova Scotia

section of the cable. Filters CABLE
WEST

F, and .FQ separate the power S5

and signal currents, and

filters Fy and F, separate the

East to West (high fre-

quency) signals from the West
to East (low frequency). BB
are balanced bridges, and A
is a pair of parallel-connected
amplifiers.

WIRELESS WORLD, JANUARY 1955
]

B

each amplifier. The normal voltage across its elec-
trodes is insufficient to strike it, but if any heater
chain becomes open-circuited the voltage rises and
the diode conducts, re-establishing continuity. Since
the amplifier would then, of course, be out of action,
the noise peak at its particular frequency would be
missing and the fault would thereby be located.
Besides the 55-V drop across the three heaters,
there is another 20-V drop in the 40 miles of cable
between one repeater and the next, so the total drop
for the whole cable with its 52 repeaters is nearly
4,000 V. Half of this voltage is provided by a constant-
current generator between one end of the cable and
sea, and the other half by another generator of oppo-

CABLE

EAST

]

}I
REPEATER
POWER CIRCUIT
(0.c)
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site polarity, at the other end. No part of the cable,
therefore, is at more than 2,000V to sea.

Because a single fault in any part of any of the
repeaters would affect all the telephone circuits at
once, perhaps fatally, and repair by cable ship is a
lengthy, expensive and hazardous business, the most
extraordinary care is taken in selection and assembly
of all components. The repeaters are manufactured
by specially selected workers in air-conditioned rooms
and surgical type of clothing.

The circuit diagram of the amplifier in the British
type of repeater used in the Nova Scotia to Newfound-
land section of the system is very similar to Fig. 5,
but in other respects the design of repeater is quite
different. Following the techniques successfully used
by the G.P.O. on a smaller scale in Europe, no attempt
has been made to confine the outlines of the repeater
to a slight and gradual bulge capable of passing
through the normal cable-laying machinery. It takes
the form of a rigid cylinder 9ft long and 10%in dia-
meter. Since this provides about ten times the internal
volume of the flexible repeater, there is room not
only for both “ways” and more channels but also a
duplicate amplifier to improve the reliability. More-
over the components are not subject to such cramping
dimensional restrictions. Fig. 3 shows that all the
East to West channels are higher in frequency than
the West to East; it is, therefore, possible to separate
the two lots of channels en bloc by means of high-pass
and Jow-pass filters as in Fig. 6, so enabling one
amplifier (actually two amplifiers in parallel) to be used
for both lots, rather in the manner of a bridge-con-
nected rectifier unit. Another contribution to achieve-
ment of the wide frequency band is the use of modern
high-performance valves (g.=6 mA/V). A cure for
the apparent gradual deterioration in mutual conduct-
ance, which is caused by the formation of a resistive
barrier at the cathode,* has been found by the G.P.O.

* TValve Cathode Life,” by C. C. Eaglesfield; Wireless World,
Dec., 1951, p. 50S.

—the use of platinum cathode cores—and it is hoped
that this will ensure that the valves will have stable
characteristics over a very long life.

Testing of the British-type repeaters is by means of
tones in the 260-264 kc/s band. Each repeater receives
its own test tone and has a frequency-doubler that
brings its frequency into the band that is amplified
in the reverse direction. A signal at that frequency
is consequently returned to the starting point, to pro-
vide a measure of the transmission level. Pulse-
testing equipment is also provided for measuring the
overload point in each repeater and thereby ascertain-
ing whether both amplifiers are still working.

Mechanically, the cable is cut at the repeater points
and the armouring firmly anchored at each end of the
repeater housing. The apparatus compartment, which
occupies about half the length, is firmly sealed at
both ends, and filled with dry nitrogen to inhibit
corrosion. An ingenious modification of the cable-
laying machinery has been devised to pass the repea-
ters through without obstruction. Because of the wide
frequency band covered, these repeaters are to be laid
at shorter intervals of about 20 miles; 16 of them are,
therefore, required along the single cable between
Clarenville and Sydney Mines.

It will be interesting to see how the British and
American ideas about submerged repeaters compare
in practice over a period.

The authors of the LE.E. lecture are already looking
forward to a transistorized cable to supersede the
present system. The number of repeaters, and con-
sequently the frequency band that can be transmitted,
is at present limited by the safe voltage that can be
applied to the cable for supplying power to the valves.
With its small size and modest power requirements
the transistor has obvious attractions in this field. The
authors look still farther forward to a transatlantic tele-
vision cable as an eventua! possibility. If sufficient
financial provision could be seen, it is unlikely that
technical difficulties would long remain unvanquished.

SHORT-WAVE CONDITIONS

Predictions for January
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THE full-line curves given here indicate the highest
frequencies likely to be usable at any time of the day or
night for reliable communications over four long-distance
paths from this country during January.

Broken-line curves give the highest frequencies that
will sustain a partial service throughout the same period.
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----------- FREQUENCY BELOW WHICH COMMUNICATION SHOULD
8E POSSIBLE FOR 25% OF THE TOTAL TIME
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FREQUENCY BELOW. WHICH COMMUNICATION SHOULD
BE POSSIBLE ON ALL UNDISTURBED DAYS
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AM./F.M. Communications

A LOGGING DIAL TUNING [HDICATOR
Receiver ;
LLOUGING
) N AF. CAIN  SCALE
Review of Eddystone +
“ . ol | AERIAL
T YRIMMER
Model 770R, Covering | awjen : :
¢ SWITCH ; = TNLE GAIN
19 to 165 Mcls P e i S A S SR e
= 2 i . ; 8 5 f‘r\ { N
reLepaone , ety SRS sTakeeey
NINETEEN valves, of which all but two are minia- VALVE TABLE
ture, and three germanium crystal diodes are used in — e = S
the new Eddystone Model 770R wide range, v.h.(f. Circuit - }
communications receiver. The types of these valves, Position | Type Function
. . . .. . . . —_— " |
their circuit positions and functions will be found in V1 _ 6AK5 EF95(CV850) Pentode rf. amplifier, |
the valve table. This set is believed to be the only 2 6AKS5 EF95 (CV8505  Mixer,
British-made receiver now available giving continuous | V3 6AKS5 EF95 (CV850) | Oscillator.
tuning over such a wide v.h.f. range as 19 to 165 Mc/s. Vi-V7 1 6BAG (CV154) LE. Amplifier
. s ] : g / ) Vs 6AUS6 (CV2524) [ F.M. limiter. I
I"here are six ranges and the extent of each, together Vo 6ALS (CV140) | F-M. discriminator 1
w1th some of the servjces }ikely to be found in the V10 6AL5 (CV140) Noise limiter and é.g.c. ‘
various bands, are outlined in the frequency tables on | | ([ 87 meter valve on
the following page. v 6AUG (CV2524) Gy |
The 770R has an if. of 5.2 Mc/s and provides for , ’

H Tuning indicator on
U fm

the reception of am. and f.m. telephony and c.w. Vi2 6BA6 (CV454) | Beat frequency oscillator‘
telegraphy. No marked departures from well-tried . . ; (BFO) ) i
techniques are attempted, but considerable ingenuity | xii ?OAAJL?T(((:C\:/\%ZB% Nﬂj;s;&gﬁgr (muting). ‘
Is evident in the planning of the circuit and range- Vis 12407 (CV491) " AF. amp“ﬁir'and phase |
changing mechanism of the front-end, comprising the inverter. .
r.f., mixer and oscillator stages. This is, of course, the 3}3-17 f Q{?{f}’lﬁ%(%v(lég)ﬂé) ! Su?h-PUU gl_llf_l’“t stage. !
5 . 5 . 2 oitage stabilizer. i
real heart of a receiver of this kind and its general 1 g 574G (CVi851) | Fullowave bt rectifier. |
performance depends almost entirely on the design CD1 Germanium A.M. detector.
of this part of the set. Its very satisfactory behaviour i CD2-3 | Germanium Noise dezectors {(muting) !

on all ranges, but especially on the 114-t0-165-Mc/s
ong, is a tribute to the design of the front-end unit.
The r.f., mixer and oscillator stages in the
770R are a single unit, and a good idea of the
general arrangement can be seen in one of the
illustrations. The set employs a six-position
rotary-coil turret, three ganged split-stator capa-
citors, valve-holders and sundry small resistors
and capacitors. The main feature of interest is
that virtually no r.f. wiring is used in the whole
unit; the positioning of the main items, such as
coil turret, tuning capacitors and
valveholders, is such that their inter-
connecting points fall so close to-
gether that the soldering tags alone
form the wiring. Moreover, litile
real wiring is employed inside the
coil turret itself. As shown in the

Right : Front-end unit of Eddystone 770R showing ganged
capacitors, valveholders and (in rear) coil turret.
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illustration of two of the turret coil assemblies, the
higher-frequency coils are self-supporting and are
soldered direct to the inside extensions of the external
contact studs. Any trimmers included have the
shortest possible leads to their respective points.

Turret Mechanism

The actuating mechanism of a coil turret for v.h.f.
use 1s a vitally important feature of its design, as it is
most essential that at all times the turret comes to rest
in exactly the same position on any one range. A
fractional displacement would either add to or subtract
from the total inductance in the circuit and cause
changes in tuning of sufficient magnitude to render the
range scales, if calibrated directly in frequency as they
are in the 770R, quite wuseless. Moreover, as
facilities are provided for accurately logging the tuning
positions of stations, any unreliability in the turret
positioning would become immediately apparent when
a previously logged station’s position is sought after
changing ranges. Apart from small initial variations
in tuning caused by oscillator drift (which cannot be
entirely avoided by voltage stabilization alone), no
abrupt changes in the tuning position of a station was
noticed by going from range to range and back to the
original. We looked for these effects most search-
ingly on the highest frequency range and, finding none,
conclude that the coil turret mechanism is above
reproach in this respect.

The tuning system of the 770R is the same basic
type as used in other Eddystone communications
receivers. It provides an overall reduction of 140 to 1,
embodies a flywheel to counteract frictional drag of the
gears, and gives a smooth and free action. It is heavy
enough to carry the pointer some distance along the
scales by spinning the knob sharply. The weight is

FREQUENCY TABLE

\ Frequency
coverage
(excluding
overlaps)

Remarks

Aircraft, amateurs.

F.M. broadcast, land mobile,
aero navaids.

Television, aero navaids.

Television, U.S. amateurs.

Amateurs, aero navaids,
meteorological aids.

Broadcast, amateur, marine.

| 114 to 165 Mcjs
78 to 114 Mcs |

1

2

3 54 to 78 Mc/s
4 39 to 54 Mc/s
5 27 to 39 Mc/s
6

19 to 27 Mc/s

nicely chosen and does not give the impression of
taking charge of the tuning, as sometimes seems to
occur when the flywheel is too heavy. The pointer is
a long pendant one and embraces seven 12-in long
horizontal scales, six of which are calibrated linearly
in frequency; the seventh is the logging scale marked
0-2,500 and having 25 divisions. Each division repre-
sents one complete revolution of a subsidiary logging
dial which is visible through an aperture in the top
centre of the main dial. This dial has a 360-degree
scale and is engraved 0-100. In effect it expands
every scale to the equivalent of 32ft. Quite small
changes in frequency can thus be observed on the log-
ging dial.

A.M./F.M. Arrangements

Owing to the rather high if. used (5.2 Mc/s) four
i.f. stages have been included to satisfy the require-
ments of high sensitivity coupled with a wide band-
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Fig. 1. Lasti.f., limiter and discriminator
Vio(v) stages of the Eddystone 770R receiver.
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width for f.m. reception. For f.m. there is in addition a
limiter and a Foster-Seeley discriminator. For a.m.
reception there are no fewer than 10 tuned circuits
and a crystal diode detector. Some interesting
features (see Fig. 1) can be found in that part of the
circuit, which includes the last i.f. stage V7 limiter V8
and discriminator V9. The switches S,z to S,c are
part of a larger switching system, which might be
called the “services switch,” as it changes over from
am. to f.m., adjusts bandwidth to suit each type of
service and in the “CW” position switches on a
BFO. S,: and S, are for bandwidth adjustment of
the i.f. amplifier at this point, the markings on S,, in-
dicating the four positions of the switching system;
(1) CW, (2) AM, (3) NFM and (4) FM. NFM is
narrow-band f.m. and is used for certain types of trans-
mission for which the frequency deviation need not
exceed +15kc/s compared to the +75kc/s of wide-
band f.m.

In the top right-hand corner of the main dial is a
small aperture disclosing a tuning indicator. It serves
a twofold purpose; it functions as a single-strength
meter for c.w. and a.m. transmissions, registering on
the carrier level, and is used as a tuning indicator for
f.m. Ithas a red-line centre zero on which the pointer
is aligned for correct tuning on f.m. and a 0-9 “S -
scale for am. It is sometimes said that an f.m. signal
can be tuned in correctly by adjusting for minimum
background noise, but this region is generally far too
broad for satisfactory tuning. The meter indicator of
the 770R is very sensitive to small changes in tuning
and enables the desired accuracy to be achieved in a
simple manner.

Details of the circuit associated with this indicator
are given in Fig. 2, which includes the switch S 4 for
changing over the indicator’s functions from tuning
indicator to “ S * meter as required. It forms part of
the -main S, switching system. The remainder of
the circuit is reasonably straightforward.

A push-pull output stage is used, preceded by a
phase-splitter and a.f. amplifier. Negative feedback is
employed. An output transformer provides matching
for an external loudspeaker of 2.5 to 3 ohms; a loud-
speaker is not included in the set. Provision is made
for headphones and—unusual in a set of this kind—for
a gramophone picknp.

One other circuit detail, which, however, is common
to most communications receivers, is a stand-by
switch. It de-sensitizes the set in the stand-by posi-
tion and also closes a pair of spare contacts to be used,
if required, to control a nearby or remote transmitter
via a relay.

Performance

The impression given by the set is that it has about
as much sensitivity as can usefully be employed. The
selectivity in the CW and AM positions is adequate
for all v.h.f. requirements; and it must be judged on
this basis. It leaves a little to be desired on the 19-
to 27-Mc/s band, but these frequencies’ may be
regarded as rather outside the normal scope of this
receiver.

During our tests we dodged from range to range,
noting station tuning positions and often coming back
to them time and again; it was a form of monitoring
and covered the whole v.h.f. range of the receiver.
The set seems ideally suited for this type of work
which could form one of its principal roles.

The noise limiter suppresses ignition interference
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Fig. 2. The f.m. tuning indicator and a.m. **S’’ meter
are combined in one stage.

on a.m. transmissions quite effectively, but seems to
cut rather deeply into the upper frequency response.
Indeed, it forms a useful way of suppressing most of
the set noise when the full gain is employed and
especially so when the BFO is used, which, as seems
inevitable, adds considerably to the general background
noise. However, this is not peculiar to the 770R.

The following extracts from the maker’s specifica-
tion serve to give some idea of the receiver’s qualities.

Sensitivity.—Better than 54V on all ranges for a
15-db signal/noise ratio and 50 mW output.

Selectivity —CW and AM; 40db down, 50kc/s off
resonance. Narrow band FM; 40db, 80kc/s away
from resonance. Wide-band FM; 40db down,
175 kc/s off resonance.

Noise Factor—Not greater than 14 on Range 1, de-
creasing to less than 5 on Ranges 5 and 6.

Image Ratio.—Better than 20db at 1585 Mc/s and
correspondingly greater at the lower frequencies.

Frequency Stability.—Drift less than 0.001 of 1 per
cent C, and less than 0.001 of 1 per cent for a 5-per
cent change in mains voltage.

As the receiver covers the 21-, 28- and 145-Mc/s
amateur bands it might have some appeal in this direc-
tion provided the price does not prove too great an
obstacle.

The makers are Stratton and Co., Ltd., Eddystone
Works, Alvechurch Road, West Heath, Birmingham,
31.
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Circuit Symbols

Differences Between American
and British Standards

By “SYMBOL SIMON”

THE June, 1954, issue of Proc.I.R.E. contains a list
of graphical symbols—covering all electrical needs—
which have been agreed with the American Standards
Association.

In this country, the “heavy ” and “light”” engineer-
ing fields are catered for by two British Standards:
B.S.108 and B.S.530 respectively. Perhaps we shall
one day see a similar amalgamation of these two
Standards: this would prevent inconsistencies be-
tween the two Standards, which, although few, are
puzzling to a draughtsman whe has to choose symbols
from both lists for use on one drawing.

The I.R.E. list generally gives two sorts of symbols,
“single-line,” i.e., simplified, somewhat similar to the
British “block diagram,” and *complete ”—on the
lines of our circuit symbols. The supplement to
B.S.530 on waveguides uses a similar arrangement.

Mention should first be made of two symbols
which may confuse the British reader:

(a) The American open contact, as used on
“power” diagrams (left), is very like our capacitor.
(It must be remembered that

_J_ Americans draw all lines of the same
thickness.) Their closed contact

T (right} is rather like a British
variable or pre-set capacitor which

has lost the end of its shaft. They

avoid confusion by giving their

_l_ L capacitors one curved plate (left).

r' Possibly we could persuade them to
T change their open contact to our
’ symbol used in Electric Traction
diagrams by erasing half the horizontal lines (right).
This change would remove any risk of confusion.

(b) Much less -important. The American micro-
phone (left) is similar to our buzzer (middle), whereas
our microphone (right) has international agreament.

— 5  —H0—

In passing, the British buzzer symbol is supposed
to owe its origin to the practice (frowned on by the
Post Office) of inverting the dome on a telephone
bell to make it produce a quicter buzz. The

American bell and buzzer are

:]:D 1 N left and right respectively.
Apart from these contra-
dictions, the symbols are generally self-evident, except,

possibly, the plugs and @ 5

sockets; for. example,” the
socket (left) and plug (right),
of the modern connectors with

which are “pictures”
rectangular pins.
A choice is given for the inductance symbol: the
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(British) “loop ™ symbol (right) or a “semi-circle ”

symbol (left), which is
LI easier to draw and quite
unambiguous. As an indication of the American
preference between these two, it is interesting to
note that the “semi-circle” symbol is used for an
inductance in every case in the rest of the list.
Perhaps we would do well to introduce this symbol
in this country—it is already looked on with favour
on the Continent.

The American “waveguide” symbols agree well
with the “single-line” symbols in the supplement
to B.S.530 mentioned above. This is not surprising,
since an earlier draft of the American symbols was
in the hands of the British “Services” committee
which based its symbols on them and subsequently
brought its decisions to the attention of the B.S.I.

To sum up, the list appears complete, and (with
the few exceptions mentioned above) clearly intel-
ligible to the British reader.

ETYTYTY Y OR

Millimetric Radar

WHAT is believed to be the first millimetric radar surface
movement indicator is to be installed at London Airport
by the Ministry of Transport and Civil Aviation. It will
provide the control staff with an accurate picture of the
positions of aircraft and vehicles on the airfield and enable
them to supervise movements under conditions of poor
visibility more expeditiously than is possible with position
reporting by radio telephone. Owing to the expanse of
London Airport it should ease the low of air traffic in and
out under all conditions of visibility.

The equipment to be used is the new Decca 8-mm
airfield surface movement indicator which employs a beam
width of 23 min only and a pulse length of 0.05usec, giving
a radar picture of exceptional clarity as may be seen from
the accompanying p.p.i. display showing the runways at
London Airport. The slight masking of the picture in
the upper right-hand corner is caused by a temporary
obstruction which will be removed before the equipment
is installed in its permanent quarters.

AIRCRAFT AWAITING TAKE-OFF CLEARANCE

i
AIRCRAFT TAKING-OFF %?DQSNST'RTOEL 0{10\;22

High definition p.p.i. display of London Airport’s runways
produced by the new Decca 8-mm surface movement indicator.
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Talking of

Test Gear...

A Cynice’s View of Electronic

Measuring Instruments

By A, L

ONCE upon a time there was an engineer who, for
want of a better name, shall be called Mr. P. H. Dee.
Having made a great success of a research project at
his university, working with apparatus made by him-
self and his assistants, he landed a highly paid job in
industry (the sort in the small ads. section of W.W.
at a salary at least twice wnat your firm pays), and
looked forward to using some good professional
apparatus. He was given an “ X ”-band development
job and set about buying the necessary instruments.
His first move was to study the advertisements in the
technical press and the catalogues in the library. He
picked out the eight most likely manufacturers and
telephoned or wrote to them, and in due course finished
up with four beautiful leaflets each describing an
instrument allegedly suitable for his job. In this case,
it was a fairly simple piece of waveguide apparatus,
the main requirement being that it should achieve a
reasonable degree of match. It was then that his
bewilderment began, for he came up against the gentle
art of “ specification writing.” It goes something like
*his, extracting the relevant passages from the manu-
facturers’ leaflets: —
Instrument A: VSWR 1.2 at 10,000 Mc/s.
Instrument B: Standing wave ratio < 0.8 at
10,000 Mc/s.
Instrument C: The degree of match achieved
is better than 1 db.
Insirument D: The total reflected power is less
than 1% over most of the band.

Now when converted to a common terminology all
these mean almost the same thing, but it will be
apparent to the keen student of Stephen Potter that
the writer of leaflet D is a first-class lifeman. How
much better his instrument sounds than if he had
written : —

VSWR 0.8 over the middle 517% of the
band, falling to 0.55 at the extremes.

Having sorted all this out Mr. P. H. Dee found all
the literature extremely silent on one most important
point—that of the * handleability ” of the instrument
concerned.

Handleability can perhaps be defined as “ possess-
ing the quality that a given movement of the controls
produces the expected response in the expected
“» Livingston Laboratories. o
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degree.” The possession of this quality largely deter-
mines whether or not an instrument will meet with
wide approval and enormous sales. All of us at some
time have had to use a magic box where a meter has
to be set to a datum line by means of a knob on the
front. How infuriating it is when the slightest touch
of the knob causes the meter needle to dash madly to
one stop or the other! One can never regard with
any aﬂectign an instrument which has such tricks in
its repertoire.

One or two examples of eminently handleable in-
struments come to mind. In the field of the humble
multi-range meter one particular example has this
quality to a high degree. Since it was designed, well
before the war, it has successfully fought off challenges
from a variety of competitors, some of which required
a small chain wrench to turn the knobs and some
whose plug and socket range selection could only be
adequately operated by an international cribbage-
marker—not to mention those with nice easy range
factors like 2.5 and 6, and figures of merit like 310
ohm/V. When the equipment designer specifies that
the anode voltage of V1 is 275V measured with a
1,000-ohm/V meter, one notes that it reads 34.5V x 6
on one’s 310-ohm/V meter, so this stage is obviously
in order—or is it?

Attenuator Reaction

After the multi-range meter most people would
agree that the signal generator is the next instrument
to be purchased either for the average laboratory or
service workshop. Here again the glossy leaflets are
silent on the subject of handleability. It is easy to be
misled by the paper specification into believing that
generator A at half the price is just as good as genera-
tor B. Unfortunately, in instruments as in everything
else, one gets just what one pays for (usually a little
less). Most engineers have by now caught up with
that old bogy of signal generators, spurious f.m., and
in many cases the limits are included in the specifica-
tion, but I have still to see attenuator reaction (that
is, the effect of varying the attenuator on the emitted
frequency) written into a specification. Yet this
quality is by no means negligible in its effect on
“handleability.” The sequence goes something like
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this. The indicating device at the end of the chain
reads high, so the output from the generator is reduced
by means of the attenuator until the pointer of the
output meter is on the datum; this shifts the frequency
so the generator is re-tuned to peak. The shift of
frequency causes the output to drop, so the “Set
Carrier” is advanced to its proper place. One then
notices that the output meter is still a bit high and
repeats the process.

Another quality of the signal generator rarely speci-
fied is the harmonic content of the r.f. signal. It may
come as a surprise to hear that figures such as 259,
second and third harmonic distortion are quite com-
mon even in high-grade instruments. The ever-
widening bandwidths used to-day plus the use of
feedback-type valve millivoltmeters as indicators make
this point a matter of some
importance. Before A
roundly condemning all
signal generator manufac-
turers as scoundrels, re-
member that many of the
best-known examples were
designed in the days of
bandwidths measured in
small kc/s rather than
large Mc/s, and that in
these conditions the effect
of r.f. harmonic distortion
is small. 259, distortion
only affects the level of the 8 5
signal some 49, and it is
rarely that the level accuracy can be guaranteed to
better than 109% for reasons quite unconnected with
harmonic distortion.

In the last paragraph, passing mention was made of
a now popular type of instrument, the valve milli-
voltmeter. Careful investigation is necessary before
buying one of these. Apart from the usual points to
watch such as zero stability and, in the case of tu.
most sensitive types, noise on the lowest range, the
form factor error is a variable and usually unspecified
error that can affect the handling in many common
applications. (Form factor being defined as the ratio
of average voltage to peak voltage, that is, 1.11 for
a sine wave.) One of these applications, the use of
the instrument with a signal generator having a bad
waveform, has been quoted above. These instruments
are invariably calibrated in terms of r.m.s. volts and
vet actually may be measuring peak voltage, half-
wave average voltage, full-wave average, or a quan-
tity that is not quite any of these. When fed from a
distorting source, reading errors up to 509, are quite
common between different instruments that agree
extremely well on a pure sine wave.

Practically all the foregoing could be read as though
my intention were to “ debunk ” the instrument indus-
try, but this is not at all the case. The blame for
many of the apparent shortcomings of instruments
rests with the user who consistently demands an
instrument having an enormously wide range of
measurements.

We have grown so used to our micros and megas
that we have lost a sense of wonder about such things.
People look at a pulse displayed on an oscilloscope,
for example, and say “the front edge is not too good
—it is not much better than a twentieth, I suppose,”
meaning, of course, that the rise time of the pulse in
question 1s some 0.05xscc. Recently a well-known
and well-liked pulse generator was being roundly

A

— TAN § = 0-000!

BC = IINCH
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criticized for daring to have a time jitter in the “free
run” position of 0.05usec! It may come as a surprise
to those who have never stopped to think about it that

0.05usec is to 1 sec as 1 sec is to 7 months,
and yet people are now demanding presentation of an
event lasting a fraction of a millimicrosecond!

A somewhat similar state of affairs exists in other
fields. Insulating materials having a loss angle (tan
o) of 0.0001 are in common use. For those not
familiar with the expression “loss angle,” perhaps a
word of explanation will not be amiss here. The
perfect insulator when used as a dielectric material
forms a capacitor that takes a current truly 90° ahead
of the voltage in phase and hence has no loss. In
practice, of course, this state never exists, and all
practical capacitors have a small resistive component
which modifies the resultant phase angle and repre-
sents the power dissipated in the dielectric. As, in
the case of very small angles, the tangent is numeric-
ally equal to the angle, this figure is normally used
to describe the merit of a particular dielectric material.
Those readers whose arithmetic is better than mine
can, for amusement, calculate the missing dimensions
in the accompanying vector diagram (left). Yet this
quantity is regularly measured at 10 Mc/s or even
100 Mc/s.

Perhaps these two example have been sufficiently
striking to help you to appreciate the magnitude of
the task that faces the instrument designer these
days. This task is made even more difficult by the
demand for instruments having a wider and wider
range. The ideal signal generator covers from 0.1 ¢/s
to 50,000 Mc/s in one range; has an output of several
watts which can be attenuated (without leakage, of
course) to 0.014V; has internal f.m., am. p.c.m.;
does not weigh inore than 10lb or cost more than
£100. It will then exhibit all the faults mentioned
and have a few of its own. In general a narrow-range
single-purpose instrument can be made to do its job
supremely well, but, of course, the Sales Department
can’t sell it as the customer will always buy a slightly
worse one with a wider range.

V.ILE. Valve Connector

A NEW product of interest to users of v.h.f. equipment
is an anode connector for transmitting valves such as the
QQV06-40, 829, 832 and similar types with top anode
pins. It is made of silver-plated brass, measures
1 x4 x1%sin and while being massive enough to provide
effective cooling of the anode pins adds little to the
capacitance of the anode circuit.

Its construction and method of fitting are shown clearly
in the illustration, which shows also the 6-BA tapped hole
providing the means
of connecting to the
external anode circuit.

Made by Power
Controls, Ltd., Exning
Road, Newmarket,

Cambridge (one of the
Pye group of com-
panies) the price is
provisionally 2s  3d
each, but is subject to
adjustment for gquan-
tities.

Top anode connectors for
v.h.f. transmitting valves
made by Power Controls.
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JANUARY MEETINGS

Inttitntion of Electrical Engineers

London.—January 12th. “ Thermionic
Valves of Improved Quality for Govern-
ment and Industrial Purposes ” by E. G.
Rowe, P. Welch and W. W. Wright at
5.30 at Savoy Place, W.C.2.

January 24th. “ Radio Aids to Marine
Navigation ” by Capt. F. J. Wylie, R.N.
(Ret.), at 5.30 at Savoy Place, W.C.2.

January 27th. Faraday lecture on
*“ Courier to Carrier in Communications *
bv T. B. D. Terroni at 6.0 at the Cen-
tral Hall, Westminster, S.W.1. Admis-
sion by ticket obtainable from the Insti-
tution.

East Midland Centre.—January 25th.
* Special Effects for Television Studio
Productions ™ by A. M. Spooner and
T. Worswick at 6.30 at the Gas
Demonstration Theatre, Nottingham.

North-Western Centre.—January Sth.
* The Experimental Synthesis of Speech ”
by W. Lawrence at 6.45 at the En-

gineers’ Club, Albert Square, Man-
chester.
January 18th. Faraday lecture on

* Courier to Carrier in Communications ™
T. B. D. Terroni at 7.30 at the Free
Trade Hall, Manchester.

South Midland Cenire.—January 24th.
** Some Applications of Electronics to
Telecommunications ” by Col. E.
Calverley at 6.0 at the James Wartt
Memorial Institute, Great Charles Street,
Birmingham. (Joint meeting with Bir-
mingham section of Institution of P.O.
Electrical Engineers.)

Southern  Centre.~—January 28th.
* Transistor Circuits ” by G. B. B. Chap-
lin at 6.30 at the Technical College,
Weymouth.

Oxford District.—January 12th. “ The
Future of Electronics in Industry” by
E. R. Davies at 7.0 at the Demon-
stration Room, Southern Electricity
Board, 37, George Street, Oxford.

British Sound Recording Association

London.—January 2lst. Demonstra-
tion of a high-fidelity reproducing chain
by T. S. Livingstone and N. C. Mor-
daunt at 7.0 at the Roval Socicty of
Arts, John Adam Street, W.C.2.

Manchester  Centre.—January 10th.
* Design of a Recording System” by
H. G. Bennetts at 7.30 at the Eungineers’
Club, Albert Squate, Manchester.

Television Society

London.—January  19th. Fleming
Memorial Lecture, ** The Perception of
Colour” by Prof. W. D. Wright {Im-
perial College) at 7.0 at the Royal Insti-
tution, Albemarle Street, W.1.

Radio Society of Great Britain

January 28th. Presidential address
followed by “ Antenna Matching with
the Antennamatch ” (with practical de-
monstrations) by Frank Hicks-Arnold,
G6MB, at 6.30 at the LE.E., Savoy
Place, London, W.C.2.

Institution of Production Engineers

Luton.—January 25th.  “ Induction
Heating ” by Dr. R. H. Barfield at 7.15
in The Town Hall, Luton.

Electro-Physiological Technologists’
Association
February 5th. Papers and demon-
strations at 10.30 a.m. at the National
Hospital, Queen Square, Leondon, W.C.1.
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British Iastitution of Radio Engineers

London Section.—January 26th. “ A
Survey of Tuner Designs for Multi-
Channel Television Reception ™ by D. J.
Fewings and S. L. Fife at 6.30 at the
London School of Hygiene and Tropical
Medicine, Keppel Street, W.C.1.

West  Midlands Section.—Januarv
1Zth. “Electronics in Materials Hand-
ling” by L. Landon Goodman (British
Electrical Development Association) at
7.15 at the Wolverhampton and Staffs
Technical College, Wulfruna Street
Wolverhampton.

North-Eastern Section.—January 12th.
Address by the president, Rear-Admiral
(L) Sir Philip Clarke, K.B.E., at 6.0 at
Neville Hall, Westgate Road, Newcastle-
upon-Tvne,

Merseyside  Section.—January  6th.
* Some Interesting Applications of Elec-
tronics to Photography ™ by D. M. Neale
(THord, Ltd.) at 7.15 at the College of
Technology, Byrom Street, Liverpool, 3.

North-Western Scction—]January 6th.
Discussion on the *“Problems in the
Design and Production of Car Radio,”
opened by C. L. Caiger (E. K. Cole)
at 7.0 at the College of Technology,
Sackville Street, Manchester.

South Wales Section.—January 12th.
* Electronic Counting Devices » by Dr.
F. H. Gage at 6.30 at the Glamorgan
Technical College, Treforest.

Scottish Section.—January {3th. Dis-
cussion on “Band 111 Commercial Tele-
vision” at 7.0 at the Institution of
Engineers and Shipbuilders, Flmbank
Crescent, Glasgow, (.2

January 20th. “ Modern Ship-to-Shorc
Comimunication” by G. Macdonald
(Marconi’s) at 7.0 at the Department of
Natural Philosophy, the University.
Edinburgh.

Radar Association

London.—January 12th. *Invention
and Development of SARAH” by D.
Kerr (Ultra) at 7.30 in the Anatomy
Theatre, University College, Gower
Street, W.C.1.

Incorporated Practical Radio Engineers

South Coast Section.—January 13th.
*“ Some Practical Applications of Tran-
sistors” by R. A. L. Cole (S.T.C.) at
7.30 at the Kings Arms Hotel, Castle
Street, Christchurch.

North-West  Section.—January  6th.
** Cathode Ray Tubes ” by a representa-
tive of the Edison Swan Electric Com-
pany at 7.30 at the Barley Mow Hotel.
Turner Street, Manchestcr, 4.

East Midlands Section.—]January 28th.
*“ Electronics in the Radio and Electrical
Industry ” by C. Cowell (Ficlden Elec-
tionics) at 7.15 at the Demonstration
Theatre, Electricity Showrooms, Smithy
Row, Nottingham.

Midlands  Section.—January  5th.
* K.B. Television Receivers and Modern
Trends in Design” by a representative
of Kolster-Brandes at 7.30 at the Crown
Hotel, Broad Street, Birmingham.

North-East  Section.—January 1l1th.
“Rectifiers” by a representative of
Standard Telephones and Cables at the
Y.W.C.A,, Saville Place, Newcastle-upon-
Tyne.

Berks, Bucks & Oxon Section.-—Janu-
ary 12th. ““Visual Alignment” by J.
Tomlin and G. Timberlake at 7.30
at the White Hart Hotel, St. Mary’s
Butts, Reading.
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TRIX equipment. maintains a
long-established tradition of pro- .

e

o T

ess in :

o

A

gressive design and high-grade
warkmanship,
dard unitsfor every requirement,

There are stan-

each a masterly expression of
seund-reproduction technique,
For farge or small installations,
our catalogue and expert advice
are freely at your disposal.

Model T.635 Amplifier

This outstanding 30 watt high
fidelity amplifier provides all the
features needed to cover the large
majority of Sound installations. Tt
is designed for A.C. operation and
can also be used on batteries with
a 6 volt adaptor unit. Inputs for
2 Microphones, and one Gramo-
phone pickup, with individual
mixing controls. Separate controls
for Bass and Treble boost.

The amplifier is a 4 stage, high-
gain type suitable for use with
ribbon microphones, without ad-
ditional pre-amplification. Special
anti-microphonic  features incor- !
porated.

High and low impedance outputs,

including 100 volt line matching.

LIST PRICE
£53 - 10 - 0

The TRIX ELECTRICAL
COMPANY LTD.

I-5 MAPLE PLACE, TOTTENHAM
COURT ROAD, LONDOM, W.I.
Telephone @ MUSeum 5817
Telegrams and Cables :

TRIXADIO, W Q. LONDON,
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RANDOM

By “DIALLIST”

TV Reception Freaks

INTERFERENCE with television
reception by continental sound
broadcasting stations has been wide-
spread in receat months. I expect
you’ve had some of it; I certainly
have. It normally takes the form of
faint, narrow. dark lines, sloping
across the whole screen, now from
left to right, now the other way. In
severe cases these may give way to
stationary vertical black bars, form-
ing a sort of portcullis over the en-
tire picture But the most curious
television freak I’ve yet come across
is reported by a friend who lives
near Folkestone. The words “ Télé-
vision Francgaise” appeared, faint,
but perfectly legible, on his screen.
Then a dim picture was seen accom-
panied by speech in French from the
loudspeaker.

Shinilig "Em Up

DURING a stay in Devonshire, in
the late unlamented travesty of a
summer, I was enormously im-
pressed by the beautiful polish on
the cabinet of my host's TV con-
sole. When I expressed my admira-
tion he told me that it was due to a
new kind of furniture polish which
he’d been recommended to try a
few months before. I brought some
home and after giving it a thorough
trial I feel that it is something of
real value not only to owners of
radio and television sets but to
dealers and servicemen as well.
“Topps,” as it is called, is the easiest
thing to use, as I found when I
made my first experiment on a very
old cabinet.

Live-chassis Sets

IT WAS stupid of me to suggest in
these notes in the November issue
that on d.c. all was well with a.c./
d.c. receivers because they wouldn’t
work unless the mains connection
was made the right way round. It
must have been one of my absent-
minded moments, for I know per-
fectly well that it’s an even chance
whether the live wire of most
domestic d.c. systems is positive or
negative to the earthed neutral
Apologies to readers and best thanks
to A. B. Grief and others for point-
ing out the slip. A Dutch reader
tells me that transformerless sets
are used in Holland and asks
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whether the people of that country
are thereby branded as uncivilized!
I didn’t know that the live chassis
was permitted in the Netherlands,
but I do know that the Dutch are
amongst the most charming and cul-
tured people in the world. A pity
that they’ve followed our bad
example with the live chassis. Most
of those who have written to me
share my dislike of a.c./d.c. tele-
vision and radio receivers; but if the
present trend continues I fear that
this will soon be the only kind
obtainable.

Reactivated C.R. Tubes

IT WOULD BE interesting to
know, though no one is ever likely
to do so, how many television c.r.
tubes are needlessly scrapped in the
course of a year. Leaving out of
accounts the not Inconsiderable
number consigned to the rubbish
dump by the kind of dealer who pre-
scribes a new tube as the cure for
ringing, or even for distorted sound,
there are two common causes of
failure which need not render a tube
past redemption. The first of these
is lost emission; and for this there
are two possible remedies. One is 1o
reactivate the cathode by raising it
for a brief period to a temperature

ASSOCIATED

ILIFFE

[ recrmicar sooxs

M.L.E.E. 6th Edition

i RADIO VALVE DATA. 4th Edition.
‘* Wireless World ** ..

the original design

and Television Reception.

Engineering Training Manual.

S S

« WIRELESS WORLD ™ PUBLICATIONS

RADIO LABORATORY HANDBOOK. M.G. Scroggle B.Sc.,
Compiled by the Staﬂ' of

SHORT-WAVE RADIO AND THE IONOSPHERE T. W.
Bennington, Engineering Division, B.B.C. Second Edition 10/6

SUPERHETERODYNE TELEVISION UNIT. Second Edition 2/6 2/8

INTRODUCTIONTOVALVES R. W. Hallows, M.A. (Cantab. ),
1.I.E.E., and H. K. Milward, B.Sc. (Lond. ). A.M.ILE.E. .. 8/6 8/10

WIRELESS WORLD TELEVISION RECEIVER MODEL II:
Complete constructional details with notes on modernizing

RADIO INTERFERENCE SUPPRESSION as Applied to Radio
G. L. Stephens, A.M.L.LE.E. 10 6

SOUND RECORDING AND REPRODUCTION. A B.B.C.
J. W, Godfrey and S. W.

Amos, B.Sc. (Hons.), A.M.I.E.E. . 30/- 308
ADVANCED THEORY OF WAVEGUIDES L. Lewin o 300~ 307 .
'
FOUNDATIONS OF WIRELESS. M. G. Scroggie, B.Sc.,
M.LE.E. 5th Edition . 126 13,-
TELEVISION RECEIVING EOUIPMENT Ww. T. Cockmg,
M.I.LE.E. 3rd Edition o 18/- 188

A complete list of books is availabie on application.
Obtainable from all leading booksellers or from
ILIFFE & SONS LTD., Dorset House, Stamford Street. London, S.E.l.

a good deal above thar of normai
working conditions. The other is to
isolate the heater by fitting a special
booster transformer and to apply
permanently to it a voliage quite a
bit above that reaching it when it
was in the heater line. Neither kind
of treatment can be guaranteed to be
effective in every instance; but I
know both reactivated and “boosted”
tubes which are still going strong
after months of use. The second
kind of breakdown is the cathode-
heater “short.” Here again, the
remedy is an isolating transformer,
which, so far as my experience
goes, is completely effective. Heater
transformers of either kind can,
naturally, be used only in sets
worked off a.c. mains; but when he
does fit one the knowledgeable
dealer can kill two birds with one
stone by improving the d.c. ampli-
fication on the lines suggested by
W. T Cocking in the February,
1954, issue.

The Magic of Numbers

OLD HANDS will recall how in the
early days of wireless we were wont
to boast of the number of valves
which our sets contained: the more
of them there were, the greater our
feeling of superiority and the better
the sets sold. In one case the total
was increased by the use of four little
half-wave rectifiers instead of a
single man-sized full-wave one!
Screen size used to be the
“ criterion” ot television sets, but

Net By
Price Post

25/- 26/3
36 310 |

10/10

316 3/9

10:11
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that has now rather given way to the
number of channels to which they
can be tuned: the man in the street
feels at least a head taller if he can
boast of his 13-channel receiver.
One’s always meeting or hearing of
people hailing from remote parts of
the country who, when buying sets
this year, have chosen to put down
an extra £5 or more to pay for Band
III tuners for which they’re unlikely
to have the slightest use before the
said sets are worn out. As they say
in the North, “There’s nowt so
queer as folk.”

Maintenance Schemes

THE OWNER of such a complex
assembly of expensive bits and
pieces as a television receiver is
probably wise to take out a main-
tenance contract or insurance policy
with a reputable firm. This does not
apply so much to readers of Wireless
World, who can do their own re-
pairs, as to those less gifted folk who
don’t know the first thing about the
“works.”  Still, even boffins can
find, if they are unlucky, valve after
valve packing up after the guaran-
tee on them has expired. Only the
other day I met one who was bewail-
ing the failure of a 17-inch c.r. tube
after a life of seven months; and, as
you know, there are other vulner-
able parts which can provide un-
pleasantly expensive surprises. There
are many soundly and honestly run
maintenance schemes; but there are,
one fears, certain others in different
parts of the country which are far
from being anything of the kind.
The existence of these is a blot on
the radio trade and I sincerely hope
that steps will be taken to stamp
them out.

«“Well, actually Mrs. B, we've got
a 27-inch screen.’”

WIRELESS WORLD, JANUARY 1955

THE

SILVER-DIAL

RANGE OF CONTROL-KNOBS

A NEW Range of instrument Knobs and
Dials. Manufactured in the finest-grade
polished Bakelite, with frosted aluminium
‘¢ Silver-Dial ™" dials.

List No. | ltem Dimensions, etc.

K.400 Knob | +#” (238 mm.}) ¢ x §”
(15.9 mm.) high

K.410 Dial* | 14" (38.1 mm.) ¢ X 2I
S.\(l)V.G., engraved 0-10 over
270°

K.410/P | Dial* | ditto, not engraved

* Rivets to Knob; we will fit and rivet, if

requested.
List No. | ltem Dimensions, etc.
K.401 Knob| 1" (29.4 mm.) ¢ x H”

(17.5 mm.} high

K.405 Skire | 147 (38.1 mm.) ¢ X 33"
(5.9 mm.) thick

K.411 Dial | 2” (50.8 mm.) ¢ X 2I
S.W.G., engraved 0-10 over
270¢

K.411;P | Dial ditto, not engraved

List No. | ltem Dimensions, etc.

K.402 Knob | 13" (41.3 mm.) ¢ X %3”
(19.9 mm.) high

K.406 Skirt | 245" (52.4 mm.) ¢ X §3*
(5.9 mm.) thick

K.412 Dial 23" (699 mm.) ¢ x 21
S.W.G., engraved 0-100
over 183°

K.412/P | Dial ditto, not engraved

List No. ltem Dimensions, etc.

K.403 Knob | 23" (60.3 mm.) ¢ X 3}”
(24.6 mm.) high

K.407 Skirt { 37 (762 mm.) ¢ x 43"
(5.9 mm.) thick

K.413 |Dia| 4" (101.6 mm.) ¢ X 2l
S.W.G., engraved 0-100
over 180°

K.413/P | Dial | ditto, not engraved

Further details available in the NEW 114 page

Catalogue. Price /- post free. Ref. 194/WW. THE' CHOICE OF CRITICS

Manufacturers of Radio and Electronic Components

|
1] A. F. BULGIN & CO. LTD., BYE-PASS RD., BARKING, ESSEX

Telephone: RIPpleway 3474 (5 lines)
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UNBIASED

Render Unto Ceesar

FAR be it from me to join issue with
the mighty who have been arguing
about the origin of the valve. But
the noise of conflict certainly set me
thinking as to what exactly is meant
by the word “valve.” The Greeks
had a word for it, but it isn’t neces-
sary to go farther back than the Latin
word wvolvere, meaning “to rturn.”
In the days of Cicero that part of an
entrance which had to be turned or
moved round in order to get through
it was called a wvalva; in fact, Cicero
himself used the word. The use of
the word “valves” to describe the
“leaves ” of a folding door was not
uncommon in Elizabethan days.

In 1615 the medical profession
particularized the meaning of
“valve ” as a one-way door, using the
word to describe those parts of the
circulatory system which stop the
blood regurgitating when the heart
is not on its actual firing stroke.
Forty-five years later it was used in
engineering circles to describe an
automatic one-way device inserted in
a pipe through which water or air
was flowing.

It seems obvious, therefore, that
although literally there is no sugges-
tion of unilateral conductivity in the
word valve, its use as meaning a one-
way device was well established three
hundred years ago and so the ex-
pression “ non-return valve” which
we sometimes hear is tautological.

I have stated these facts at some
length because attempts have been
made in some quarters to say that
de Forest and not Fleming patented
the first rea! thermionic valve.
Actually, of course, the addition of
de Forest’s grid to the existing ther-
mionic valve turned Fleming’s device
into something else, namely, a ther-
mionic relay.

A TVested Interest

MY ATTENTION has been drawn
to a new question on the form which
has to be filled in at the local post
office if letters are to be redirected.
This question demands to know the
date of expiry of your sound or tele-
vision licence.

Doubtless this question can be
defended on the ground that it is
merely a convenience to the P.M.G.’s
clerical staff and also to the licence
holder. But if this be so why does
not the form ask about the date of
expiry of the dog licence, another
annually renewable affair handled
by the P.O.? The reason is, I think,
the entirely sordid one that the
P.M.G. has a vested interest in one
but not in the other. The £1 or £3
wireless licence yields quite a healthy
rake-off to the P.M.G. but he would
not get more than a few coppers out
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of the humble 7s 6d dog licence.
Actually I believe I am right in say-
ing he gets nothing at all but has to
hand it all over to the local County
Council, which is the authority re-
sponsible for licensing dogs. It is
obvious, therefore, that the P.M.G.
couldn’t care less if we renew our dog
licences or not.

How Many Mi crosqueers?

MORE than twenty years ago I pub-
lished in these columns details of an
appliance whereby a schoolmaster
could put the administration of
corporal punishment on a proper
scientific basis so that there were
“fair shares for all” in this matter.

Gauging the Vigour.

The haphazard methods employed at
that time are unfortunately still in
use with the result that those at the
tail end of the queue in a mass caning
receive less than their just due owing
to pedagogic fatigue.

As you will see from the sketch
reproduced from W.W. for April 7th,
1933, the apparatus was simple, con-
sisting merely of two beams of light
projected on to photocells so that the
rate at which the cane moved, and,
therefore, the force of the blow, was
automatically calculated and shown
on a large dial.

With the great advances in elec-
tronics which have been made in the
past twenty years, the whole idea is
now hopelessly out of date. Nowa-
days with modern technique it would
be possible to dispense with the
human element altogether and hand
the delinquent schoolboy over to an
electronic caner which would ad-
minister justice scientifically after the
schoolmaster had decided on the cor-
rect number of microsqueers which
the culprit deserved. The unit of
flagellation is, of course, named after
the famous Dickensian character.

Needless to say the electronic
caner would incorporate some of the
features of the Ace computer and also
the encephalograph so that it could
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first measure the boy’s nervous
reactions and then adjust the strength
of its blows accordingly, as some boys
feel pain more acutely than others.
The machine could thus, in some
cases, modify the schoolmaster’s
sentence by applying electronically
calculated mercy to human justice.

Telepathy by V.H.F.

THE name of Maskelyne usually
conjures up—surely le mot juste—
visions of a woman being sawn in
half and it is a little odd to find that
this well-known illusionist was one
of the pioneers of radio. My atten-
tion has been drawn by the Rector
of Ewhurst, Sussex, to an article in
his parish magazine of over fifty years
ago  (July, 1901) in which are
described experiments successfully
undertaken by the Maskelyne con-
cern and the Rav. J. M. Bacon, M.A.,
in wireless communication between
the earth and a balloon: in flight. .

From this it is obvious that wire-
less signalling between aircraft and
ground followed very hard on the
heels of ship and shore communica-
tion. These aeronautical experi-
ments were conducted in the summer
of 1899 and in that same year the
first wireless distress call was sent
out by the East Goodwin lightship.

Four years later Nevil Maskelyne
was still engaged in wireless experi-
ments. There was some acrimonious
correspondence in The Times follow-
ing his attempt in 1903 to show cer-
tain weaknesses in wireless tuning by
transmitting signals which broke in
upon the receiver which Fleming
was demonstrating at the Royal
Institute. This incident is recorded
in the recently published biography
of the late Sir Ambrose Fleming.*

It is difficult to say from the meagre
information available whether the
famous conjurer had a genuine
scientific interest in radio or was
merely seeking to use it as a stage
stunt as is done to-day with tiny
v.h.f. transmitters in music-hall “ tele-
pathic ™ turns.

In the old days of stage “rtele-
pathy > a clever and elaborate code
either of words, vocal intonation or
even body posture was used by the
stooge in the stalls to let the seer on
the stage know what he was holding
in his hand. According to Dr. D. J.
West, M.B., the experimental research
officer to the Society of Psychical
Research, the successful use of the
code required long practice, and I
can well believe it. In his recently
published book, “Psychical Research
To-day,” he remarks how much
simpler is the modern technique of
using a small radio transmitter.
Unfortunately, Dr. West gives no
technical details, but obviously the
stooge must use a midriff mike and
be a ventriloquist in the literal mean-
ing of that term.

* ¢ The _Invemor :Jf the Valve.” by Dr.
J. T. MacGregor-Morris. (Television
Society.)
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