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SUGGESTIONS FOR CONTRIBUTORS TO THE 

 

"PROCEEDINGS" 

 

Preparation of Paper 

 

Form—Manuscripts may be submitted b
Jv member and nonmember contributors from any. 

 

country. To be acceptable for publication, manuscripts should be in English, in final 

 

form for publication, and accompanied by .a summary of from 100 to $00 words. Papers 

 

should be typed double space with consecutive numbering of pages. Footnote references 

 

should be consecutively numbered and should appear at the foot of their respective 

 

pages. Each reference should contain author's name, title of article, name of journal, 

 

volume, page, month, and year. Generally, the sequence of presentation should be as 

 

follows: statement of problem; review of the subject in which the scope, object, and 

 

conclusions of previous investigations in the same field are covered; main body describing 

 

the apparatus, experiments, theoretical work, and results used in reaching the con-
clusions and their relation to present theory and practice; bibliography. The above 

 

pertains to the usual type of paper. To whatever type a contribution may belong, a close 

 

conformity to the spirit of these suggestions is recommended. 

 

Illustrations—Use only jet black ink on white paper or tracing cloth. Cross-section paper 

 

used for graphs should not have more than four lines per inch. If finer ruled paper is 

 

used, the major division lines should be drawn in with black inic, omitting the finer divi-
sions. In the latter case, only blue-lined paper can be accepted. Photographs must 

 

be very distinct, and must be printed on glossy white paper. Blueprinted illustrations 

 

of any kind cannot be used. All lettering should be 8/16 in. high for an 8 x 10 in. 

 

figure. Legends for figures should be tabulated on a separate sheet, not lettered on 

 

the illustrations. 

 

Mathematics—Fractions should bo indicated by a slanting line. Use standard symbols. 

 

Decimals not preceded by whole numbers should be preceded by zero, as 0.016. Equa-
tions may be written in ink with subscript numbers, radicals, etc., in the desired 

 

proportion. 

 

Abbreviations—Write a.c. and d.c. (a-c and d-c as adjectives), kc, µf, µµf, e.m.f., mh, µh 

 

henries, abscissas, antennas. Refer to figures as Fig. 1, Figs. 8 and 4, and to equations 

 

as (5). Number equations on the right in parentheses. 

 

Summary—The summary should contain a statement of major conclusions reached, since 

 

summaries in many cases constitute the only source of information used in compiling 

 

scientific reference indexes. Abstracts printed in other journals, especially foreign, 

 

in most cases consist of summaries from published papers. The summary should explain 

 

as adequately as possible the major conclusions to a nonspecialist in the subject. 

 

The summary should contain from 100 to 800 words, depending on the length of the paper. 

 

Publication of Paper 

 

Disposition—All manuscripts should be addressed to the Institute of Radio b;r `neers, 88 West 

 

89th Street, Now York City. They will be examined by the ( unnuuh o on Meetings 

 

and Papers and by the Editor. Authors are advised as prom. "i as possible of ,the 

 

action taken, usually within one month. 

 

Proofs—Gulley proof is sent to the author. Only necessary corrertios,e in typography should 

 

be made. No new material is to be added. Corrected proofs should Ise returned promptly 

 

to the Institute of Radio Engineers, 88 West 80th Street, Now Y, I: Cily. 

 

Reprints—With the galley proof a reprint order form is sent to J:o author. Orders for 

 

reprinta roust bo forwarded promptly as type is not held nftur publication. 
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Flint, 1614 Kentucky Ave   :dons, H. B. 

 

Flint, 1617 Mabel Ave.......... 

 

Gladstone, 100S \finnw-ota Ave. .. Peterson. W. E. 

 

Muskegon. 1692 \McGmft St.. ....  Warren, H. E. 

 

Duluth, 732-11th Are., W....  Richelieu. C. C. 

 

Harrison, RCA Radiotron Co.. .. ..  Hirlin er. J. F. 

 

Newark, 55 Kenmore Ave...... ..  Herold, E. W. 

 

Redbauk, Box No. 97 \Mumford, W. W. 

 

Westfield, 931 Grandview Ave.   Brendel, H. O. 

 

Bronx, 175 S. Boulevard Fischer, F. F. 

 

Brooklyn, 344 Thatford Are  Patsanik, David 

 

Brooklyn, 30'2 W. 23d St., Coney Island Singer, Louis 

 

Brooklyn, Box No. 30, Bush Terminal P.O, Suggs, C. H. 

 

Dryden  AffeWatters. J. T. 

 

New lock City, 154 W. 76th St.  Challenor, G. A. 

 

New York City, 5S E. 126th St. Gibson, 'Nesbit 

 

New York Ciity, New York University, Ltnidersity 

 

Heiglits 
Grant, M. S. 

 

New 1 ork City, 1046 'Madison Ave. Haberman, 2M. A. 

 

New York City, c/o Postmaster, U.S.S. Arkansas Lindsay, Stewart 
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New York (cont.) New York City, c/o Postmaster, U. S. Naval Mission to 

 

Brazil Reeves, T..1. 

 

New York City, 67 Broad St Riddle, R. H. 

 

New York City, 233 Broadway, RCA Victor, Inc., Foreign 

 

Dept. Roberts, C. G. 

 

Schenectady, 1098 Baker Ave Anderson, Adolph 

 

Schenectady, 241 Union St. Morrison R. J. 

 

Schenectady, 1705 Campbell Ave. Powles, P. T. 

 

Scotia, 40 Sanders Ave. Towne, A. E. 

 

Utica, 1303 Neilson St Lockner, J. Glynn 

 

Utica, 1692 Seymour Ave Lott, H. H. 

 

Woodmere, L.I. Chateau Apts., Woodmere Blvd. Warren, C. E., Jr. 

 

North Carolina Raleigh, Radio Nation WPTF Massey, Andrew 

 

Ohio Cleveland, 3462 E. 149th St Levin Isadore 

 

Dayton) General Motors Radio Corp., Eng. Dept. Sweigl►ert, D. V. 

 

Killbuck R.F.D. No. 2 Hammontree A. W. 

 

Mt. Healthy, W. Van Zant Rd. Ross, G. Fred Jr. . 

 

Toledo, 329 Parker Ave Fiedler, O. W. 

 

Oklahoma Oklahoma City, 1204 W. 7th St Pittman, W. A. 

 

Oregon Corvallis, 320 N. 21st. St. Feikert, G. S. 

 

Pennsylvania Allentown, 814 Greenleaf St. Taylor, R. R. 

 

Childs, 114 Madison Ave. Faling, C. L. 

 

Philadelphia, 7220 Frankford Ave. Barish, William 

 

Philadelphia, 317 Wolf St. Chelofsky, Max 

 

Philadelphia, S.S. Dorothy Luckenbach, c/o Luckenbaeh 

 

S.S. Co., Public Ledger Bldg  Lucey, Kenneth 

 

Philadelphia, 413 N. Daggett St. Smuraglia, F. 

 

Pittsburgh, 5420 Kincaid St. Douglass, R. H. 

 

Souderton, 333 Price Ave. Frederick, A. P. 

 

Rhode Island Providence, 1853 Westminster St., Olympia Radio Service 

 

Cc Bellem, L. 
Gt 

 

S. Jr. 

 

Utah Salt Lake City c/o Air Ways Radio Station Benzon, C. . 

 

Tennessee Memphis 276 Iiawthorne St. Raney, L. W. 

 

Texas Corpus Cluisti, R.F.D. No. 2, Box No. 304 Dunn, E. C. 

 

Dallas, 48311 Swiss Ave. Harington, C. F.. 

 

Port Arthur, 3226-7th St  Armagost, H. C. 

 

San Antonia, Brooks Field, 46tb School Squadron Muller C. W. 

 

Wisconsin Janesville, Radio Station WCLO Pyle, If W. 

 

Milwaukee, 1073-2nd St. Brown, F. H. 

 

Portage, 308 W. Emmett St. Brown, G. H. 

 

Argentina Buenos Aires, Defensa 143, c/o Cia. International de 

 

Radio Dymond, R. C. 

 

Buenos Aires, 143 Defensa, c/o CIRA Hoffman, R. R. 

 

Australia Melbourne, Coonil Cres. Malvern Cameron, R. M. 

 

Launceston, Tasmania, 21 High St. Smith, A. C. 

 

Brazil Rio de Janeiro, Caixa Postal 954 Borges, V. A. 

 

Rio de Janeiro, Avenida Rio Branco 149 Fre►re, Alvaro 

 

Canada Lachine Que., 124-44th Ave Clarke, J. L. 

 

Moose Yaw, Sask., 829 Athabasca St., E. Sinclair, J. H. 

 

Ottawa, Ont., 120 Frank St Hewson, J. H. 

 

Quebec, Que., 68 Bougainville Ave McKay, William 

 

Toronto, Ont., 265 King St., E. Diwell, Harry 

 

Toronto, Ont., 467 Jarvis St Edmonds, E. L. 

 

Toronto, Ont., 87 Kersdale Ave  Hindman, J. A. 

 

Toronto, Out., 265 E. King St. O'Byrne, Bernard 

 

Toronto, Ont., 27 Sherwood Ave., Apt. 8 Poulter, R. C. 

 

Toronto, Ont., 310a Yonge St. Wilson, J. C. 

 

Walkersville, Ont., Box No. 173 Fox, J. M. 

 

China Shanghai, 24a Kiangse Rd. Smith, R.-G. 

 

England Liverpool, 53 Borrowdale Rd., Sefton Park Hydes, H. B. 

 

London, N. 10, 55 Colney Hatch Lane, Muswell Hill.  Aldrich, G. H. 

 

London, 17, Dorset Rd., Ealing Ayres, F. 

 

London, S. E. 5, 19, Flaxman Rd. Millard, A. W. 

 

London, N. W. 11, 62 Corringham Rd. Westerveld, Frans 

 

London, S. W. 15, 48 Clarendon Rd., Putney Wilson, Percy 

 

Oxford, "The Sheiling," Beech Rd., Headington -Murray, J. W. 

 

Rhyl, Flints., "Studley House," 15 Bedford St. Gorman, Robert 

 

Stroud, Gloucestershire, 27 Landsdown.... Angell, D. H. 

 

Tolworth, Surrey, 13 Tolworth Rise  .. Danninger, Louis 

 

Wembley, c/o General Electric Co. Research Labs Greig, James 

 

Germany Berlin, Hallesches Ufer 12, Telefun�Ce►► Gothe, Albrecht 

 

Hawaii Hilo, c/o Moses Stationery Co. Simpson, R. L. 

 

Wahiawa, P.O. Box No. 142 Day, L. E. 

 

Japan Hirano, Mikage, near Kobe Kankiti, Kusama 

 

Osaka, 55 Hamaguchi-cho Sumiyoshi-ku Yamaguchi, T. 

 

Sendai, c/o Count Sakuma, 55 Kitanibancho Hayas►, Tatuo 

 

Tokyo 45, Takanawa, Minami-cho, Shiba Shims, Shigeo 

 

Mexico Santa Maria ]a Redonda No. 30, Int. No. 2 Perez, Jose de 

 

New Zealand Musselburgh Dunedin, 19 Princes St. Brooks, J. R. 

 

Scotland Glasgow, 25 kingswood Drive, Kings Park Fox, J. D. 

 

South Africa Capetown, Loop St., Broadcasting Studio Is Roux, D. J. 

 

For Election to the Junior grade 

 

California Stockton, 2015 S. California St. Robertson, W. J. 

 

Canal Zone Balboa, Naval Radio Grumman, F. W. 

 

New York Richmond Hill, L.I., 101-52 123rd St. Norris, T. B. 

 

England Clacton-on-Sea, Essex, 93 Hayes Rd. Heightman, D. W. 

 

New Malden, Surrey. 25 boombe Gardens Hall, A. B. G. 
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ARTHUR E. KENNELLY 

 

President of the Institute, 1916 

 

Arthur Edward Kennelly, fifth president of the Institute, was born at Bombay, India, on De. 

 

cember 17, 1861. 

 

Professor Kennelly received his early education in England, Scotland, France, and Belgium 

 

and in 1876 he joined the staff of the Eastern Telegraph Co. as a submarine cable telegraph operator, 

 

rising to be senior ship chief electrician in 1886. From 1886 to 1894 he was principal electrical assistant 

 

to Thomas A. Edison, at Orange, N. J., and also acted as a consulting engineer for the General Electric 

 

Co. during 1890-1894. With E. J. Houston he formed the firm of Houston and Kennelly, constructional 

 

engineers which operated in Philadelphia from 1894 to 1901. 

 

In 1902 he became Professor of Electrical Engineering at Harvard. From 1913 to 1925 he was a 

 

member of the faculty of The Massachusetts *Institute of Technology, returning to Harvard in 1926 

 

where he is at present. 

 

He was assistant secretary of the Institute of Electrical Engineers (London) in 1878; president 

 

of the American Institute of Electrical Engineers, 1898-1900; president, Illuminating Engineers Society, 

 

1911• president, Institute of Radio Engineers, 1916; and vice president of the American Association
 

 

for the Advancement of Science and the American Academy of Arts and Sciences. He is a member 

 

of the mathematical Society and the Physical Society, Honorary Fellow of the Electro-Therapeutic 

 

Association, Philosophical Society, American Academy of Arts and Sciences, Pacific Astronomical 

 

Society, and the Franklin Institute. He holds honorary memberships in the National Electric Light 

 

Association, the New York Electrical Society, Institute of Electrical Engineers (London), and Societe 

 

Francaise de Eleetrique, and is a corporate member of the British Association for the Advancement of 

 

Science. 

 

He became secretary of the U. S. National Committee of the International Electroteehnical
 

 

Commission in 1910, assuming the secretaryship from 1910 to 1922 and receiving the appointment of 

 

honorary secretary in 1923. 

 

He has received two awards from the Institute of Electrical Engineers (London), the Longstreth 

 

and Potts medals of the Franklin Institute and is a chevalier of the Legion d'Honneur. 

 

Professor Kennelly's two main contributions to technology in electrical engineering are the 

 

introduction of complex numbers into engineering from the shelves of pure mathematics in 1893 by 

 

introducing the extension of Ohm's law to alternating-current circuits by complex numbers and their 

 

vectors, and the application of complex angles and hyperbolic functions to alternating-current circuits 

 

following algebraic suggestions contained in the works of Heaviside, although Heaviside himself dia 

 

not use the method. 

 

As regards radio, Professor Kennelly was the first to suggest that the ionized conducting layer 

 

in the upper atmosphere was responsible for the reduction in attenuation in radio signals at great 

 

distances. His name has been coupled with that of Heaviside in this work as both independently reached 

 

the same conclusion. The independent writing of these theories occurred within a few months of each 

 

other. 

 

Professor Kennelly joined the Institute as an Associate in 1912, transferring to Member in 1913, 

 

and to the Fellow grade in 1928. 

 



INSTITUTE NEWS AND RADIO NOTES 

 

Rochester Fall Meeting 

 

A special all-day meeting of the Institute will be held at the 

 

Sagamore Hotel in Rochester on Friday, November 21, 1930. A 

 

number of speakers will present informal papers on subjects of con-
siderable interest to engineers. As these papers will not be preprinted 

 

for the meeting and most of them will probably not appear in the 

 

Proceedings, it will be necessary for those interested in the papers to 

 

be present. 

 

The opening session will start at 10:00 A.M. at the Sagamore Hotel 

 

Roof where the Eastern Great Lakes District Convention was held in 

 

November of 1929. Dr. Dellinger will preside at the three technical 

 

sessions scheduled and the program is as follows: 

 

Registration-9: 00 A.M. 

 

Morning Session-10:00 A.M. 

 

"The 227 Equipotential Cathode Tube" by A. C. Rockwood, Hy-Grade 

 

Lamp Works. 

 

"Notes on Circuit Design" by Fulton Cutting, Colonial Radio Corpora-
tion. 

 

Luncheon-12:30 P.M. 

 

Afternoon Session-2:00 P.M. 

 

"Some Considerations in Superheterodyne Design" by David Grimes, 

 

Radio Corporation of America. 

 

"A New Low-Distortion Radio Amplifier Tube, Type 551" by Stuart 

 

Ballantine and H. A. Snow, Boonton Research Corp. 

 

"The Thyratron—What it is and What it Does" by J. C. Warner 

 

General Electric Co. 

 

Dinner-6:30 P.M. 

 

Evening Session-8:00 P.M. 

 

"Extending the Radio-Frequency Spectrum" by A. Hoyt Taylor, 

 

Naval Research Laboratory. 

 

Rochester is a very convenient place to reach by railroad. Trains 

 

leaving New York, Boston, and Chicago arrive in Rochester the follow-
ing morning in ample time for those traveling to attend the opening 

 

session of the meeting. There are a number of trains leaving Rochester 

 

for New York, Boston, and Chicago between 10:00 P.M. and midnight 

 

so that those attending the meeting can reach the above mentioned 

 

cities by Saturday morning. As the meeting is scheduled for one day 

 

only, there will be no necessity of the delegates having to stay in 

 

Rochester overnight. The actual time away from regular business will, 

 

therefore, be only the day during which the meeting is held, and in 

 

1615 
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view of the number of papers and their significance, the journey should 

 

be amply repaid. 

 

No advance registration is required. 

 

1930 Convention 

 

The fifth annual and first international convention of the Institute 

 

was held in Toronto, Canada, August 18 to 21, 1930. The convention 

 

was attended by five hundred and seventy-five members and guests 

 

who were from all sections of the United States and Canada. In 

 

addition, members from Austria, England, Germany, France, and 

 

Italy were in attendance. 

 

The program of the first three days of the convention was ter-

minated by the annual banquet at which three hundred members and 

 

guests. were present. The award of the Institute Medal of Honor to 

 

Professor P. 0. Pedersen of the Royal Technical College at Copen-

hagen, Denmark, and the Morris Liebmann Memorial Prize to Dr. 

 

Albert W. Hull of the Research Laboratory of the General Electric 

 

Co. were made during the banquet. 

 

The golf. tournament which was held at the St. Andrew's golf course 

 

was won by Arthur F. Rose of the American Tel. & Tel. Co. The 

 

trophy which is in the form of a silver cup was presented by the 

 

Toronto Section and is to be competed for annually. A smaller cup 

 

will be retained by the winner each year and the large cup will be in 

 

possession of the last winner until it has been won three times by the 

 

same player, in which case it will become a permanent award. Pres-

entation of this cup was also made during the banquet which was 

 

followed by professional entertainment and dancing by the guests. 

 

The entire last day of the convention was devoted to a trip to 

 

Niagara Falls, The Queenston Power Plant, and the Welland Ship 

 

Canal. 

 

During the technical sessions, twenty-three papers were presented 

 

and a number of committee meetings were held throughout the first 

 

three days of the convention. 

 

We acknowledge our appreciation of contributions made by a 

 

number of Canadian and U. S. manufacturers and dealers in radio 

 

goods and in particular to the Canadian General Electric Company 

 

whose name was inadvertently omitted from the list distributed during 

 

the convention. 

 

The annual meeting of the Committee on Sections which was at-

tended by representatives of nine of the seventeen Institute Sections 

 

was held on August 19. A new Section constitution was approved for 

 

recommendation to the Board of Direction. It is hoped that this con-
stitution will be sufficiently broad to allow its adoption by all Sections. 

 

The rebate system now in operation was considered carefully and it 
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was recommended that this be changed to call for a rebate to each Sec-

tion of 50c per year for each member residing in the Section territory. 

 

In addition, a rebate of $10 will be paid for each meeting of the Section 

 

held. It is the belief that this system will more equitably distribute 

 

Section funds and permit a number of the smaller Sections to carry 

 

on their operation more successfully. 

 

September Meeting of the Board of Direction 

 

A meeting of the Board of Direction was held at 4:30 P.m. on Wed-

nesday, September 3, 1930 at the offices of the Institute, 33 Nest 

 

39th Street, New York City. The following members were present: 

 

R. H. Marriott, acting chairman, 
-
Melville Eastham, treasurer, 

 

R. A. Heising, J. V. L. Hogan, C. M. Jansky, Jr., A. F. Van Dyck, 

 

and H. P. Westinan, secretary. 

 

The following were transferred or elected to the higher grades of 

 

membership in the Institute. For transfer to the Fellow grade: R. H. 

 

Manson and C. W. Horn. For transfer to the Member grade: 11. J. 

 

Andrew, C. M. Burrill, F. A. Gunther, J. G. Mullen, Gregory Ogolo-

binsky, E. B. Patterson, A. C. Rockwood, R. L. Schoen, Clayton 

 

Shangraw. For election to the Member grade: C. R. Clark, IM. M. Das, 

 

L. M. Harvey, C. J. Mercer, S. C. Nixdorff. 

 

One hundred and seven Associate members and four Junior 

 

members were elected. 

 

Nomination of 1931 Officers and Managers 

 

The Board of Direction of the Institute has nominated the follow-

ing candidates for offices of the Institute during the coming year: 

 

For President: R. H. Manson, Chief Engineer, Stromberg-Carlson 

 

Telephone Manufacturing Co., Rochester, N. Y. Member, Board 

 

j of Direction, 1927-30. Fellow of the Institute, 

 

For Vice President: C. P. Edwards, Director of Radio, Canadian 

 

Marine Department, Ottawa, Ont., Canada. Member, Committee 

 

on Standardization. Fellow of the Institute. 

 

I 

 

For Managers (three year terms) 

 

L. M. Hull, Vice President, Radio Frequency Laboratories, Boonton, 

 

N. J. Member, Board of Direction, 1929-30. Chairman, Com-
mittee on Broadcasting; Member, Committee on Meetings and 

 

Papers. Fellow of the Institute. 

 

A. F. Van Dyck, Radio Corporation of America, New York City. 

 

Member of Board of Direction, 1930. Member, Committee on 

 

Admissions and Committee on Bibliography. Fellow of the 

 

Institute. ' 
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Proceedings Binders 

 

Because of the enlarged size of the PROCEEDINGS published during 

 

1929, many of our members find that they are unable to fit the twelve 

 

issues into the standard binder which has been available in the past. 

 

We are pleased to announce that a larger size of binder is now 

 

available which will hold the twelve issues published during 1929. 

 

When ordering the larger size be sure to specify that the large 

 

binder is desired. They are available at $1.75 each and the member's 

 

name will be stamped on it for 50 cents additional. The smaller size 

 

binder is still available at $1.50. 

 

Associate Application Form 

 

For the benefit of members who desire to have available each 

 

month.an application form for Associate membership, there is printed 

 

in the PROCEEDINGS a condensed Associate form. In this issue this 

 

application will be found on page XXXIII of the advertising section. 

 

Application forms for the Member or Fellow grades may be ob-
tained upon application to the Institute office. 

 

The Committee on Membership asks that members of the Institute 

 

bring the aims and activities of the Institute to the attention of desir-
able and eligible nonmembers. The, condensed form in the advertising 

 

section of the PROCEEDINGS each month may be helpful. 

 

Radio Signal Transmissions of Standard Frequency 

 

The following is a schedule of radio signals of standard frequencies 

 

for use by the public in calibrating frequency standards and trans-

mitting and receiving apparatus as transmitted from station WWV 

 

of the Bureau of Standards, Washington, D. C. 

 

Further information regarding these schedules and how to utilize 

 

the transmissions can be found on pages 10 and 11 of the January, 

 

1930, issue of the PROCEEDINGS, and in the Bureau of Standards Letter 

 

Circular No. 171, which may be obtained by applying to the Bureau 

 

of Standards, Washington, D. C. 

 

Eastern Standard 

 

Time Oct. 20 

 

Nov. 20 Dec. 22 

 

10 00 P.M. 1600 4000 550 

 

10 12 1800 4400 600 

 

10 24 2000 4800 700 

 

10 36 2400 5200 800 

 

10 48 2800 5800 1000 

 

11 00 3200 6400 1200 

 

11 12 3600 7000 1400 

 

11 24 4000 7600 1500 
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Committee Meetings 

 

COMMITTEE ON ADMISSIONS 

 

The following meetings of the Committee on Admissions were 

 

held during the summer months: 

 

July 9.' Present R. A. Heising, chairman; R. H. Mariott, E. R. 

 

Shute, and H. P. Westman, secretary. Three applications for transfer 

 

to the Fellow grade were approved, four applications for transfer to the 

 

Member grade were considered and approved, and six applications 

 

for admission to the Member grade were considered, four of which 

 

were approved. 

 

August 6. R. A. Heising, chairman; C. N. Anderson, J. S. Smith 

 

and H. P. Westman, secretary were present. An application for trans-

fer to the Fellow grade and another for admission to the Fellow grade 

 

were considered and approved. Of three applications for transfer to 

 

the Member grade considered, two were approved and two. of three 

 

applications for admission to the Member grade were approved. 

 

September 3. Those present were R. A. Heising, chairman; C. M. 

 

Jansky, Jr.,
- R. H. Marriott, E. R. Shute, A. F. Van Dyck and H� P. 

 

Westman, secretary. One of two applications for admission to the 

 

Member grade was approved and one application for transfer to the 

 

Member grade was approved of two considered. 

 

COMMITTEE ON BROADCASTING 

 

A meeting of the Committee on Broadcasting was held on Septem-

ber 3 in the office of the Institute the following being present: R. H. 

 

Marriott, acting chairman, B. R. Cummings, P. A. Greene, Raymond 

 

Guy, J. V. L. Hogan, and E. L. Nelson. 

 

STANDARDIZATION 

 

SUBCOMMITTEE ON M ETHODS OF TEST OF THE TECHNICAL COMMITTEE 

 

ON RADIO TRANSMITTERS AND ANTENNAS— IRE 

 

This meeting was held at 10:00 A.M. on July 16 at the office of the 

 

Institute and was attended by William Wilson, chairman; F. Or.  Kear 

 

and Beverly Dudley, secretary. 

 

SUBCOMMITTEE ON NOMENCLATURE AND DEFINITIONS OF THE 

 

TECHNICAL COMMITTEE ON RADIO TRANSMITTERS AND 

 

PARTS—ASA 

 

A meeting of the above subcommittee was held at the office of the 

 

Institute on July 17 at 2:00 P.M. and was attended by R. M. Wilmotte, 

 

chairman; T. A. M. Craven, George Grammar (representing J. J. 

 

Lamb) William Wilson and Beverly Dudley, secretary. 

 

SUBCOMMITTEE ON NOMENCLATURE OF THE TECHNICAL COMMITTEE 

 

ON RADIO TRANSMITTERS AND PARTS— ASA 

 

A meeting of this subcommittee was held in the King Edward Hotel 
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in Toronto, Canada, at 2:00 Y.M. on August 19. and was attended by 

 

William Wilson, acting chairman; A.. B. Chamberlain, J. J. Lamb 

 

and B,evexly Dudley, secretary. 

 

SUBCOMMITTEE ON M ETHODS OF TEST OF THE TECHNICAL COMMITTEE 

 

ON RADIO TRANSMITTERS AND ANTENNAS—IRE 

 

A meeting of the above subcommittee was held at 2:00 P.M., 

 

August 20, in the King Edward Hotel, Toronto. William Wilson, 

 

chairman; F. G. Kear, D. G. Little, J. C. Schelleng, F. R. Lack, and 

 

Beverly Dudley, secretary were in attendance. 

 

TECHNICAL COMMITTEE ON VACUUM TU BEs—IRE 

 

The following members were present at a meeting of the Technical 

 

Committee on Vacuum Tubes of the I.R.E. which was held at 10:00 

 

A.M. on September 4 at the office -of the Institute, Stuart Ballantine, 

 

chairman; F. H. Engel, D. E. Harnett, W. J. Kimmell (representing 

 

S. M. Kintner) B. E. Shackelford, J. C. Warner, R. M. Wise, and 

 

Beverly Dudley, secretary. 

 

TECHNICAL COMMITTEE ON ELECTRO-ACOUSTIC DEVICES—IRE 

 

A meeting of this committee which was held at 10:00 A.M. on Sep_' 

 

tember 10 at the office of the Institute was attended by H. A. Freder-
ick, chairman;- L. G. Bostwick, Paul Heyl, E. W. Kellogg, Benjamin 

 

Olney (representing R. H. Manson) W. P. Powers, A. E. Thiessen 

 

(representing Melville Eastham) H. A. Wheeler, Irving Wolff, and 

 

Beverly Dudley, secretary. 

 

Institute Meetings 

 

NEW YORK M EETING 

 

The New York meeting of the Institute was held on Wednesday, 

 

September 3, 1930, in the Engineering Societies Building, 33 West 

 

39th. Street, New York City. R. H. Marriott presided. 

 

A paper on "Aircraft Radio" was presented by A. K. Bohman, of the 

 

Pan American Airways, Inc. Several reels of motion pictures in connec-
tion with the paper were also presented. 

 

Two hundred members and guests attended the meeting. 

 

Errata 

 

In the paper "A precise and Rapid Method of Measuring Fre-
quencies From Five to Two Hundred Cycles Per Second" by N. P. 

 

Case, which appeared in the -September, 1930, issue of the Proceedings, 

 

a footnote reference was omitted. This should appear on page 1586 

 

and read, "Publication approved by the Director of the Bureau of 

 

Standards of the U. S. Department of Commerce." 
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TECHNICAL PAPERS 

 





Proceedings of the Institute of Radio Engineers 

 

Volume is, Number 10 October, 1930 

 

SOME DEVELOPMENTS IN BROADCAST TRANSMITTERS* 

 

BY 

 

I. J. KAAR' AND C. J. BURNSIDE2 

 

('General Electric Co., Schenectady, 
estinghou 

a Electric and Manufacturing Co., 

 

Chicopee F 
 

 

URING the spectacular development of the radio broad 

 

cast art in the past decade, little has been written regarding 

 

  the progress of the art of transmission. Receiver problems 

 

have been copiously treated, and rightly so, for the demand for 

 

receivers is measured in millions of units whereas the demand for 

 

transmitters is, and must necessarily remain, very limited. In spite 

 

of the limited demand for transmitter equipment, research and 

 

development of this apparatus has kept abreast of the receiver art 

 

and it may be truthfully stated that to-day modern transmitters 

 

excel modern receivers in the fidelity with which they perform their 

 

work. 

 

In order to visualize properly the development which has taken 

 

place in the past ten years, it is necessary to recall the class of equip-

ment which was in service at that time. For the most part, transmitters 

 

were all of the "antenna oscillator" type, that is, the tubes generat-

ing the radio frequency were themselves coupled to the radiating 

 

system. Frequently these tubes were modulated in some fashion by 

 

operating upon their grids. This system was unsatisfactory in many 

 

respects and was soon improved by the use of . separate modulator 

 

tubes operating to change the plate voltage of the oscillator. Due to 

 

troubles in .coupling and frequency stability, this system was soon 

 

supplanted by the master-oscillator power-amplifier system which 

 

accomplished modulation on the plates of the final power stage by 

 

the constant current system. One of the next developments was the 

 

piezo-electric quartz crystal which was incorporated with the master 

 

oscillator to afford a degree of carrier frequency precision hitherto 

 

unheard of. 

 

It should be observed that the development of broadcast trans-

mitters has not been marked by revolutionary changes but has been 

 

the result of a steady painstaking study and improvement of details. 

 

During the radio-frequency circuit development described above, 

 

steady improvements were being made in pickup equipment and low-

frequency amplifiers and also during this time the condenser micro-

phone was brought to a stage of perfection. Vacuum tubes for specific 

 

* Dewey decimal classification: R355.21 X R550. Original manuscript re-
ceived by the Institute, June 2, 1930. Presented before Fifth Annual Conven-

tion of the Institute, August 20, 1930. 
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purposes were made available. Circuits were carefully analyzed and 

 

improved. Lastly, engineering experience and confidence arose to 

 

a point where design work could be accomplished in much the same 

 

manner as is the custom in power practice. 

 

The output power has steadily arisen from a few watts to 200 kw 

 

or more and no serious obstacle is seen to building transmitters of 

 

even greater power. 

 

Considerable progress has been made in the method of transferring 

 

power to the antenna. This is now accomplished by means of high-
frequency transmission lines which permit the building of the trans-
mitter enclosure at a considerable distance from the antenna itself. 

 

This practice enables the transmitters to be located well out of the 

 

immediate field of the antenna. The transmission line behaves exactly 

 

like a low-frequency transmission line and it is necessary to take the 

 

same precautions, probably to a greater degree, at the terminals. It 

 

is interesting to note that a radio-frequency transmission line 1000 ft. 

 

long operating at 790 kc exhibits all of the phenomena of a 60-cycle 

 

power transmission line 2500 miles long except for the fact that the 

 

efficiency of the radio-frequency line is about 99 per cent whereas 

 

it is certain that there would be very little power left at the end of the 

 

2500-mile line operated at 60 cycles. 

 

MODULATION 

 

During recent years, it has been demonstrated that a great re-
duction in background noise could be brought about by completely 

 

modulating the transmitted carrier. This practice does not, of course, 

 

actually reduce the stray noise level but rather decreases. its ratio to 

 

the received signal which is to the same end. This advantage is very 

 

noticeable on receivers whose detectors operate at low level and over 

 

considerable curvature since with these detectors, the received signal 

 

is, to a much greater extent, dependent upon the product of carrier 

 

and side-band amplitude and greater opportunity is afforded for 

 

extraneous noise to modulate the carrier. 

 

. Also, it is quite generally accepted that interstation interference 

 

due to heterodyning carriers can be a serious cause of disturbances 

 

over a much greater area than that covered by the modulation com-
ponents of an incompletely modulated wave. A figure of merit for a 

 

transmitter may be defined as the ratio of the area over which it 

 

produces a satisfactory signal to the area over which it produces 

 

interference. The interference area remains constant for a given 

 

carrier amplitude whereas the signal area is proportional to some 

 

power of the degree of modulation. It is therefore observed that the 

 

J 
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signal area of a completely modulated carrier most closely approaches 

 

that of the interference area. 

 

Probably* the most outstanding development of recent years has 

 

been in the method of modulation. At the present time, it is estimated 

 

that most of the existing broadcast transmitters are using the constant 

 

current system of high level modulation. This system is renowned 

 

for its simplicity, reliability, and high quality but suffers the dis-

advantage of not readily permitting complete modulation. In this 

 

system it is hardly possible to utilize properly the available capacity 

 

M..i— AR —bit bit r-tC t.....** B"'k ) 
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Fig. 1—General theory of class B amplifier operation. 

 

of the modulators because of the difficulty in obtaining a proper 

 

impedance match between modulator and power amplifier. Trans-

formers for this purpose are very expensive and suffer from frequency 

 

discrimination. It is commercially impractical to construct a trans-

former capable of performing this function at the power levels of 

 

modern transmitters. If, however, modulation is accomplished at a 

 

low power level and the resultant wave is amplified, a gain in over-all 

 

economy can be demonstrated and the output wave can be com-

pletely modulated. The power consumed by the modulators must, of 

 

course, be included in the total power drawn by the plate modulated 

 

system when comparisons are made Of the two systems. 

 

CLAss B OPERATION 

 

A general idea of class B operation may be gained by reference 

 

to Fig. 1. 
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This figure indicates that the plate current drawn by the tube is 

 

very closely a linear function of the extent of the grid swing, differing 
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only by the amount of curvature of the dynamic plate current char-
acteristic. The curvature of the dynamic plate characteristic depends 

 

7D 

 

60 

 

A
3
W
3
1
D
u
3
3
 

31
V1

d 
V 

Sg 

 

I 

 

LOAD CHARACTERISTIC 

 

CURVES 

 

Z-UV862 TUBES 

 

  GRIDS SATURATED 

 

3 

 

Fig. 3 

 

upon the inherent characteristics of the tube and the ratio of the 

 

effective load impedance to the internal impedance of the tube. Under 

 

conditions of loading which give maximum conversion efficiency, 
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the dynamic characteristic is sufficiently linear to permit the plate 

 

current to be a linear function of the grid swing for all practical pur-

poses. The transmitter is adjusted to operate into a value of load re-

sistance as determined by Figs. 2 and 3. The position of the crests 

 

of these curves depends upon the physics of the tube and upon the 

 

power factor of the circuit to which it is connected. The curves shown 

 

are for typical circuits at broadcast frequencies. The conversion 

 

efficiency is also a linear function of the grid swing and consequently 

 

the output power is proportional to the square of the grid swing. This 

 

indicates that the instantaneous peal: output of a transmitter during 

 

complete modulation is four times the output when the modulation 

 

is zero. It can be shown that the steady output under complete modu-
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lation is 1.5 times the output at zero modulation. The important con-

sideration is, then, that even though the carrier power of a transmitter 

 

is only 50 kw, provision must be made in the tube complement per-

mitting peaks of 200 kw to be supplied during peaks of complete 

 

modulation. 

 

TYPE 100-A- 100-WATT CLASS B TRANSMITTER 

 

This transmitter was designed to fill the need for an inexpensive 

 

high quality transmitter for use on shared channels or where the 

 

coverage desired -is smaller than that possible by the use of the 5 kw 

 

or 1-kw transmitter. 

 

Extreme frequency precision is afforded, the transmitter utilizing 

 

the same type of crystal control unit as is described as a part of the 

 

5B and 50B transmitters. 

 

A block diagram of this transmitter is shown by Fig. 4 and a 

 

skeleton schematic by Fig. 5. 
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Complete modulation of the carrier is achieved by low level 

 

modulation and class B amplification. 

 

The transmitter unit is shown by Figs. 6 and 7. 

 

Six radio-frequency stages are used 

 

Crystal stage 

 

Buffer stage 

 

First intermediate 

 

Second intermediate 

 

Modulated amplifier 

 

Power amplifier 

 

vo ec� ese 

 

employing tubes as follows: 

 

1—UX-210 

 

1—UX-865 

 

1—UX-865 

 

1—UX-865 

 

2—UX-210's 

 

1—UV-849 
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The audio-frequency channel comprises two stages of amplifica-
tion, the first being resistance coupled and the second being reactance 

 

coupled. Each stage employs a single UX-210 tube. The modulator 

 

bank employs four UX-842's in parallel. This tube has an amplification 

 

constant of three and is very well adapted to modulator service. 

 

Satisfactory impedance match between the modulator bank and the 

 

modulated power amplifier is obtained by aresistor-capacitor network 

 

through which the power amplifier draws its plate current. 

 

Plate ,supply for all except the last stage in the radio-frequency 

 

chain is supplied from a single phase full wave rectifier employing 

 

two UX-866 hot cathode mercury vapor tubes. A rectifier using four 

 

UX-866 hot cathode tubes supplies plate voltage for the main power 

 

amplifier. 

 

Bias supplies for all stages and filament supply to all except the 

 

two speech amplifier stages are obtained from a three unit motor 

 

generator set. Filament supply for the speech amplifier tubes is 
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i 

 

Fig. 6-100-watt broadcast transmitter. Rear view, shields removed. 
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obtained from the storage batteries which supply filament power for 

 

the speech input equipment. 

 

Fig. 7-100-watt broadcast transmitter. Front view. 

 

Direct coupling to the antenna is used, with .variometer and series 

 

condensers for tuning. With a few simple changes however, the set 

 



Taar and Burnside: Develohnte++ts in Broadcast Transmitters 1631 

 

can be adapted for transmission line feed in cases where this is ad-

visable. 

 

The over-all frequency characteristic does not deviate more than 

 

one db from a straight line between 70 and 5000 cycles. Percentage 

 

modulation is read directly by a meter on the panel of the transmitter. 

 

This unit is driven by the same monitoring rectifier tube which 

 

operates the loud speaker. 

 

TYPE 1-B—ONE -Kw BROADCAST TRANSMITTER 

 

As a medium power member of the line of broadcast transmitters 

 

the type 1-B-1-kw broadcast transmitter has been developed. (See 

 

Fig. 8.) \? 
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Fig. 8—Block diagram R.C.A. type 1-B transmitter. 
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This transmitter is of the linear amplifier type with modulation 

 

taking place in the stage preceding the output amplifier. This set 

 

is designed to operate at an unmodulated output of 1 kw and is capable 

 

of complete modulation. It is complete from audio input at zero level 

 

to the antenna, with water system, rotating power supply equipment, 

 

control panel, modulated exciter unit, power amplifier unit, and 

 

antenna coupling and tuning unit. A dummy antenna is also available 

 

for use with this transmitter. 

 

Radio-Frequency Units 

 

The radio-frequency units of the transmitter are: 

 

(1) Modulated exciter unit 

 

(2) 1-kw power amplifier unit 

 

(3) Antenna coupling and tuning unit. 

 

The transmitter proper is shown by Fig. 9. 
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(1) The modulated exciter unit contains ;two of the standard pre-
cision frequency units used in the other members of the RCA-Victor 

 

a 

 

Fig. 9--One—kiN, broadcast transmitter. Left front view. 

 

line of broadcast transmitters. Either of these units may be switched 

 

into the circuit by means of a panel control. A single phase full wave 

 

I 
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rectifier utilizing two UX-866 tubes supplies power for the crystal 

 

unit in use. . 

 

Fig. 10—Antenna unit. Rear view. 

 

The crystal unit excites a buffer stage consisting of one UX-860 

 

screen-grid Radiotron. This stage in turn furnishes excitation to the 
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modulated amplifier consisting of two UX-860's in parallel. A UV-849 

 

Radiotron is utilized to modulate the two UX-860's in parallel. 

 

A UV-203-A high level audio amplifier supplies excitation for the 

 

modulator grid, and operates directly from the audio line. Zero 

 

level audio input is sufficient to give complete modulation of the 

 

transmitter. 

 

The modulated exciter unit also contains bias filter and potentiom-
eter circuits, the vacuum-tube relays used in conjunction with the 

 

precision crystal units and other minor parts. 

 

(2) The 1-kw power amplifier unit contains a water-cooled Radio-
tron operating at 6000 volts plate potential. This stage obtains its 

 

grid excitation directly from the modulated stage in the modulated 

 

exciter unit. The plate tank circuit has a coupling coil to which the 

 

transmission line is connected. The 1-kw power amplifier unit also 

 

contains a monitoring rectifier for monitoring the r-f output and 

 

indicating percentage modulation. The power supply filter circuit is 

 

also contained in this unit. 

 

(3) The antenna coupling and tu?,ing unit consists of a transmis-
sion-line-terminating tank circuit with antenna coupling coil and 

 

antenna tuning inductance, an antenna series condenser, and an 

 

antenna ammeter. A thermocouple on this unit gives an antenna cur-
rent indication on the 1-kw power amplifier meter panel. A rear view 

 

of this unit is shown by Fig. 10. 

 

Power Equipment and Cooling System. 

 

The power equipment and cooling system includes the following 

 

units. 

 

(1) Power control panel 

 

(2) Plate supply motor-generator set 

 

(3) Filament and bias motor-generator set 

 

(4) Water-cooling system. 

 

(1) The power control panel is designed for installation in the power 

 

room where the plate and filament motor-generator sets and water-
cooling system are located. It is of the panel type and on it are mounted 

 

all power switches, fuses, contactors, and control relays together 

 

with the line starters for the filament and plate motor-generator sets. 

 

Panel lights to indicate blown-out fuses are also a feature of this unit. 

 

A view of this unit with protecting screen open is shown by Fig. 11. 

 

(2) The plate supply motor-generator set is also a three-unit machine 

 

consisting of motor and two double commutator 3000 volt d-c genera-tors. Each commutator handles 1500 volts and as the machines are 

 

operated in series the various plate voltages of 1500 volts, 3000 
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volts, and 6000 volts, required by the transmitter are available directly 

 

without the use of potentiometers or series resistors.. 

 

Fig. 1.1—Power control unit. 

 

(3) The filament and bias motor-generator set is a three-unit machine 

 

consisting of motor, filament generator, and exciter. The exciter 
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furnishes field excitation for the filament generator and also for the 

 

plate supply generators. It is used for a bias supply also. 

 

(4) The cooling system consists of a centrifugal pump, radiator, and 

 

fan, with common driving motor all mounted in one compact unit. 

 

This unit will dissipate 4 kw continuously. An expansion tank and 

 

visual water-flow, indicator complete the system. 

 

The complete transmitter is automatic in operation and starts 

 

with a single push button. All units. -start up in regular sequence 

 

and at the proper time interval from this single control. Control 

 

switches make it possible to halt the starting sequence at several 

 

points in the procedure for purposes of test or stand-by adjustment. 

 

Less than 15 seconds are consumed from the pressing of the start 

 

button until the transmitter is on the air. at full power. The total 
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power drawn from the line by this transmitting equipment is slightly 

 

less than 13 kw. 

 

The perfection of performance of this transmitter is the same 

 

as that of the 5-kw type 5-13 and 50-kw type 50-B transmitters. 

 

TYPE 5-A-5-SW CLASS C TRANSMITTER 

 

The first 5-kw broadcast transmitters built by the manufacturing 

 

companies of the R.C.A. were plate modulated on the output amplifier 

 

stage. A considerable number of these transmitters have been built 

 

and are giving satisfactory service. 

 

It is possible to modulate the carrier of this set to approximately 

 

70 per cent without serious limiting, the amplitude of the second 

 

audio harmonic being about 2 per cent at this degree of modulation. 

 

This transmitter was the first of its kind to utilize four-element 

 

tubes in its radio-frequency amplifier chain. Only the power stage 
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equires neutralizing, this stage using a three-element water-cooled 

 

abe. 

 

UX210 UXWO LOW UV861 UV848 

 

Fig. 13' 

 

Piezo-electric quartz crystal control is used, the crystal operating 

 

-n the grid circuit of a UX-210. The crystal stage drives a UX-860 

 

Fig. 14---Five-kw broadcast transmitter, crystal controlled amplifier, modulator 

 

power amplifier, and rectifier, 

 

four-element tube of 75 watts capacity which acts as a buffer between 

 

i the crystal stage and the next UX-860 stage. The second UX-860 

 

drives a UV-861 four-element tube which has an output rating of 
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400 watts. The UV-861 stage is inductively coupled to the grid of a 

 

UV-848 water-cooled Radiotron which has an output rating of 20 kw. 

 

S 

 

Fig. 15—Audio amplifier with doors open. 

 

This stage is inductively coupled, via a high kva tuned circuit, to a 

 

transmission line and thence to the antenna. 

 



C 
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All stages of the radio-frequency chain, except the buffer, are driven 

 

to grid saturation and operate as class C amplifiers wherein the plate 

 

current flows for only a small fraction of a cycle. 

 

The audio-frequency channel takes audio material from the line 

 

or from the line amplifiers at approximately —10 db. Two UV-203-A 

 

Fig. 16—Modulator power amplifier. Rear view. Tank assembly. 

 

resistance coupled amplifiers and a UV-849 reactance coupled amplifier 

 

raise this level sufficiently to swing the grid of a single UV-848 water-
cooled modulator over its useful class A range. The modulator plate. 

 

is coupled to the power amplifier plate by a modulation reactor whose 

 

size is sufficient to prevent attenuation, to any marked degree, of 

 

audio frequencies as low as 30 cycles. (See Figs. 12 and 13.) 
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The transmitter is built behind three main panels as shown by 

 

Fig. 14. The left-most panel mounts the crystal controlled oscil-

Fig. 17—Water-cooling unit. 

 

lator and the low level radio-frequency amplifiers. The middle panel 

 

houses the main power amplifier and the modulator tubes and their 
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circuits. The right-most panel mounts the high voltage rectifier. 

 

This rectifier is of the three-phase half wave' type and employs three 
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UV-219 high vacuum rectifier tubes. The audio amplifiers are located 

 

in a separate assembly as shown by Fig. 15. 
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Fig. 19 

 

All of the high level radio-frequency circuits are located on a 

 

separate assembly behind the center panel. This equipment includes 

 

Fig. 20—Five-kw broadcast transmitter. Front View. 
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the air dielectric main tank capacitor, the transmission line coupling 

 

transformer, and the tuning variometer. (Fig. 16.) 

 

Fig. 21—Power amplifier, 5-kw broadcast transmitter. Rear view. 

 

Cooling water is circulated by a unit pump-blower-radiator unit 

 

as shown by Fig. 17. 
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TYPE .5-B-5-KW CLASS B TRANSMITTER 

 

This transmitter was designed to fill the need for a medium power 

 

broadcast transmitter affording extreme frequency precision and the 

 

Fig. 22—Five-kw broadcast transmitter. Rear view showing interior. 

 

advantages of 100 per cent modulation. The transmitter—is similar 

 

in many respects to the one just described and which it supersedes. 

 

A block diagram of this transmitter is shown in Fig. 18, and a skeleton 

 

schematic is shown by Fig. 19. 

 

This transmitter was designed with the following points in mind: 
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1. It should be a step in advance of the most rigid possible require-
ments of frequency control. 

 

2. It should be automatic, simple and foolproof in operation. 

 

3. It should be capable of complete modulation. 

 

4. Harmonic transmission should be well below that required 

 

for operating in accordance with recommendations of the I.R.F. 

 

5. The quality of its transmission should be far beyond that neces-
sary for modern receivers of the present or immediate future. 

 

Fig. 23—Quartz crystal oscillator amplifier unit: Front view with all shields on. 

 

The design has been carried out with these points in mind and with 

 

the additional precautions necessary to assure economical and reliable 

 

operation. 

 

Fig. 20 shows a front view of the 5-B transmitter. Four major 

 

assemblies comprise the complete equipment. From left to right, the 

 

first unit mounts the intermediate plate rectifier and controls, the 

 

next panel mounts the two crystal oscillators, the low level radio-
frequency stages, the audio-frequency amplifiers, the modulators, 

 

and the modulated amplifier. The third panel mounts the main power 

 

amplifier and the end panel houses the main rectifier. An idea of the 

 

construction of the power amplifier radio frequency circuits may be 

 

obtained from Fig. 21, while the rear of the complete assembly is 

 

shown by Fig. 22. 

 

I 
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RADIo-FREQUENCY CHANNEL 

 

The crystal controlled stage, its buffer stage, and first amplifier 

 

are supplied in duplicate together with their plate supply rectifiers and 

 

provision is made to switch rapidly from one to the other unit. Pro-

vision is also made to switch to a stand-by position for periods when 

 

the remainder of the transmitter is not operating. In this position 

 

the filaments of the crystal tube, buffer, and amplifier are lighted by 

 

alternating current and are thus independent of the d-c generator. 

 

It is thus possible to keep the crystal stages operating continuously 

 

ti Fig. 2"uartz crystal controlled oscillator amplifier unit. Rear view with 

 

interstAge shields on. 

 

in order to insure constant temperature and operating conditions. 

 

The crystal compartment and associated apparatus are shown by 

 

Figs. 23 and 24. 

 

The crystal oscillator amplifier unit embodies some features 

 

which are not usually found in commercial transmitters. The quartz 

 

crystal itself is mounted in a separate holder, the two plates of which 

 

are made of heavy blocks of monel metal. The adjacent surfaces of 

 

these plates are ground and lapped so as to be perfectly smooth and 

 

flat. The spacers" which, hold these plates apart are made of quartz 

 

so that any variation in temperature will give approximately the same 

 

expansion in the spacers as in the quartz crystal itself. This assures 

 

accurate and constant spacing of the holder plates with "respect Ao 

 

the crystal. 

 

r 
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The crystal and its holder are contained in an oven,
-
the tempera-

ture of which is maintained approximately constant by means of 

 

a sensitive mercury thermostat and relay system. Variation in ambient 

 

temperature in the order of 15 or 20 deg. C give an inappreciable 

 

variation in the crystal temperature. The two crystal amplifier as-
semblies are accessible from the front and are housed behind two 

 

glass doors which can be locked. 

 

Considerable effort has been expended to insure constant frequency 

 

from these crystal units. The crystal tube, a UX-210, drives an un-
tuned plate circuit which is capacitively coupled to a four-element 

 

UX-866 buffer tube. This tube is not driven far enough to take grid 

 

current and thus the crystal controlled tube runs with practically no 

 

load. The four-element buffer tube insures absence from regeneration 

 

to. the crystal controlled tube or feed-back from the higher power 

 

stages of the transmitter.- The third tube *of the assembly is also a 

 

four-element UX-,865, which draws grid current during operation 

 

and which raises the power level sufficiently to drive the UX-860 

 

following. Plate supply for the two crystal controlled units is obtained 

 

from two single phase full wave rectifiers utilizing the UX-866 hot 

 

cathode mercury vapor rectifier tube in a full wave circuit. 

 

Duplicate crystal units are supplied and the control of the trans-mitter may be switched to either crystal unit. This arrangement 

 

makes, A .possible to change frequency readily in the case of a real-location of wavelength or allows the operator to return the complete 

 

crystal unit to the manufacturer for calibration or adjustment. It 

 

also provides an additional safety factor in the correction of possible 

 

failure of one-of the crystal units. As each crystal unit has its own 

 

plate supply no fluctuations, resulting from disturbances in other parts 

 

of the transmitter can be transmitted back to the crystal unit as 

 

would be the case if a common plate supply were used. 

 

The UX-860 tube, driven from the second UX-865 supplies an 

 

output power capable of maintaining grid saturation of the UV-849 

 

which it drives and which is the modulated stage. Plate voltage for 

 

the UX-860 and for the UV-849 stages is supplied by a rectifier 

 

utilizing six UX-866 hot cathode rectifier tubes in a three-phase full 

 

wave circuit. Plate voltage for the U17-849 stage is, of course, supplied 

 

through a modulation reactor and also through a resistor-capacitor 

 

unit which lowers the axis about which the plate of the UV-849 

 

operates, enabling it to be modulated completely by the two UV-849 

 

modulator tubes. This stage operates in class C. The UV-849 stage 

 

drives the grids of the two U17-863 tubes over a short transmission 

 

link. The UV-863 is a water-cooled three-element tube having a maxi-

i 
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mum plate dissipation of 10 kw each. This stage operates as class 

 

'. f B and special precautions are taken to insure its proper performance 

 

in this class. The grid circuit is artificially loaded to insure good 

 

regulation from the driving source over that portion of the cycle 

 

when the driven grid is positive. The tubes operate in a balanced 

 

circuit, the plate and grid circuits both being tuned. 

 

It is extremely important in an amplifier of this kind to prevent 

 

regeneration from plate to grid circuit and to preclude the possibility 

 

of parasitic or self oscillations existing during any part of the grid 

 

swing. Such spurious oscillations may exist in an otherwise normal 

 

amplifier and may not be evident to casual inspection, disappearing 

 

entirely when grid excitation is removed. Trouble from this source 

 

s_ is one of the serious objections to the class B amplifier where the grid 

 

r i is positive for a considerable portion of the cycle (practically 180 deg.), 

 

;4 and trouble from this source is undoubtedly the outstanding problem 

 

to be faced in building extremely high power transmitters-using class 

 

C B amplification. 

 

r 
A great deal can be accomplished toward the prevention of parasitic 

 

oscillations by the proper design of the high-frequency circuits. Care 

 

must be taken to provide paths from plate and grid to ground through 

 

capacitors whose reactances are low at parasitic frequencies. The 

 

leads between separate units of the high-frequency system must be 

 

kept short and for this reason as much of the circuit as possible is 

 

built integral with the tube jackets themselves. The grid tuned circuit 

 

capacitors are connected directly to the grid stems of the tubes and to 

 

the filament chokes. Care is taken to insure that the plate and grid 

 

parasitic tank circuits are detuned with respect to one another, the 

 

grid circuits being preferably capacitive with respect to 'the plate. 

 

It has been shown to be possible to stabilize a power amplifier 

 

Y 
stage by the use of damping networks properly connected in the 

 

circuits. The complication involved by this method of stabilization 

 

was realized at the outset of the present designs and considerable 

 

study was given to the proper stabilization of the amplifier circuits 

 

i without requiring the use of these stabilizing networks. The finished 

 

design is remarkably stable and free from any tendency toward para-
siti cs or self oscillation. Stabilization of the UV-863 stage against 

 

fundamental frequency oscillation is accomplished by means of a 

 

balancing network not shown in the schematic diagram. 

 

The plate and grid inductors are tuned by means of rotating 

 

metallic "doughnuts" very tightly coupled to the coil and which 

 

operate to decrease the inductance of the coil depending upon their 

 

angular position. Mica capacitors are used in both tuned circuits. 

 

I 1f 
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These are tapered in size to a11-3w proper tuning at any wavelength 

 

in the broadcast band. 

 

The antenna is fed by means of a transmission line which terminates 

 

in a tuned circuit whose constants, together with the coupled-in 

 

resistance of the antenna, are proportioned to terminate the line in 

 

its characteristic impedance. As the angle of the transmission line 

 

is very small, the termination is therefore entirely real. The closed 

 

tuned circuit at the line termination is a very flexible means of ad-
justing the terminal impedance and also acts very materially to 

 

reduce harmonic radiation from the antenna. 

 

The ratio of the power radiated on the fundamental to that radiated 

 

on any harmonic is well in excess of the recommendations laid down 

 

by the I.R.E. The system used also lends itself very nicely to any i 

 

further reductions which may be required as a result of more stringent 

 

regulation by the Federal Radio Commission. 

 

Antenna current and amplifier tank current are both read by meters 

 

located on the front panels. These meters are fed by radio-frequency 

 

current transformers. 

 

The main rectifier utilizes six UV-869 hot cathode rectifier tub es 

 

connected in a three-phase full wave circuit. This circuit has many 

 

advantages when operated with hot cathode mercury vapor tubes. 

 

For instance, it is quite possible to produce a rectifier whose over-all 

 

conversion efficiency is in the order of 95 per cent and whose regula-tion no load to full load is less than 8 per cent. Two tubes are effectively 

 

in series so that the inverse peak voltage is divided between two tubes. 

 

It should be observed that the inverse peak voltage to which a tube 

 

is subjected is only 1.045 times the d-c voltage whereas it is 2.09 times 

 

the d-c voltage for a half wave three-phase rectifier. The advantage 

 

of "double ended" rectifier circuits can only be realized when using 

 

mercury vapor tubes since, because there are two tubes in series, the 

 

space change drop would be prohibitive when using high vacuum 

 

tubes. The space change drop of this mercury vapor tube is only 

 

20 volts and is practically independent of current. AI 

 

AUDIO-FREQUENCY CHANNEL 

 

Audio power is received from the line or from line terminating 

 

apparatus at a level of approximately —10 db and is amplified in two 

 

UV-203-A stages to a level sufficient to drive the two UV-849 modula-tor tubes. Equalization is effected in the grid circuit of the second 

 

stage. Both stages are resistance coupled. The two modulator tubes 

 

have a low amplification constant and are capable of delivering 100 
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watts each of undistorted audio power. This is well capable of uiodulat-

ing the single U17-849 amplifier completely. 

 

The possibility of "picking up" modulation in the last amplifier 

 

by biasing beyond cut-off is utilized only to a very slight degree, the 

 

bias of this stage being held, as closely as possible, exactlY at cut-oft. 

 

OPERATION OF THE TRANshuivER 

 

The transmitter itself, independent of the audio-control equip-

ment, may be operated from an operator's control box containing 

 

two sets of start-stop push buttons and a switch. With the switch 

 

t. in the full automatic position the first start button will put the trans-

r slitter in operation with full automatic control, from the starting of 

 

the water pump to the application of the plate voltage to the output 

 

stage. Throwing the switch to the "stand-by" position on the opera-

tor's control panel starts the station up through its regular sequence 

 

Y to the point where the plate voltage from the main rectifier is applied. 

 

The second start button must then be pressed to apply the high 

 

voltage power. The starting of the transmitter follows a regular 

 

i sequence in which time delay relays and interlocks control the timing 

 

t and starting of each successive stage. For example, the pressing of the 

 

i start button places the water pump and cooling fans in operation. 

 

When the water flow is up to normal value the filament and bias 

 

machines are started. A slow build-up feature in the filament machine 

 

prevents the cold filaments of the tubes from taking excessive current. 

 

When the filaments are up to normal voltage, plate voltage is applied 

 

to the crystal oscillator unit. There is then a slight time delay before 

 

the buffer amplifier and modulated amplifier are energized. The 

 

operation of these stages is followed immediately by the application 

 

of the main rectifier plate voltage. A series of switches located on the 

 

low power rectifier and control panel may be used to open the control 

 

circuit and halt the starting of the transmitter at any one of several 

 

stages in the. starting operation. This allows considerable flexibility 

 

for testing and initial adjustment. 

 

PERFORKUNCE 

 

The frequency response of the transmitter is practically flat be-

tween 30 and 10,000 cycles, falling off a maximum of 2 db at both 

 

extremes. With care, the system may be equalized to be flatter even 

 

than shown by Fig. 25. This is not necessary, however, when it is 

 

realized that a difference in level of 2 db is. hardly recognizable by 

 

the ear especially at the extreme ends of the audio spectrum. 

 

It is to be observed that a decided improvement in low-frequency 
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response is effected by the use of a main rectifier utilizing hot cathode . 

 

rectifier tubes. In a high vacuum rectifier system the filter condenser 

 

must be relied upon almost entirely for maintaining the output voltage 

 

r   
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of the rectifier during peaks of power supplied. To fulfill properly 

 

the requirements at the lowest audio frequencies, a large filter con-
denser is required, since the rectifier circuit cannot be depended upon 

 

to maintain its terminal voltage under load. The hot cathode rectifier, 
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because of its exceptional regulation can be utilized to some extent to 

 

supply peaks of power at very close to no-load voltage. The size of the 

 

filter condenser can, therefore, be decreased, or an improvement can 

 

be demonstrated in the low-frequency characteristic by employing 
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the same size filter condenser as ordinarily would be used iu connection 

 

with a high vacuum rectifier. This gain, of course, is increasingly less 

 

t, evident the larger the series smoothing reactor becomes. 
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The niodtila.tion characteristic is quite sat,isfuctortif as shown b) 

 

I Fig. 26 wherein percentage modulation of the carrier is plotted against 

 

audio input.. 

 

Fig. 2S 

 

TYPE 50-A - 50-Kw CLASS C TRU\TS\IITTER 

 

During the latter part of 1926 a well-known broadcast company 

 

voiced a need for a high power broadcast transmitter for one of 

 

their networks to supplement an existing high power transmitter 
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on their neighboring network. The nominal rating was to be 50-kw. 

 

Such a transmitter had been developed some time previously and a 

 

model had been in operation long enough at one of the manufacturing 

 

plants to insure its reliability. Early in 1927 work was started on the 

 

design of a commercial model practically. duplicating the develop-
mental model mentioned and in September, 1927, this transmitter 

 

was turned over to the Broadcasting Company. (Figs. 27 and 28.) 

 

Seven main units of the transmitter are mounted on the main floor 

 

of the power house as follows: 

 

1. The crystal controlled low level radio-frequency amplifier 

 

2. The intermediate power ampilfier 

 

3. The main power amplifier 

 

4. The modulator bank 

 

5. The main rectifier 

 

6. The main switchboard 

 

7. The operator's control table. 

 

sT r 

 

Fig. 29.—Broadcast station employing type 50-A transmitter. View shows 

 

main transmitter room. 

 

A general view of the main floor of a typical installation using 

 

this equipment is shown by Fig. 29. 

 

The high level audio amplifier (supplied in duplicate) and the line 

 

amplifier and monitoring apparatus are mounted in the control room
 

 

which adjoins the main transmitter room. 

 

All of the power equipment such as transformers, rotating ma-chinery, pumps, etc., are mounted in the basement giving an operating 

 

room free from noise and vibration. 

 

THE Low LEVEL RADIo FREQUENCY AMPLIFIER 

 

This unit comprises a quartz crystal controlled oscillator and four 

 

stages of class C amplification. 
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The crystal oscillator is a t't-210. This is followed by a U1 210 

 

buffer stage, a U`'-211 50-watt stage, a. 2 l'V-211 100-watt stage, and 

 

a ITV-851 1-kw stage. 

 

'l'nr; 1\"rL:It\tlal:\TA; PaNN
•rAt AafPLIFIE'll 

 

A •hurt tr;uismission line connects the output of the low level 

 

j aanplifier to the grid of a single I'V-207 water-cooled tube. This 

 

stage also operates in class C. 

 

f 

 

Fig. 30—Front «ew, control panel. 

 

THE 'I AIN POWER AaiPLIFIER 

 

This unit mounts 10 UV-207  tubes in parallel. Eight of these tubes 

 

are used in. ser-, ice while two are reserved for spares. Any tube may 

 

be switched into or out of service from the operator's control table. 

 

This unit is plate modulated and receives its plate supply through 

 

a battery of modulation reactors located in the basement. 

 

THE XIODUL ATOR UNIT 

 

IT 

 

This unit mounts 16 UV-207 tubes in parallel. Twelve tubes are 

 

active and four are held as spares. These tubes are connected in 

 

pairs, and it is possible to switch any. pair into or out of service from 
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the operator's table. Twelve tubes provide capacity capable of 

 

modulating a 50-kw output to 60-70 per cent. 

 

THIs MAIN RECTIFIEit 

 

The rectifier supplying plate power to the modulator and output 

 

power amplifier utilizes 6 UV-214 high vacuum water-cooled kenotrons 

 

in a six-phase double Y connection. Four single-phase plate trans-
formers are supplied, three being active and one being held for spare. 

 

Output voltage is controlled by a primary induction voltage regulator. 

 

Fig. 31--Main floor, installation; 50-kw type 50-B broadcast transmitter. 

 

THE MAIN SWITCHBOARD 

 

On this unit are mounted all of the controls for the transmitter. 

 

(Fig. 30.) There are four sections comprising the panel as follows: 

 

A. Power input 

 

B. Rectifier panel 

 

C. Power amplifier control 

 

D. Modulator control. 

 

THE OPERATOR'S CONTROL UNIT 

 

This is a small unit which mounts directly on the operator's control 

 

table. Only such controls are mounted on this unit as are required 

 

after the station has been put into operation. Provision is made on 

 

this unit to switch spare tubes into service in the event of failure 

 

during program. 

 

A typical high power transmitter rated at approximately 40 kw 

 

designed at an earlier date, has been in operation at WJZ, Bound 

 

Brook, N. J., since
,
1925. This transmitter has,been described in detail 

 

before the Institute. 

 

I 

 

i 
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r TTPE 50-B-50-KW CLASS B TRANSMITTER 

 

The trend of development toward higher power has brought out 

 

the necessity for vacuum tubes of such a size that a multitude of 

 

>y� tubes would not be required'by a high power transmitter. For this 

 

use the UV-862 Radiotron has been developed. This tube is capable 

 

Fig. 32—Main power amplifier with doors open. 

 

of an output of 100 kw under average conditions. This tube has made 

 

possible the handling of large amounts of power at radio frequencies 

 

without the' complications which have previously been introduced 

 

by the operation bf tubes in parallel. The development of this tube 

 

has made-possible the design of the class B 50-kw transmitter. (Fig. 

 

31.) 
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To supply the d-c power for these tubes, a new type of rectifier 

 

has also been developed and is now available as the UV-857 hot cath-
ode mercury vapor tube. This tube, recently described in a paper 

 

presented before this society. is rated at 20 amperes and 20,000 

 

volts inverse peak. 

 

Fig. 33—Side view of power amplifier. 

 

The screen-grid transmitting tubes which allow high amplification 

 

without the necessity of neutralizing have also aided greatly in the 

 

perfection of this transmitter. 

 

The 50-kw transmitter may be roughly subdivided into a 5-kw 

 

modulated exciter unit consisting of the radio -frequency units of the 
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5-kw class B transmitter previously described and a 50-kw power 

 

amplifier. In this application the rectifier usually supplied with 

 

the 5-kw transmitter is omitted and power for the 5-kw amplifier is 

 

obtained from the main power rectifier which also supplies the 50-kw 

 

power amplifier. The 50-kw class B transmitter is a complete unit 

 

operating from a three-phase, 2300-volt power supply and an audio 

 

input of approximately 
—10 db, to deliver 50 kw of completely 

 

modulated output at the antenna. 

 

The modulated exciter unit has been fully covered since it is 

 

identical to the corresponding units of the 5-kw class B transmitter. 

 

The 50-kw amplifier mounts 2 UV-862 power amplifier tubes with 

 

their associated tuned grid and plate circuits. It also contains the 

 

monitoring rectifier by means of which the quality of transmission 

 

can be checked either visually or through the regular monitoring 

 

loud-speaker system. The UV-862's may be seen in their jackets, 

 

(Figs. 32 and 33) behind the doors at the sides of the front panel. 

 

-
The grid circuit of the .50-kw power amplifier is tuned to facilitate 

 

coupling and .control. The UV-862, 100-kw tubes are operated in a 

 

balanced circuit. Their output is .50 kw under conditions of no modula-

tion. Under conditions of complete modulation their output rises to 

 

peaks of 200 kw. The plate tank circuit for this stage consists of a 

 

suitable air condenser and inductance. Air condensers are used in 

 

this stage because of their greater dependability in high powered 

 

circuits. They are unaffected by flash-overs or voltage surges which 

 

might be the result of misadjustment and which could require the 

 

temporary shutdown of an amplifier equipped with mica condensers. 

 

They are also more economical for this application. Coupled to the 

 

tank inductance is the transmission line coupling coil and also a 

 

pickup coil for the monitoring rectifier. 

 

The UV-862's in this stage operate at 18,000 volts plate potential. 

 

A grid bias of approximately 360 volts is necessary. Tubes operate at 

 

an efficiency of approximately 35 per cent during periods of no modula-

tion and this efficiency rises to approximately 70 per cent during 

 

peaks of complete modulation. It can be seen, therefore, that the 

 

average power drawn from the plate supply rectifier is about 143 kw 

 

to this stage. The filaments of the 100-kw tubes require 207 amperes 

 

at 33 volts. The result of cooling water failure is evident and particular 

 

attention has been given to water-flow protection which makes the 

 

application of either filament or plate voltage to the tubes impossible 

 

when the water supply is not available. An air blower supplies a jet 

 

of cold air which is fed in at the top of the tube water jacket on the 

 

glass-to-anode seal. Another jet of air is supplied to the filament 
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Fig. 34—Front view of control panel. 

 

press. The supply of cooling air and water is applied to the tubes for a 

 

period of 15 minutes after_ the transmitter has been shut down to 

 

insure slow cooling. 
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POWER CONTROL PANEL 

 

The power control panel, Fig. 34, contains the equipment for 

 

switching, metering, and adjusting the outputs of the main high 

 

voltage rectifier unit and the filament and bias rotating machinery. 

 

Fig. 35—Main rectifier, 50-kw broadcast transmitter. 

 

Indicating and recording meters on this panel allow the operator to 

 

keep a constant check of conditions in the transmitter. A push-button 

 

control station on this panel makes it possible to start or stop the 

 

transmitter rom this point. 

 

i 
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HIGH VOLTAGE RECTIFIER 

 

The unit shown by Fig. 35 mounts tubes and associated equip-
ment for the three-phase, full wave mercury vapor rectifier. This 

 

unit also mounts a time delay device for allowing the tube filaments 

 

to come to proper temperature before plate voltage is applied. A 

 

tube life meter on this unit records the number of hours during which
s 

 

the tubes are operated. Plate transformers, filter condensers, reactors, i 

 

and other power equipment associated w ith this unit are mounted 

 

elsewhere in the station. An induction voltage regulator controlled 

 

from the main power control panel allows a variation of the rectifier 

 

output voltage from 50 to 100 per cent normal value. This regulator 

 

may be operated manually or automatically as desired. A voltage 

 

reducing unit consisting of a resistor bank with the necessary by-pass 

 

capacitors lowers the output voltage of this rectifier to a suitable value 

 

for operating the UV-863 tubes in the 5-kw class B intermediate am-
plifier. 

 

COOLING SYSTEM 

 

The cooling system is of the closed type in which distilled water 

 

is circulated 'through the tube jackets and then through an external 

 

cooling unit from which it is' returned to a storage tank. It is fully 

 

interlocked, and electrically operated valves control the drainage of 

 

the system to protect against. freezing during periods of shutdown. 

 

ANTENNA EQUIPMENT 

 

The transmission line is so terminated in a resonant circuit that a 

 

minimum of harmonic voltage is induced in the antenna system. 

 

This resonant circuit together with the necessary inductances and 

 

capacitors for balancing the transmission line and operating the 

 

antenna correctly are supplied as a part of the transmitter. 

 

OPERATIONS AND CONTROLS 

 

The 50-kw transmitter is controlled from an operator's control 

 

box in the same manner as the 5-kw transmitter previously descirbed. 

 

It is fully automatic and can be started from a single push button. 

 

PERFORMANCE CHARACTERISTICS 

 

The performance characteristics of the 50-kw class B transmitter 

 

are practically identical with those described in connection with the 

 

5-kw class B transmitter. 

 

I 
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Sununary—The general considerations governing the selection of a sound-

on-film recording and reproduri:ng system are analyzed, and the variable width trark 

 

for recording and the dynamic cone urith directional ba,Qle for reproduction are de-

scribed as best suited for studio and theater a.ppl::calions. 

 

The recorders, sound heads for projectors, aniplifrers, sivi_tching and control 

 

i devices, power supply, and loud-speaker systems of various types of RCA Plroto-

phone equipment, are described in. detail. 

 

HE research engineers of the General Electric Company and 

 

the Westinghouse Electric and Manufacturing Company, being 

 

aware about ten years ago of the probable value to the theatrical 

 

; industry of an effective system of sound motion picture production, 

 

initiated fundamental researches which have been carried forward to 

 

the point of fully meeting the aims of these investigators. The result-

ing basic methods, suitably developed, and tested by extensive com-

e mercial experience in the studio recording and theater reproducing 

 

installations of RCA Photophone, Inc., form a complete and modern 

 

system which is at present widely used in the sound motion picture 

 

i industry. During the last two years the engineers of RCA Photophone 

 

( have been responsible for the general specifications and operating 

 

adequacy of the designs, as well as for the application engineering of 

 

t the equipment in question, and it is believed that they have thus con-

tributed substantially to the quality of the resulting.products. 

 

The authors desire at this point to express their appreciation of 

 

the original and painstaking work of the research engineers of the two 

 

manufacturing companies mentioned above, and particularly since 

 

the basic principles which these workers had selected and rendered 

 

available have proved to be fundamentally correct and eminently 

 

suitable for wide commercial application. 

 

The entire development of the RCA Photophone system has been 

 

distinguished by a rather unusual circumstance: to wit, that strict 

 

adherence throughout the research and development stages was given 

 

to two guiding principles; namely, that sound reproduction cannot 

 

* Dewey decimal classification: 621.385.96. Original manuscript received 

 

1`. by the Institute, June 11, 1930. Presented before Fifth Annual Convention of 

 

the Institute, August 19, 1930. 

 

1
1
 

 

1661 

 



1662 Goldsmith and Balsel: Teln-uduc.tion for Sound Motion Pictures 

 

be too accurate, and that, under all circumstances, "the show must go 

 

on." It is somewhat rare for research laboratory workers to place 

 

adequate stress on these important practical points since the obtain-
ing of an interesting and instructive result, rather than an entirely 

 

practicable one, is the more usual objective in the laboratory. The 

 

requirement of high reliability of operation in commercial installations 

 

is one which frequently fails to receive adequate attention even in 

 

commercial engineering development groups (not to mention among 

 

research workers) . 

 

The high quality of sound reproduction of even the earliest the-
atrical sound motion picture equipment of RCA Photophone was a 

 

source of somewhat rueful satisfaction to the executives of that or-
ganization for a reason which is now readily comprehensible. Early 

 

sound recording from certain sources left much to be desired as re-
gards its fidelity. Tones of low frequency were missing and tones of 

 

high frequency were similarly conspicuous by their absence. Studio 

 

resonance, incorrect photographic exposure and development of 

 

variable density sound tracks, and amazingly dirty or injured sound 

 

tracks all combined to produce a record of intrinsically poor quality. 

 

When such a record was played on a rather poor reproducing appara-
tus, the acoustic characteristics of which were also bad, it sounded 

 

about as might be expected, and yet but little worse than a good 

 

record played on the same equipment. When played on a high quality 

 

reproducing outfit, the defects of poor records were glaringly displayed 

 

and the listener, frequently unacquainted with the cause of the poor 

 

reproduction, blamed it on the reproducing equipment. In this in-
stance, as in certain other fields of unusually complicated character, 

 

high ideals of performance lead to temporary difficulties though it is 

 

generally possible to overcome them in time as the art develops closer 

 

to the selected ideals. 

 

In the design of the equipment of RCA Photophone, conditions 

 

in the theater were carefully studied through years of experimental
 

 

work and investigation, and also through contact with exhibitors of 

 

wide experience. The design of recording equipment was guided by 

 

similar information secured from producers and from practical studio 

 

directors and managers. 

 

A fundamental point in the design of the theater equipment, and 

 

one which received too little attention in the earlier days of the sound 

 

motion picture, was the amount of audio power required for theaters 

 

of various sizes. The exact amount of power is, of course, a complicated 

 

function of local conditions, depending on the size and dimensions of 

 

the theater, the acoustic characteristics of the walls, floor, and ceil-1 
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of the theater, and of any other acoustic absorbing material (in 

 

biding the audience), the percentage of the maximum audience pres-

pt, the excellence of the loud-speaker system, its effective directional 

 

caracteristic, and certain other factors. For example, full considera--

t►n must be given to the effect produced on speech from the vaude-

N.le actor by acoustic treatment to reduce reverberation. In efforts 

 

t retain the quality of speech in sound motion pictures, it is not diffi-

(lt to reach a point where the acoustic damping of the house, and the 

 

sulting sound absorption are so high that the speaking actor labors 

 

uder a serious disadvantage and fails to "get across." This subject 

 

Ls engaged considerable attention among practical manngers of 

 

±teater circuits. 

 

The necessity for high quality and reliable service are obvious 

 

glen one considers that thousands of people, having paid admission 

 

iss at the box office, are seated in a theater supposedly patiently 

 

jivaiting the resumption of the.performance the moment sound equip-
. 
nent fails. For a minute or two they wait with a fair degree of 

 

.lstience (but with a lack of any kindly reaction toward the manage-

nent); thereafter with an increasing volume of laughter and stamp-

Ig they give vent to their growing dissatisfaction. Beeping in mind 

 

iris necessity for quality and service, the "sectional book-case" 

 

iethod of building RCA Photophone equipment has been adopted. 

 

!'t this method of design, duplicate or sectionalized operating unit, 

 

;ire provided throughout the amplifying and loud-speaker systems, 

 

that a complete failure of any section of the apparatus can result 

 

nothing more than a reduction of sound volume in certain sections of 

 

:.te theater, but will not result in the objectionable feature of a com-

i-ete stoppage of the performance. By the use of loud-speakers on 

 

°ie stage divided into groups or separate sections, each fed by indi-
.:dual power amplifiers, which in turn are fed by one or the other of 

 

t pair of voltage amplifiers, equipment can be produced along the 

 

:des of a normal design, 'with satisfactory continuous operation and 

 

a reasonable cost. 

 

For smaller installations where any duplications of apparatus would 

 

ittroduce an economic handicap, an alternative principle has been 

 

t.lopted, namely, the provision of rapidly and simply removable unit 

 

°wtions. Such a system, in addition to minimizing the length of 

 

f>,rvice interruptions, enables the systematic testing and repair of 

 

Lluipment by removing the defective unit to be corrected at a local 

 

t,rvice station. 

 

Reliability of operation has also been increased considerably in 

 

ether ways. There has been little hesitancy in breaking with tradi-
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be too accurate, and that, under all circumstances, "the show must go 

 

on." It is somewhat rare for research laboratory workers to place 

 

adequate stress on these important practical points since the obtain-
ing of an interesting and instructive result, rather than an entirely 

 

practicable one, is the more usual objective in the laboratory. The 

 

requirement of high reliability of operation in commercial installations 

 

is one which frequently fails to receive adequate attention even in 

 

commercial engineering development groups (not to mention among 

 

research workers). 

 

The high quality of sound reproduction of even the earliest the-
atrical sound motion picture equipment of RCA Photophone was a 

 

source of somewhat rueful satisfaction to the executives of that or-
ganization for a reason which is now readily comprehensible. Early 

 

sound recording from certain sources left much to be desired as re-
gards its fidelity. Tones of low frequency were missing and tones of 

 

high frequency were similarly conspicuous by their absence. Studio 

 

resonance, incorrect photographic exposure and development of 

 

variable density sound tracks, and amazingly dirty or injured sound 

 

tracks all combined to produce a record of intrinsically poor quality. 

 

When such a record was played on a rather poor reproducing appara-
tus, the acoustic characteristics of which were also bad, it sounded 

 

about as might be expected, and yet but little worse than a good 

 

record played on the same equipment. When played on a high quality 

 

reproducing outfit, the defects of poor records were glaringly displayed 

 

and the listener, frequently unacquainted with the cause of the poor 

 

reproduction, blamed it on the reproducing equipment. In this in-
stance, as in certain other fields of unusually complicated character, 

 

high ideals of performance lead to temporary difficulties though it is 

 

generally possible to overcome them in time as the art develops closer 

 

to the selected ideals. 

 

In the design of the equipment of RCA Photophone, conditions 

 

in the theater were carefully studied through years of experimental 

 

work and investigation, and also through contact with exhibitors of 

 

wide experience. The design of recording equipment was guided by 

 

similar information secured from producers and from practical studio 

 

directors and managers. 

 

A fundamental point in the design of the theater equipment, and 

 

one which received too little attention in the earlier days of the sound 

 

motion picture, was the amount of audio power required for theaters 

 

of various sizes. The exact amount of power is, of course, a complicated 

 

function of local conditions, depending on the size and dimensions of 

 

the theater, the acoustic characteristics of the walls, floor, and ceil-
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ing of the theater, and of any other acoustic absorbing material (in 

 

eluding the audience), the percentage of the maximum audience pres-

ent, the excellence of the loud-speaker system, its effective directional 

 

characteristic, and certain other factors. For example, full considera-

tion must be given to the effect produced on speech from the vaude-

a ville actor by acoustic treatment to reduce reverberation. In efforts 

 

to retain the quality of speech in sound motion pictures, it is not diffi-

cult to reach a point where the acoustic damping of the house, and the 

 

resulting sound absorption are so high that the speaking actor labors 

 

under a serious disadvantage and fails to "get across." This subject 

 

has engaged considerable attention among practical managers . of 

 

theater circuits. 

 

The necessity for high quality and reliable service are obvious 

 

II when one considers that thousands of people, having paid admission 

 

4fees at the box office, are seated in a theater supposedly patiently 

 

V.1 awaiting the resumption of the.performance the moment sound equip-. 

 

`ii ment fails. For a minute or two they wait with a fair degree of 

 

I patience (but with a lack of any kindly reaction toward the manage-

1 meat); thereafter with an increasing volume of laughter and stamp-

f-` ing they give vent to their growing dissatisfaction. Keeping in mind 

 

this necessity for quality and service, the "sectional book-case" 

 

method of building RCA Photophone equipment has been adopted. 

 

In this ' method of design, duplicate or sectionalized operating units. 

 

are provided throughout the amplifying and loud-speaker systems, 

 

so that a complete failure of any section of the apparatus can result 

 

E in nothing more than a reduction of sound volume in certain sections of 

 

the theater, but will not result in the objectionable feature of a com-

plete stoppage of the performance. By the use of loud-speakers on 

 

the stage divided into groups or separate sections, each fed by indi-

vidual power amplifiers, which in turn are fed by one or the other of 

 

a pair of voltage amplifiers, equipment can be produced along the 

 

lines of a normal design, with satisfactory continuous operation and 

 

Yat a reasonable cost. 

 

ii For smaller installations where any duplications of apparatus would 

 

introduce an economic handicap, an alternative principle has been 

 

f ` adopted, namely, the provision of rapidly and simply removable unit 

 

sections. Such a system, in addition to minimizing the length of 

 

service interruptions, enables the systematic testing and repair of 

 

r, equipment by removing the defective unit to be corrected at a local 

 

service station. 

 

Reliability of operation has also been increased considerably in 

 

other ways. There has been little hesitancy in breaking with tradi-
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HIGH VOLTAGE RECTIFIER 

 

The unit shown by Fig. 35 mounts tubes and associated equip-
ment for the three-phase, full wave mercury vapor rectifier. This 

 

unit also mounts a time delay device for allowing the tube filaments 

 

to come to proper temperature before plate voltage is applied. A 

 

tube life meter on this unit records the number of hours during which 

 

the tubes are operated. Plate transformers, filter condensers, reactors, 

 

and other power equipment associated with this unit are mounted 

 

elsewhere in the station. An induction voltage regulator controlled 

 

from the main power control panel allows a variation of the rectifier 

 

output voltage from 50 to 100 per cent normal value. This regulator 

 

may be operated manually or automatically as desired. A voltage 

 

reducing unit consisting of a resistor bank with the necessary by-pass 

 

capacitors lowers the output voltage of this rectifier to a suitable value 

 

for operating the UV-863 tubes in the 5-kw class B intermediate am-
plifier. 

 

COOLING SYSTEM 

 

The cooling system is of the closed type in which distilled water 

 

is circulated through the tube jackets and then through an external 

 

cooling unit from which it is* returned to a storage tank. It is fully 

 

interlocked, and electrically operated valves control the drainage of 

 

the system to protect against freezing during periods of shutdown. 

 

ANTENNA EQUIPMENT 

 

The transmission line is so terminated in a resonant circuit that a 

 

minimum of harmonic voltage is induced in the antenna system. 

 

This resonant circuit together with the necessary inductances and 

 

capacitors for balancing the transmission line and operating the 

 

antenna correctly are supplied as a part of the transmitter. 

 

OPERATIONS AND CONTROLS 

 

The 50-kw transmitter is controlled from an operator's control 

 

box in the same manner as the 5-kw transmitter previously descirbed. 

 

It is fully automatic and can be started from a single push button. 

 

PERFORMANCE CHARACTERISTICS 

 

The performance characteristics of the 50-kw class B transmitter 

 

are practically identical with those described in connection with the 

 

5-kw class B transmitter. 
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Summary—The general considerations governing the selection of a sozrnd-

on film recording and reproducing system are analyzed, and the variable uridth track 

 

for recording and the dynamic cone with directional baffle for reproduction are de-

scribed as best suited for studio and theater applications. 

 

The recorders, sound heads for projectors, amplifiers, suritch•ing and control 

 

devices, power supply, and loud-speaker systems of various types of RCA Photo-

phone equipment, are described in detail. 

 

HE research engineers of the General Electric Company and 

 

the Westinghouse Electric and Manufacturing Company, being 

 

  aware about ten years ago of the probable value to the theatrical 

 

industry of an effective system of sound motion picture production, 

 

initiated fundamental researches which have been carried forward to 

 

the point of fully meeting the aims of these investigators. The result-

ing basic methods, suitably developed, and tested by extensive com-

mercial experience in the studio recording and theater reproducing 

 

installations of RCA Photophone, Inc., form a complete and modern 

 

system which is at present widely used in the sound motion picture 

 

industry. During the last two years the engineers of RCA Photophone 

 

have been responsible for the general specifications and operating 

 

adequacy of the designs, as well as for the application engineering of 

 

the equipment in question, and it is believed that they have thus con-

tributed substantially to the quality of the resulting. products. 

 

The authors desire at this point .to express their appreciation of 

 

the original and painstaking work of the research engineers of the two 

 

manufacturing companies mentioned above, and particularly since 

 

the basic principles which these workers had selected and rendered 

 

available have proved to be fundamentally correct and eminently 

 

suitable for wide commercial application. 

 

The entire development of the RCA Photophone system has been 

 

distinguished by a rather unusual circumstance: to wit, that strict 

 

adherence throughout the research and development stages was given 

 

to two guiding principles; namely, that sound reproduction cannot 
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be too accurate, and that, under all circumstances, "the show must go 

 

on." It is somewhat rare for research laboratory workers to place 

 

adequate stress on these important practical points since the obtain-
ing of an interesting and instructive result, rather than an entirely 

 

practicable one, is the more usual objective in the laboratory. The 

 

requirement of high reliability of operation in commercial installations 

 

is one which frequently fails to receive adequate attention even in 

 

commercial engineering development groups (not to mention among 

 

research workers). 

 

The high quality of sound reproduction of even the earliest the-
atrical sound motion picture equipment of RCA Photophone was a 

 

source of somewhat rueful satisfaction to the executives of that or-
ganization for a reason which is now readily comprehensible. Early 

 

sound recording from certain sources left much to be desired as re-
gards its fidelity. Tones of low frequency were missing and tones of 

 

high frequency were similarly conspicuous by their absence. Studio 

 

resonance, incorrect photographic exposure and development of 

 

variable density sound tracks, and amazingly dirty or injured sound 

 

tracks all combined to produce a record of intrinsically poor quality. 

 

When such a record was played on a rather poor reproducing appara-
tus, the acoustic characteristics of which were also bad, it sounded 

 

about as might be expected, and yet but little worse than a good 

 

record played on the same equipment. When played on a high quality 

 

reproducing outfit, the defects of poor records were glaringly displayed 

 

and the listener, frequently unacquainted with the cause of the poor 

 

reproduction, blamed it on the reproducing equipment. In this in-
stance, as in certain other fields of unusually complicated character, 

 

high ideals of performance lead to temporary difficulties though it is 

 

generally possible to overcome them in time as the art develops closer 

 

to the selected ideals. 

 

In the design of the equipment of RCA Photophone, conditions 

 

in the theater were carefully studied through years of experimental 

 

work and investigation, and also through contact with exhibitors of 

 

wide experience. The design of recording equipment was guided by 

 

similar information secured from producers and from practical studio 

 

directors and managers. 

 

A fundamental point in the design of the theater equipment, and 

 

one which received too little attention in the earlier days of the sound 

 

motion picture, was the amount of audio power required for theaters 

 

of various sizes. The exact amount of power is, of course, a complicated 

 

function of local conditions, depending on the size and dimensions of 

 

the theater, the acoustic characteristics of the walls, floor, and ceil-
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ing of the theater, and of any other acoustic absorbing material (in 

 

eluding the audience), the percentage of the maximum audience pres-

ent, the excellence of the loud-speaker system, its effective directional 

 

characteristic, and certain other factors. For example, full considera-

tion must be given to the effect produced on speech from the vaude-

ville actor by acoustic treatment to reduce reverberation. In efforts 

 

to retain the quality of speech in sound motion pictures, it is not diffi-

cult to reach a point where the acoustic damping of the house, and the 

 

resulting sound absorption are so high that the speaking actor labors 

 

under a serious disadvantage and fails to "get across." This subject 

 

has engaged considerable attention among practical managers of 

 

theater circuits. 

 

The necessity for high quality and reliable service are obvious 

 

when one considers that thousands of people, having paid admission 

 

fees at the box office, are seated in a theater supposedly patiently 

 

awaiting the resumption of the-performance the moment sound equip-

ment fails. For a minute or two they wait with a fair degree of 

 

patience (but with a lack of any kindly reaction toward the manage-

ment); thereafter with an increasing volume of laughter and stamp-

ing they give vent to their growing dissatisfaction. keeping in mind 

 

this necessity for quality and service, the "sectional book-case" 

 

method of building RCA Photophone equipment has been adopted. 

 

In this ' method of design, duplicate or sectionalized operating units 

 

are provided throughout the amplifying and loud-speaker systems, 

 

so that a complete failure of any section of the apparatus can result 

 

in nothing more than a reduction of sound volume in certain sections of 

 

the theater, but will not result in the objectionable feature of a com-

plete stoppage of the performance. By the use of loudspeakers on 

 

the stage divided into groups or separate sections, each fed by indi-

vidual power amplifiers, which in turn are fed by one or the other of 

 

a pair of voltage amplifiers, equipment can be produced along the 

 

lines of a normal design, with satisfactory continuous operation and 

 

at a reasonable cost. 

 

For smaller installations where any duplications of apparatus would 

 

introduce an economic handicap, an alternative principle has been 

 

adopted, namely, the provision of rapidly and simply removable unit 

 

sections. Such a system, in addition to minimizing the length of 

 

service interruptions, enables the systematic testing and repair of 

 

equipment by removing the defective unit to be corrected at a local 

 

service station. 

 

Reliability of operation has also been increased considerably in 

 

other ways. There has been little hesitancy in breaking with tradi-
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tional methods and equipment for accomplishing certain results in 

 

sound recording and reproducing whenever valid justification for a 

 

simpler, more effective, or more reliable mechanism was found. For 

 

example, it is customary in many theater reproducing outfits to change 

 

from one- projector to another, so far as sound transfer is concerned, 

 

by the use of manually-operated composite fader-and-change-over 

 

control. The equipment for this is generally mounted on the front 

 

wall of the booth and is either handled by the projectionist walking 

 

over to the equipment to make the required change-over, or through a 

 

more or less complicated mechanical system of remote control. In 

 

the - theater reproducing equipment here described, a special design 

 

permits the change-over by merely throwing a switch located at either 

 

of the respective projectors. Contrary to the views of some, such a 

 

simple change-over is silent and feasible. 

 

Among the important factors of sound motion picture reproduc-
tion in the theaters is the quality of the recording (which is necessarily 

 

limited by the recording method which has been adopted) and the 

 

characteristics of the loud-speaker or sound projecting system which 

 

has been adopted. 

 

RCA Photophone .has been and remains the leading exponent of 

 

variable width (or variable area) sound track recording. The sound 

 

track is a narrow black area extending parallel to the length of the 

 

film, the serrated edge of which corresponds with a high degree of 

 

.fidelity to the instantaneous portions of the sound wave which is re-
corded. The sound track, therefore, consists of two portions, a black 

 

portion and a white portion, and the shifting boundary shape deter-
mines the sound. 

 

As is well-known, the successful photography of subjects which 

 

include a wide range of light intensities with numerous variations of 

 

tone is a difficult task requiring precise exposure and carefully timed 

 

development, using a developer of known concentration and at defi-
nite temperature. On the other hand, the development of a mere 

 

black-and-white print, without half-tones, is not difficult. Accordingly 

 

it has been found that the variable width sound track makes no undue 

 

demands-for a successful result so far as extreme precision of exposure 

 

or unusual care in development are concerned. It may be truthfully 

 

said that the positive with variable width• sound track can be developed for 

 

the picture alone, without attention to the sound track! 

 

The type of recording equipment utilized for variable width sound 

 

recording does not depend upon extreme variations in the illumination 

 

intensity of a light source, or roughly equivalent shutter action in 

 

front of a constant light source, but simply upon the normal vibration 

 

I 
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of an oscillograph element. The oscillograph is an important and ob-

viously useful device in this connection. It has stood the test of ex-

periencc in the hands of practical men for nearly a half century, and 

 

to such an extent that the oscillograph is now a portion of the standard 

 

equipment of every electrical laboratory, and it has long been so. 

 

1. The oscillograph used at present for sound recording stands tip well 

 

even under the extremely trying conditions of sound-newsreel record-

ing. It is known, however, that the reliability of these de�rices can be 

 

even further increased without injury to their operating cliaracteris-

ties, and to an extent quite beyond the requirements of the motion 

 

picture art. 

 

Another factor that contributes toward high quality of reproduc-

tion is, as has been mentioned, the loud-speaker system. The loud-

speaker is the "neck of the bottle" in sound reproduction. Even if 

 

{ everything in the recording and reproducing process up to this point 

 

is well done, the loud-speaker can badly mar the result and deliver 

 

sound 111 a dlStorted form to a dissatisfied audience. For this reason an 

 

unusual amount of care his been taken in the Choice of a loudspeaker 

 

system for RCA Photophone installations. As the main element in 

 

this system, the dynamic cone speaker was chosen. It is an extremely 

 

rugged device. It was developed for radio installations in such a fashion 

 

as to be free from service defects under quickly varying and sometimes 

 

unfavorable conditions of temperature and electrical load. It was 

 

known to be free from undue manufacturing difficulties, and capable 

 

of duplication on any desired scale. 

 

Its acoustic characteristics enabled it to displace all competing 

 

devices in the quality field of radio broadcasting. No difficulty was 

 

found in adapting this type of speaker for sound motion picture pur-

poses inasmuch as it proved capable of such flexible modification as 

 

might be desired. 

 

Evidently the dimensions of the dynamic cone speaker which cor-

respond to those of the small diaphragm of the older type of horn loud-

speaker are the dimensions of the cone itself. Having a considerable 

 

area of vibrating surface and direct contact with the air, there is no 

 

difficulty in obtaining adequate low frequencies on such a cone speaker 

 

and therefore getting a satisfactory low-frequency response. In the 

 

case of a small diaphragm, low-frequency loading becomes a problem. 

 

The low frequencies (below about 159 cycles) are more important fac-

tors in the successful reproduction of the music and speech than is 

 

generally known. 

 

At the higher sound frequencies, the dynamic cones have also 

 

shown satisfactory capabilities. The intelligibility of speech, the clear, 
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crisp reproduction of music, and the individual characteristics of 

 

certain noises are dependent upon the high-frequency range, and this 

 

factor also has received full attention in the speakers which are utilized. 

 

Despite laboratory measurements and curves which are alleged to 

 

prove the contrary, through incorrect application of incomplete data, 

 

the dynamic cone has proved to be an efficient sound radiator in the 

 

theater and to require entirely reasonable amplifier output power for 

 

adequate volume of reproduction. 

 

The problem of sound distribution is one which varies from theater 

 

to theater, but in general it may be stated that the excessive reflection 

 

of sound from the side, top, and rear walls of the theater is frequently 

 

responsible for mutilated speech in some parts of the audience. To 

 

.avoid this necessarily involves a means for directing the sound into 

 

certain zones in the theater, generally towards the center of the house. 

 

For this purpose there was developed a directional baffle (capable of 

 

application to an individual cone or assembly of cones). The device 

 

as used introduces no resonances and none of the "tinniness" of the 

 

so-called "horn action" which was characteristic of some earlier at-
tempts to utilize horns for theater loud-speakers. On the contrary, 

 

the directional baffle is free of some of the defects of the above so 

 

far as sound reproduction is concerned but functions practically and 

 

effectively as a directional and loading device exclusively, and usually 

 

even improves the acoustic characteristics of a dynamic cone loud-
speaker to which it is attached. In other words, the directional baffle 

 

really betters the reproduction and smooths the loud-speaker charac-
teristic, and is therefore regarded as a distinct contribution to faithful 

 

reproduction of sound in theaters. It also prevents backstage radia-
tion with its accompanying disagreeable, boomy, and unintelligible 

 

reproduction. In the equipment for large theaters it permits the use 

 

of a number of groups of directional loud.-speakers so that any normal 

 

distribution of sound can be obtained throughout the house. We 

 

shall give below certain data relative to the specification and perform-
ance of such loud-speaker systems, from which it will be evident that 

 

they represent a marked advance in the art of sound reproduction over 

 

previously existing devices.* 

 

ELEMENTS OF A REPRODUCING SYSTEM  

 

The elements making up a complete reproducing system are 

 

usually as follows: 

 

1. Stage speakers 

 

2. Amplifiers 

 

* See also L. Malter, "Loud-speakers and theater sound reproduction," 

 

Jour. Soc. Motion Picture Engineers, June, 1930. 
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3. Control and switching system 

 

4. Film and disk record (reproducers) 

 

5. Booth monitor speaker 

 

6. Signaling system 

 

7. Power supply 

 

A brief discussion of the functioning of these elements and a short 

 

description of the RCA Photophone designs of each will follow. 

 

SPEAKERS 

 

The ultimate goal in theater reproduction in sound motion pictures 

 

is the complete and absolute simulation in the theater of the original 

 

sound impinging upon the sound pickup. If any distortion is desired 

 

for "artistic reasons," it must be deliberately introduced and controlled 

 

but not be inevitably present. Up to the present time the recordings 

 

available have not been. sufficiently uniform in their characteristics, 

 

to permit satisfactory reproduction when the reproducing system 

 

r including the loud-speaker, possessed ability to amplify the entire 

 

range of musical frequencies uniformly. If most of the recordings 

 

available up to this time are reproduced on such a system, speech is 

 

very unnatural and boomy. Considerable improvement has been 

 

made in recording during the last few months, so that it may be pos-

sible within a short time to take full advantage of the capabilities of the 

 

best type of speakers available.. 

 

If the sound is recorded so that all frequencies are recorded with 

 

the same efficiency, perhaps the most important characteristic of a 

 

loud-speaker is that of response for the various frequencies comprising 

 

the musical and speech spectrum. The speaker should not cause dis-

tortion due to a non-linear response as the amplitude changes since 

 

this would cause harmonics. For use in large auditoriums it is desir-

able for the speaker to have a fairly directional characteristic as had 

 

been pointed out above. 

 

In Fig. 1 is shown the frequency characteristic of the cone type 

 

speaker with a directional baffle. The speaker assembly is illustrated 

 

in Fig. 2. The dotted curve shows the comparative response of one of 

 

the best air-column speakers using a small metallic diaphragm. It 

 

should be noted that the air-column speaker is deficient in its response 

 

below 500 cycles as compared to the range from 500 to 5000 cycles. The 

 

directional effect of the cone speaker with the directional baffle is 

 

approximately the same as for the air-column speaker. 

 

For the accurate reproduction of music it is absolutely essential 

 

that the frequency range extend well below 100 cycles. In theaters 

 

which are satisfactory acoustically, and with faithful recording, full 
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advantage can be taken of the superior characteristics of the speaker 

 

having good response at low frequencies. In reverberant houses it is 
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Fig. 1—Relative frequency characteristics of dynamic cone and horn 

 

loud-speaker. 

 

Fig. 2—RCA Photophone cone loud-speaker with directional baffle, broken 

 

down for shipment. 

 

not always possible to take advantage of its superior performance 

 

because the directional radiation characteristics of speakers are less 

 

pronounced as the frequency is decreased. 
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The number of speakers used in an installation depends upon the 

 

width of the house and the arrangement of the balconies, and upon the 

 

size of the house. 

 

ADiPLIFIrms 

 

Taking into consideration the efficiency of the speakers, experience 

 

has shown that the general range of-power required from the ampli-

fiers to deliver sufficient volume for satisfactory reproduction of speech 

 

and music is from 8 to 200 watts. Amplifiers having an undistorted 

 

power output of 8 watts appear to have sufficient power for average 

 

houses up to about 1000 seats. This power is more than ample for 

 

speech but may not be sufficient for music when the fidelity to be 

 

obtained is such that the reproduction to be obtained is more nearly 

 

equal to the original music. The low frequency instruments require 
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Fig. 3—Characteristics of representative RCA Photophone amplifier. 

 

considerable power capabilities for faithful reproduction. Fig. 3 

 

shows a typical over-all characteristic for a four-stage RCA Photo-

phone amplifier. 

 

The largest type of amplifier is illustrated in Fig. 4. There are 

 

two complete amplifiers arranged so that either amplifier may be used 

 

at will by means of convenient change-over switches. As these ampli-

fiers are used in the largest theaters, delays would disappoint a large 

 

audience and the " insurance against breakdown secured through the 

 

use of duplicate amplifiers is warranted. 

 

Each amplifier unit consists of a power amplifier panel, voltage 

 

amplifier panel, input panel, indicator panel, and control panel. A 

 

speaker switching panel is provided on one amplifier rack. 

 

The maximum power output of the power amplifier panels is 

 

approximately 200 watts. These panels each have 10 UV-845 Radio-

trons connected in parallel push-pull. 
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The voltage amplifier panel consists of three stages using UX-210 

 

Radiotrons in the first and last -stages and a UX-841 in the second 

 

stage. The ;amplification is controlled by means of a voltage ;divider 

 

in the grid circuit of the second-stage amplifier. 

 

.bid. •/laT 9i�1�'.=:1'�.r i?Y�a�.�� ���yG is 

 

;� 

 

Fig. 4— Amplifiers, including loud-speaker switching panel. 

 

On the input panel is provided current controls for lamps in the 

 

sound-on-film machines. 

 

The indicator panel is provided with jacks and instruments for 

 

measuring the various voltages. The filament, plate and bias voltages 

 

I 

 

i 
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for the power amplifier, and current for film reproducer lamps and 

 

speaker fields, are supplied from a motor-generator set, a ,separate 

 

Ij 

 

Fig. 5a—Voltage amplifier, 

 

unit being provided for each panel. B batteries ' furnish plate cur-
rent to other tubes and to the photo-cells. 
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The input transformer of the voltage amplifier is designed to work 

 

from a 3500-ohm circuit, which is found suitable for minimizing the 

 

effect of capacity in the photo-cell leads. 

 

Fig. 5b—Power amplifier. 

 

The next size of amplifier is illustrated in Fig. 5. The power ampli-
fiers are mounted in a rack (Fig. 5a) separate from the voltage ampli-



I 
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fiers. The power amplifier rack contains two power amplifier control 

 

le;' panels, one master power input control panel, one filter panel, and 

 

four power amplifiers mounted on shelves behind. these panels. Suit-

able terminal boards are provided for incoming and outgoing cable con-

nections. Terminal strips, provided with screw terminals and plug 

 

connectors, serve for all connections to the individual power amplifiers. 

 

This arrangement provides for easy and quick removal of the amplifiers. 

 

for inspection and service. Each power amplifier is complete with its 

 

own power supply from the commercial power system. The construe-

tion is similar to that of present-day power units of a-c operated 

 

radio receivers. The filaments. of the two UX-2510 Radiotrons are 

 

c heated by alternating current and the plate power is supplied by a 

 

full-wave rectifier using two UX-281 Radiotrons. 

 

The power amplifier has an input transformer feeding two UX-250 

 

tubes in push-pull. The transformer is designed to work from a 500-

ohm circuit, which is a suitably low impedance to permit of the neces-

r sary runs without unduly attenuating high frequencies, and reduces 

 

certain otherwise possible regeneration. The output transformer is 

 

designed to connect directly to the speakers, the fields of which are 

 

supplied from a Rectox (dry contact rectifier) unit mounted on the 

 

same base and connected to a winding on the same power transformer 

 

which operates the UX-281 rectifiers. Each amplifier has two UX-250 

 

tubes'in push-pull and has an output of approximately 10 watts. The 

 

total power output of this amplifier is approximately 40 watts. 

 

The voltage amplifier rack contains two voltage amplifier control 

 

panels, one metering panel, and one switching panel. On shelves be-

hind the panels are mounted two voltage amplifiers and two battery 

 

boxes. Suitable terminal boards are provided for external connections 

 

to the rack. Convenient screw type terminals are placed on the ampli-
fier units to facilitate removal for service. 

 

Each voltage amplifier has three stages of push-pull amplification 

 

using UX-210 tubes throughout. The plate voltage of the tubes is 

 

supplied from a 135-volt dry-battery source. The grid bias is supplied 

 

by two 42-volt C batteries. The filament voltage supply is obtained 

 

from a 12-volt storage battery through suitable resistors. Each volt-

age amplifier 
has an independent control panel. Each panel consists 

 

of a volume control, output fader, and indicating lamp to show when 

 

it is in use. 

 

The volume control consists of a voltage divider in the grid cir-
cuit of the second stage. The output fader is used to decrease the out-

put of the voltage amplifiers in case it is desired to change amplifiers 

 

during operation, thus preventing any disturbance from reaching the 

 

i 
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Fig. 6—Amplifier. 
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speakers. The switching panel has change-over switches for power to 

 

filaments and input and output circuits. The metering panel is pro-

vided with a multi-range voltmeter and plug. Jacks are arranged so 

 

that the battery voltages can be checked. The input of the voltage 

 

Fig. 7— Amplifier. 

 

amplifier is designed to work from a 3500-ohm circuit. The output 

 

impedance should be 500 ohms. 

 

This type of amplifier having duplicate voltage amplifiers with 

 

push-pull stages and having the power amplifier subdivided into four 

 

parallel units, each complete with its power supply, seems to be an 
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ideal arrangement for insuring against interruptions. Neither the 

 

failure of a single tube, nor the failure of one or even more of the power 

 

amplifiers, can interrupt the program. If a voltage amplifier unit 

 

should fail, the program would be stopped only for the time required 

 

to switch to the other voltage amplifier unit. The push-pull stages 

 

assist in obtaining excellent amplifier characteristics because of the 

 

great reduction in magnetization of the transformer cores: Trans-
former coupling is employed throughout. 

 

Fig. 8—Amplifier, motor-generator set, and control panel. View showing rela-tive arrangement and enclosures in place. 

 

A filter panel is provided for the purpose of altering the character-istics to compensate for uneven recording. It is often necessary to 

 

have a characteristic in the amplifier or speakers that causes the over-all output from amplifier and speaker to drop off rapidly below 500 

 

cycles to eliminate boomy speech. 

 

Some recording has "fuzzy" high frequencies and a high ground-noise level necessitating a high frequency cut-off to obtain the most 

 

satisfactory results. It is hoped that these conditions will soon disap= 

 

pear so there will be no .further need for sacrificing the fidelity, as is 

 

sometimes necessary under present-day conditions. 

 

The amplifier illustrated in Fig.. 6 is the same in principle as the 
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type just described except that there are only two power amplifiers. 

 

and both the voltage amplifiers with batteries and the power amplifiers 

 

are mounted in one rack. All amplifier units and component parts are 

 

identical. 

 

The amplifier illustrated in Fig. 7 is the same as the two just de-

scribed except that only one voltage and power amplifier are provided. 

 

The amplifier units are the same as for the other types. A change-over 

 

relay for switching from one projector to the other at the end of each 

 

"reel is mounted on one of the panels. 

 

Fig. 9 

 

Another amplifier, which has been designed for smaller theaters, 

 

is a single unit four-stage amplifier having a push-pull power stage 

 

using UX-250 Radiotrons. A single wall-mounted cabinet houses 

 

both the amplifier and filter system for the plate power supply. The 

 

power is furnished by a three-unit motor-generator set. The ampli-

fier is transformer-coupled with single tubes of the UX-112A type in 

 

each voltage-amplifier stage. The plate supply is fed through a reactor 

 

or rosistor in parallel to the transformer primary, the transformer pri-

mary being coupled through a capacitor to the plates of the tubes. 

 

The volume control is mounted on the amplifier unit. A compensa-
tor or frequency control is mounted on the filter unit. The controls 

 

are shown in the illustration Fig. 8. In this photograph the amplifier 
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is shown mounted on top of the motor-generator housing. Fig. 9 

 

shows the amplifier and filter housing with the front removed. A 

 

change-over relay is mounted on the same base as the filter system, 

 

as well as two signal lamps to indicate which projector is connected to 

 

the amplifiers. All connections are made through screw-type terminals 

 

for ease in servicing. 

 

The motor-generator set furnishes power for the speaker field and 

 

lamps in film reproducers as well as for the amplifier. A filter system is 

 

mounted in the motor-generator set housing for the low voltage supply 

 

Fig. 10—Front view of input control. 

 

for filaments, exciter lamps, and speaker field. The only batteries used 

 

are two small dry batteries for grid bias. Because of the elimination of 

 

batteries and simple wiring in the booth, the installation expense is 

 

kept low. 

 

CONTROL CIRCUITS 

 

Arrangements for switching the input of the amplifier from one 

 

machine to another, for changing from film to disk pickup and for 

 

equalizing the voltage from disk record and film pickup are essen-
tially the same for all equipments. 

 

The output circuits from either disk or film are arranged to work 

 

into the 3500-ohm input circuit of the voltage amplifiers. 

 

A control panel used with three of the amplifiers is shown in 
^

Fig.

'

 

 

10. There are two. rheostats for controlling the current to the exciter 

 

lamps and ammeters for reading the value of the lamp current. 

 

II 
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A change-over potentiometer is provided for switching the ampli-

fier to either machine. If more than one change-over control is desired, 

 

mechanically connected extensions are provided or a relay system is 

 

installed which can be controlled from either machine. 

 

FILM AND DISK REPRODUCERS 

 

Fig. 11 shows a film reproducer as used with the control panel de-

scribed above. The illustration shows the mechanism mounted on a 

 

Simplex projector. The projector is driven by a synchronous motor at 

 

Fig. 11—Sound reproducer and synchronous disk attachment for type S Sim-

plex projector. 

 

a speed which runs 90 feet of film per minute. The sprocket which 

 

pulls the film past the scanning light beam is mounted on the same 

 

shaft with a flywheel. This assembly is driven through a very flexible 

 

spring. A brake in the form of a greased leather pad acts as a viscous 

 

brake on the flywheel to prevent oscillations of the spring-driven sys-

tem. A holdback sprocket is provided to prevent the take-up tension 

 

on the film from affecting the tension of the constant speed sprocket. 

 

The gate, for guiding the film and holding it in focus at the scan-

ning light beam, consists of a set of standard Simplex lateral guide 

 

rollers mounted at the top of a curved shoe and a pair of flexible springs 
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mounted so that they hold the film in contact with the polished sur-
face of the shoe.. The curved shoe prevents the film from buckling 

 

and running out of focus, and is a desirable feature. 

 

Three lamps for the scanning light are mounted in sockets on a 

 

revolving turret. Each lamp can be pre-adjusted in position so that 

 

if one should burn out it is only necessary to turn the nest one into 

 

position, thus minimizing the interruption caused by the lamp burn-
ing out. 

 

The lens system consists of a. condenser lens so placed as to con-
centrate a miximum amount of light on a slit 4 mils wide mounted in 

 

the enclosure of the cylindrical barrel. An objective lens system focuses 

 

an image of the slit 1 mil wide on the emulsion side of the film. The 

 

Fig. 12--RCA Photophone sound head. 

 

light through the film to the photo-electric cell in the box at 

 

the front of the machine. The entire lens and lamp assembly is adjust-able for focusing and :aligning the :,canning beans on the film. 

 

A transformer is mounted ill the box with the photo-cell and adapts 

 

the out put to a 3500-4,lun circuit which can be run to the control panel 

 

or amplifier without appreciable loss of high frequencies caused by 

 

the capacity of the circuit. When the control panel is omitted, the 

 

rheostat and meter for the scanning or- exciter lamp are mounted in 

 

the photo-cell box as show in Fig. 12. 

 

A less expensive and simplified type of sound-on-film reproducer is 

 

shown in Fig. 12. In this device the sprocket pulling the film through 

 

the scanning gate is driven directly through precision gearing,and 

 

filtering action is obtained by having the film drive a flywheel by eans 

 

z 
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i( of a roller located just below the scanning gate. In'this machine the 

 

16 lens assembly is not adjustable but the focusing adjustment is taken 

 

care of by an adjustment of the objective lens. The scanning line is 

 

located on the film by an adjustment of the lateral guide rollers at the 

 

top of the gate. The two lamps are.adjusted in position in the holders 

 

and it is only necessary to pull one holder out and insert another in 

 

case of a lamp burning out. 

 

t 

 

e 

 

` Fig. 13—Film driving side of RCA Photophone portable sound picture projector. 

 

Note travel of the film from the upper film magazine, through the picture 

 

projector mechanism, sound reproduction mechanism, and into the lower 

 

take-up magazine. The sound reproducing system is identical in detail 

 

with that supplied in the -theater equipments of RCA Photophone. The 

 

opposite side of the projector contains the drive shafts, gearing mechan-

ism, etc., for operating the device. 

 

SEMI-PORTABLE REPRODUCING EQUIPMENT 

 

For use in clubs, schools, and viewing rooms, and for "road-

showing" sound pictures in places where there are no sound installa-

tions,' a semiportable equipment has been. developed. 

 

The projector shown in Fig. 13 is a self-contained unit, consisting 

 

of the lamp housing, picture projector, motor, and all the parts of 

 

a standard sound-on-film reproducer. The film magazines are remov-
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able so drat the projector case fits in a trunk designed to proton I.11V 

 

projector adequately during shipment. 

 

In order that all batteries shall be dispensed with, an exciter lamp 

 

with a 27-volt, 1-ampere filament is used. The power for this lamp is 

 

supplied from a dry-contact rectifier mounted in the amplifier case. 

 

The lamp for the picture projector may be a standard 600- or 

 

1000-watt lamp. Switches for the picture lamp and projector motor 

 

are mounted on the back of the case. Projector stands with adjustable 

 

legs are provided. 

 

Fig. 14—View of the RCA Photophone portable sound picture system amplifier. 

 

This contains the necessary tubes for amplification of the photo-electric 

 

cell current in the projector. The system also contains rectifier units to 

 

supply the necessary direct currents Ineeded in the operation of the equip-ment. The amplifier is connected to a source of 110 volts a-c, 60 cycles. 

 

All connections are made by non-interchangeable plugs, guarding against 

 

possible error in connections. 

 

The single control on the top of the unit is the volume control knob 

 

graded in steps of 2 TU. At the right, on the side of the amplifier underneath 

 

the handle are located the connection jacks to the projectors, and the small 

 

switch for fading over from one projector to a second in the event two pro-jectors are used. 

 

The amplifier has three stages. The first stage is a UY-224 screen-
grid Radiotron, the second a UY-227, and the output stage is a single 

 

UX-250. UX-281 rectifiers supply power for the plate, grid bias, and 

 

photo-electric cells. The amplifier and rectifier for exciter lamps is 

 

shown in Fig. 14. A volume control is mounted on top of the amplifier 

 

case. The change-over switch is mounted on the amplifier case for 

 

making change-overs at the end of reels. 

 

In order that the speaker may packed in a small trunk, the direc-

i 

 

4 

 



Goldsmith and Baatsel: BeprodlIctio), for Somid Motio?e Natures 16S3 

 

Live baffle is made in sections. The sections telescope, and the entire 

 

assembly fits in the small trunk shown in Fig. 15. Fig. 16 is a view of 

 

the speaker set up in operating condition. A rectifier of the dry con-

Fig. 15—Loud-speaker, complete in trunk. 

 

Fig. 16—Loud-speaker in operating position, rear view. 

 

tact type is mounted on the frame of the dynamic cone speaker for 

 

field supply. 

 

A collapsible frame for the screen is provided, its size being 89 

 

by 110 inches. Several types can be supplied, depending upon the 
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requirements of the user. The screen and frame are packed for ship 

 

ment in a trunk as shown in Fig. 17. Fig. 18 shows the screen and the', 

 

complete equipment as set up. Fig. 19 shows the spare parts trunk; 

 

ii 

 

Fig. 17—Screen, screen frame, and trunk used with RCA portable Photophone 

 

equipment. 

 

Fig. 18—Portable RCA Photophone equipment set up for operation. 

 

this contains tubes, lamps, film rewinder, splicer, and convenient 

 

tool kit. 

 

With -a 1000-watt lamp, the semi-portable equipment is capable 

 

of projecting a picture 7 by 9 feet at a distance of 75 feet. The equip-ment has sufficient sound volume for an audience of several hundred 

 

people. 
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RECORDING EQUIPMENT 

 

Recording equipment for sound motion picture work consists of 

 

'i, microphones, microphone mixing panels, amplifiers, monitoring means, 

 

and a recording instrument. 

 

Fig. 19—Accessories trunk for portable RCA Photophone equipment. 

 

i 

 

I 

 

Fig. 20=Condenser microphone installed in microphone amplifier and suspended, 

 

using universal mounting. 
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The microphones used are usually of the condenser type, similar 

 

to those used in broadcast studios. Motion picture studios require 

 

more rugged designs than broadcast studios as the service is harder 

 

Fig.-21—Photophone recorder amplifier. 

 

The microphones must be kept out of the field of the camera lenses and 

 

are therefore usually hung above the heads of the actors or hidden in 

 

some object in the set. Fig. 20 shows a typical microphone and asso-ciated amplifier arrangement. 

 

11 
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The output of the microphone amplifier goes to a mixing panel 

 

is shown at (a) in Fig. 21. This picture illustrates an amplifier and 

 

control panels as used in rack type equipments. The recorder ampli-

Rer panel is shown at (b), and (c) is the monitor amplifier which oper-

ites a dynamic cone speaker for studio recording. 

 

The film recording instrument is shown in Fig. 22. This recorder 

 

Is driven through a spring system by a synchronous motor which is 

 

,.fed from the same power system as the synchronous motor driving the 

 

I 

 

s' Fig. 22—Film threaded through recorder. 

 

cameras. Film of a suitable type is fed past the recording light line 

 

at the desired speed by a smooth drum which runs at constant velocity, 

 

4hus eliminating all uneven motion which would occur if the film were 
-driven by toothed sprockets. As the film is pulled from the maga-
zines by a sprocket at a definite number of perforations per minute, 

 

and the drum feeds a definite number of feet per minute, it is neces-

t sary to make use of an automatic compensating means to maintain 

 

'J'Ibe necessary loops between the driven drum and the sprockets for 

 

film that has shrunk in varying amounts. 

 

The arm shown at (a) in Fig. 22 moves when the loop in the film 

 

changes length and this movement speeds up or slows down the speed 

 

of the drum. This change is very gradual and causes no perceptible 

 

change in pitch when the record is run through a reproducer at con-
stant speed. 
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The optical system is shown in diagrammatic form in Fig. 23. The: 

 

spot of light which exposes the film is produced by a small incandes= l 

 

cent lamp, a permanent magnet oscillograph vibrator, an arrangement`' 

 

of lenses, and an aperture as shown. As the mirror of the oscillo a 

 

graph vibrates, a vibrating spot of reflected light is focused on the, r 

 

film. The light spot covers more or less of the aperture as it vibrates. 

 

In order to aid in obtaining a sharp focus on the film, a viewing screen i- 

 

(VS) is placed betx%eezi the aperture (A) and the film. This allows the'3i 

 

Fig. 23—Calyanomet 

 

L Pref„cused exposure lamp 

 

I'; Spherical lens 

 

Light stup 

 

t;alyatiumeter lens 

 

1' Galvanometer vibrator 

 

1/ Galyanumeter mirror 

 

kale 

 

O 

 

0 

 

0 

 

0 

 

0 

 

0 

 

O 

 

0 

 

SOV,VO ReCOR'O 

 

er and optical system. 

 

C. L. Cylindrical lens 

 

C3 Spherical lens 

 

A Aperture 

 

1'. S. Viewing screen 

 

0 Microscope objective 

 

Directions of movement for 

 

alignment 

 

illinge rui the fill]., to be observed while the objective is moved back 

 

and forth dttrirtg the focusing adjustment. 

 

When properly adjusted, the light corers only one-half of the sound 

 

track. ''his adjustment is eliecked by observing the spot of light on 

 

the scald (SZ). When recording, the spot of light moves back and 

 

forth "t should not go beyond the outside line on the scale, as this 

 

WOUld cause t he light bealli to "overshoot" the sound track. 

 

The brilliancy of the light striking the film is adjusted to a suit-able value by means of a photometer supplied with the recorder. 

 

The l.Ahotometer can be plugged into the recorder drum and the lamp 

 

current adjusted. Afterthiscalibration of the lamp current, the photom-eter is removed. 

 

gak'4 
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i It will be noted that the amplitude of the record with respect to 

 

cdF ;he maximum that can be accommodated on the sound track is ob-

-"Jf � 3ervable at all times. This feature, combined with a suitable monitor-

eking frequency balance of music and speech intel-
.ng speaker for che 

 

�,.igibility, results in a very satisfactory system for checking the ac- 

 

!F % ,ual record being made. The control is considerably more effective 

 

than is possible with other recording systems which have been exam-

;.r, fined and studied. 

 

The recorder is mounted on a table containing the necessary 

 

Switches and meters. There is a marker lamp so positioned in the re-

corder that a narrow line exposes the edge of the film when it is lighted. 

 

A similar lamp is mounted in the cameras. These lamps are used to. 

 

Ii mark the films for matching the sound and pictures after they are 

 

!developed. 

 

Communication between cameramen, director, .and recordist is 

 

by means of headphones and breast transmitters. In most studios the 

 

rack with microphone mixing panel and amplifiers, monitoring speaker, 

 

i and recorder are all mounted in a portable noiseproof booth which is 

 

provided with suitable casters for rolling around the studio to desirable 

 

"locations where the recordist has a good view of the action. This fea-

i, Lure has been found convenient in many instances. 

 

It will be gathered from the foregoing that sound recording and 

 

,ireproduction by the preceding methods are effective in practice and 

 

'(;yield commercially valuable results. In other words, the sound motion 

 

i picture art, as represented in the system which has been described, 

 

timay be regarded as definitely established as an important part of the 

 

..,theatrical field. 

 

Nevertheless, the authors, as engineers, desire to express their 

 

),conviction that sound motion pictures (excellent as they are when 

 

the best modern practice and apparatus are utilized) leave open a 

 

r� j; considerable field for expansion of dramatic value, improvement in 

 

itfidelity and naturalness of reproduction, and refinement in sound re-

le, Pi cording and reproducing methods. Recording apparatus 'and tech-

ii w' nique are accordingly being consistently investigated and improved. 

 

� !,'Theater equipment is similarly being made even more reliable, acces-

,P 11'sible, and capable of better over-all performance. film records are 

 

being continually studied in the evolution of methods for producing 

 

�• 
Y 
and maintaining them in a condition which results in a minimum of 

 

ground noise and a maximum of realism and dramatic or musical con-

;p tract or brilliancy. The highly encouraging results already obtained 

 

r will be the subject of later papers dealing with such studies and marked 

 

improvements in the sound motion picture field. 
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THE RADIO COMMUNICATION SERVICES OF 

 

THE BRITISH POST OFFICE* 

 

BY 

 

A. G. LEE 

 

(Engineering Departmer_t, General Post Office, London, England) 

 

HE principal services operated by the British Post Office may 

 

be broadly classified under the following headings. 

 

I. Ship and shore radio telegraphy operated from stations lo-

cated around the coast. 

 

II. Long distance, long wave telegraph services operated from 

 

the high power station at Rugby. 

 

III. Point-to-point radiotelegraphy services to a number of Euro-

pean countries. 

 

IV. Point-to-point radiotelephony services. 

 

V. Radio telephony to ships. 

 

In addition to these services, as the statutory authority for the 

 

control of wireless telegraphy in Great Britain, the British Post 

 

Office has a close interest in broadcasting, the control and issue of 

 

licences for transmitting and receiving, the investigation of complaints 

 

of interference and departure from authorized frequencies in trans-

mitting stations, the approval of types of apparatus for ships' sets 

 

and the issue of wireless operators' certificates. 

 

The scope of this paper is a presentation of the main outline of 

 

these services with more detailed reference to special features. 

 

SHIP AND SHORE RADIOTELEGRAPHY SERVICES 

 

The organization for ship and shore radiotelegraph traffic may 

 

be classified into two categories, the long range services and short 

 

range coastal services. 

 

Long Range Ship Service. 

 

The long range services are met by the Portishead (transmitting) 

 

and Burnham (receiving) stations which succeeded in 1927 a simple: 

 

station established at Devizes in 1919. 

 

The Portishead station is of Post Office design and construction., 

 

It opened in 1927 with one tuning fork controlled 25-kw transmitter 

 

* Dewey decimal classification: R400 X R530. Original manuscript re- " 

 

ceived by the Institute, June 27, 1930. Presented before Fifth Annual Conven-
tion of the Institute, August 19, 1930. 
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a.d two 6-kw tuning fork controlled transmitters. In 1929 the power 

 

c the two latter was increased to 10 kw. 

 

f` The three aerial systems are supported on four 300-ft. lattice steel 

 

rests. Each aerial is a 6-wire cage type built on 6-ft. hexagonal 

 

.readers. The earth system is common to all three transmitters and 

 

Insists of wires buried over practically the full area of the site. 

 

Power at 400 volts, 3 phase, 50 cycles is taken from the public 

 

i,pply. Main and filament transformers are fed direct from this supply 

 

that rotating machines are required for auxiliary supplies only. 

 

The transmitting plant consists of three tuning fork controlled 

 

.iansmitters fitted with coupled circuits and capable of being adjusted 

 

l:tween 100 and 150 kc per sec. Transmitter details a-re as follows: 

 

transmitter 

 

No. 1 

 

2 

 

3 

 

!put 

 

'.squency 

 

';in amplifiers 

 

trial current 

 

25 kw 

 

121 ko/s 

 

Three 2.5 kw silica 

 

55/60 amperes 

 

10 kw 

 

1411 ko/s 

 

Two 2.5 kw silica 

 

35/40 amperes 

 

10 kw 

 

143 ko/s 

 

Two 2.5 kw silica 

 

35/40 amperes 

 

The transmitters are started or stopped and keyed locally or from 

 

,urnham, the latter being the normal working arrangement. 

 

The keying relay short-circuits the output from the tuning fork 

 

,)ntrolled oscillator. With the auxiliary machines running contin-

r)usly the time occupied in running up a transmitter is 10 seconds. 

 

Subsequent to the completion of the 10-kw sets two short wave 

 

ransmitters which can communicate with ships in any part of the 

 

orld have been fitted. 

 

The short wave transmitters operate on 8210 kc per sec. (36.54 

 

h Leters) and 16840 kc per sec. (17.81 meters). They consist in each case 

 

.:` a single 32-kw silica valve with a tuned circuit in series with the 

 

-id and anode. The type of oscillating circuit in use has been specially 

 

� veloped by the Post Office for this service and has the merit of great 

 

i.mplicity, and with the precautions embodied in the design of auto 

 

"atic compensation for load variation on the alternator supplying the 

 

elate voltage, gives a frequency constancy well within the requirements 

 

;f a mobile service. A 300-cycle supply, rectified and partially 

 

:smoothed is used, which gives a characteristic 600-cycle note. 

 

The 16840 kc per sec. transmitter is coupled to a horizontal array 

 

'Kith a 2-wavelength aperture mounted on a lattice steel girder which 

 

i capable of rotation on a vertical axis. Fig. 1 is a photograph of the 

 

j'Aating aerial system. 

 

The rotation of this beam system and the keying of the transmitters 

 

r,re controlled from the receiving station at Burnham. For the 8210- 

 

c-per-sec. transmitter a 2-wave vertical dipole is used as a radiator. 
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The optical system is shown in diagrammatic form in Fig. 23. The 

 

spot of. light which exposes the film is produced by a small incandes-
cent lamp, a permanent magnet oscillograph vibrator, an arrangement 

 

of lenses, and an aperture as shown. As the mirror of the oscillo-
graph vibrates, a vibrating spot of reflected light is focused on the 

 

film. The light spot covers more or less of the aperture as it vibrates. 

 

In order to aid in obtaining a sharp focus on the film, a viewing screen. 

 

(VS) is placed between the aperture (A) and the film. This allows the 
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SOUND RECORD 

 

Fig. 23—Galvanometer and optical system. 

 

L Prefocused exposure lamp C. L. Cylindrical lens 

 

Ca Spherical lens 

 

A Aperture 

 

V. S. Viewing screen 

 

O Microscope objective 

 

X .Directions of movement for 

 

alignment 

 

image on the film to be observed while the objective is moved back 

 

and forth during the focusing adjustment. 

 

When properly adjusted, the light covers only one-half of the sound 

 

track. This adjustment is checked by observing the spot of light on 

 

the scale (SZ). When recording, the spot of light moves back and 

 

forth but should not go beyond the outside line on the scale, as this 

 

would cause the light beam to "overshoot" the sound track. 

 

The brilliancy of the light striking the film is adjusted to a suit-
able value by means of a photometer supplied with the recorder. 

 

The photometer can be plugged into the recorder drum and the lamp 

 

current adjusted. After this calibration of the lamp current, the photom-eter is removed. 
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C2 Galvanometer lens 
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L` It will be noted that the amplitude of the record with respect to 

 

;�- Yffie maximum that can be accommodated on the sound track is ob-
r� t- 5ervable at all times. This feature, combined with a suitable monitor-

,
]Ang speaker for checking frequency balance of music and speech 

 

intel-

ligibility, results in a very satisfactory system for checking the ac-

";.I_tual record being made. The control is considerably more effective 

 

:z than is possible with other recording systems which have been exam-

I mined and studied. 

 

The recorder is mounted on a table containing the necessary 

 

(
,,switches and meters. There is a marker lamp so positioned in the re-

=f corder that a narrow line exposes the edge of the film when it is lighted. 

 

,} A similar lamp is mounted in the cameras. These lamps are used to. 

 

"Imark the films for matching the sound and pictures after they are 

 

developed. 

 

Communication between cameramen, director, .and recordist is 

 

by means of headphones and breast transmitters. In most studios the 

 

!rack with microphone mixing panel and amplifiers, monitoring speaker, 

 

and recorder are all mounted in a portable noiseproof booth which is 

 

i provided with suitable casters for rolling around the studio to desirable 

 

t locations where the recordist has a good view of the action. This fea-

t ture has been found convenient in many instances. 

 

It will be gathered from the foregoing that sound recording and 

 

3 reproduction by the preceding methods are effective in practice and 

 

yield commercially valuable results. In other words, the sound motion 

 

picture art, as represented in the system which has been described, 

 

may be regarded as definitely established as an important part of the 

 

I' theatrical field. 

 

Nevertheless, the authors, as engineers, desire to express their 

 

ji conviction that sound motion pictures (excellent as they are when 

 

1j the best modern practice and apparatus are utilized) leave open a 

 

)i considerable field for expansion of dramatic value, improvement in 

 

ii fidelity and naturalness of reproduction, and refinement in sound re-

►�' cording and reproducing methods. Recording apparatus 
-and tech-

nique are accordingly being consistently investigated and improved. 
Theater equipment is similarly being made even more reliable, acces-

sible, and capable of better over-all performance. film records are 

 

being continually studied in the evolution of methods for producing 

 

and maintaining them in a condition which results in a minimum of 

 

ground noise and a maximum of realism and dramatic or musical con-

trast or brilliancy. The highly encouraging results already obtained 

 

will be the subject of later papers dealingwith such studies and marked 

 

improvements in the sound motion picture field. 
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THE RADIO COMMUNICATION SERVICES OF 3 

 

THE BRITISH POST OFFICE* f 

 

i 

 

BY 

 

A. G. LEE 

 

(Engineering Department, General Post Office, London, England) 

 

HE principal services operated by the British Post Office may ..,l 

 

be broadly classified under the following headings. 

 

I. Ship and shore radio telegraphy operated from stations lo-
cated around the coast. 

 

II. Long distance, long wave telegraph services operated from 

 

the high power station at Rugby. 

 

III. Point-to-point radiotelegraphy services to a number of Euro-
pean countries. 

 

IV. Point-to-point radiotelephony services. 

 

V. Radio telephony to ships. 

 

In addition to these services, as the statutory authority for the 

 

control of wireless telegraphy in Great Britain, the British Post 

 

Office has a close interest in broadcasting, the control and issue of 

 

licences for transmitting and receiving, the investigation of complaints 

 

of interference and departure from authorized frequencies in trans-
mitting stations, the approval of types of apparatus for ships' sets 

 

and the issue of wireless operators' certificates. 

 

The scope of this paper is a presentation of the main outline of 

 

these services with more detailed reference to special features. 

 

SHIP AND SHORE RADIOTELEGRAPHY SERVICES 

 

The organization for ship and shore radiotelegraph traffic may 

 

be classified into two categories, the long range services and short , 

 

range coastal services. 

 

Long Range Ship Service. 

 

The long range services are met by the Portishead (transmitting) 

 

and Burnham (receiving) stations which succeeded in 1927 a simplex 

 

station established at Devizes in 1919. 

 

The Portishead station is of Post Office design and construction. 

 

It opened in 1927 with one tuning fork controlled 25-kw transmitter 

 

* Dewey decimal classification: R400 X R530. Original manuscript re-ceived by the Institute, June 27, 1930. Presented before Fifth Annual Conven-tion of the Institute, August 19, 1930. 
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and two 6-kw tuning fork controlled transmitters. In 1929 the power 

 

of the two latter was increased to 10 kw. 

 

The three aerial systems are supported on four 300-ft. lattice steel 

 

J masts. Each aerial is a 6-wire cage type built on 6-ft. hexagonal 

 

spreaders. The earth system is common to all three transmitters and 

 

eonsists of wires buried over practically the full area of the site. 

 

Power at 400 volts, 3 phase, 50 cycles is taken from the public 

 

supply. Main and filament transformers are fed direct from this supply 

 

b so that rotating machines are required for auxiliary supplies only. 

 

The transmitting plant consists of three tuning fork controlled 

 

transmitters fitted with coupled circuits and capable of being adjusted 

 

between 100 and 150 kc per sec. Transmitter details are as follows: 

 

t Transmitter 

 

No. 1 

 

2 

 

3 

 

Input 

 

FDrequenoy 

 

ain amplifiers 

 

s. Aerial current 

 

`r. 

 

E� 

 

k. 

 

y 

 

3' 

 

c 

 

r 

 

Z; 

 

25 kw 

 

121 ko/s 

 

Three 2.5 kw silica 

 

55/60 amperes 

 

10 kw 

 

140 kc/s 

 

Two 2.5 kw silica 

 

35/40 amperes 

 

10 km 

 

143 ko/s 

 

Two 2.5 kw silica 

 

35/40 amperes 

 

The transmitters are started or stopped and keyed locally or from 

 

Burnham, the latter being the normal working arrangement. 

 

The keying relay short-circuits the output from the tuning fork 

 

controlled oscillator. With the auxiliary machines running contin-

uously the time occupied in running up a transmitter is 10 seconds. 

 

Subsequent to the completion of the 10-kw sets two short wave 

 

transmitters which can communicate with ships in any part of the 

 

world have been fitted. 

 

The short wave transmitters operate on 8210 ke per sec. (36.54 

 

meters) and 16840 ke per sec. (17.81 meters). They consist in each case 

 

of a single 32-kw silica valve with a tuned circuit in series with the 

 

grid and anode. The type of oscillating circuit in use has been specially 

 

developed by the Post Office for this service and has the merit of great 

 

simplicity, and with the precautions embodied in the design of auto-

matic compensation for load variation on the alternator supplying the 

 

plate voltage, gives a frequency constancy well within the requirements 

 

of a mobile service. A 300-cycle supply, rectified and partially 

 

smoothed is used, which gives a characteristic 600-cycle note. 

 

The 16840 ke per sec. transmitter is coupled to a horizontal array 

 

with a 2-wavelength aperture mounted on a lattice steel girder which 

 

is capable of rotation on a vertical axis. Fig. 1 is a photograph of the 

 

rotating aerial system. 

 

The rotation of this beam system and the keying of the transmitters 

 

are controlled from the receiving station at Burnham. For the 8210-

ke-per-sec. transmitter a J-wave vertical dipole is used as a radiator. 
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Burnham Receiving Station. 

 

This station is equipped with four receivers with a tuning range 

 

of 2000 to 2700 meters and short wave receivers for the 36- and 17-
meter services. 

 

The long wave receivers are provided with large frame aerials and 

 

verticals providing a cardioid diagram for directional reception, and 

 

have six stage high-frequency amplifiers, separate oscillator, and also 

 

low-frequency band filters. 

 

A rotating array similar to that at Portishead is provided for direc-
tional reception on the 17-meter service. 

 

Fig. 1—Portishead rotating beam. 

 

The use of a beam antenna for reception and transmission gives a 

 

substantial improvement on any short wave service, and the use of a 

 

rotatable system has solved the problem of adapting the directional 

 

array for ship service. After locating a ship by means of the receiving 

 

system the transmitting array is directed on the ship by remote control 

 

from the receiving station. 

 

Horizontal dipoles with open transmission lines are used for the 

 

36-meter service. 

 

Short Range Coastal Services. 

 

The stations for dealing with the ship and shore coastal services 

 

i 

 

8i 

 

t 

 

I 

 

i 
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are situated as follows: Nick, Cullercoats; Mabletliorpe (Humber), 

 

North foreland, Niton, Lizard, Lands End, fishgua;rd, Seaforth, 

 

;.i`Portpatrick, Malin Head, and Valentia Island. (See fig. 2.) 

 

The functions of these stations include general public correspon-

dence, ships service, and distress messages, meteorological, na,,iga-

itional, and maritime intelligence. 

 

With the exception of the Lizard, all stations operate on the 

 

i> "nominal" 600-meter wavelength spark or interrupted continuous 

 

wave and are, at present, in course of conversion from spark to ICIV 

 

operation to meet the requirements of the Washington Convention of 

 

1927. 

 

The station at the Lizard is used for the direction finding service 

 

and is the only station entirely devoted to this service; the combina-

tion of the direction finding and the ordinary ship and shore services 

 

at a single station is adopted where the traffic is not too heavy and the 

 

t stations are suitably sited for direction finding operations. The com-

i, bined stations are: Wick, Cullercoats, `Humber', Niton, Portpatrick 

 

3, and Malin Head. 

 

The stations are equipped with the Alla.rconi-Bellini-Tosi system. 

 

This apparatus has been found to be very suitable for the dual purpose 

 

of direction finding and the reception of short range ship and shore 

 

i telegraph traffic. The directional properties of the receiver are of 

 

;5
 r great assistance in the avoidance of jamming. 

 

The aerial system is aperiodic and comprises two triangular loops 

 

in vertical planes at right angles. 

 

On the completion of the erection of the direction finding plant 

 

and, before it is brought into use, the installation is calibrated, by 

 

1 direct visual observation from a special tug which is equipped with a 

 

transmitter, on various arcs which may have a radius of from two to 

 

twelve miles. 

 

The visual bearings are obtained by means of a theodolite. Where 

 

the station is so situated that the vessel is not visible from a point 

 

x near to the direction finding aerial two theodolite observations are 

 

f, made from suitable points on the coast and the position of the vessel 

 

11 is obtained by triangulation on a chart. Where two theodolites are 

 

i used. the observers are provided with portable receivers so that by 

 

listening to the signals passed between the station and the vessel they 

 

are able to time their observations correctly. It is the practice to make 

 

ari annual check of these calibrations. 

 

The stations are not all of equal power but are designed for the 

 

{ particular situation. The nominal power of the stations on the basis 

 

of the total power absorbed by the transmitters measured at the ter- 

 

r 

 



1694 Lee: Radio Co7nin tnication Services of British Post Office 

 

minal of the alternators will be, after reconstruction or completion, 

 

as follows: 

 

Wick 3 kw 

 

Cullercoats 11 " 

 

Humber It " 

 

North Foreland It " 

 

Niton " it 

 

Lands End 6 it 

 

Fishguard 1 z It 

 

Seaforth " " 

 

Portpatric It " 

 

In addition, low power emergency transmitters are installed to 

 

ensure that the stations will continue to be in commission in the event 

 

of the main transmitters being out of action for any reason whatso-
ever. 

 

In order to avoid mutual interference in congested areas, such as the 

 

North Sea, English Channel, and the Atlantic seaboard of the British 

 

Isles, a scheme of distribution of frequencies, within the band 390-
485 ke per sec. (770-620 meters) allocated for traffic by the Washing-
ton Convention, has been agreed with the European Administrations 

 

concerned for adoption at the stations in those areas. (Fig. 2.) 

 

In addition, a scheme of distribution of note frequencies within 

 

the range of 800 to 1100 periods per second with a minimum separation 

 

of 100 periods between flank stations has been adopted for the British 

 

stations. 

 

The `Humber' station is one of those which has already been 

 

converted to ICW operation and a description of this station will 

 

serve to indicate the general arrangements adopted at the British 

 

Radio Stations for the coastal services. 

 

Site and .buildings. The 'Humber' site which is about two acres 

 

in extent, is situated at Mablethorpe, Lincolnshire, on land adjoining 

 

the seashore. The buildings are of the one-story type and are erected 

 

approximately at the center of the site. 

 

Aerial and Earth Systems. The main transmitting aerial is of three-
wire "T" type, supported by two tubular masts, 120 ft. high, spaced 

 

246 ft. apart. A separate aerial of 6-wire cage type, approximately 

 

70 ft. long and suspended from one of the masts, is provided for 220-
meter telegraphy and telephony. 

 

The direction finding and main receiving aerial system, consisting 

 

of two triangular frames of approximately 95-ft. sides and a base 

 

160 ft. long, is rigged beneath the main aerial and is symetrically dis-

;! 
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posed about the other mast. In order to maintain the electrical bal-

knee of the two triangular frames, the four lead-in wires from the 

 

ircenters of the base are twisted as in ordinary telephone practice 

 

rfthroughout their length to the lead-in panel a distance of 110 ft. 

 

The main earth system is entirely underground and consists of 

 

6- by 2-ft. corrugated iron sheets, buried vertically with their long 

 

edges 6 inches below the surface, and arranged in two semicircles 

 

of 60 ft. radius, symetrically disposed relative to the main earth point 

 

I in the building. A separate earth system of similar type to the main 

 

- system, but consisting of one semicircle of 10 ft. radius, is provided 

 

for use in conjunction with the direction finding receiver. 

 

i Power Plant. As no public supply is available in Mablethorpe the 

 

electrical energy required for the operating and lighting services is 

 

generated at the station. 

 

The generating plant comprises duplicate 8-kw engine generators 

 

with a secondary cell battery of 56 cells of 300 ampere-hour capacity. 

 

Twenty-four secondary cells of 120 ampere-hour capacity are provided 

 

for heating the filaments of the receiver valves and for power supply 

 

to the emergency transmitter. 

 

Transmitters. The equipment comprises a main 12-kw coupled 

 

circuit valve transmitter equipped for CW and ICW telegraphy, an 

 

emergency 100-watt set, and a 500-watt telephony transmitter. 

 

The operation and all control of the transmitters is effected from the 

 

operator's position in the operating room; the changes in wave and 

 

variations in power are accomplished by a mechanical system of re-

t mote control. 

 

Main Transmitter. The rectified high tension supply is from motor 

 

i alternators and transformer at a periodicity of 500 cycles per sec. and 

 

is smoothed for CW transmission by means of choke and condenser 

 

units; for ICW transmission the smoothing unit is disconnected, and 

 

the emission is consequently modulated at- double the frequency of 

 

a the high tension supply, viz; 1000 cycles per sec. which is the emitted 

 

note frequency of the ICW transmitter. 

 

The signaling key and a power switch which may be adjusted to 

 

1/16, 14, and full power, are included in the main transformer primary 

 

circuit; the power switch is provided to facilitate compliance with the 

 

operating regulation calling for the use of minimum power for effec-

tive communication. 

 

Emergency Transmitter. The emergency transmitter is a self-

contained unit of the panel type'and is designed to operate with a total 

 

power input of 100 watts at 12 volts from the battery of 120 ampere-
hour cells referred to above. 
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Telephony Installation. This comprises a self-contained trans-
mitting and receiving set arranged for operation on the waves 200 and 

 

220 meters; the normal rating of the set is 500 watts. This set is used 

 

for communication with fishing trawlers. 

 

Receiving Apparatus. The main receiver at the station is the direc-
tion finder receiver comprising; a goniometer, coupled tuned circuit, 

 

6 stage radio-frequency aperiodic transformer coupled amplifier, 

 

detector and 2-stage low frequency amplifier. In addition, a 4-valve 

 

receiver is provided for use in the event of interruption to the direc-
tion finding receiver. 

 

Special switching devices are adopted to protect the receivers 

 

during transmission and to ensure that the operator shall not take a 

 

bearing unless all other aerials on the site are isolated from earth. 
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LONG DISTANCE, LONG WAVE TELEGRAPH SERVICE 

 

These services are carried out from the Rugby Radio Station, the 

 

erection of which was primarily undertaken to provide telegraphic 

 

communication with all parts of the British Empire and ships in any 

 

part of the world. 

 

The high power telegraph transmitter was brought into operation 

 

January 1, 1926. Technical descriptions of the plant and special 

 

details in the design have been published in British technical journals.' 

 

A constant frequency source of high-frequency energy is provided 

 

by a tuning fork oscillator operating on a fundamental frequency of 

 

1777.7 cycles per sec., the 9th harmonic of which is utilized and the 

 

emitted frequency being 16 kc per sec. The tuning fork is of elinvar 
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30 

 

which has a temperature coefficient of approximately 3 to 4 parts in 

 

108 per deg. C. 

 

An actual record of the frequency variations of this transmitter 

 

is shown in Fig. 3. 

 

This oscillation is amplified and impressed on the grid of a high 

 

i power amplifier consisting of 54 10-kw water-cooled valves. Five 

 

'; units are provided, each equipped with 18 valves and under normal 

 

conditions three units are used. High tension direct-current supply to 

 

this amplifier is provided by three 500-kw direct-current machines 

 

each capable of generating 6000
-7000 volts. If desired, two or more 

 

machines can be connected in series to give voltages up to 18,000 

 

volts. The total power input to the transmitter is of the order of 500 

 

} kw and the aerial power 350 kw corresponding to an aerial current of 

 

{ 

 

r 750 amperes. 

 

Twelve insulated 820-ft. lattice steel masts, stayed and pivoted at 

 

r the base are used for the Rugby aerial systems. They are designed to 

 

�i withstand a uniform wind load of 60 lb. per sq. ft. and a horizontal 

 

i antenna pull of 10 tons at the top. The telegraph aerial is of cage type 

 

i supported by eight of the masts, arranged to form an elongated octag-

onal figure with sides of 1320 ft. In order to avoid overloading of the 

 

mast the steel rope supporting the aerial insulators passes down the 

 

center of the mast and is attached to a drum fitted with a slipping fric-

tion brake so adjusted that the rope is slackened when the load ex-

ceeds 10 tons. The copper-wire buried earth follows the plan of the 

 

aerial and extends 800 ft. on both sides of the vertical projection of 

 

the aerial on the ground. 

 

In order to investigate the conditions of reception of the Rugby 

 

telegraph transmitter at long ranges, particularly in tropical locations, 

 

i. a series of measurements were made by Post Office engineers on a voy-

age between England and New Zealand via the Panama Canal, 

 

r special attention being directed to a comparison between the relative 

 

>> 3- efficiencies of a pure sinusoidal wave of constant frequency emitted 

 

from a valve generator such as the Rugby transmitter and arc or 

 

a, t alternator transmitters. 

 

Measurements were made of signal strength and noise through-
out the voyage. The noise was measured by comparison with a signal 

 

4;,; and the "noise factor" plotted on Fig. 4 may be defined as three times 

 

0. that signal which is just inaudible when both signal and noise are im-

t' l pressed on the receiver. In practice it was possible to read signals 

 

�r which were greater than the "noise factor" so determined and thus, 

 

by taking the percentage of the day when the signal field exceeded the 

 

'` noise factor, a "commercial factor" was obtained for the station under 
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observation. In Fig. 4 are plotted field strength and noise factor for + 0 

 

the outward run. The noise factor curve shows the enormous increase i E 

 

in noise in the tropical zones and readily explains why reliable com i [ 
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munication cannot at all times be obtained in such regions. The com-
mercial factors of Rugby and Bordeaux are shown in Fig. 5. Since that 

 

date the aerial current at Rugby has been increased from 500 to 750 
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amperes, which gives some slight improvement in the commercial 

 

factor. 

 

The general results of the expedition showed that Rugby's field 

 

at equal distances from the transmitter is generally stronger than that 
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of any other station but that in some localities the strength of atmos-

pheric disturbance is so appreciably above the signal strength as to 

 

: ;,v render reception inaudible. To overcome this disabilty advantage 'has' 

 

been taken of the fact that short waves are much less affected by at-

f mospheric interference and long and short waves do not always fade 

 

simultaneously, and a short wave service is now operated in parallel 

 

with the long wave service for press broadcasts. 

 

In the neighborhood of the. antipodes of transmitting stations 

 

marked variations were observed in the fields of these stations at places 

 

a few hundred miles apart. In particular near the antipodes of Bor-

deaux the signals of that station increased to over four times the aver-

age in that area and were stronger than those of any other European 

 

l i station. 

 

POINT-TO-POINT RADIO TELEGRAPH SERVICES 

 

In addition the Post Office conducts radio services with the follow-

ing Continental countries, viz., Italy, Czechoslovakia, Danzig, Es-

i thonia, Hungary, Rumania, and Poland, also a broadcast financial 

 

J news service is transmitted by Leafield (G.B.L.) to all Continental 

 

r 
countries for news agencies. Wireless services can also be brought 

 

'r into use in the event of cable breakdowns to Germany, Norway, Hol-

land, and Iceland. 

 

The transmitters used are situated at Rugby and Leafield, approxi-
i mately 90 and 70 miles distant from London, respectively. The re-

ceiving station is situated-at St. Albans, 14. miles from London. Trans-

mission and reception of the services is controlled by the Central 

 

I Radio Office, London, the transmitters being oprated by remote land-

line control The received signals are relayed to this office by St. 

 

Albans, no operating being done at the relay station at St. Albans. 

�. 
Central Radio Office. 

 

The Central Radio Office is located in the Central Telegraph 

 

Office, London, as this is the handing in and delivery point of the 

 

bulk of the traffic. The transmitter control sets are ordinary double-

current duplex Wheatstone sets, and all transmission, irrespective of 

 

the speed required is invariably carried out by a Wheatstone trans-

mitter. Two transmitters are fitted to each control circuit and in the 

 

event of a fault, developing, a quick change-over can be made by means 

 

i of a switch. Aerials on the roof of the building are connected to radio 

 

1,1
.E receivers in the/ office. These sets are tuned to the various transmit-

ting stations hi use and supply loud-speaker signals at the control 
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positions, thus supplying a check on transmission and land line ap-
paratus. 

 

'Incoming signals from the distant stations are normally received 

 

on a Creed automatic perforator and printer, a Wheatstone recorder (i 

 

being provided in leak for check purposes or whenever atmospheric ' 0 

 

conditions render direct printing unreliable. 

 

Transmitters. Four medium power long wave transmitters are 

 

employed for these point-to-point services three of which are at the 

 

Leafield Station and one at Rugby. 

 

The final amplifying stage in the case of the Leafield transmitters 
f
 l 

 

consists of six 10-kw water-cooled valves in parallel, excited by a one-

kw-dissipation air-cooled glass valve which in turn is excited from a 

 

standard type of Post Office tuning fork control unit. 

 

At Leafield, power is derived from turboalternators installed in the 

 

station. The two main sets have a full load output of 250 kva at 3300 

 

volts and two auxiliary turbines coupled to 60 kw, 220-volt d-c gener-
ators for auxiliary supplies. 

 

A hexaphase thermionie rectifier unit supplies the high tension I 

 

direct-current power to the transmitter and the input is 70-80 kw at 

 

9000 volts. 

 

Keying is carried out in an early high-frequency stage of the tuning 

 

fork unit by means of a Creed relay. Speeds of 200 words per minute 

 

are possible. 

 

The aerials are supported by ten 300-ft. tubular steel masts. Some 

 

of the aerials are led directly into the building but the aerial at the far ( 

 

end of the site is terminated in a but approximately 1100 yards from I 

 

the building and is fed through a transmission line. l 

 

During the summer period when conditions are difficult on long 

 

waves, all services are supplemented by short wave. 

 

The two short wave transmitters deliver approximately 8 kw to . 

 

the aerials. The method used for controlling the frequency is by means. 

 

of a crystal oscillator, the crystals being operated at a frequency of 

 

two or three megacycles per second, and followed by two or three 

 

doubling stages according to the wavelength in use. The output from 

 

the last doubling stages is inductively coupled to the first amplifying 

 

stage of 500 watts. The output from this stage is capacity coupled 

 

to the next amplifying stage of 3 kw. The output from the 3-kw stage 

 

is coupled to the grids of two 10-kw water-cooled valves by means of 

 

variable capacity coupling. The anode of the final stage is inductively 

 

coupled to the transmission line in use. 

 

Provision is made for suppressed wave or modulated keying, the 

 

keying being carried out by means of a relay in the 500-watt stage. 
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Receiving Station. 

 

The St. Albans Receiving Station occupies a site of roughly 1000 

 

�. 
ft. square. The main building is situated in the center. The ground 

 

1ffloor of the building is devoted to power plant and batteries while the 

 

f receiving apparatus is housed on the floor above. 

 

Around the building are grouped eight masts arranged in two sets 

 

$. each consisting of four masts occupying the corner of two concentric 

 

squares. The outer square is composed of four 200-ft. high steel lattice . 

 

a self-supporting towers and the inner square of four 120-ft. steel tubu-

lar masts. Eight open aerials and the Bellini-Tosi aerials are carried 

 

by the 200 -ft. masts and four open aerials by the 120-ft. masts. 

 

Power is obtained from the public supply mains in the form of 3 

 

hi 
< phase alternating current at 415 volts. 

 

It Ten long wave radio receivers are installed covering a wavelength 

 

range from 3000 to 20,000 meters. The sets are of commercial type 

 

built in units, each unit being carefully and separately screened. They 

 

r 

 

'. consist of aerial tuning units, two stages of high-frequency filter, three 

 

stages of high-frequency tuned and neutrodyned amplification, one 

 

stage anode bend rectification, four stages of low-frequency filter (tuned 

 

grids) and three stages of low-frequency amplification. One power 

 

panel controls all low tension and high tension feeds and grid bias on 

 

4 all valves. Facilities for recording signals are provided on all sets, the 

 

signals being first amplified and then converted into double current 

 

for working telegraph relays. Each set has a Wheatstone receiver in 

 

leak, by means of which the recorded signals passing to line can be 

 

observed. 

 

Four short wave receivers are provided. These sets are of the 

 

double detection type with band filters. Each amplifying stage com- 

 

prises two valves arranged in push-pull and each stage is carefully 

 

€{ screened. Suitable limiting and recording valves are provided and the 

 

:. receivers are capable of working up to speeds of 400 w.p.m. 

 

Fourteen telephone loop circuits 
.
are provided between St. Albans 

 

Station and the Central Telegraph Office, London. The aural signals 

 

are passed forward on the loops and the recorded signals are super- 

 

imposed across the loops. In addition, one loop is used for a telephone 

 

r with a telegraph circuit superimposed to provide communication for 

 

purposes of traffic control between the Central Radio Office and St. 

 

,. Albans. 

 

IV. 
POINT-T\

-POINT RADIO TELEPHONE SERVICES 

 

The telephony plant at Rugby has grown from one long wave 

 

transatlantic telephony transmitter installed in 1926 to one long wave 
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and six short wave transmitters in 1930. It is anticipated that by 1933'14 

 

one long wave and at least six short wave transmitters will have been a 

 

added to the present plant. A plan of the site showing the layout of '_ s 

 

the masts and buildings is shown in Fig. 6.? 

 

The existing long wave transmitter was installed in the main: If 

 

building 1925-1926 by the Standard Telephones and Cables- Co., 

 

Ltd. under the direction of the Bell Telephone Laboratories and in: 

 

cooperation with the British Post Office. It was with this transmitter 

 

alone that the transatlantic telephone service was opened in 1927.' 

 

The first experimental short wave transmitter was installed by the t. 

 

Post Office in 192S and was used as an auxiliary to the long wave cir-
cuit on the transatlantic service. This transmitter was replaced by 

 

a new transmitter in 1929 and is now used as a standby and for ex-
perimental development work. 

 

The next two transmitters were installed in 1929 in a small tem-
porary building used during the construction of the main station. 

 

These came into operation on the transatlantic telephone service in 

 

June and August of that year. One of these was installed by the 

 

Standard Telephones and Cables Company, Ltd., and the other by the 

 

Post Office. 

 

In 192S plans were prepared for a new building to house an addi-
tional long wave transmitter for the transatlantic service and nine 

 

short wave transmitter. The first section of this building capable 

 

of housing three transmitters was commenced immediately and before 

 

the end of 1929 a third short wave circuit installed in this building was 

 

added to the transatlantic service. 

 

In the early months of this year the remaining two transmitters 

 

in this new section were brought into operation, the first for a ship 

 

and shore service and the second for the telephone service to Australia 

 

which was opened on April 30th. 

 

This rapid rate of expansion and the decision made in cooperation 

 

with the American Telephone and Telegraph Company to provide a 

 

second long wave transatlantic circuit rendered it necessary to pro- , 

 

ceed with the erection of the remainder of the new building which 

 

has just been completed. Already contracts have been placed for two 

 

more short wave transmitters and for parts of the equipment for the 4 

 

new long wave transmitters. The former will be used for telephone 

 

services to the British Colonies or to South America. A block sche-
matic of the new building as it will appear when completed is shown 1 

 

in Fig. 7. 

 

A. A. Oswald and E. M. Deloraine, Eleciricial, 96, 572, 1926; A. G. Lee 

 

and R. V. Hansford, Jour. I. P. O. E. E., 20, 52-55, 1927. 
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All the short wave transmitters consist essentially of 

 

(1) power switchboard and high tension rectifier, 

 

(2) line amplifying equipment, 

 

(3) crystal oscillator and doubler units, 

 

(4) intermediate amplifying stages, 

 

(5) high power amplifier, 

 

(6) control desk. 
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Fig.  7—Rugby radio station. New building. 

 

The modulated power output on telephony from the final stage is 

 

4 to 12 kw depending on the wavelength. If desired the penultimate 

 

'!stage can be switched on to the aerial transmission lines in lieu of 

 

e final stage when a power output of 3-5 kw is obtained. Balanced 

 

Ir, ush-pull circuits are used throughout on the amplifying stages. The 

 

r rystals are fitted in thermostatically controlled ovens the tempera-

I;'ure being maintained constant to within ±0.1 deg. C. 

 

Each transmitter is capable of operating on three or four wave-

o;ì ,engths in a band from 15-50 meters, facilities being provided for 

 

!;I 7,:.-apid change from one wave to another. Fig. 8 shows the frequency 

 

[variation of the. latest transmitter, 

 

ke ception— General. 

 

The problem of long distance radio reception is that of obtaining 

 

s 9, commercial signal-to-noise ratio. 

 

. The factors involved in producing this result are variable in every 
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case and a somewhat detailed statement of the solution adopted at 

 

the British end of the transatlantic telephone circuit may be of in 

 

terest. 

 

Long Wave Transatlantic Telephone Circuit. 

 

In order to occupy as narrow a band as possible and to keep. the, 

 

size of the transmitter as small as possible the single side-band sup-, I 

 

pressed carrier system, developed by the American Telephone and`,. 

 

Telegraph Company, is used on this circuit. The signals as received 

 

on the antenna are not intelligible until the carrier frequency is sup 

 

plied by a local oscillator and for good quality speech this added,, 
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frequency must be adjusted and maintained to within a few cycles. 

 

This means that all the oscillators on the channel must be extremely 

 

constant in frequency and it is for this reason that this method of 

 

transmission has not yet been utilized for the short wave channels. 

 

For the transmission of good quality speech it is sufficient to: 

 

transmit the band of frequencies 400 to 2750 cycles per sec., and if the 

 

carrier frequency is 58.5 kc per sec., as on the existing circuit, the radio:' 

 

receiver must receive the band 58.75 to 61.25 kc per sec. and, as far as 

 

possible, suppress all others. The Post Office receiver at Cupar is of 

 

the single detector type and a large proportion of the selectivity is ; 

 

obtained by means of a high-frequency band-pass filter before the first 

 

valve which is thus protected against interfering stations outside the 

 

above mentioned band. The frequency attenuation characteristic has 

 

slightly rounded corners (see Fig. 9) but this is compensated for by 

 

means of the two coupled-circuit band tuners which follow it. The 
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frequency attenuation characteristic of these has a dip in the middle 

 

:)f the band and high corners and the resulting over-all curve shown in 

 

Fig. 10 is substantially flat over the required band. 

 

t The band-tuner units amplify in themselves but additional high- 

 

rfrequency amplification is provided by a transformer coupled amplifier. 

 

`The carrier frequency is applied just before the demodulator valve 

 

jand the voice-frequency currents are passed through audio-frequency 

 

i low- and high-pass filters and amplifiers into the line equipment. 

 

A schematic diagram of the receiver is given in Fig. 11 and it will 

 

1 be seen that the high-frequency filter consists of two parts, a low-pass 

 

s. filter followed by a high-pass one which together give the effect of 
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a band-pass filter. This system was chosen because the values of the 

 

;components for the normal types of band-pass filters having a band 

 

4' width of 3000 cycles per sec. at a mi&band frequency of 60,000 cycles 

 

i per sec. were difficult to obtain. In order to set the carrier oscillator 

 

t' to the correct frequency a 1500-cycle-per-sec. tone is applied to the 

 

I transmitter and the received signal is adjusted to this frequency by 

 

beating against a 1500-cycle-per-sec. tuning fork, which can be main- 

 

tained in oscillation by means of a valve. 

 

Having obtained the maximum discrimination against undesired 

 

si signals and atmospherics by the frequency selectivity in the receiver 

 

Ii (which only passes the band required for intelligible speech) the only 

 

r: method of improving the signal-to-noise ratio is by the use of direc-

tional selectivity. In other words, the ideal would be to. receive sig-
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nals arriving from the direction of the transmitting station in America 

 

and from no other direction. 

 

The averaged values of the relative intensity of atmospherical 

 

received at Cupar is shown on the curve in Fig. 12. These results wereil 
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obtained by using two direction finding sets utilizing cathode-ray ' 

 

oscillograph tubes. These sets were situated at Cupar and the Radio 

 

Research Board station at Slough, respectively, and therefore separated j 

 

by a distance of approximately 400 miles, and were connected together. i 
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Fig. 11—Cupar radio station. Diagram of receiver. 

 

by a telephone line. Simultaneous observations of the bearings of 

 

atmospherics arriving at the two places were taken. The intersections 

 

of the plots of these bearings gave the positions. The number and 

 

length of the deflections produced by the atmospherics gave an indica-
tion of the strength. It will be seen that, fortunately, the atmospherics 

 



c 

 

Lee: Radio Coviviii-nication Services of BrUish Post Ofjicc 

 

Fig. 12—Relative intensities of atmospherics at Cupar, 1929. 
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are weakest in the directiion of the required transmission and are very 

 

strong in the southeast quadrant, being largely produced by storms;; 

 

in Europe. It therefore follows that in order to produce the best cir-' 

 

cuit the antennas must be designed to be nonreceptive from the direc- , 

 

tions 80 deg. to 190 deg. from true north. The antenna system at'', 

 

Cupar now consists of six large loops with associated vertical antennas.., 
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X = 5000 meters 

 

Staggering distance =1250 meters 

 

Broadside distance= 3100 meters 

 

arranged in three pairs as shown in Fig. 13. Each unit of a pair is 

 

spaced a quarter of a wavelength, i.e., 1250 meters, from its partner 

 

in the direction of the received signal and pairs are spaced 0.62 of a 

 

wavelength apart in a direction normal to that of the received signal. 

 

The signals from the antenna units (each consisting of a loop and 

 

vertical) are led to the receiving station by six pairs of transmission 

 

0.621 

 

I 
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lines. These signals are combined to give the best directive charac-
teristic. 

 

Each loop antenna consists of four turns of silicon bronze wire 

 

supported by two 130-ft. steel lattice self-supporting towers spaced 

 

apart a distance of 200 yards. The top of the loop is 110 ft. above the 

 

ground and the bottom 20 ft. above the ground. The turns are spaced 

 

4 ft. apart. The vertical antenna consists of a single horizontal por-
tion stretching the full distance between the towers and therefore 

 

130 ft. high, with the down lead at the center of the system. The out-
puts from the loop and vertical are combined by the apparatus shown 

 

in Fig. 14. The loop antenna is tuned by means of a variable condenser 

 

C1 joining the outer ends of the loop turns. The inner ends are taken 

 

to a high-frequency transformer T1 having a balanced winding with 

 

its center point earthed. - The vertical antenna is tuned by the induc-
tance M variable over a very small range by means of a copper plate 

 

which moves over the coil. P1 and P2 are phase shifters producing 

 

together a 90-deg. phase displacement in the currents from the loop 

 

and vertical antennas before they are combined in the double trans-
former T3. The resulting output is taken through a screened trans-
former to the transmission lines, X, Y, which go to the radio receiver 

 

at the radio station. 

 

For utilizing the loops of the system only, relays are fitted at each 

 

antenna for cutting out the vertical portion and are operated by means 

 

of direct current from the receiving station. This condition of the 

 

antenna system is useful when atmospherics are coming from *the direc-
tion around 190 deg. and also when electrified rain storms are occurring. 

 

The latter give rise to a continuous hissing type of disturbance and this 

 

is greatly minimized by cutting out the vertical antenna. 

 

The following values may be of interest. 

 

Inductance of loop antenna 5350µh 

 

Capacity of loop antenna 1060µµf 

 

Capacity of vertical antenna 1285µµf 

 

Inductance of vertical antenna 3401h 

 

It will be seen that at 60 ke per sec. the circuit constants of the 

 

loop and vertical are approximately equal. The damping of the two 

 

circuits is made similar by added resistance. Diagrams of the reso-
nance curves for the loop and vertical antenna are given on Fig. 15. 

 

They are seen to follow one another fairly closely. The method of
 

 

combination has .the effect of making the impedance as measured at 

 

the output terminals of the combining apparatus approximately 

 

bi 
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#`i00 ohms with very little phase angle at any frequency in the required 

 

))and. 

 

Directional Curves. For a true cardioidal diagram, i. e., for a zero 

 

-eception point at 180 deg. from the front end to result from the 

 

,ombination of a loop and vertical aerial, it is necessary that the energy 

 

-Acked up (in the forward direction) by the two should be equal. 

 

if the energy of the vertical is smaller than that of the loop there re-

;ults two directions of zero reception and these directions approach 

 

;he front end as the vertical energy is decreased until with no vertical 

 

;nergy there remains the loop characteristic with zero reception at 
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Fig. 15—Measured resonance curve for 3B loop and vertical. 

 

90 deg. and 270 deg. to the front. end. Such a system where the energy 

 

from the vertical is adjusted for particular conditions is termed a 

 

partial cardioid. 

 

In addition to reducing the back end reception by the addition of 

 

verticals a zero at 180 deg. from the front end can be obtained by 
two systems at a distance of a quarter of a wavelength 

 

apart and adding a phase displacement of 90 deg. (The term "stagger" 

 

<< will be applied to displacements in line with incoming signals and 

 

"broadside" to displacements at right angles to the line of the signal.) 

 

The directive characteristics for "staggering" of a quarter of a wave-

length are given on Fig. 16, curve A. The effect of "staggering" 

 

# the cardioids and partial cardioids is shown by curves C and B on the 

 

s sheet. It will be seen that the reception from the back end is largely 

 

reduced by these means. 

 

In order to make the curve of reception narrow recourse is had 

 

to "broadsiding," i. e., using similar systems along the normal to the 

 



1712 Lee: Radio Coviviv ziccation Services of British Post OJf ee 

 

I 

 

line of signal reception. The characteristic curves for a triple arrange-; 

 

ments with an equal spacing of 0.62 of a wavelength are given on Fig. 

 

17. These curves show the effect of varying the ratio between the; to 
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Fig. 16—Directive characteristics. 

 

A=Staggering factor X/4 

 

B =Two partial cardioids at X/4. Zero, 125 deg. 

 

C =Two cardioids at X/4 

 

x =Measured values on pair of partial cardioids. 

 

current of the middle and the outer antenna systems, the current from 

 

each of the outer antennas being equal. It will be observed for the 

 

ratio of 2 between middle and outer systems, the curve is smooth. 
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Fig. 17—Directive characteristics. Triple broadsiding factor for spacing .0.62> 

 

for varying ratio of current. 

 

Since the smooth curve has a wider angle of low reception it should be 

 

best for normal working. 

 

The resultant curve obtained by correctly combining the systems, 

 

i.e., pairs of partial cardioids with zeros at 125 deg. staggered a quarter 

 

of a wavelength and triple "broadsiding" of pairs is shown on Fig. 18. 
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It will be seen that the reception has been limited to a large extent 

 

o a narrow sector in the forward direction. The combination of the 

 

furrent from the various antenna units is carried out at the station, 

 

'where the apparatus for equalizing the currents and phase shifts 

 

from the respective antennas is installed. 

 

Results obtained. The loops systems have been in use on the trans-

Atlantic telephone circuit since May, 1928, and satisfactory working 

 

i ias been obtained throughout, except at some of the sunset periods 

 

knd for a few days when forward end storms have occurred. Before 

 

°: ,he above date, a wave antenna system was used. A direct comparison 

 

')etween a double broadside of wave antennas against a double broad-

Ildde of pairs of loop and vertical combinations showed an average 
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Fig. 1S—Direct.ive characteristics. Triple broadside of pairs of partial cardioids. 

 

x-Measured values. 

 

improvement in favour of the loops of 2 db. The energy pick-up of the 

 

loop system over the old wave antennas shows an improvement of 4 db. 

 

It will be seen that measured values have been inserted on some 

 

of the calculated directive characteristics. These measurements were 

 

taken on known telegraph stations whose frequencies were close to 

 

`the telephony band. They necessitated simultaneous readings of 

 

i absolute field strength and also the gain required. on the calibrated 

 

main receiver to bring the signal up to the standard output level when 

 

using the antenna which was being tested. 

 

� It is customary to compare the signal-to-noise ratios of the antenna 

 

arrays against that of a single loop aerial and these improvement 

 

ti figures for 1929 are given below. 

 

Average improvement of triple broadside of 3 pairs of partial 

 

cardioids over one large loop antenna 23.2 db 

 

Average improvement of triple broadside of 3 pairs of cardioids 

 

over one pair of cardioids 5.8 db 
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Average improvement of double broadside of 2 pairs of cardioids 

 

over one pair of cardioids 3.9 db 

 

Average improvement of triple over double broadside 1.8 db 

 

It is proposed in the near future to add two more loop systems, that 

 

is, converting the antenna system into a quadruple array. It is hoped 

 

by this means to narrow to a still greater degree the directive curve 

 

on reception from the front .end although not much improvement 

 

is expected from the back end directions as the existing balances 

 

are very good. 

 

A similar quadruple system is now under construction at Cupar for 

 

the second long wave channel. This system is being designed for 

 

a mid-band frequency= of 68 kc per sec. and is situated to the west 

 

of the existing system. 

 

...- I 

 

..... 

 

Fig. 19—Baldock short wave receiver. 

 

Short Wave Channels. 

 

Short 11'at+e Channels. The short wave reception is being con-
centrated at Baldock, Hertfordshire, 40 miles from London and the 

 

arrays are situated around a central receiving building, the outputs 

 

from the various antennas being led into the building by special trans-
mission lines. 

 

The site of this station is some 900 acres in extent, in order to 

 

accommodate the multiplicity of short wave arrays which will be 

 

required. The ultimate capacity of the station will depend largely on 

 

the number of aerial arrays which can be accommodated but it is 

 

anticipated that this will be at least 16 short wave receivers and one 

 

long wave receiver. The long wave aerial system will be similar to 

 

that already provided at Cupar. 

 

f� 
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j Besides the troubles experienced on Iong wave circuits, when 

 

he wavelength is reduced to the so-called short wavelengths, i.e., 

 

)elow 50 meters, fading of various types occurs. The receivers are 

 

herefore designed to have a large gain and are fitted with automatic 

 

control devices which keep the audio frequency output sensibly 

 

!;onstant although the signal input may be varying as much as 

 

50 db. 

 

A schematic diagram of the Post Office receiver is •given in Fig. 19 

 

.rom which it will be seen that there are two stages of push-pull 

 

;sigh-frequency amplification; the first stage being in triplicate for 

 

connection to three receiving arrays working on different frequencies 

 

The intermediate frequency amplification is performed by five 
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Fig. 20—Auto gain control for short wave telephony receivers. 

 

stages of screened-grid valves and the selectivity obtained by the 

 

intermediate frequency band-pass filter. The automatic gain control 

 

is obtained by means of a separate detector valve, connected in parallel 

 

with the normal second detector. This valve has a high resistance in 

 

its anode circuit. The voltage drop across this resistance varies with 

 

' the strength of the incoming carrier and is applied as a negative grid 

 

bias to the first valve of the main intermediate amplifier. Curves 

 

;!.showing the control obtained are shown on Fig. 20. The selectivity 

 

,i of the high-frequency and the intermediate frequency stages is shown 

 

on Fig. 21 and Fig. 22 respectively. A photograph of the receiver is 

 

( shown in Fig. 23. 

 

It should be pointed out that one of the duties of the high-frequency 

 

is stages is to supply sufficient selectivity to differentiate between the 

 

two frequencies which are separated from the beat-oscillator frequency 

 

by an amount equal to the intermediate frequency. In the Post 

 

Office receiver, this intermediate frequency is around 300 ke per sec. 

 

w so these bands are separated by 600 kc per sec. and therefore the 

 

measured band width of the high-frequency circuits must be much. 

 

less than 600 kc per sec. The band width is usually measured at 
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6 db down from the maximum value on the frequency transmission° `, 

 

characteristic and it will be seen that on the 30 meter wavelength
, 

 

the band width is only 52 kc per sec. At 600 kc per sec. from the center +' 

 

of the band the attenuation is over 60 db. These stages give a gain 

 

of approximately 25 db on 30 meters and about 15 db on 15 meters. 

 

The intermediate frequency filter has a loss of about 11 db in the'!, 

 

pass band and therefore additional gain is supplied in the intermediate 
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Fig. 21—Band curve of 15- and 30-meter high-frequency stages, on Baldock 

 

high-frequency receiver No. 6. 

 

frequency amplifier to counteract this, and the over-all gain of this 

 

amplifier and filter is around 85 db; the band width being 9 kc per sec. 

 

The measurement of over-all gains of the order of 100 db and above 

 

is always difficult and is more so when the input frequency is 15 

 

megacycles per sec. Therefore, in order to check the gains it is usual 

 

to connect a vertical antenna a half wavelength long to the receiver 

 

and to generate a field from an oscillator situated at some distance 

 

from the receiver. The field strength at the same distance from the 

 

oscillator as the receiver is measured by means of a short wave field 

 

strength measuring set and a comparison between different receivers 

 

can thus be made. 
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When using a vertical antenna a half wavelength long, a received 

 

signal of 0.4µv per meter on 35 meters is capable of working the second 

 

detector up to the level at which the automatic gain control starts 

 

to operate. 

 

It is the experience of the Post Office that for short wave reception 

 

very much greater amplification can be used than in the case with 
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Fig. 22—Over-all curves of intermediate frequency amplifier and intermediate 

 

frequency filter for short wave telephony receivers. 

 

long waves owing to .the usual much lower noise level, and the full 

 

amplification provided on these receivers can at times be very usefully 

 

employed. 

 

Both for radiotelegraphy and radio telephony purposes the British 

 

Post Office has built a large number of short wave directive aerials 

 

of various types. The Sterba and Bruce types, well known to American 

 

engineers, are in use for transmission and reception purposes respec-



1718 Lee: Radio Communication Services of British Post Office 

 

tively whilst the Dutch (Koomans) type, both in its vertical and hor-'- 

 

izontal form is employed both for transmission and reception purposes.-; 

 

At Rugby and Baldock a modification of the Bruce aerial has been.'s.a 

 

introduced with improved results over the original type. The single) 

 

i1 

 

Fig. 23—Baldock receiver. Front view with operator's desk. 

 

square pattern is retained but a second square inverted pattern has 

 

been added as shown in Fig. 24. The two halves thus constitute a 

 

series of vertical half-wave aerials separated one quarter of a wave 

 

apart. The reflector curtain consists of half-wave wires, insulated 

 

from each other and from the earth. Both the exciter and reflector 
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artains are built of copper wire suspended from steel wire ropes. 

 

xperiments have also been carried out using large curtains of 

 

i ertical and horizontal radiators suspended from the 820-ft. masts at 

 

tiugby. 

 

I; 

 

�41 

 

Fig. 24—Double key vertical array with reflector. 

 

The experience of the British Post Office is that horizontal arrays 

 

r='Aving the same number of elements as vertical arrays and suspended 

 

rom- structures of the same height generally give a greater gain than 

 

he vertical type. From the various types of aerial systems now in 

 

Fig. 25— "T. W." short wave aerial (single vertical unit). 

 

ease on different services, both for transmission and reception, ex-

.; Verience 
is being obtained and data coordinated as to the most 

 

d =affective types for the diversity of frequencies, distances, and 

 

con-

ditions for which directive propagation is adopted, but finality has 
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not yet been reached. The most recent development utilizes the fact 

 

that appreciable gain can be obtained by building arrays in two cur-

tains one behind the other. An example of an array of this type de-

signed by T. Walmsley, which has been used successfully on the 

 

transatlantic telephony service, is shown in Fig. 25. In effect, two . 

 

curtains consisting of horizontal radiators spaced half a wavelength; 

 

apart are erected one behind the other, the currents in the front.. 

 

curtain being 180 deg. different in phase from the currents in the 

 

Fig. 2r—Measured polar diagram in horizontal plane of "T. W." vertical 3-unit 

 

array. Span between end radiators 5Y2 wavelengths. 

 

back curtain. Good reflection action is produced if a reflector curtain 

 

consisting of insulated half-wave elements is fixed about a quarter of 

 

a wavelength behind the back of the excited curtain. For example, 

 

in Fig. 26 in which the measured Horizontal diagram of the vertical 

 

type of the array is given, the front-to back ratio of field strength is 

 

about 4.5 to 1 or 13 db. The array consists of 48 vertical directly 

 

energized radiators and 48 half-wave reflectors. 

 

V. RADIOTELEPHONY TO SHIPS 

 

The development of a radiotelephony service to ships has followed 

 

the same general lines as that of short wave point-to-point radio- . 

 

telephony with such modifications as have been necessary to allow 

 

or 
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r... ')r the variability in the length of the path and divergence in the angles 

 

etween the position of the ship and the land station. 

 

The Rugby and Baldock stations are being employed for trans-

r aission and reception and the control is centered on the London 

 

} . unk exchange. 

 

Tests between Rugby and the "R.IVI.S. Olympic" commenced 

 

i'anuary 2, 1930. These tests gave such promising results that a com-

iercial service was started early in February. The service is rapidly 

 

,,rowing. There are now four ships fitted with radiotelephony equip-
lent and it is probable that the future will see this number greatly 

 

<, ugmented. 

 

The transmitter used at Rugby on the marine service was built 

 

)y the Standard Telephone and Cables, Ltd., .and is very similar to 

 

hose used on the London-New York circuit. The final power amplifier, 

 

F .owever, only employs two water-cooled valves and the unmodulated 

 

t arrier power in the antenna is 3-42 kw. 

 

It has been found necessary to utilize four different frequencies 

 

i;a order to span the Atlantic. At the Rugby Station the four fre-

uencies used are 

 

,r 

 

ft) 

 

(a) 4975 kc per sec. (60.3 meters.) 

 

(b) 8375 kc per sec. (35.8 meters.) 

 

(c) 12780 ke per sec. (23.47 meters.) 

 

(d) 17080 ke per sec. (17.56 meters.) 

 

Of these (a) is used only to communicate with ships which are 

 

rAthin one day's run of Southampton: (b) is used by day during 

 

'!he second and part of the third day out, and for night transmissions: 

 

(ic) is used by day when the ship is in Mid-Atlantic and during evening 

 

periods; while (d) is used for day transmission only as the ship nears 

 

Vew York. 

 

Horizontal transmitting aerials are used on all frequencies and 

lave been found to give distinctly superior results to those obtained 

 

with vertical aerials. On 17,080 kc per sec. an array of 32 half-wave 

 

.dipoles is used, giving a fairly concentrated beam along a center line 

 

9!5 deg. south of the Rugby-New York great circle. On 12,780 kc per 

 

Iec. another horizontal array of 24 dipoles gives rather a wider beam 

 

?fdirected along a line 25 deg. south of the London-New York great circle. 

 

Simple arrays are used on 8373 kc per sec. and 4975 kc per sec. 

 

}owing to the wide angles which have to be covered when the ship is 

 

txear England. 

 

The chief difficulty in this communication was expected to be in 

 

,stablishing reliable communication between Rugby and ships 

 

;lose in to Southampton. The difficulty however seems to have been 
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almost entirely overcome by the use of the 4975 kc-per-sec. frequency hi 

 

in conjunction with a simple horizontal array of four doublets, giving�� 

 

high angle radiation, and directed 20 deg. west of Southampton; and; 

 

ordinarily, a ship can be worked right up the English Channel into Ja 

 

Southampton docks. 

 

The receiver at Baldock is similar to the transatlantic telephone 

 

receivers. Arrays having directional effects similar to those at Rugby 

 

are used. a� 

 

The operation of the service presents several difficulties due to (a)' 

 

the number of different frequencies employed, (b) the increasing,;' ' 

 

divergence between ship and Greenwich mean time as the ship steams;` i9 
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Fig. 27—Atlantic marine telephony frequency chart for May, June, July, and 

 

August. 

 

west and (c) the fact that each ship has to work both to America and 

 

to England. Naturally these difficulties increase as the number of 

 

ships fitted with radiotelephony equipment increase. 

 

The following method of operation as arranged between the Amer-
ican Telephone and Telegraph Company and the British 'Post Office-'' 

 

is at present in use and -is giving satisfactory results for the number 

 

of ships at present in commission. Each ship is provided with two 

 

sets of frequencies in each band, one set for working to New York 

 

and one for working to London. For convenience, the Atlantic is 

 

divided into "European" and "American" zones, the dividing line 

 

being the meridian 37 deg. 30 min. west of Greenwich. Each day is also , 

 

divided into periods, usually each of three hours duration, and oper-
ating schedules are so arranged that, when London is working with" 
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1 hips in the American zone, New York works ships in the European 

 

ihone, and vice versa. 

 

`i Each day, the approximate position of the ship and the expected 

 

Lays run are plotted on a special chart, both at the land terminal and 

 

''n the ship. A typical chart is shown on Fig. 27. Reference to this 

 

;ihart then shows to the operators at either end (a) the time during 

 

t Which the ship should communicate with London or with New York 

 

i'nd (b) the best wavelength to use on either service. (In cases where, 

 

luring any period, the ship leaves one zone and enters another, the 

 

one in which it will lie at the end of the period counts as the appropri-
Ae zone.) The ship, at the commencement of each period, tunes in its 

 

-eceiver and transmitter to the appropriate wavelength, and listens 

 

,or the land station. The land station in the meantime, calls up 

 

'1,ny ship for which it has outgoing traffic and disposes of this im-

,.nediately, if possible. It then calls up any other ship which is in 

 

he zone listening on the same wavelength, and, from it, receives 

 

v sny incoming calls. Then, if reference to the chart shows that other 

 

? hips are in the same zone but should be worked on another frequency 

 

he land station changes over to that frequency, calls up the ships 

 

sand receives any traffic which may be waiting. 

 

The technical operators turn over the circuit to traffic without a 

 

ormal line-up if it is evident that the circuit is commercial, and 

 

.oise measurements, etc., are made during actual traffic. A period 

 

-f five minutes only is allowed for establishing contact and generally 

 

i his has been found to be quite sufficient.. 

 

In general the operation is simplified by the fact that the ship 

 

end shore stations before losing contact during any period, usually 

 

nake arrangements with regard to frequency and time of work during 

 

he next period. 

 

E Che British Post Office Voice-Operated Device for Radiotelephony 

 

Service. 

 

The introduction of a voice-operated device for linking the public 

 

,elephone service to the "four-wire" radio link was in the first instance 

 

:,inrovided to meet the special conditions of the transatlantic long wave 

 

ihelephone service but it is now used for both long and short wave-cir-
I nits. 

 

Though the method adopted in the linking of the two systems by 

 

>tadio may be likened to a four-wire circuit in so far that the terminal 

 

.)oints are jointed by means of similar GO and RETURN routes the 

 

nain differences between radio and ordinary four-wire circuits are 

 

hherent in the necessity of providing in one step, at the transmitters, 
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sufficient amplification of the speech currents to establish a certain 

 

minimum speech-to-noise ratio at the receiving end which must be 

 

exceeded if intelligibility is to be obtained. 

 

In the development of the long wave radio link between England 

 

and America the restriction of available wavelengths rendered it neces-

sary to utilize the same frequency band in the both directions. The 

 

problem was thus more difficult on account of the severe reaction that 

 

occurred between the radio transmitter and the local receiver. 

 

At the start of the service the receiving station in England was 

 

located approximately 70 miles from the transmitting station at 

 

Rugby. The magnitude of the cross-fire from the local transmitter 

 

may be gained from the following typical field-strength measurements 

 

taken at the time. 

 

Field strength of the U.S.A. transmitter-3.7 µv per m. 

 

Field strength of the local transmitter-18,900 ,uv per m. 

 

The difference in field strength is approximately 75 db. 

 

Although some reduction of this difference was afforded by the 

 

wave antenna employed for reception, the discrimination was insuflii-V` 

 

cient. A test showed that approximately 84-db loss was required to,̀'_*' 

 

be introduced in the local loop to avoid a "singing" condition when an 

 

additional 30-db gain was introduced in the GO line to accommodate 

 

weak talkers from the land wire system. 

 

It was found impracticable to provide in the receiving equipment... 

 

or in the normal hybrid coil balancing arrangement located at the`. 

 

junction of the four-wire and two-wire portions of the circuit a balance 

 

by static means sufficient to offset this gain in the local loop and special 

 

voice-operated antisinging devices were therefore developed by the.. 

 

British Post Office and by the American Telephone and Telegraph 

 

Company for use on both ends of the circuit. 

 

These voice-operated devices are similar in their general perfor-
mance but their action may be said to differ in that the device devel-

oped by the Post Office operates wholly electrically by the use of 

 

thermionic relays, while the system developed by the American 

 

Telephone and Telegraph Company is one operated by electro-
mechanical relays. 

 

In the British system the desired loss is obtained by the insertion 

 

of special push-pull repeaters in the circuit which are rendered in-

operative by the application of unidirectional direct-current voltages 

 

applied to their grids. These repeaters may have either zero or about 

 

100-db loss corresponding to their operative and inoperative condi-

tions, respectively. 

 

To nullify the singing condition the method used consists in intro-
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F acing the required loss by one of these repeaters in the GO line. 

 

g peech to be transmitted on this line by voice operation removes this 

 

.:ss and simultaneously transfers it to a similar repeater situated in 

 

e RETURN line. That is, when one path is operative the other is 

 

:operative and vice versa. The net loss is also maintained during the 

 

4 iansitory period. 

 

3 Voice-controlled repeaters of this type have been f ound to be 

 

Airely satisfactory. Besides the rapidity of operation possible by 

 

1e use of the thermionic valve is the advantage that they can also 

 

�rve as amplifiers. in the circuit. 
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pig. 28— Schematic diagram of voice-operated device. For privacy switching 

 

i 
and suppression of singing and ethos. 

 

The method of suppressing the repeaters on the RETURN side 

 

t 

 

similar to that developed by the Post Office for the purpose of 

 

1;appressing echoes on wire line repeatered circuits; speech on the GO 

 

tine being applied to a rectifier system, the unidirectional voltage 

 

ereby produced being applied to the grids of the repeaters. 

 

The repeaters in the GO side are op erated perated in the reverse sense, a 

 

lirid-biasing voltage being removed when the local talker speaks. 

 

i 
This is effected by causing a proportion of the unidirectional voltage 

 

:eveloped by the same rectified system to render negative the grid 

 

4f a separate valve. In the normal condition the plate current of this 

 

u' calve applies a negative voltage to the grids of the repeaters and when 

 

the unidirectional voltage is applied to it the plate current disappears 

 

ind the repeaters automatically become primed at their proper value 

 

br speech transmission. The voltages remain held during the passage 

 

if connected syllables by a resistance condenser combination incor-
I" ),orated in the rectifier system. Fig. 28 shows a block schematic 
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circuit diagram of the voice-operated apparatus together with as. 

 

sociated amplifiers and line. 

 

The loss introducing repeaters or suppressors are shown as TSl 

 

and TS2 and RS1 and RS2 in the transmitting channels respectively 

 

while the controlling *apparatus producing the biasing voltages are 

 

shown tapped off the points k and 1. These T's are of high impedance 

 

relative to the line and introduce little or no loss to the passage of the 

 

speech currents. 

 

The suppressors RS1 and 2 are, in the normal condition, free to 

 

receive the incoming speech from the radio receiving station while 

 

the transmission path of the GO line is blocked by the .suppressors 

 

TS1 and TS2. 

 

When the local subscriber talks the receiving path through R82 

 

and RS1 is suppressed and the suppressors TS1 and TS2 are made 

 

operative for the transmission of speech. Upon the cessation of the local 

 

talker's speech the system reverts instantly to the normal condition. 

 

The received speech currents passing out of RS1 to the extension 

 

lines is impressed through the amplifier TAR to another rectifier sys-
tem in the differential balance unit. The function of this rectifier 

 

system is to prevent the unbalance currents which pass across the hy-
brid coil at the four-wire termination, and the line echoes of the speech 

 

or atmospherics passing out to the land wire extension, from causing 

 

a false operation of the voice-operated system. It ensures that the 

 

device will only be actuated from voice currents emanating from the 

 

local talker. Delayed restoration of the differential balance unit to 

 

normal, after the echoes have been dissipated, is governed by the line 

 

echo hangover switch which is adjustable for long, medium, or short 

 

extensions. 

 

When atmospherics are heavy, or, when other interfering noise is 

 

picked up at the receiving station the differential balance will be actu-
ated on the receiving side by these noise currents. In these circum-
stances the gain of the amplifier TAR actuating the differential 

 

balance on the receive side is reduced by means of the switch provided 

 

on a control panel. 

 

The British Post Office has at the present time six of these devices 

 

in daily operation at the London terminal. They are employed on 

 

both -the long and short wave circuits. Although local singing does 

 

not exist on the short wave circuits the devices are necessary owing 

 

to the extreme variability of the conditions on the transmitting path. 

 

The devices have enabled telephone conversations to be made 

 

without difficulty from subscribers in most of the principal cities in 

 

Europe to America and elsewhere via the radio terminal in England. 
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�.br the majority of the calls between these long distance land wire 

 

comictions a better connection is afforded by virtue of these devices 

 

thaiwould be obtained were the normal land circuits linked directly. 

 

F or+tample, the net circuit attenuation to London of a land line sub-

scril:r on the Continent or in a remote part of England might be of the 

 

ol,& of 25 db. Linked to a similar long distance in another country 

 

die ver-all attenuation experienced by each of these listeners might 

 

t), )sffly reach the lower limit of practical audibility—say 50 db. 

 

ince singing is prevented in the radio link it becomes possible 

 

1111d- good radio and line conditions to connect these subscribers by 

 

mots of a circuit possessing a negative transmission equivalent in 

 

(,itbc direction of 30 db. This means that the audibility between 

 

i h& talkers is improved to this extent. 

 

Bro icasting. 

 

`nder the provisions of the lVireless Telegraphy Acts, the Post-

1 aEn,r General is the licensing authority* for all transmitting and 

 

recering stations in Great Britain and Northern Ireland. He thus 

 

licelies, amongst others, the British Broadcasting Corporation, users 

 

)f Nveless (broadcast) radio receivers, and amateur transmitters. 

 

'he British Broadcasting Corporation is a body separate from the 

 

Ns Office, governed by a Board appointed by the Government, and 

 

(leries its revenue from broadcast license fees collected by the Post 

 

oifi�. Cooperative working between the two is necessary, in view of 

 

thei joint interests. The Post Office is mainly concerned with the 

 

I olliving matters relevant to the British Broadcasting Corporation. 

 

(1) The provision of telephone lines between studios and trans-

mitters. 

 

(2) The provision of lines for special and outside broadcasts. 

 

(3) Questions relevant to the transmitting licenses e.g., regional 

 

stations, multiple station working, transmitter powers. 

 

"(4) Questions relevant to the receiving licences e.g., electrical 

 

and oscillation interference. 

 

f these, (4) . involves dealing with the public, and some slight ei-

plAittion of the Post Office activities will not be out of place. 

 

:icenses for broadcast reception are obtainable on demand at any 

 

Pos Office.  The license forms show the various conditions covering 

 

thessue of the license, and include clauses in connection with the 

 

Po,,-Master General's right to inspect stations, the moderate use of 

 

rew,ion, aerial length, the privacy of other than British Broadcasting 

 

Coloration transmissions, and the correct installation of mains-oper-
ate, sets. It will be appreciated that as the licensing authority is the 

 

i 
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sufficient amplification of the speech currents to establish a certain 

 

minimum speech-to-noise ratio at the receiving end which must be 

 

exceeded if intelligibility is to be obtained. 

 

In the development of the long wave radio link between England 

 

and America the restriction of available wavelengths rendered it neces-

sary to utilize the same frequency band in the both directions. The 

 

problem was thus more difficult on account of the severe reaction that 

 

occurred between the radio transmitter and the local receiver. 

 

At the start of the service the receiving station in England was 

 

located approximately 70 miles from the transmitting station at 

 

Rugby. The magnitude of the cross-fire from the local transmitter 

 

may be gained from the following typical field-strength measurements 

 

taken at the tine. 

 

Field strength of the U.S.A. transmitter-3.7 µv per m. 

 

Field strength of the local transmitter-1S,900 uv per m. 

 

The difference in field strength is approximately 75 db. 

 

Although some reduction of this difference was afforded by the 

 

gave antenna employed for reception, the discrimination was insuffi-

cient. A test shuNN-ed that approximately S4-db loss was required to 

 

be introduced in the local loop to amid a "singing" condition when an 

 

additional 30-di-) gain was introduced in the Cpl) line to accomnnodate 

 

weak talkers frcun the laud wire systenn. 

 

It was found impracticable to provide in the receiving equipment 

 

or in the normal hybrid ci►il balancing arrangement located at the 

 

)unction of the four-wire and twt-i-wire portions of the circuit a balance 

 

by static means sufficient to offset this gain in the local loop and special 

 

voice-operated ant singing device, were therefore developed by the 

 

I3ritish Yost Office and by the American Telephone and Telegraph 

 

('ampany for use on hoth end., of tine circuit. 

 

These voice-operated de-ices are similar in their general perfor-
niance but their action may- be said to differ in that. the device devel-

oped by the Post Office operates wholly electrically by tine use of 

 

thermionic relays, while the system developed by the American 

 

Telephone and Telegraph C'olnpany is one operated by electro-
mechanical relays. 

 

In the British systei n the desired loss is obtained by the insertion 

 

of special push-pull repeaters in the circuit which are rendered in-

operative by the application of unidirectional direct-current voltages 

 

applied to their grid.. These repeaters may have either zero or about 

 

100-db loss corresponding to their operative and inoperative condi-

tions, respectively. 

 

To nullify the singing condition the method used consists in intro-
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luci.ng the required loss by one of these repeaters in the GO line. 

 

speech to be transmitted on this line by voice operation removes this 

 

,)ss and simultaneously transfers it to a similar repeater situated in 

 

the RETURN line. That is, when one path is operative the other is 

 

aoperative and vice versa. The net loss is also maintained during the 

 

pransitory period. 

 

Voice-controlled repeaters of this type have been found to be 

 

ntirely satisfactory. Besides the rapidity of operation possible by. 

 

he use of the thermionic valve is the advantage that they can also 

 

'serve 
as amplifiers. in the circuit. 
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a+ig. 28—Schematic diagram of voice-operated device. For privacy switching 

 

and suppression of singing and ethos. 

 

i 

 

The method of suppressing the repeaters on the RETURN side 

 

is similar to that developed by the Post Office for the purpose of 

 

suppressing echoes on wire line repeatered circuits; speech on the GO 

 

trine being applied to a rectifier system, the unidirectional voltage 

 

';hereby produced being applied to the grids of the repeaters. 

 

The repeaters in the GO side are operated in the reverse sense, a 

 

grid-biasing voltage being removed when the local talker speaks. 

 

"this is effected by causing a proportion of the unidirectional voltage 

 

:levcloped by the same rectified system to render negative the grid 

 

lof a separate valve. In the normal condition the plate current of this 

 

' llvalve applies a negative voltage to the grids of the repeaters and when 

 

';the unidirectional voltage is applied to it the plate current disappears 

 

jand the repeaters automatically become primed at their proper value 

 

kror speech transmission. The voltages remain held during the passage 

 

�
of connected syllables by a resistance condenser combination incor-
?porated in the rectifier system. Fig. 28 shows a block schematic 
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circuit diagram of the voice-operated apparatus together with 

 

sociated amplifiers and line. 

 

The loss introducing repeaters or suppressors are shown as TS1', 

 

and TS2 and RS1 and RS2 in the transmitting channels respectively) 

 

while the controlling 'apparatus producing the biasing voltages are;; .. 

 

shown tapped off the points k and 1. These T's are of high impedancelxj 

 

relative to the line and introduce little or no loss to the passage of thee` 

 

speech currents. 

 

The suppressors RS1 and 2 are, in the normal condition, free to 

 

receive the incoming speech from the radio receiving station while: 

 

the transmission path of the GO line is blocked by the suppressors;=; 

 

TS1 and TS2. 

 

When the local subscriber talks the receiving path through RS2 `; 

 

and RS1 is suppressed and the suppressors TS1 and TS2 are made':; 

 

operative for the transmission of speech. Upon the cessation of the local 

 

talker's speech the system reverts instantly to the normal condition..!i. 

 

The received speech currents passing out of RS1 to the extension:,:` 

 

lines is impressed through the amplifier TAR to another rectifier sys-""" 

 

tem in the differential balance unit. The function of this rectifier '> ` 

 

system is to prevent the unbalance currents which pass across the hy- 

 

brid coil at the four-wire termination, and the line echoes of the speech'':; 

 

or atmospherics passing out to the land wire extension, from causing''` 

 

a false operation of the voice-operated system. It ensures that the 

 

device will only be actuated from voice currents emanating from the <' 

 

local talker. Delayed restoration of the differential balance unit to 

 

normal, after the echoes have been dissipated, is governed by the line '-` 

 

echo hangover switch which is adjustable for long, medium, or short 

 

extensions. 

 

When atmospherics are heavy, or, when other interfering noise is 

 

picked up at the receiving station the differential balance will be actu-
ated on the receiving side by these noise currents. In these circum-
stances the gain of the amplifier TAR actuating the differential 

 

balance on the receive side is reduced by means of the switch provided 

 

on a control panel. 

 

The British Post Office has at the present time six of these devices 

 

in daily operation at the London terminal. They are employed on 

 

both "the long and short wave circuits. Although local singing does '. 

 

not exist on the short wave circuits the devices are necessary owing 

 

to the extreme variability of the conditions on the transmitting path. 

 

The devices have enabled telephone conversations to be made 

 

without difficulty from subscribers in most of the principal cities in 

 

Europe to America and elsewhere via the radio terminal in England. 
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41 

 

For the majority of the calls between these long distance land wire 

 

i connections a better connection is afforded by virtue of these devices 

 

han would be obtained were the normal land circuits linked directly. 

 

,F. k y or example, the net circuit attenuation to London of a land line sub-

k scriber on the Continent or in a remote part of England might be of the 

 

r; Drder of 25 db. Linked to a similar long distance in another country 

 

i ;he over-all attenuation experienced by each of these listeners might 

 

?ossibly reach the lower limit of practical audibility—say 50.db. 

 

Since singing is prevented in the radio link it becomes possible 

 

;,. ander good radio and line conditions to connect these subscribers by 

 

:means of a circuit possessing a negative transmission equivalent in 

 

either direction of 30 db. This means that the audibility between 

 

.ithese talkers is improved to this extent. 

Broadcasting. 

 

Under the provisions of the Wireless Telegraphy Acts, the Post-
,--:master General is the licensing authority for all transmitting and 

 

i receiving stations in Great Britain and Northern Ireland. He thus 

 

(licenses, amongst others, the British Broadcasting Corporation, users 

 

;bf wireless (broadcast) radio receivers, and amateur transmitters. 

 

The British Broadcasting Corporation is a body separate from the 

 

),'Post Office, governed by a Board appointed by the Government, and 

 

'derives its revenue from broadcast. license fees collected by the Post 

 

;I Office. Cooperative working between the two is necessary, in view of 

 

-',their joint interests. The Post Office is mainly concerned with the 

 

following matters relevant to the British Broadcasting Corporation. 

 

(1) The provision of telephone lines between studios and trans-
mitters. 

 

(2) The provision of lines for special and outside broadcasts. 

 

(3) Questions relevant to the transmitting licenses e.g., regional 

 

stations, multiple station working, transmitter powers. 

 

(4) Questions relevant to the receiving licences e.g., electrical 

 

and oscillation interference. 

 

Of these, (4),involves dealing with the public, and some slight ex- 

 

I planation of the Post Office activities will not be out of place. 

 

Licenses for broadcast reception are obtainable on demand at any 

 

Post Office. The license forms show the various conditions covering 

 

the issue of the license, and include clauses in connection with the 

 

Postmaster General's right to inspect stations, the moderate use of 

 

i reaction, aerial length, the privacy of other than British Broadcasting 

 

Corporation transmissions, and the correct installation of mains-oper-
ated sets. It will be appreciated that as the licensing authority is the 
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Postmaster General, the Corporation has no right to inspect receiving 

 

stations. Cases of interference, therefore, although directed to the 

 

British Broadcasting Corporation in most cases, can only be investi-

gated by the Post Office. 

 

The general procedure as regards interference thus entails the 

 

submission of complaints to the Post Office by the British Broad-

casting Corporation, their investigation, and the ultimate report of 

 

the results of the investigation. 

 

Particular cases—for instance tramcar and trolley-bus interference, 

 

battery charging plant interference, etc.,—are made the subject of 

 

special investigations. 

 

As regards electrical interference, it should perhaps be pointed out 

 

that the Postmaster General has no statutory powers to enforce owners 

 

to adopt
-remedial measures. Nevertheless, it is found that owners of 

 

a faulty plant are usually willing to adopt the suggestions of the in-

vestigation officers. 

 

At the present time, complaints of interference (electrical and 

 

oscillation), are received at the rate of about 5000 per annum total. 

 

Of these, approximately two-thirds are due to electrical installations. 

 

Interference from tramway systems are estimated as-being 20 per cent 

 

of the total. Particular investigation of. tramway interference has re-
sulted in the evolution of a cure, but no great progress has been made 

 

to date as regards its adoption by tramway and trolley bus under-

takings. Of the remaining cases, about 90 per cent are supcessfully 

 

terminated. By the distribution of relevant pamphlets, improvement 

 

in set design and advice given to listeners generally, trouble from 

 

oscillation appears to have been checked. It is certainly not in-

creasing at the same rate as is the number of licensed listeners. 

 

Amateur Transmitters. 

 

There are about 1000 licensed amateur transmitters at present. 

 

These are limited to the use of one or more of the amateur bands 

 

(which have been suitably restricted in order to cover possible errors 

 

in frequency measurement). Particular conditions attached to the 

 

issuing of an experimental transmitting license are in respect of the 

 

power and method of frequency measurement. The maximum power 

 

normally authorized is 10 watts. Three hundred amateurs are licensed 

 

for the use of greater power (up to 100 watts), while participating in 

 

special tests organized or sponsored by the Radio Society of Great 

 

Britain. The tuning conditions enforced in all cases are tantamount to 

 

the use of crystal control, or of a wavemeter used in conjunction with 

 

a crystal. 
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Amateur transmitting licenses are not issued unless the applicant 

 

appears to be a genuine experimenter and capable of installing and 

 

corking his proposed apparatus. The use of an open aerial is prohibited 

 

there the suggested experiments do not justify it, e.g., experiments in 

 

connection with methods of modulation. Although telephony is 

 

t authorized, all licensees or their named operators must be able to 

 

eceive and send messages in Morse at not less than 12 words per 

 

'ainute. 

 

?requency Measurement. 

 

A short wave check station has been erected near St. Albans, (14 

 

,if niles from London). This station is used solely as a frequency measur-

ug station covering between 10 and 200 meters. It is equipped with a 

 

Tuning fork controlled multivibrator, and, is able to give an extremely 

 

�tLccurate measurement of the frequency of any station which is work-

hg off wave, and consequently causing jamming on any service. It is 

 

t1so of assistance in checking the wavelengths of amateur transmitters. 

 

L1t the same site a short wave direction finding station is being in-

4alled. A second station of similar character is being equipped at 

 

"Banbury, (80 miles from London). 

 

,r 

 

Mobile Receivers. 

 

To assist in the detection of oscillation and electrical interference, 

 

+motor vans equipped with receivers and loop aerials are used. Officers 

 

;angaged in the investigation of interference cases are equipped with 

 

oortable receivers, built for telephone reception only. Self-contained 

 

plug-in frames enable listening to be carried out on both broadcast 

 

oands, and also on the upper amateur transmitting band. The re-

leivers are particularly accurate as regards direction, as shown by the 

 

t same position. They will function equally well using an aerial and 

 

s --arth, and thus give an immediate check on the operation of a com-

plainant's set. A complete receiver with batteries, 3 frames, water-

!' proof cover, and turntable weighs 23 lbs. 

 

i'Emergency Services. 

 

Telegraph facilities in the British Isles are extended to upwards 

 

of 50 islands around the coasts by means of submarine cables from the 

 

mainland. 

 

The majority of such islands are located around the rugged coast 

 

of Scotland, and it occasionally happens that communication between 

 

6 4he islands and the mainland becomes cut due to a faulty submarine 

 

,cable. 
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The repair of a cable cannot always be undertaken immediately 

 

but depends upon the location of the cable repair ships at the time of 

 

breakdown, the weather conditions, and upon the urgency of the work 

 

in hand. The majority of the cable failures can be attributed to 

 

storms and consequently a number of cables may be interrupted at 

 

the same time and this may mean long periods of isolation for some 

 

islands unless an alternative to cable communication is provided. 

 

This inconvenience however, is minimized by the installation of emer-

gency wireless apparatus. 

 

A number of complete wireless installations are held in readiness 

 

at central points in the country for dispatch to any required site and 

 

communication is restored within a few days. 

 

At the more important places and at those places where the traffic 

 

is of greater volume, sites have previously been arranged for and no 

 

time is therefore lost in the erection of a station. In other cases the 

 

aerial masts are left standing and time is again saved both in erection 

 

and transport of stores. 

 

The emergency equipment consists of masts and aerial gear, petrol-

engine generating set, motor alternator, switchboard, radio transmit-

ter, and receiver. 

 

It will be observed that each station is complete in itself and need 

 

rely on no outside source of power. However., where an electric supply 

 

is available arrangements are made to dispense with the use of the 

 

engine generator. 

 

The masts are 80-ft. tubular steel type arranged for transport in 

 

10-ft. lengths screwed at their ends for easy erection on site. The 

 

erection is done by means of a 30-ft. derrick constructed on similar 

 

lines to those of the mast itself. The masts are supported by 16 stays 

 

in four sets spread at right angles. The engine generator is a twin-

cylinder petrol engine to which a d-c generator is direct coupled. The 

 

whole of the apparatus is transported in specially constructed cases. 

 

Emergencies normally fall into three different classes: 

 

(a) Erection of one station to work with an existing station. 

 

(b) Erection of two stations for intercommunicating. 

 

(c) Opening emergency stations, permamently installed as a pre-
caution against cable failures. 

 

The majority of the emergencies fall under category (a) needing 

 

the erection of only one. of the emergency installations. 

 

Under category (c) only two stations exist at present and these are 

 

brought into operation as required. These stations were installed to 

 

cover the failure of important cables where the amount of traffic to 

 

be dealt with would probably have been outside the scope of the 
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Iinormal emergency equipment and where no delay in establishing com-

munication must occur. 

 

Some emergency cases however do not fall within any of the above 

 

Icmentioned categories and have to be treated specially as the. occasion 

 

'arises. 

 

In concluding the review, the author would like to acknowledge 

 

lithe assistance he has received in its preparation from the radio staff 

 

Hof the Post Office, and his thanks are also due to the Postmaster 

 

;General for permission to publish the details of the work. 
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 AST October, the radio network of the RCA communication 

 

system celebrated its tenth birthday. At least we must go back 

 

to October, 1919, for the actual beginning of this vast project, 

 

or when the Radio Corporation of America began its corporate ex-

istence. Prior to that time, all transoceanic communication efforts 

 

were largely of an experimental character. Even when vast distances 

 

could be spanned by positive signals, the handling of traffic was hardly 

 

comparable with the efficient methods attained by cable companies 

 

after many decades of business usage. Transoceanic radio, while it 

 

did handle a small portion of the transoceanic telegraph traffic, had 

 

yet to gain a place in the business world. 

 

In the decade since the Armistice, however, long-distance radio 

 

communication has made notable strides both technically and com-

mercially. In the extent of the service it has virtually duplicated the 

 

submarine cable network, developed over half a century. Technically, 

 

it has progressed more rapidly than the submarine cable. Commer-

cially, it has introduced new standards for telegraphic traffic by way 

 

of operating speed, accuracy, and lowered cost. The competition of 

 

radio has served to spur cable engineers and cable companies to greater 

 

technical efforts, while the public has gained the advantages of better 

 

service and lower rates. Today, the competition between radio and 

 

cable services is no longer based on rates. Rates are practically uni-

form. Radio, once the great experiment, now holds its own on the 

 

basis of service. 

 

All of which serves to focus attention -on the technical progress 

 

which must necessarily have been scored in transoceanic radio during 

 

the past decade, and which constitutes the subject of this paper. 

 

In order to appraise better the progress that has been made, let 

 

us review briefly the status of transoceanic radio prior to the RCA 

 

efforts. Before the World War, three nations entertained world-wide 

 

radio communication network plans. Great Britain, despite her con-

trol of submarine cables, had a most ambitious plan known as the 

 

All-Red Chain of radio stations, whereby it was hoped to establish 

 

radio circuits between England, the far-flung British colonies, and 
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Convention of the Institute, August 19, 1930. 
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rather countries, covering every continent. The spans were from 

 

1000 to 4000 miles, with the climax attained in the circuit between 

 

AVancouver and Sidney, diagonally across the Pacific, a distance of 

 

`,6700 miles. The German radio network, centered on Nauen, included 

 

;distances of even more ambitious proportions than the British, with 

 

i few circuits of 3000 miles, but most of them around 7000 miles. 

 

Ilie French communication scheme centered about several French 

 

stations which were evidently intended to divide time between a 

 

;number of terminal stations abt•oad. The spans were nothing short of 

 

(fantastic, such as from France to French Indo-China, virtually half-

,,way round the world. 

 

Considering the actual achievements in transoceanic radio cony- . 

 

-munication, from the inauguration of a service of a commercial type 

 

'::between Glace Bay, Nova Scotia, and Clifden, Ireland, in 1903, until 

 

':the advent of the World War, these world-wide radio networks were 

 

c obviously the dreams of gentlemen quite unhampered by engineering 

 

considerations. With are, quenched gap, timed spark, and small high-

..frequency alternators, operating at relatively low frequencies or long 

 

wavelengths, at their disposal, their plans were far in advance of the 

 

}possibilities of the radio art, as it then existed. 

 

It remained for the World War to give transoceanic radio com-

munication a severe test, due to the urgent need for transoceanic 

 

communication facilities not only on the part of belligerent nations, 

 

abut also on the part of neutrals. Our own country found itself in dire 

 

need of independent transoceanic communication channels before 

 

f entering the conflict, and even more so when a belligerent, with 

 

(military and naval forces abroad with whom contact had to be main-

tained. 

 

Just prior to the World 'Par, the British Marconi Company and 

 

the General Electric Company had discussed the need in long-
: distance radio communications of a machine which would generate 

 

7 directly the high frequencies required for this service. The Marconi 

 

Company indicated that they would be interested in the production 

 

of a machine which would produce at least 150 kw and which could 

 

be operated continuously on telegraph load at this output. 

 

The General Electric Research Laboratories worked out this prob-
' lem and Marconi visited Schenectady for the express purpose of 

 

witnessing a shop floor test of the first Alexanderson high-power 

 

high-frequency generator. 

 

In addition to the work on the high-frequency generator, the 

 

General Electric Company succeeded in developing a new type of 

 

antenna circuit which has been used subsequently with this generator. 
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An installation of this equipment was made at New Brunswick and 

 

tested out satisfactorily early in the war and during the subsequent 

 

period, a 200-kw high-frequency alternator was installed and tested.' 

 

This unit was given a very practical trial in the handling of trans-

oceanic traffic while the Versailles Conference was in session and its' 

 

operation proved highly successful. 

 

Following the Armistice, the British sought exclusive rights to the,. 

 

Alexanderson alternator. U. S. Government radio authorities (Ad-
miral Bullard and Captain Hooper of the Navy Department), fore-

seeing a possible threat to future American communications, urged 

 

the General Electric Company, as a patriotic duty, not to make a con 
11 

 

tract granting exclusive rights to foreign interests. Subsequently, the.. 

 

British contract was rejected by the General Electric Company and 

 

the Radio Corporation of America was founded. Although organized 

 

in October, 1919, it was not until the following spring that the RCA 

 

organization began transoceanic operations, with the return of the 

 

radio stations to private ownership by the United States Navy which_' 

 

had taken over all radio facilities during the War. With the im-

mediate facilities available, the Radio Corporation of America soon 

 

had commercial circuits in operation across the Atlantic to Great 

 

Britain, France, Germany, and Norway, and across the Pacific to 

 

Hawaii and Japan. From this modest beginning, the RCA inter-' 

 

national and domestic radio circuits have grown until they stand as 

 

follows, as of December 31st, 1929: 

 

Great Britain 

 

Norway 

 

Sweden 

 

France 

 

Germany 

 

Poland 

 

Spain 

 

Transatlantic 

 

Holland 

 

Belgium 

 

Turkey - 

 

Portugal 

 

Liberia 

 

Italy 

 

Syria 

 

West Indies, Central and South America 

 

Argentina 

 

Brazil 

 

Chile 

 

Colombia 

 

Venezuela (Maracay) 

 

Venezuela (Maracaibo) 

 

Dutch Guiana 

 

Porto Rico 

 

Curacao (D.W.I.) 

 

Cuba 

 

Costa Rica 

 

Porto Rico—New Orleans 

 

Panama—New York 

 

Panama—San Francisco 
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Transpacific 

 

Hawaii 

 

Japan 

 

Philippines 

 

Dutch Last Indies 

 

French Indo-China 

 

Hong Kong (via Philippines) 

 

Shanghai (via Philippines) 

 

Hawaii—Japan 

 

Hawaii—Philippines 

 

Fiji Islands 

 

Miscellaneous 

 

Canada (Montreal) 

 

Australia (via Montreal) 

 

Domestic 

 

New York—San Francisco 

 

The following circuits are to be opened in the near future: 

 

U.S.—Panama 

 

U.S.—Nicaragua 

 

IT.S.—Czechoslovakia 

 

U.S.—Russia 

 

It is well to note that the present radio circuits, unlike those of 

 

)re-war days, are based primarily on commercial considerations. 

 

i They are established between stations of sufficient power to span the 

 

~ntervening distances under all conditions. Although not in the form 

 

6
A physical conductors between transmitting and receiving points, 

 

t;hey are no less firmly fixed from the standpoint of traffic flow. 

 

For the first few years of the RCA network, the Alexanderson al-

ternator, operating at long-wave lengths, served as the foundation. 

 

f Alternators were installed at Marion, Mass., Rocky Point, N. Y., 

 

New' Brunswick, N. J., and Tuckerton, N. J:, for the transatlantic 

 

%nd Latin-American circuits, and at Bolinas, Calif., and Kahuku, 

 

,Zawaii, for the transpacific circuits. Because of the high cost of these 

 

r transmitting units, the RCA facilities were necessarily limited to the 

 

+.'more important overseas nations whose traffic requirements warranted 

 

:high-power radio circuits. But for the rapid development of short-
a wave transoceanic radio technique, our world-wide radio network 

 

might still be a dream rather than a reality; for, in short wave radio, 

 

transoceanic radio communication has attained the efficiency, fle>d-

bility, low investment, and low operating costs which makes possible 

 

a truly universal service. 

 

Skipping the many trials and tribulations, we arrive at the present 

 

time, which is the main consideration of this paper. In place of the 

 

oAlexanderson alternator, once the mainstay of transoceanic radio, 
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the RCA network comprises a preponderance of short wave vacuum 

 

tube transmitting units. Nevertheless, the Alexanderson alternators 

 

continue to provide communication facilities of unequaled steadiness 

 

and reliability. It so happens that the traffic load has increased at 

 

such a rapid pace that it has been quite impractical to build and . 

 

install the requisite short wave equipment. During the recent in-

terruption of transatlantic cable services due to earthquake disturb-

ances, the Alexanderson alternators played an important part in 

 

handling the extra volume of traffic diverted to the radio channels. 

 

Transatlantic radio circuits are mainly centered at Rocky Point, 

 

some 70 miles east of New York City, near the north shore of Long 

 

Island. On the large tract of land purchased some ten years ago by 

 

the Radio Corporation of America, there have been installed the two . 

 

original long-wave antennas for the Alexanderson alternators, a com-

plete British Marconi beam, and about a half-hundred RCA short-

wave projector and nondirectional antennas. Two large power houses 

 

contain the transmitting units which maintain the radio circuits to 

 

European, Latin-American, and West Indian points. There are at 

 

present nineteen short wave transmitters installed at Rocky Point, 

 

and more units are being added. The short-wave transmitters are 

 

mostly of 20-40 kw rating, operating at 40 kw on the lower frequencies 

 

and 20 kw on the higher frequencies. Most of the transmitters are 

 

arranged to operate on two or more frequencies, so that they may be 

 

employed effectively at different times of the day and seasons of the 

 

year. 

 

At New Brunswick, N. J., there are two Alexanderson alternators 

 

and three short-wave transmitters. Present plans include the enlarging 

 

of this station so that it may eventually equal Rocky Point. The 

 

economic limit of size of the latter station is being rapidly approached, 

 

hence, future expansion of transatlantic radio facilities may be cen-

tered at the New Brunswick site. A new power house at Rocky Point, 

 

just completed, will house fourteen additional short wave trans-

mitters. A development building will contain experimental equip-
ment which may be developed, installed, and operated without 

 

interfering with regular services. 

 

At Marion, Mass., on Cape Cod, is located a combined transatlan-
tic and marine service station. The present equipment consists of 

 

two Alexanderson alternators for transatlantic service, two medium-
wave transmitters and one short wave transmitter for ship service. 

 

Additional long=wave and short wave marine service facilities are 

 

being provided. 

 

The Tuckerton, N. J., station includes two Alexanderson alterna-
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I 

 

Mors for, transoceanic service, and several vacuum tube transmitters 

 

i employed in marine communication services. 

 

Radio traffic across the Pacific to Hawaii and to the Far East is 

 

1 handled in San Francisco by remote control through transmitters 

installed at Bolinas, Calif. At that point there are two Alexanderson 

 

alternators and eleven short wave transmitters. Considerable con-

i struction has been in progress of late, at Bolinas, making of this sta-

tion a radio central comparable with Rocky Point. 

 

An important link in the Pacific radio circuits is Kahuku, in Hawaii, 

 

which is equipped with two Alexanderson alternators, a high power 

 

long wave vacuum tube transmitter and several short wave trans-

i mitters. Until recently, Hawaii was a relay point for transpacific 

 

traffic, but with the development of short wave transmission the 

 

traffic with most of the Far East points is now handled directly from 

 

San Francisco. 

 

The newest short wave installations are of the directional type, so 

 

designed that signals may be accurately aimed at the receiving point. 

 

r Many short wave transmitters are also operating on half wave 

 

. t antennas or doublets. The doublet antenna is not appreciably direc-

tional thereby affording greater coverage at the sacrifice of concen-

tration. A large number of short wave transmitters employ the RCA 

 

projector antennas which embody the latest developments in short 

 

y wave energy concentration. The RCA projector antenna is arranged 

 

with two, three, or four bays, for-this purpose. 

 

It is the remarkable flexibility of the RCA transmitting facilities 

 

that has made possible the early realization of a universal communica-

tion system. A given short wave transmitter may be assigned to a 

 

plurality of circuits during the 24 hours of the day. In fact, the assign-

ing of transmitters to different circuits has been reduced to a strictly 

 

engineering basis, consistent with traffic requirements, and this im-

f portant work takes up the full time of a, competent engineer. The 

 

frequencies employed for a given short wave circuit must be changed 

 

at different periods of the day, due to the varying skip distance, . as 

 

' well as for different seasons of the year. These factors are fully estab-
o' lashed and charted, so that frequencies are changed with the same 

 

precision and routine as a train dispatcher moving trains in and out 

 

of a large terminal. By way of example, we know today that fre-

quencies above 16,000 ke are practically useless between stations in 

 

darkness. From 12,000 to 16,000 kc is the frequency band best suited 

 

for part daylight transmission. Below 11,000 ke are the frequencies 

 

best suited for night operation. These facts apply to the transatlantic 

 

circuits. If we turn to shorter or to longer distances, the frequencies 
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require modification. The higher the frequency, the greater the skip ` 

 

distance; and if the frequency is increased sufficiently, the waves sikp 

 

off the earth entirely and fail to return. In certain high-frequency 

 

transmitting tests the signals could not be intercepted except by 

 

means of an airplane with a consequently greatly elevated antenna. 

 

The short wave transmitters are arranged usually for daily opera-

tion on two different frequencies. The change in frequency is accom-

plished by quick switching between predetermined taps on the coil 

 

systems of the amplifiers in conjunction with switching between the 

 

precision crystal frequency control units. 

 

Some circuits employ three or four transmitters for their traffic, 

 

while others make use of a single or common transmitter at different 

 

times of the day, working on a time schedule arranged by the traffic 

 

men. This flexibility of operation insures for radio the necessary peak 

 

load facilities on the one hand, and, on the other, the ability to take 

 

care of the relatively small traffic requirements of nations heretofore 

 

neglected in the scheme of inflexible cable communications or even 

 

high power radio. 

 

The receiving facilities of the RCA network are located at River-

head, L. I., for the New York traffic office, and Marshall, Calif., for 

 

the San Francisco traffic office. The Belfast station on the coast of 

 

Maine, was employed for a time as a stand-by station in handling 

 

long-wave traffic. At such times as static was most troublesome in 

 

the vicinity of Riverhead, the Belfast station handled the incoming 

 

signals which were transferred over direct wire to the New York City 

 

office. However, due to relative freedom from static on short waves, 

 

the Belfast station has been closed. 

 

Although static is no longer a factor in transoceanic radio work 

 

utilizing short waves, fading of various kinds constitutes the present 

 

problem. There are seasonal, sunlight, and darkness fadings, which 

 

are circumvented by the assignment of the most desirable frequency 

 

found through long experience. While static disturbances are highly 

 

damped, at the higher frequencies they are relatively weak, so that 

 

there is less apparent static on short waves than on broadcast, marine, 

 

and longer waves. There is also short.fading to contend with, or fading 

 

occurring in periods of less than a minute, during which the signal 

 

strength drops from full amplitude to practically zero. This variety 

 

of fading is being mastered by means of the diversity receiving system, 

 

which is based on the fact that short fading does not occur simul-
taneously at three antennas set a given distance apart. The RCA 

 

receiving stations now employ the diversity system, usually with 

 

three antenna groups for a single unit, although two groups can also 
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re employed. No more than three groups are required for satisfactory 

 

i,>sults. The groups of antennas comprising the complete diversity 

 

ntenna system, are spaced approximately 1000 ft. apart, and are 

 

connected by radio-frequency transmission lines to the receivers, 

 

,hich are arranged to deliver a virtually constant signal output, 

 

6%ereby overcoming short fading. 

 

The system of centralized control and operation of international 

 

radio communication services was originated and developed by RCA. 

 

The Central Radio Office in New York City was the first commercial 

 

Indio system to be so equipped and operated. By this means a large 

 

_.:umber of transmitters, widely separated as regards physical location, 

 

4,re controlled from a central city office, thus assuring extreme flexi-
r ►ility and increased efficiency in their assignment and use. In recep-
4on also, instead of separate receiving stations each with its own 

 

staff of operators and the necessity of relaying traffic to the terminal 

 

joint by means of telegraph lines, one central receiving station now 

 

landles all incoming signals and transfers them automatically to the 

 

qty office over the special tone channels. Thus all actual operation 

 

a accomplished in one office, with resultant improved service, con-

e 6entrated supervision, and economical operation. 

 

The volume of traffic handled on many of the RCA circuits is 

 

t'xtremely heavy, and it is frequently necessary to operate two or 

 

Jnore transmitters simultaneously to the same country, depending 

 

.,in the respective traffic loads of the various circuits. For the same 

 

:--eason most of the European countries_ with which RCA communi- 

 

r sates, have two or more transmitters available, so that New York 

 

'iften receives simultaneously no less than thirty separate signals 

 

►ver as many radio channels. 

 

The New York traffic office, and likewise that of San Francisco, is 

 

.onnected to the rempte transmitters and receivers by means of six 

 

aairect telephone lines. The longest line is to the Marion, Mass., sta-

on, or 245 miles. Tone channels, by means of carrier currents of 

 

-lifferent frequencies, are established over these direct telephone lines. 

 

if the telephone circuit has a substantially flat characteristic up to 

 

12.200 cycles, ten tone channels can be obtained. It is usual to simplex 

 

`;these telephone lines, as in ordinary telegraph service, so as to obtain 

 

'x channel for service messages. It is possible to operate ten transmit-
,. ers by means of a single pair of telephone wires and tone control. 

 

-'Present plans are to operate transmitters by means of tone control 

 

+ ;directly up to the oscillator, thus doing away with all mechanical 

 

:relays. Heretofore, the relays have constituted a serious obstacle in 

 

,;- attaining higher operating speeds. With their elimination, further 
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progress can be made in the way of higher signaling speeds. Also, an fr 

 

added measure of reliability is gained. lei 

 

It is in the handling of traffic that the technical advances are most 

 

apparent to the general public. In 1920, hand copying was the rule. 

 

Receiving was a tiresome routine, with the operator wearing ear- 

 

phones and copying weak and fluctuating signals with paper and of 

 

pencil. Sending was by hand at first, and later by automatic sender. 

 

It had generally been held that the clicking of the typewriter would ll 

 

interfere with the reading of the signals. However, as signal strength.  

 

and reliability improved reception direct on the typewriter was tried 

 

and the experiment was successful. Other operators began using. 

 

typewriters, and the pencil and paper operator passed out of the radio:;; 

 

picture. 

 

Later came the automatic recorder, after the dictaphone had been 

 

tried for high-speed reception, with signals recorded on the wax 

 

record at high speed, and then slowed down for transcription by an i 

 

operator. Two automatic recorders appeared at about the same time, 

 

namely, that which recorded the signals in the form of a continuous 

 

wavy line on a moving paper tape, and that which recorded signals 

 

photographically on a strip of. paper. The former, because of its sturdy 

 

construction and simplicity of operation, became the standard recorder 

 

and has been in use for practically a decade with little change. 

 

From the beginning, the RCA operators were placed in a large 

 

traffic room and trained to operate irrespective of surroundings, dozens 

 

of operators working at top speed in one large room, disregarding sur-

rounding noises and the hustle and bustle of traffic, handling transat-

lantic radio messages in a businesslike manner. 

 

The introduction of the typewriter has had a marked influence 

 

on the accuracy of radiograms. Particularly in handling code words 

 

the accuracy of which cannot be determined -by the mere context, 

 

hand copying lent itself to many errors. With the introduction of the 

 

typewriter, together with a permanent record of the transmitted 

 

traffic in the form of the perforated tape, and the received traffic in 

 

the form of .the recorder tape, mistakes were reduced to an absolute 

 

minimum, and it became possible to check back any radiogram. 

 

Today, hand operation is practically unknown. Everything is 

 

automatic. All RCA circuits are duplex operated, but for conven-
ience of supervision and distribution of traffic, several transmitter... 

 

controls are concentrated on one table irrespective of the circuits 

 

to which they may be assigned. Each sending operator manipulates. 

 

a standard keyboard perforator from which the perforated tape is fed 

 

into a Wheatstone transmitter automatically controlling a remote 

 

III 
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A speedometer attacllinetlt. on the Wheat tonc transinit- 

 

r i�rimi the operator to adjust his tra.11smissioll to any speed de-

i11141 b-\ overseas station, which in practice play range from 25 to 

 

minute, with too considered the economical ideal. :1-s 

 

,)()it as i It transmission of the radiograin is completed, the coact, time 

 

i t ►•sll�.n►sion is recorded on the inessage blank by means of an auto-

s;;,t to i Iin stainp. TransiuisSlt)11 is contilluolis, as a111* requests from 

 

!,� Ali. t:lnst.at.ioll pertaining to traffic are forwarded withoutstopping 

 

1;, ; i„ �ceptioil of radiograms from European and tiout.h American 

 

-hits. m(,ining signals are detected and ainplified at, the i C.A Central 

 

:1 Riverhead, L. I., and aut.oniatically t-ransferred over toile 

 

New fork City, operate. the RCA standard ink recorder. 

 

I"IW 1114 Vi; rape passes in front. of the receiving operator, who, ,.rich a. 

 

Ilow I tr:i.nscribes the signals directly on to a radiograin blank 

 

>� fiuplw.e. One operator is usually able to tr. iiscribe. up to )t) or 

 

Hi ,1,11•,k or minute by this inethod, but «•hen the distalit st:ltion is 

 

, :.imv :+ )re this speed, additional operators are assigned to special 

 

•<, : ,i.r, positioils conveilieiltly located oil the higli-speed receiving 

 

1 1 t• as they are transcribed, the radiograms are placed oil a 

 

•or which deposit; them .it., a centr.11 point. n-here they are 

 

, i ; :„rd, a.nd iltullliered according t.o destination, envr.lopecl, a.ilci 

 

i to a. chute Connecting with the illesr'e11geC room whence 

 

,,.,, unediately sent out for delivery. Such radiograins as are 

 

Now fork and which bear code addresses, however, must 

 

i� •,
i packed" front the file of registered code addresses number-

i:- nwit\ .ens of thousands, and this is done prior to their dispatch 

 

< hfA m( ;eager room and before being enveloped. Radiograms des-

;,,, ,l 1()i-erior points of the United States, except 11 a hingt.on and 

 

e transferred to the telegraph companies for ultimate 

 

it•Ii�-�r� . • 

 

F ruin he engineering end, the operating speed is developed to 

 

'ho lligll( . possible standard, so that. the traffic end may use such 

 

zI)t�-
-J- :mire  deemed best. The preferred operating speed today is 

 

MO n=ord per minute, although perfectly legible tape is obtained at 

 

zpeodk ur o 225 words per minute. Both in the matter of transmitting 

 

111;1 r6ec-i
-
ng, the American terminal facilities compare very favorably- 

 

with tho; of our overseas correspondents. 

 

I1C'A rtes were originally loner than corresponding cable rates, 

 

due tb t-hnical facilities and advantages in the matters of initial 

 

investme; and operating costs. However, the radio rates were met 
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transmitter. A speedometer attachment on the Wheatstone transmit-

ter permits the operator to adjust his transmission to any speed de-

sired by the overseas station, which in practice may range from 25 to 

 

225- words per minute, with 100 considered the economical ideal. As 

 

soon as the transmission of the radiogram is completed, the exact time 

 

of transmission is recorded on the message blank by means of an auto-

matic time stamp. Transmission is continuous, as any requests from 

 

the distant station pertaining to traffic are forwarded without stopping 

 

the circuit. 

 

In the reception of radiograms from European and South American 

 

points, incoming signals are detected and amplified at the RCA Central 

 

Station at Riverhead, L. I., and automatically transferred over tone 

 

channels to New York City, to operate the RCA standard -ink recorder. 

 

The moving tape passes in front of the receiving operator, who, with a 

 

typewriter, transcribes the signals directly on to a radiogram blank 

 

in duplicate. One operator is usually able to transcribe up to 50 or 

 

60 words per minute by this method, but when the distant station is 

 

sending above this speed, additional operators are assigned to special 

 

transcribing positions conveniently located on the high-speed receiving 

 

table. 

 

As fast as they are transcribed, the radiograms are placed on a 

 

belt conveyor which deposits them at a central point where they are 

 

timed, routed, and numbered according to destination, enveloped, and 

 

dropped into a chute connecting with the messenger room whence 

 

they are immediately sent out for delivery. Such radiograms as are 

 

destined to New York and which bear code addresses, however, must 

 

first be "unpacked" from the file of registered code addresses number-

ing many tens of thousands, and this is done prior to their dispatch 

 

to the messenger room and before being enveloped. Radiograms des-

tined to interior points of the United States, except Washington and 

 

Boston, are transferred to the telegraph companies for ultimate 

 

delivery. 

 

From the engineering end, the operating speed is developed to 

 

the highest possible standard, so that the traffic end may use 'such 

 

speeds as are deemed best. The preferred operating speed today is 

 

100 words per minute, although perfectly legible tape is obtained at 

 

speeds up to 225 words per minute. Both in the matter of transmitting 

 

and receiving, the American terminal facilities compare very favorably 

 

with those of our overseas correspondents. 

 

RCA rates were originally lower than corresponding cable rates, 

 

due to technical facilities and advantages in the matters of initial 

 

investment and operating costs. However, the radio rates were met 

 



1742 Isbell: RCA 1T'orld-Wide Radio Yettoork 

 

by the cable companies in 1923, and since then both radio and cable 

 

rates have been practically the same. Today, radio competes on the 

 

basis of service and not on price. 

 

In addition to the RCA transoceanic circuits, there is the important 

 

marine network, operated by the Radiomarine Corporation of America, 

 

with fourteen powerful land stations handling traffic for transatlantic, 

 

coastwise, transpacific, and Gulf shipping, as well as the shipping on 

 

the Great Lakes. This network is also handling aircraft radio com-

munications to a considerable extent for the present, particularly in 

 

conjunction with transoceanic flights. 

 

As a forerunner of what may be expected by way of transconti-

nental and intercity radio networks, the RCA network recently added 

 

the 'N'ew  York-San Francisco circuit, which is handling a steady flow 

 

of traffic daily in competition with telegraph circuits. With the 

 

granting of the necessary- additional channels, the RCA' network may 

 

yet be expanded so as to include circuits to all important centers in 

 

this country, joining them directly with the New York and San 

 

Francisco focal points of transoceanic radio traffic. 
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AN ELECTRON TUBE WATTMETER AND VOLTMETER AND A 

 

PHASE SHIFTING BRIDGE* 

 

By 

 

H. M . TURNER AND F. T. McNANIARA 

 

kYalc University, New Haven, Connecticut) 

 

Sttnurtar.y --Tho purpose of this paper is to describe a irattmctcr, for incamririp 

 

power of a feu mierotratt.s or more, a. phase shifting bridge for controlling the annular 

 

relation of ttco potentials trithou.l changing their antpliludcs, and a troltr»etcr 

 

for mensu.ring potentials of a fete rnilliralls urithout amplifying. 

 

ELEXTRON TUBE IVATTMETER 

 

1ATTMETER for small power should have the following 

 

  characteristics: high sensitivity without seriously modifying 

 

the. circuit being measured, high accuracy, linear scale, range 

 

easily variable., and calibration independent of frequency. 

 

These specifications are largely met by the balanced modulator 

 

type of electron tube i at 1 meter shown in Fig. 1. 

 

LOAD 

 

Fig. 1 

 

MICRO-

AMMETER 

 

The theory of its operation is essentially the same as the usual 

 

grid modulator except that both components of the input voltages 

 

are of the same frequency. One component, proportional -to the load 

 

current, is obtained from a. resistance of low value inserted in series 

 

'- with the line, and the other, proportional to the load voltage, from 

 

a a high resistance connected across the line. The loss in the series 

 

element is quite small as compared with the load while that of the 

 

shunt element may be made negligible by increasing the shunt resist-
ance. The sum of the instantaneous values of the two component 

 

voltages is impressed on the grid of one tube and their difference on 

 

that of the other. The function of the balanced modulator arrange-
ment is to eliminate undesired components from the indicating in-

f strument, usually a direct-current microammeter, which measures 

 

* Dewey decimal classification: 621.374.6 X R243.1 X R241.5. Original 

 

manuscript received by the Institute, June 2, 1930. 
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directly the power supplied to the load, as will be evident from the 

 

following analysis. 

 

It is well known that when operating on the curved portion of the 

 

plate characteristic the plate current is approximately proportional 

 

to the square of the voltage. Over the range for which this holds 

 

i =k[E+µ(el-I-e2)]
2
 (1) 

 

where E = Eb — µES, Eb and E, are the constant voltages of the plate 

 

and grid circuits and el and e2 the instantaneous values of the two 

 

components previously mentioned. The current in the plate circuit 

 

of one tube is 

 

V= k[E2+2yE(ei+e2) +A
2
e,

2
+A e22+2µ2ele2] (2) 

 

and that of the other is 

 

--c 
iii=k[E2+2µE(e1—e2 +A

2
e1

2
+/A

2
e2
2-
2µ

2
ele2l 

 

(3) 

 

Assuming, for the time being, that the tubes have similar charac-

teristics and equal external plate resistances the -microammeter reading 

 

is proportional to 

 

i
t

 
—

i
ll

 =k[4µEe2+4µ
2
e1e21 (4) 

 

all other components are eliminated by the balanced arrangement. 

 

Assuming the input components to be sine waves differing in phase 

 

by 0 degrees, determined by the load power factor, then the current, 

 

i, through the instrument is 

 

i = k[4µEE2 sin wt+41AElE2 sin wt sin (wt+O)] (5) 

 

Since the average value of a sine wave is zero the first term will not 

 

produce a reading on the direct-current instrument. Therefore, only 

 

the last term need be considered. Substituting for the product of the 

 

sines gives 

 

i = 2kµElE2[cos q5 — cos(2wt+g5)] 

 

(6) 

 

The average of the last term over a cycle is zero and the reading is 

 

proportional to 

 

E1E2 cos 0. 

 

Thus, the instrument may be calibrated to read directly the power 

 

supplied to the load, and since ElE2 cos 0 is proportional to power it 

 

is evident that the scale is linear. By circuit adjustment it is possible 

 

to secure a convenient scale factor so a calibration curve is unnecessary, 

 

but this is accomplished at the expense of sensitivity and may not 

 

be feasible. 

 

L­
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Where harmonics are present in the load voltage and in the load 

 

current the component potentials take the form 

 

e, = E1 sin wt+E„' sin n wt 

 

e2 = E2 sin (wt+o) +E„" -sin (n wt+O) 

 

and when substituted in (4) it will be found that only the products of 

 

like frequencies contribute to the reading of the instrument. There-

fore, it measures correctly the total power. Where a given harmonic 

 

appears only in the load voltage or load current no power is involved 

 

and it produces no deflection of the microammeter pointer. 

 

In the foregoing discussion a quadratic law was assumed. The 

 

range over which this holds may be easily found experimentally. 

 

The theory applies equally well for the three halves power law. 

 

While it is highly desirable to use matched tubes if possible, 

 

compensation for slight differences in tube characteristics may be 

 

effected by employing different values of resistance in the plate cir-
cuits or different grid biases. 

 

The range of the wattmeter is determined by the total allowable 

 

grid input voltage which is controlled by the series and shunt resist-
ance elements. The instrument has been used to measure less than 

 

twenty microwatts and there is no reason why it could not be used 

 

for considerably smaller values. Its sensitivity is best described in 

 

terms of input volts squared to produce a given current through the 

 

indicating microammeter. For UX-250 tubes this value is less than 

 

0.03 volts' per microampere. Thus if 10 volts were applied to the load 

 

a series drop of 3 millivolts would be required. For many purposes 

 

201—A or similar tubes may be used to advantage. The frequency 

 

range is limited only by the interelectrode capacity of the tubes. 

 

The circuit diagram in Fig. 1 shows that the wattmeter measures 

 

the power dissipated in the half of the series element adjacent to the 

 

load, which corresponds to the loss in a dynamometer wattmeter 

 

when the voltage element is connected on the power side of the cur-
rent coil. For most cases the loss in the series element will be negli-
gible but for measurements where the power factor is low may require 

 

correction. There is a second loss caused by the current of the shunt 

 

element flowing through the upper half of the series element. However, 

 

this may be made negligible by increasing the shunt resistance which 

 

is used merely to obtain a grid potential without drawing any current. 

 

When measuring power it is sometimes desirable to determine the 

 

voltage applied to the load which may be accomplished by throwing 

 

the switch in Fig. 2 to V. The function of the resistance r is to main-
tain the bias on the upper tube when switching from W to V, so as 
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not to damage the microammeter, without short-circuiting the alter-

nating voltage that is impressed upon this tube. The upper tube is 

 

used for balancing purposes so the indicating instrument will read 

 

zero when no voltage is being measured. The scale is, of course, quad-
ratic. In this and many other electronic voltmeters there are two basic 

 

defects: lack of sensitivity when measuring small voltages and the 

 

POWER SUPPLY 

 

MICRO-

AMMETER 

 

LOAD 

 

Fig. 2 

 

quadratic nature of the scale, both of which are due to the fact that 

 

the indications are proportional to the square of the input voltage. 

 

A less serious matter is the necessity of employing an opposing battery 

 

to permit the use of a sensitive instrument with consequent hazards. 

 

However, greatly increased sensitivity and a linear.scale is possible 

 

with a balanced modulator type voltmeter and a phase shifting bridge 

 

which will now be described. 

 

PHASE SHIFTING BRIDGE 

 

Two alternating-current bridges together with their corresponding 

 

vector diagrams are shown in Fig. 3, the first a balanced bridge having 

 

equal ratio arms and the second an inverted or phase shifting bridge 

 

obtained by interchanging the lower elements of the balance bridge. 

 

BALANCED BRIDGE 

 

PHASE SHIFTING 

 

BRIDGE 

 

Fig. 3 

 

In the balanced bridge the output voltage is zero while in the phase 

 

shifting bridge it is equal in magnitude to the input voltage, their 

 

phase relation being controlled by varying simultaneously the two 

 

resistances or the two capacities. This phase shifter may be used with 

 

potentially operated devices where no current is drawn from the out-
put terminals of the bridge. 
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BALANCED MODULATOR TYPE VOLTMETER 

 

The increased sensitivity of the voltmeter is obtained by the use of 

 

a relatively large auxiliary voltage, of the same frequency and pre-

ferably from the same source as the voltage being measured, which is 

 

i brought into phase with it by means of the phase shifting bridge. The 

 

!.auxiliary voltage from the output terminals of the bridge is connected 

 

in the common grid lead of the balanced circuit, a particular applica-

LOAD 

 

Fig. 4 

 

tion of which is shown in Fig. 4 where a small voltage between the 

 

points A and C is being measured. As in the case of the wattmeter the 

 

reading is given by (7) but in this case 0 is reduced to zero by the phase 

 

shifting bridge, cos q5 =1, so the reading is proportional to the product 

 

of the unknown and auxiliary voltages. From the form of the equation 

 

it is evident that the positions of the two voltages are interchangeable 

 

permitting various circuit arrangements. 

 

The in-phase relation is easily determined experimentally as it is 

 

indicated by the maximum deflection for a given voltage. Since the 

 

auxiliary voltage is maintanied constant over a given range a linear 

 

r scale is obtained which is highly desirable. When measuring small volt-

ages the sensitivity may be one hundred times that of the usual type. 

 

So far the operation has been limited to the curved portion of the 

 

plate characteristic, however, in the case of the voltmeter it is possible 

 

to extend it to the linear part. When used in this manner it is similar 

 

,..to power detection in which ei corresponds to the carrier and e2 to 

 

the signal of ordinary radio reception. When used in this manner the 

 

sensitivity depends upon dlp/dE,=G. rather than upon d2lp/dED2 

 

as in the previous case.* 

 

Note Added: 

 

After the independent development of this balanced modulator 

 

type electron tube wattmeter, it came to the authors' attention that 

 

' Patent 1,586,553 issued June 1, 1926, to E. Peterson of the Bell 

 

Telephone Laboratories covers an identical circuit. 

 

* Stuart Ballantine, "Detection at high signal voltages: Part I, Plate rectifi-
cation with the high Vacuum Triode," PRoc. I. R. E., 17, 1153; July, 1929. 
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ON THE MAGNETRON OSCILLATION OF NEW TYPE* 

 

BY 

 

KINJIRO OKABE 

 

(Nagoya Higher Technical College, Nagoya, Japan) 

 

Summary—In this paper the experimental. results pertaining to the magnetron 

 

oscillation of new type is chiefly given. 

 

Comparatively intense oscillations of 10 centimeters order in wavelength were 

 

successfully produced. 

 

INTRODUCTION 

 

N another communication' the author pointed out that we could 

 

produce very short wavelength oscillations of two different types 

 

with a magnetron. These two types were (A) the oscillation 

 

whose frequency is approximately independent of the external circuit, 

 

and (B) the one whose frequency depends principally on the external 

 

circuit. The oscillation of the latter case has not been reported by 

 

others so far as the author knows, so that the details regarding this 

 

will be dealt with in this paper. 

 

EXPERIMENTAL RESULTS 

 

The magnetron oscillations of (A) and (B) types could be ob-

tained separately with a small magnetron when a very high voltage 

 

was applied to the anode. The intensity of the applied magnetic field, 

 

the amount of filament heating, and the voltage applied to the anode, 

 

which were fit for the maintenance of the (B) type oscillation, were 

 

slightly different fr3m those which were fit for the maintenance of 

 

those of the (A) type. 

 

One of the experimental results, which was obtained with a small 

 

magnetron (the diameter of the anode 0.3 cros)-, is shown in Figs. 

 

1 and 2. In the figures, Va, I a, Ih, and 'X represent the anode voltage, 

 

the anode current, the field coil current, and the wavelength, respec-

tively. Id and x represent the detector current and distance through 

 

which the short circuit condenser was shifted along parallel wires. 

 

The oscillation shown in Fig. 1 was type (A) and the one shown in 

 

Fig. 2 was type (B). As seen from the figures, the wavelength of the 

 

oscillation of type (B) was many times longer than that of type (A) . 

 

The intensity of the oscillation of type (B) was also very many times 

 

stronger than that of type (A) . Similar results were always obtained 

 

when small magnetrons were used. 

 

* Dewey decimal classification: R133. Original manuscript received by the 

 

Institute, June 3, 1930. The present research was carried out in Tohoku Im-

perial University, Sendai, Japan. 

 

' Kinjiro Okabe, "On the short wave limit of magnetron oscillations," 

 

PRoc. I. R. E., 17, 6525 April, 1929. 
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DISCUSSION 

 

The oscillation of type (A) and that of type (B) may correspond to 

 

the Barkhausen-Kurz type oscillation and the Gill-Morrel type oscil-

lation in the case of a triode, respectively. It may be, however, note-

worthy that the wavelengths of the oscillations of type (B) are much 

 

longer than that of type (A). In the case of Gill-Morrel type oscilla-

tions the wavelengths are always shorter than that of the pure Bark.-

hausen-Kurz type one, if the conditions are similar in both cases.' 
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Next, it may be also noteworthy that the intensity of the oscil-

lation of type (B) is comparatively intense. The maximum value of 

 

3 Id in Fig. 2 is about a thousand times larger than that in Fig. 1. In-

tense oscillations of 10 centimeters or so in wavelength could be steadily 

 

obtained by this method. 

 

The existence of a negative resistance is very probable in the pres-
ent case. This may be the cause of the oscillations of type (B). 
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Fig. 2 

 

The wavelength 3.16 cm. shown in Fig. 1 was the shortest one in 

 

the fundamental oscillations which could be obtained stably by means 

 

of a magnetron. The author could detect, however, an unstable funda-
mental oscillation of 2.8 cm in wavelength in the course of the pre-
sent research. 

 

S H. F. Hollmann, Jahrb, d. drahll. Tel., February, 1929. 
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VARIATION OF THE INDUCTANCE OF COILS DUE TO THE 

 

MAGNETIC SHIELDING EFFECT OF EDDY 

 

CURRENTS IN THE CORES* 

 

BY 

 

K. L. SCOTT 

 

(Hawthorne Works, Western Electric Company, Inc., Chicago, Ill.) 

 

Summary—An analysis is made of the shielding effect of eddy currents on 

 

the flux in the interior of cores of cylindrical or flat sheet material. It is shown that 

 

the counter voltage of self inductance of an iron-cored coil is due only to the com-

ponent of flux in the core which is in phase with the flux at the surface of the core. 

 

Expressions are obtained and curves plotted showing the variations of inductance 

 

of a coil with frequency, or with the conductivity and permeability of the core mate-

rial. Sample calculations and some experimental results are given. The results 

 

show 'that the inductances at high frequencies are actually less than the predicted 

 

values, which leads to the suspicion that some factor other than eddy currents 

 

causes the flux in the interior of the cores to decrease with increasing frequency. 

 

INTRODUCTION 

 

T IS well known that if a sinusoidal electromotive force is impressed 

 

upon a cylindrical or sheet conductor, the current density will 

 

  not be uniform throughout the body of the conductor, but will 

 

vary from the surface to the center in a manner which depends upon 

 

the frequency of the impressed e.m.f. and upon the magnetic permea-

bility and electrical conductivity of the conductor material. Similarly 

 

if a sinusoidal electromotive force is impressed upon a coil enclosing a 

 

core of cylindrical or sheet material, the magnetic flux density within 

 

the core will vary in the same manner and with the same quantities 

 

as the current density in the electrical case. 

 

These phenomena are probably best known as "skin effect" in the 

 

case of conductors, and as the "shielding effect of eddy currents" in 

 

the case of cores. The equations for current density or flux density 

 

are identical in form for either wires or sheets, whence the current 

 

distribution in conductors varies in the same manner as the flux dis-

tribution in cores. However, in the case of conductors, we are chiefly 

 

interested in the crowding of the current to the outer layers of the 

 

conductor as it affects. the resistance losses in the conductor, while, 

 

in the case of cores, we are interested in the flux distribution in the 

 

core as it modifies the resistance losses in the core and the inductance 

 

of the coil surrounding the core. 

 

* Dewey decimal classification: R145.3. Original manuscript received by 

 

the Institute, May 29, 1930. Presented before Fifth Annual Convention of the 

 

Institute, August 20, 1930. 
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The latter phase of the shielding effect of eddy currents is one of 

 

considerable interest in view of the widespread use of induction coils, 

 

t transformers, and other electromagnetic apparatus, particularly in the 

 

field of electrical communication. Accordingly, it is proposed to de-

velop the relationships which have a bearing on the design of coils 

 

having cores of magnetic or conducting materials. 

 

NOTATION 

 

The following notation will apply throughout the rest of the dis-

cussion. 

 

B = the magnetic flux density (in maxwells per square centi-

meter) at any point within the core material. 

 

x=the distance (in centimeters) from the axis of the cylindrical 

 

core, or the mid-plane of the flat sheet of core material. 

 

Bz =the value of B at the point x. 

 

Bs =the value of B at the surface of the core. 

 

j=-\/-1 

 

c = - /8-7r2µTf 10_0
 

 

µ=the magnetic permeability of the core material in maxwells 

 

per square centimeter per gilbert per centimeter. 

 

,y = the electrical conductivity of the core material in ohms per 

 

cubic centimeter. 

 

N =the number of turns in the coil. 

 

L=the inductance of the coil, in henries. 

 

Lo=the inductance of the coil without eddy currents in the core, 

 

in henries. 

 

I= the current in the coil. 

 

f= the  frequency of the impressed magnetomotive force in 

 

cycles per second. 

 

a = the radius of the cylindrical core, or half thickness of the 

 

sheets, in centimeters. 

 

s=the skin thickness of the core material in centimeters 

 

5030 

 

1/µTf 

 

MATHEMATICAL DEVELOPMENT 

 

The differential equation applicable to the core of circular cross 

 

section is! 

 

d2B 1 dB 

 

dx2 + x dx 
jc2B = 0 

 

(1) 

 

I Davis and Burch, "Theory of Eddy Current Heating," Ernest Benn, Ltd. 
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while for the flat sheet we haven 

 

d2B 

 

  — jc2B = 0. (2) 

 

dx2 

 

Equation (1) is known as Fourier's equation. Its solution for the 

 

present case, with the arbitrary constants evaluated, is 

 

Bx = B. 

 

Jo(,✓ 
— jcx) 

(3) 

 

Jo( jca) 

 

in which Jo is the zeroth order Bessel's function of the first kind. This 

 

may be written as follows, using the relation Jo (-\/ — jcx) =ber 

 

(cx) +j bei (cx) . 

 

ber (cx) + j bei (cx) 

 

Bx = Bs 

 

ber (ca) -+ j bei (ca) 

 

or, substituting -\/2/s for c, we have 

 

2x 

 

ber -+ j bei  

 

S s 

 

Bx = B., 

 

ber -\/-2a+ j bei 
-\/-2a 

 

S s 

 

The corresponding solution of (2) is 

 

exIs ( cos 
x 
+j sin x 1 + e—x13 (cos x - j sin 

x
 — 

 

\ s s/ s s 

 

Bx = B8 

 

a 

 

eats 
(cos 

a 
+ j sin 

a 

/ 
+ e-al cos a - j sin — 
s 

 

(4) 

 

(5) 

 

(6) 

 

in which the main and reflected wave terms are apparent, or we may 

 

write 

 

x x x x 

 

cosh — cos — -+ j sinh — sin — 
s s s s 

 

Bx = B3 

 

a a a a 

 

cosh — cos — -+ j sinh — sin — 
s s s s 

 

(7) 

 

which is a form more suitable for further analysis. 

 

2 C. P. Steinmetz, "Transient Electric Phenomena and Oscillations," 

 

McGraw-Hill Publishing Co., New York. 
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Rationalizing (5) and (7) so they will be in the form a+jP results 

 

int clearer picture of the phenomena. The resulting equations are 

 

(ber -\/2a.  

 

ber + bei  bei   

 

S s s s 

 

Bx =Bs 

 

a:l 

 

C �/`La �/`La• 
ber' + bei"  

 

s s 

 

/2a.  \/2a -\/2—.r
ber  bei   loci   ber  

 

S S S S 

 

+J 

 

/2a. �/2a. 

 

ber"   + bei"  

 

s s 

 

(8) 

 

a. a a: x a a X X 

 

[cosh — S S S S S S S 
cos — cosh — cos — + sinli — sin — sinh —sin— 

 

S 

 

= Bs   

 

a a a a. 

 

cosh" — cos' — + sink"- — sin"- — 
s s s s 

 

a a X x a a 1' r 

 

cosh — cos — sinh — sin — — sinli — sin — cosh —cos- 

 

s s s s s s s s 

 

cosh' — cos' — + sinh" — sin"- — 
S s s s 

 

Fig. 1—Cross section of lamination. 

 

Equations (8) and (9) show that, for both types of core, the flux 

 

i, the interior is less than and lags behind the flux at the surface, 

 

to magnitude decreasing and the angle of lag increasing with the 

 

u,tance from the surface. 

 

1' The reactive voltage in a coil wound upon an iron core must lag 

 

6e total flux in the core by ninety degrees. Hence, in complex nota-

in, if the total flux is given by 0t = u — jv, in which both u and v are 

 

rhl and positive, then the counter voltage induced in the coil by the 

 

,ttal flux in the core will be proportional to 

 

—  (10) 

 

j(u — jv) _ — (v + ju) •  
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For the case of both types of cores, Oc is to be evaluated from the 

 

equation 

 

Ot = J BzdA (11) 
. 

 

in which A is the cross section of the core, and the result, in both cases, 

 

is the form u — jv, with the flux density at the surface of the core as 

 

the reference vector. - Since the flux density at the surface of the core is 

 

Fig. 2— Cross section of round core. 

 

in phase with the current in the coil, the total flux in the core has a 

 

component which is in phase with the current in the coil and another 

 

component which lags the current by ninety degrees. It follows that 

 

Fig. 3—Vector diagram of voltage, 

 

E =Voltage impressed on coil. 

 

I =Current through coil. 

 

B, =Component of Ba„ producing 

 

eddy current voltage drop E,. 

 

BL =Component of Ba„ producing re-
active voltage drop EL. 

 

Eo, = Total counter voltage of the flux 

 

in the core. 

 

0, =Total area of core times Bag. 

 

current, and flux in iron-cored coil. 

 

B, =Flux density at surface of 

 

lamination = B= at x = a. 

 

B.,, =Average flux density in lamina-
tion. 

 

E, =Eddy current voltage drop. 

 

EL =Reactive voltage drop. 

 

ER+h = ohmic resistance and hysteresis 

 

. voltage drops. 
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i 

 

the counter voltage induced in the coil by the total flux has a com-

ponent opposite in phase to the current in the coil and a component 

 

lagging the current by ninety degrees. The first component of voltage 

 

represents an equivalent resistance drop in the coil, attributable to 

 

the power consumed by the eddy currents in the core. The second 

 

component of the voltage is the reactive drop in the coil. These vector 

 

relations are shown by the diagram of rig. 3. Harmonics in the current 

 

and applied electromotive force are assumed negligible. 

 

Further consideration reveals the fact that the terms it and v in 

 

the symbolic expression for total flux represent the summations, 

 

respectively, of the in-phase and quadrature components of the flux 

 

density in the cores over the cross sections of the cores, and that, 

 

therefore, the reactive voltage in the coil is contributed to only by 

 

the in-phase component of the flux density in the core, while the 

 

apparent resistance drop in the coil due to eddy currents is due to 

 

the quadrature component of the flux density in the core. 

 

Bearing in mind that the value assumed by Bs is the same as that 

 

which would obtain throughout the core if there were no eddy cur-

rents, the current in the coil being the same in both cases, we can 

 

calculate the decrease in inductance of the coil due to the shielding 

 

effect of eddy currents in the following manner. 

 

Given a current I through the coil, the flux density at the surface 

 

of the core will be B,. If there were no eddy currents, the flux density 

 

throughout the core would equal B. and the reactance of the coil would 

 

be equal, for a round core, to 

 

2rfYo 27r"-fATBsa"- 

 

I'o = 27rfLo = . _  

 

I I 

 

If eddy currents are present, the reactance will be 

 

(12) 

 

2vfAro,(real) 2rfAT f X = 27rfL =  
I
  = 

I
BS(rcal)dA (13) 

 

in which Bz (real) is the real part of (8) 

 

Dividing (13) by (12) we get 

 

L 1 

 

Bz(real)dA . 

 

Lo 7ra2Bs 

 

Continuing with the circular core, (14) becomes 

 

(14) 
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and (15) reduces to 

 

In (1G) 

 

a• hei l   I dx 

 

s 

 

\ ?a -\ 2a -
\ 2a � ?a 

 

ber hci'  L►c�i   ber'   

 

l.mr-'   + bei'-

2a 2(1 

 

i_uer -  dbcr--- 

 

hci   —  and ber'  

 

(li) 

 

With (16) and tables of the ber and 1.►ei functions and their deriva-

tives we can evaluate the ratio L'l.t, for various values of (1js, which 

 

is the radius of the core expressed in terms of the skin thickness. The 

 

variation of the inductance of a coil with radius, ronductivit.y, or 

 

permeability of the cure, or frequency of currant. can thus be calcu-

lated, or read from a curve. 

 

A similar process of reasoning applied to (!)) gives results a5 fol-

lows for sheet material of width ll•. 

 

and 

 

.Yo =2—.fir.,,_ f 1 

 

1 = 2-, 
f
B-(real)dA.  (19) 

 

I 1 
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;Substituting  in (19) the expressions for the sheet core, we have 

 

a. a x x dx 

 

cosh — cos — cosh — cos — — 

 

4�rsfNWB, (' 
a s S s S s  

 

2�rfL =  
J 

 

I o a a. a. a 

 

cosh2 — cos" — -}- sin112 —sin"- — 

 

S s s s 

 

a. a x x dx 

 

sink — sin — sinh — sin — — 

 

4�rsfNfl 

f

a

'B, s S s s s 

 

+ I o 

 

cosh'= — cos — sinh2 — si.n2 — 
S S S S 

 

1757 

 

E Dividing (20) by (1S) we get (20) 

 

L s 

 

Lo a 

 

fo 

 

a a x • x x 

 

cosh cos — cosh — cos — d:---
S S s 

 

a a a a 

 

cosll" —cos" — + sinh2 — sin"- — 
s s s s 

 

a a 1) X X 

 

sinh — sin — sinh — sin — d— 
s    s s s  

 

a.f
a 

a a a a 

 

COs112 — cos' — + S1I111' — SI112 — 

s s s S (21) 

 

Finally, (21) reduces to 

 

2a 2a. 

 

sinh — + sin — 
L s s s 

 

Lo 2a 2a 2a 

 

cosh — + cos — 

 

(22) 

 

Table I is calculated from (22), and in Fig. 4 is plotted the per cent 

 

$, decrease in inductance, (Lo —L)/Lo, versus a/s. To use Fig. 4 it is neces-

sary to calculate the skin thickness for the core material by substi-

tuting numerical values for the permeability, conductivity, and 

 

°frequency in the expression 

 

5030 

 

s =  

 

-%Ilr-yf 

 

''Dividing the half-thickness of the core laminations by the calculated 

 

value of skin thickness locates the abscissa of a point on the curve, 
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the ordinate of which is the desired value of (Lo — L) /Lo. It must be 

 

remembered in using the curves that if they are to apply accurately, 

 

the flux density in the core must be such that the permeability of the 

 

core is practically constant. This means that the flux densities must 

 

be very low. Also, in case of sheet cores, the width of the sheets must 

 

be great in comparison with their thickness, or else the edge effects, 

 

which have been neglected in the derivations, will render the calcu-

lations inapplicable. In most practical cases the edge effects in sheet 

 

cores are actually negligible, but the situation is not so fortunate in 

 

regard to the permeabilities of the cores. In a great many instances 

 

the flux densities at which cores are worked are high enough that the 

 

permeabilities of the cores will vary greatly with the flux densities 

 

throughout their interior. In such cases the calculations cannot be 

 

made exact, but they may still be made to serve as a useful guide in 

 

design work. 

 

Because of the relatively lesser importance of round cores and the 

 

fact that satisfactory tables of the ber and bei functions were not 

 

available to the author, no calculated values of L/Lo vs a/s are given 

 

for coils with round cores. 

 

If, instead of integrating the in-phase component of flux density 

 

from the center to the surface of the core, we had integrated the quad-
rature component, we would have arrived at an expression giving the 

 

ratio of the increment resistance of the coil due to eddy currents in 

 

the core to the inductive reactance of the coil calculated for full 

 

penetration. Omitting the derivation, we give the expression as 

 

follows. For round cores we have 

 

2a 

 

ber 
�
 ber' 

-V2a 
+bei 

-,/2a 
bei' 

-V2a 

 

AR, -/2s s s s s 

 

 _  _  (23) 

 

27rfLo a -V2a 

 

berg 
-\/2a 

-}- bei2 
 

 

S s 

 

and for flat sheets 

 

2a 2a 

 

sinh — — sin — 
ORe s s s 

 

27rfLo 2a 2a 2a 

 

cosh — -cos — 
s s. 

 

(24) 

 

Calculations and a curve computed from (24) are given in Table I 

 

and Fig. 4. It is to be noticed that the curve has a maximum at a 
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value of a/s of approximately 37x/8. This fact is of significance in 

 

i connection with core losses in coils. Calculations are omitted for 

 

(23) for the same reasons given for (16) 
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Fig. 4-Theoretical curves showing the variation of inductance, L, and eddy-
current component of effective resistance, AR,, of iron-cored coils with 

 

frequency, permeability, and conductivity. 

 

TABLE I 

 

THEORETICAL CURVES 

 

Fig. 4 

 

a 

 

S 

 

0 

 

0.50 

 

0.75 

 

1.00 

 

1.178 

 

1.25 

 

1.50 

 

2.00 

 

2.50 

 

3.00 

 

3.50 

 

4.00 

 

4.50 

 

5.00 

 

5.50 

 

6.00 

 

6.50 

 

7.00 

 

8.00 

 

9.00 

 

10.00 

 

L 

 

Lo 

 

1.00 

 

0.965 

 

0.861 

 

0.676 

 

0.499 

 

0.373 

 

0.249 

 

0.197 

 

0.166 

 

0.143 

 

0.125 

 

0.111 

 

0.100 

 

0.091 

 

0.083 

 

0.077 

 

0.071 

 

0.062 

 

0.055 

 

0.050 

 

AR, 

 

2afLo 

 

0 

 

0.160 

 

0.311 

 

0.405 

 

0.414 

 

0.410 

 

0.366 

 

0.263 

 

0.202 

 

0.166 

 

0.143 

 

0.125 

 

0.111 

 

0.100 

 

0.091 

 

0.083 

 

0.077 

 

0.071 

 

0.062 

 

0.055 

 

0.050 

 

Lo -L 

 

Lo 

 

0 

 

0.035 

 

0.139 

 

0.324 

 

0.501 

 

0.627 

 

0.751 

 

0.803 

 

0.834 

 

0.857 

 

0.875 

 

0.889 

 

0.900 

 

0.909 

 

0.917 

 

0.923 

 

0.929 

 

0.938 

 

0.945 

 

0.950 

 

TABLE II 

 

CORE DATA 

 

Coil 

 

No. 

 

Material 

 

Thickness of 

 

laminations 

 

inches 

 

Resistivity 

 

microhms 

 

per em2 

 

Permeability 

 

max/em2/ 

 

gil/cm 

 

Total cross-
sectional 

 

area em2 

 

1 

 

2 

 

3 

 

4 

 

78-1/2 Permalloy 

 

45% Permalloy 

 

3.8% Chrome Permalloy 

 

Silicon steel 

 

0.0136 

 

0.0148 

 

0.0650 

 

0.0145 

 

17.73 

 

55.33 

 

69.00 

 

57.13 

 

5900 

 

1940 

 

16500 

 

552 

 

0.785 

 

0.815 

 

0.787 

 

0.834 
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EXAMPLE OF THE USE OF FIG. 4 

 

As an illustration of the use of the curves in Fig. 4, suppose we have 

 

a coil wound upon a silicon steel core composed of laminations 0.014 in. 

 

in thickness. Assuming a conductivity of 1.61.104 ohms per ems, and 

 

a permeability of 700 maxwells per cm2 per gilbert per cm, we find the 

 

skin thickness to be 

 

5030 

 

-x/1000.700.16100 

 

5030 

 

= 0.0473 cm at 1000 cycles, and (25) 

 

= 0.0167 cm at 8000 cycles. (26) 

 

-
\/8000.700.16100 

 

We have a = 2.54 X 0.014 = 0.01778 cm, whence 

 

a 

 

— = 0.376 at 1000 cycles and 

 

S 

 

(27) 

 

a 

 

— = 1.063 at 8000 cycles. (28) 

 

s 

 

From Fig. 4, corresponding values of (Lo—L)/Lo are 0.015 at 1000 

 

cycles, a 1% per cent decrease in inductance, and 0.37 at 8000 cycles, 

 

-a 37 per cent decrease in inductance, due to eddy current shielding. 

 

Had one of the nickel-iron alloys having an initial permeability of 

 

7000 been assumed, the values of (Lo — L) /Lo would have been 0.54 and y 

 

0.867, corresponding to 54 per cent and 86.7 per cent decreases in 

 

inductance, respectively. 

 

If the inductance inthe first casehad been 0.5hat zero frequency, the 

 

inductance at 8000 cycles would be 0.315h and the inductive reactance 

 

would amount to 15,820 ohms. From Fig. 4, the corresponding value ". 

 

of ARe/27rfL0 is 0.419, whence the eddy current component of the 

 

effective resistance of the coil would equal 6630 ohms. This times the 

 

square of the current through the coil would equal the power loss in - 

 

the coil due to eddy currents in the core. 

 

EXPERIMENTAL DATA 

 

In order to test the correctness of the assumptions upon which the 

 

foregoing theoretical discussion is based, the variation of inductance 

 

with frequency was measured for several toroidal coils having cores 

 

made up of rings of sheet material, the separate laminations being 

 

insulated thoroughly from one another by paper separators. The 

 

measurements were made at very low values of induction, in order to 

 

insure that. the permeability of the core materials should not vary 
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appreciably during the test. The core materials chosen presented a 

 

V: wide range in values of resistivity and permeability as shown in Table 

 

ii II. The number of turns in each coil was so small as to preclude any 

 

possibility of masking the true shielding effects by spurious inductance 

 

readings due to distributed capacitance in the windings. 

 

The value of initial permeability given for each of. the cores was 

 

determined ballistically after very careful demagnetization of the 

 

sample. The values of resistivity and thickness of the cores were 

 

TABLE III 

 

MOIL DATA 

 

Fig. 5 

 

Coil No. 1 

 

78-�j Per Cent Permalloy 

 

Coil No. 2 

 

45 Per Cent Permalloy 

 

J 

 

cycles 

 

per see. 

 

µh
 

 

a 

 

s 

 

Cale. 

 

Lo-L 

 

f 

 

cycles 

 

per see, 

 

L
 

 

Ali" 

 

a 

 

s 

 

ealc, 

 

La-L 

 

Lo 

 

obs. 

 

Lo 

 

obs. 

 

0 

 

1670 

 

0 

 

0 

 

0 

 

570 

 

0 

 

0 

 

500 

 

700 

 

1.40 

 

0.531 

 

500 

 

555 

 

0.494 

 

0.027 

 

1000 

 

386 

 

1.97 

 

0.769 

 

1000 

 

520 

 

0.698 

 

0.089 

 

2000 

 

242 

 

2.80 

 

0.855 

 

2000 

 

420 

 

0.990 

 

0.264 

 

3000 

 

187 

 

3.42 

 

O.SS8 

 

3000 

 

333 

 

1.212 

 

0.416 

 

4000 

 

156 

 

3.96 

 

0.9066 

 

4000 

 

275 

 

1.400 

 

0.518 

 

5000 

 

131 

 

4.43 

 

0.9215 

 

5000 

 

2.26 

 

1.565 

 

0.604 

 

6000 

 

117 

 

4.35 

 

0.9300 

 

6000 

 

195 

 

1.712 

 

0.653 

 

7000 

 

105 

 

5.23 

 

0.9371 

 

7000 

 

172 

 

1.350 

 

0.698 

 

8000 

 

95 

 

5.60 

 

0.9431 

 

S000 

 

156 

 

1.952 

 

0.726 

 

9000 

 

88 

 

5.95 

 

0.9474 

 

9000 

 

144 

 

2.100 

 

0.748 

 

10000 

 

80 

 

6.95 

 

0.9521 

 

10000 

 

135 

 

2.210 

 

0.763 

 

Coil No. 3 

 

Coil No. 4 

 

3.8 Per Cent Chrome Permalloy 

 

Silicon Steel 

 

a 

 

j Le -L 

 

f 

 

a 

 

Lo -L 

 

cycles 

 

Lobs. 

 

S 

 

LO 

 

Cycle e 

 

L ob' 

 

s 

 

Lo 

 

uh 

 

ph 

 

per sec. 

 

calo. 

 

obs. 

 

per sec. 

 

Cale. 

 

obs. 

 

0 

 

4675 

 

0 

 

0 

 

0 

 

1340 

 

0 

 

0 

 

500 

 

235 

 

5.63 

 

0.950 

 

500 

 

1338 

 

0.252 

 

0.002 

 

1000 

 

168 

 

7.98 

 

0.964 

 

1000 

 

1820 

 

0.357 

 

0.010-

2000 

 

100 

 

11.27 

 

0.979 

 

2000 

 

1750 

 

0.506 

 

0.049 

 

3000 

 

77 

 

13.80 

 

0.984 

 

3000 

 

1680 

 

0.620 

 

0.087 

 

5000 

 

57 

 

17.83 

 

0.988 

 

5000 

 

1560 

 

0.300 

 

0.151 

 

8000 

 

42 

 

22.50 

 

0.989 

 

8000 

 

1300 

 

1.001 

 

0.294 

 

10000 

 

37 

 

25.20 

 

0.992 

 

10000 

 

1125 

 

1.132 

 

0.389 

 

15000 

 

836 

 

1.390 

 

0.546 

 

20000 

 

660 

 

1.600 

 

0.642 

 

30000 

 

455 

 

1.960 

 

0.753 

 

40000 

 

365 

 

2.265 

 

0.802 

 

50000 

 

305 

 

2.525 

 

0.834 

 

determined by measurements made upon the individual laminations. 

 

The data in some instances were rechecked and a perfect agreement 

 

with the original observations was obtained. 

 

In spite of these precautions, the observations as plotted in Fig. 5 

 

' disagree with the predicted values to an extent which may warrant the 

 

assumption that some phenomenon in addition to eddy current shield-

ing is causing the inductance to decrease with frequency. As will be 

 

�i 

 

I 

 

1. 

 

�l� 
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noted from (22), for values of a/s greater than 2, L/Lo=S/2a to less 

 

than 0.01 per cent, so for all values of f above a certain limit, Lo/L 

 

plotted against 2a/s, or 1/L plotted against -\If
-

, should be a straight 

 

line through the origin. This affords a very simple means of testing 

 

14 

 

to 

 

CE 

 

or. 

 

.a 

 

O CO.t. 1 

 

CO:L 
Z 

 

COIL 3 

 

A MAL d 

 

7 

 

10 11 IL 13 14 15 

 

I 

 

Fig. 5—Graph showing the agreement of observed values of (Lo —L)/Lo vs a/s, 

 

with the theoretical curve, which is shown as a full line. 

 

whether the observed discrepancies between theory and measurements 

 

were due to faulty assumptions as to the parameters µ, y, t, etc., or 

 

X000 

 

?_500O 

 

20000 

 

.4 

 

1 
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1 50 00 

 

10000 

 

5CCO 
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0 

 

0 

 

40 
X
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Fig. 6—The plotted points of curve A show values of 1/L vs N f for coil No. 3. 

 

Below is shown at curve B, the calculated straight line on which the 

 

plotted points should lie for values of f greater than 500. 

 

whether a different law is followed. Trial shows, however, that ob-
served values of 1/L vs -\-Y do not give a straight line through the 

 

origin, hence the suspicion that some phenomenon other than eddy 

 

current shielding is also involved (see Fig. 6). What this phenomenon 

 

is, whether it is some sort of molecular magnetic lag or viscosity, is 
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TABLE IV 

 

COIL No. 3 

 

Fig. 6 

 

I 

 

cycles per see. 

 

L _ 

 

µh 

 

�I 

 

1/L 

 

1/L 

 

obs. 

 

We. 

 

0 

 

4675 

 

0 

 

224 

 

500 

 

235 

 

22.3 

 

4250 

 

2405 

 

1000 

 

16S 

 

31.6 

 

54150 

 

3410 

 

2000 

 

100 

 

44.7 

 

10000 

 

4820 

 

3000 

 

77 

 

54.8 

 

13000 

 

54110 

 

5000 

 

57 

 

70.7 

 

17550 

 

7620 

 

8000 

 

42 

 

89.5 

 

23800 

 

41650 

 

10000 

 

37 

 

100.0 

 

27000 

 

10800 

 

not apparent: The indications are, at least, that the decrease of induc-

tance of iron-cored coils will generally be greater than that indicated 

 

by the theoretical curves herewith presented, particularly for values 

 

of a/s greater than .2. It is the writer's belief that the portion of the 

 

total decrease in inductance actually due to eddy current' shielding 

 

is correctly given by the curve of Fig. 4. 

 

Appendix 

 

Mathematical Derivation of Differential Equation 

 

d2B 1 dB 

 

+— jc2B = 0. 

 

dx2 x dx 

 

Inasmuch as the writer is unable to furnish a reference giving a 

 

straightforward derivation of equation (1), the method of deriving it 

 

(! is set forth as follows: 

 

In the case of the round magnetic core consider an elementary 

 

cylindrical shell of the core material, of unit length, radius x, and thick-

ness dx. The axis of the shell is taken to coincide with the axis of the 

core. The alternating magnetic flux, B, in the core will be parallel to 

 

its axis and will induce an e.m.f., E, in the shell, perpendicular to its 

 

L length and radius vector. As a result, eddy currents of density I will 

 

flow in the shell. The equations connecting B, E, and I serve as a 

 

basis for deriving (1). 

 

The conductance of the elementary cylindrical shell to the eddy 

 

r currents is ydx/27rx and the total current in the shell is I dx, whence 

 

we have 

 

I =  E. (1a) 

 

27Tx 

 

The total flux in the shell is 21rxBdx and the increment in voltage 

 

between the inner and outer surface of the shell is, vectorially, 

 

dE _ — j47r2fBxdx • 10-8 . (2a) 
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The increment in magnetizing force between the inner and outer 

 

surfaces of .the shell is —47r/10 I dx whence 

 

4-7r 

 

dB = µdH = — 
10

µldx. 

 

Eliminating E and I between (Ia), (2a), and (3a), results in (1). 

 

d 2 B 1 dB 

 

dx2 + x dx 
j87r2fyµB • 10-9 = 0 or 

 

d2B 1 dB 

 

dx2 + x dx 
jC2B = 0. 

 

The complete solution of this equation3 is 

 

B., = C,Jo (1/ — j cx) + C2Ko j cx) . 

 

B,z must everywhere be finite and since 

 

Ko(z) = — a at z = 0, C2 = 0. 

 

Next, since B., = B,, at x = a, we have Bs = C,Jo (,/ —j ca) 

 

B, 

 

whence 

 

and finally 

 

C, = 

 

Jo(1/ — j ca) 

 

Jo(-,/ — j ca) 

 

B= =B,  

 

(3a) 

 

(1) 

 

(3) 

 

Jo(-\/ — j ca) 

 

Equation (2) for the flat sheet core is arrived at by a similar 

 

process. 

 

3 Byerly, "Fourier Series and Spherical Harmonics". 
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BOOK REVIEWS 

 

Principles of Radio, by KEITH HENNEY. John Wiley and Sons,. Inc., New 

 

York. 464 pages. Price $3.50. 

 

Contents: Fundamentals of electrical physics and engineering; prop-
erties of alternating-current circuits and circuit elements; the vacuum tube; 

 

amplifiers and detectors; receiving systems; vacuum tube power supply; oscil-

lators and transmitters; antennas and wave propagation. 

 

In spite of the overproduction of textbooks of radio during the past few 

 

years, Henney's Principles of Radio may be unreservedly recommended for 

 

i' inclusion in every radio engineer's library. The author has a grasp of both the 

 

11 theoretical and practical aspects of the subject which, while not unique, is 

 

certainly unusual among writers of textbooks. In this case he has merged the 

 

two viewpoints into a single adequate treatment. 

 

Mathematics is employed to the extent required for clear, and not too 

 

lengthy, explanations. While there has been no attempt to get down to the boy-
electrician level, the book can be readily understood by anyone with high school 

 

training in mathematics and physics. There is ample preliminary material on 

 

such subjects as bridges, electrolysis, electromagnetism, inductance, transformer 

 

circuits, etc., to make the later discussions comprehensible. Graphs and vector 

 

diagrams are extensively used. 

 

Henney thinks clearly and does not resort to conventional *methods of 

 

avoiding thought, either on his part or that of the reader. The text is well 

 

arranged, but where clarity is to be gained, the author often includes paren-
thetical explanations; there is no tendency to carry logic to a wasteful extreme. 

 

An index is provided and the inside cover pages have been utilized for the addi-

tion of useful tables. 

 

CARL DREHER* 

 

Director of the Sound Department, RXO Studios, Los Angeles, California. 

 

s. 

 

A Critical Review of Literature on Amplifiers for Radio Reception. Radio 

 

Research Special Report No. 9. Published by His Majesty's Stationery 

 

Office, London. pp. VIII x-239. 6 x 91 cloth. Price 5 s. net. 

 

This report contains a review and general bibliography of the more recent 

 

literature on the design of radio receivers. It has been prepared at the National 

 

Physical Laboratory on behalf of the Radio Research Board with the object of 

 

indicating the lines along which future research may be profitably undertaken. 

 

To bring out the relative importance of the different sections the review is es-

sentially critical and all the papers cited .have been examined with this point in 

 

view. The compilers believe that the bibliography is practically complete from 

 

1916 to April, 1929, and some papers" published prior to 1916 are noted. 

 

The review is divided into four main sections: I. Radio Frequency Ampli-

fiers; II. Rectification; III. Audio Frequency Amplifiers; IV. Measurements. 

 

Sections I, III, and IV have been compiled by I1. A. Thomas, and section II by 

 

F. M. Colebrook. 

 

The main sections of the review have been subdivided and each subdivision 

 

is followed by a critical essay in which the work done on a particular subject is 
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summarized and important questions upon which further research is needed 

 

are jndicated. Each essay is followed by a bibliography with abstracts and 

 

critical comments of the compiler. 

 

The review is preceded by a list of journals consulted and table of contents. 

 

It is followed by an author•index. 

 

This is an excellent guide to the study of the literature on electron tubes and 

 

their associated apparatus, especially that literature concerning the design of 

 

radio receivers. 

 

S. S. KIRBY* 

 

• Bureau of Standards, Washington, D.C. 

 

Radio Telegraphy and Telephony, by RUDOLPH L. DUNCAN and CHARLES E. 

 

DREW. John Wiley and Sons, Inc., New York. 950 pp. 6 x 9; 468 illustra-
tions. Price $7.50. 

 

This book is a product of the School Division of the Radio Corporation of 

 

America. The authors do not make extravagant claims for it but expect that it 

 

may *not only be of instructional value to nontechnical students and readers 

 

generally, but that it may also serve the radio field as a practical handbook. 

 

Their expectations are well realized. The first 191 pages are an elementary 

 

treatment of the principles of electricity and magnetism, motors, generators, 

 

and storage batteries. Pages 192 to 508 contain a discussion of vacuum tubes 

 

and radio receivers both a-c and d-c and their accessory apparatus, such as loud-
speakers and rectifier devices. Chapters on high voltage condensers, antennas, 

 

and resonance follow. Pages 602 to 842 deal with transmitters and transmitter 

 

equipment, broadcast, telegraph, short wave, spark, and arc. There is also a 

 

chapter on direction finders and an appendix of useful information. There are 

 

a few scattered inaccurate statements. Principles, methods, and commercial' 

 

equipment are described in minute detail. much practical, usable data covering 

 

the radio field has been collected in this book. 

 

S. S. KIRBY* 

 

* Bureau of Standards, Washington, D.C. 
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED 

 

Copies of the publications listed on this page may be obtained gratis by 

 

addressing a request to the manufacturer- or publisher. 

 

Data Sheet No. 7 describes the Pilot superwasp high-frequency receiver for 

 

r� operation from direct current, while the superwasp for alternating-current opera-
ti tion is described in data sheet No. 115 of the Pilot Radio and Tube Co., 

 

Lawrence, Mass. 

 

The Sensitive Research Instrument Corp. of 142 East 32nd St., New York 

 

City, has recently published a folder describing their d-e Poly-Ranger and their 

 

k. a-e Poly-Ranger. Both instruments have thirteen ranges selected by a rotary 

 

ii switch. The instrument for alternating current is a thermocouple type, and 

 

may be used on frequencies as high as 3000 cycles. 

 

Several data sheets describing the amperite self-adjusting line controls for 

 

a-e operated radio receivers are available for distribution, from the Amperite 

 

Corp., 561 Broadway, New York City. 

 

Bulletin No. 195, issued by Herman H. Stieht & Co., 15 Park Row, New 

 

York City, is a 12-page booklet describing the Paragon Megohmer, made by 

 

Siemens and Halske. The Paragon Megolimer is a self-contained, portable 

 

instrument for measuring insulation and other high resistances, from 0-10 meg-

ohms to 8-10,000 megohms. 

 

Several pieces of descriptive literature on recent Weston developments are 

 

available from the Weston Electrical Instrument Corp., of Newark, N. J. A 

 

four-page folder describes their Model 565 radio set tester and tube checker. 

 

This model supplements the Model 547 set tester and contains several im-

provements not found in the older model. In the newer tester the ranges of the 

 

instruments have been extended and a modulated radio-frequency oscillator is 

 

incorporated. 

 

A counter tube checker which is inteded for use by radio dealers to indicate 

 

relative values of mutual conductance is described in a data sheet and is known 

 

as Model 555. 

 

Model 564 voltohmeter, having voltage ranges of 3, 30, 300, and 600 volts, 

 

and resistance ranges of 10,000 and 100,000 ohms is described in a data sheet. 

 

The Weston resistance meter, reading 0-3 volts and 0-10,000 ohms uses the 

 

Model 506 2-inch flush mounting movement. The resistance meter is described 

 

in a separate sheet. A portable d-e instrument reading 0-8 volts, 0-200 volts, 

 

" and 0-2 milliamperes, is described in a single data sheet. The instrument is 

 

intended to service automobile radio receivers, and bears the catalog designa-
tion Model 489. 

 

A four-page folder entitled "Weston Radio Instruments" lists a number of 

 

popular 2-inch and 3-inch instruments for radio purposes. Instruments for 

 

measuring direct current, alternating current, and radio-frequency currents are 

 

described. A volt-milliammeter for servicing automobile radio receivers, and a 

 

double range d-c milliammeter are among the newer developments shown. 

 

Booklet No. IV, published by the Cambridge Instrument Co., 3512 Grand 

 

Central Terminal, New York City, is a 70-page booklet giving brief descriptions 

 

of electrical instruments for a-c measurements, at commercial, audio or radio 

 

frequencies. 
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List No. 918 of the Cambridge Instrument Co., describes a three-element 

 

Duddell oscillograph for voltages up to 600. Oscillographs are made for voltages 

 

up to 100,000. 

 

The Campbell frequency meter, for measuring frequencies between 180 and 

 

4,000 cycles by the nullimethod is described in List No. 170 issued by the 

 

Cambridge Instrument Co. 
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REFERENCE TO CURRENT RADIO LITERATURE 

 

HIS is a monthly list of references prepared by the Bureau of Standards 

 

and is intended to cover the more important papers of interest to the pro-
  fessional radio engineer which have recently appeared in periodicals, 

 

books, etc. The number at the left of each reference classifies the reference by 

 

subject, in accordance with the scheme presented in "A Decimal Classification 

 

of Radio Subjects—An Extension of the Dewey System," Bureau of Standards 

 

Circular No. 138, a copy of which may be obtained for 10 cents from the Superin-
tendent of Documents, Government Printing Office, Washington, D.C. The 

 

various articles listed below are not obtainable from the Government. The 

 

various periodicals can be secured from their publishers and can be consulted 

 

at large public libraries. 

 

Note.—Beginning with this issue the classification numbers are on the revised 

 

system published in the August issue. These numbers differ slightly in some cases 

 

from those used previously. 

 

ROOO. RADIO COMMUNICATION 

 

R030 Grinsted, W. H. Units used in telephone transmission engineer-
ing. Experimental Wireless & W. Engr. (London), 7, 439; 

 

August, 1930. 

 

The bel, decibel, neper, and decineper are defined. The unit by which cross-talk 

 

is measured is discussed. A scale is reproduced giving the relationship between the 

 

units generally used in telephone engineering. 

 

R113.61 

 

R113.61 

 

RIOO. RADIO PRINCIPLES 

 

Appleton, E. V. and Green, A. L. On some short wave equiva-

lent-height measurements of the ionized regions of the upper 

 

atmosphere. Proc. Royal Soc. (London), 128, 159-178; July 1, 

 

1930. 

 

The results of a series of measurements by the frequency change method of the 

 

equivalent heights of the ionized regions in the upper atmosphere are described 

 

and discussed. Measurements were made using 100-meter waves emitted at 

 

Teddington and received and recorded at London, Cambridge, and Peterborough. 

 

Evidence showing the existence of two deflecting regions was obtained, the equi-
valent heights of which were about 100 km and 230 km during the daytime. 

 

The lower region was found to reflect only in the daytime and usually only in the 

 

middle of the day. Agreement in the heights measured at the three stations was 

 

obtained by certain simple assumptions as to the nature of the interference 

 

causing the signal maxima and minima. The equivalent height of the Kennelly-
Heaviside layer in the early morning is shown to be greater for 100-meter waves 

 

than for 400-meter waves. 

 

Appleton, E. V. and Ratcliffe, J. A. Some simultaneous obser-

vations on downcoming wireless waves. Proc. Royal Soc. 

 

(London), 128, 133-158; July 1, 1930. 

 

Simultaneous measurements by the frequency change method of the equivalent 

 

height and reflection coefficient of the ionized layer for 400-meter waves have been 

 

made at different distances from a wireless transmitting station. The equivalent 

 

height was found not to vary markedly with the distance between the transmitter 

 

and receiver. Additional evidence of nighttime penetration of the Kennelly-Heavi-
side layer has been found. On such occasions reflection has taken place from a 

 

still higher ionized region. The reformation of the lower layer is observed practi-
cally simultaneously at different receiving stations. The lack of marked variation 

 

of the reflection coefficient of the layer with angle of incidence is interpreted as 

 

indicating the existence of an absorbing zone situated at a lower level in the 

 

atmosphere than the region responsible for the deviation of the waves. 
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R113.62 

 

St6rmer, C. Do wireless echoes of long delay come from space 

 

outside the moon's orbit? (Address). Proc. Royal Soc. (Edin-

burgh), 50, 187-199; Sessions, 1929-1930. 

 

A narrative account is given of the experiments in which wireless echoes of long 

 

delay were heard and timed. The theory that these echoes are reflections from 

 

unstable streams of electrons coming from the sun, traversing disruptedly the 

 

apace outside the moon's orbit, and causing aurora when they come down to the 

 

earth is outlined. Verifications of predictions based on the theory have occurred 

 

and are noted. 

 

R113.7 X R270 Cherry, R. 0. Field intensity measurements around some 

 

Australian broadcast stations. Proc. Physical Soc. (London), 

 

42, 192-211; April 15, 1930. 

 

R113.7 

 

The field intensities of transmitting stations have been measured in order to 

 

determine some of the factors controlling the propagation of radio waves. A 

 

description is given of the apparatus employed and the method of measurement. 

 

From field strength contours of three broadcast stations it is concluded; (1) 

 

that very rapid attenuation of the signal is caused by forest areas; (2) that the 

 

effective conductivity of the various types of ground surface met with varies from 

 

4 X10-13 to 0.07 X10-18 e.m.u.; (3) that the use of longer waves gives marked in-
crease of intensity at distant points beyond forest areas; (4) that Sommerfeld's 

 

formula is correct for daylight transmission over sea water up to a distance of 

 

85 miles; and (5) that the efficiency of radiation of the three antennas examined 

 

ranges from 48 to 60 per cent. The limits of signal intensity required for satis-
factory reception are discussed and it is suggested that atmospheric and -other 

 

disturbances are less prevalent in Australia than in Europe and America. 

 

Stoye, K. Eigenschaften von ultrakurzen Wellen. (Properties 

 

of ultra-short waves). Zeits. fur Hoehfrequenztechnik, 35, 235-

236; June, 1930. 

 

An account is given of communication experiments with 3.4-meter, 5-meter, and 

 

6.8-meter waves. A direct optical path between transmitter and receiver was 

 

found to be necessary for communication with 3.4-meter waves, but with the 

 

5-meter and 6.8-meter waves signals could be heard in valleys and cellars out of 

 

the direct line of eight from the transmitter. 

 

R143 Reed, M: Electrical wave filters. (Concluded from p. 386, 

 

July issue). Experimental Wireless & W. Engr. (London), 7, 

 

440-445; August, 1930. 

 

Composite wave filters are discussed. It is shown that these can be built up 

 

from sections which are derived from the same simple filter and that these sections 

 

can be so selected as to give any required attenuation characteristic and terminal 

 

impedance. To illustrate the advantages of the composite filter, the design of a 

 

low-pass filter and of a band-pass filter is considered. Transmission losses in 

 

filters due to incorrect terminations are treated. The necessary conditions for 

 

the reduction of these losses to a minimum are pointed out. 

 

8146.1 Bunimowitsch, W. Ueber Frequenzverdopplung mit Elektron-
enr6hren. (On frequency doubling with electron tubes). 

 

Zeits. fur Hochfrequenztechnik, 35, 223-231; June, 1930. 

 

A combination graphical and algebraic method is developed for treating fre-
quency doubling in vacuum tube circuits. The tube characteristics and the limits 

 

of stability of the various parameters are used as the basis of calculations. The 

 

formulas developed are applied to an experimental case. 

 

R148. Heilmann, A. Einige Betrachtungen zum Problem der Fre-
quenz modulation. (A treatment of the problem of frequency 

 

modulation). Elek. Nach. Technik, 7, 217-225; June, 1930. 

 

The problem of frequency modulation is treated from the mathematical view-
point, and the theoretical results are supplemented by a consideration of the 

 

behavior of typical modulation circuits. Conclusions are rendered more intelli-
gible and applicable by expressing them graphically, particularly in theesses of 

 

single aide-band symmetrical and unsymmetrical modulation. 

 

R148.1 X R140 Baggally, W. On banks of paralleled valves feeding reactive 

 

loads without distorting the wave-form. Experimental Wireless 

 

& W. Engr. (London), 7, 430-438; August, 1930. 
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A method of solving problems involving it bank of vacuum tubes in parallel 

 

feeding an impedance load is given. It is shown that with inductive loud-speakers 

 

it is not possible to operate the bank under optimum power conditions with 

 

linear input because distortion seta in at the lower frequencies. A method of 

 

obviating the distortion is given. 

 

R 200. RADIO Mr-DASUREMENT AND STANDARDIZATION 

 

R214 Lucas, H. J. Some developments of the piezo-electric crystal as 

 

a frequency standard. Jour. Institution Elec. Evgrs. (London), 

 

• 68, 855-872;-July, 1930. 

 

Some observed errors in uartz piezo-electric resonators employed as frequency 

 

standards are shown to be due to frictional loading and losses arising from atmos-

pheric humidi ty. Methods adopted to eliminate these aro described, rho use of the 

 

improved quartz crystal as n control element in a vacuum tube maintained source 

 

of oscillations is treated. The frequency stability of such a system is investigated. 

 

The errors are found to be largely due to the vacuum tube system, and methods 

 

designed to eliminate these are discussed. A complete calibration equipment 

 

consisting of a multivibrator system with a range of 1-0000 ko per sec. in steps of 

 

1 ke per sec. centrally controlled by a quartz crystal is shown. 

 

R214 Marrison, W. A. The crystal clock. Proc. National Acad. 

 

Sciences, 16, 496-507; July, 1930. 

 

A crystal clock designed especially as a reference standard of frequency for the 

 

Bell System. is described. It consists essentially of a generator of constant fre-
quenoy controlled by a resonator of quartz crystal, with suitable means of 

 

producing controlled, continuous rotations to operate time indicating and related 

 

mechanisms. The electrical and mechanical details of the apparatus are briefly 

 

given, and performance data are reproduced indicating tho constancy of the rate 

 

of the clock. A number of its inherent advantages over other timekeeping devices 

 

are pointed out and certain special applications of the apparatus are noted. 

 

R251 SchAffer, W. Definition der Leistung von Telefoniesendern. 

 

(Definition of the power of a telephone transmitter). Zei.ts. far 

 

11ochfrequetidechnik, 35, 232-235; June, 1930. 

 

The question of detcruninin the power rating of a radiotelephone transmitter is 

 

discussed on the basis of the definition adopted at the Hague Conference by the 

 

C.C.I.R. in 1029. Methods are given for measuring the radiation resistance of an 

 

antenna and the effective radiating antenna current. 

 

R300. RADIO APPARATUS AND EQUIPMENT 

 

R355.5 Dennhardt, A. Ueber Mehrrohrschaltungen ftlr sehr hohe Fre-

quenzen. (On multitube circuits for producing very high 

 

frequencies). Ze-its. fiir Hocltfregttetl.ztechnik, 35, 212-223; June, 

 

1930. 

 

T\fultitube circuits for generating currents of very high frequency are discussed. 

 

By using a push-pull arrangement and by tuning the filament circuit an output 

 

power of three watts of frequency as high as 3.75 X100 cycles per second (X =S0 

 

em) has been attained. With such a transmitter telephone communication was 

 

successful over a distance of 12 km. 

 

Paul, R. W. Flat piston moving coil loud speakers. Experimen-
tal Wireless & W. Engr. (London), 7, 421-429; August, 1930. 

 

The development of a fiat diaphragm moving coil loud-speaker is outlined. The 

 

design and construction of a Balsa wood diaphragm, the method of mounting it, 

 

and the design of the moving coil and magnet for use with it are described. Aural 

 

tests of the completed speaker and measurements of its performance are discussed. 

 

The response curves as experimentally measured and as calculated are reproduced. 

 

R400. RADIO COMMUNICATION SYSTEMS 

 

R412 X R510 Wilson, W. and Espenschied, L. Radiotelephone service to 

 

ships at sea. Bell Sys. Tech. Jour., 9, 407-428; July, 1930. 

 

The American end of the ship-to-shore telephone system and the connecting 

 

equipment on board the S.S. Leviathan are discussed. An outline is given of 

 

previous work in this field and of the technical problems involved in the use of 

 

short waves. The shore station facilities and the ship equipment developed for the 

 

R365.2 
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service are described. The results are given of the first trip of commercial service 

 

of the Leviathan. 

 

R5O0. APPLICATIONS OF RADIO 

 

R526.1 Smith-Rose, R. L. The equisignal zone radio beacon and air 

 

navigation. Nature (London), 126, 98-100; July 19, 1930. 

 

An historical account is given of the equisignal zone radio beacon and its 

 

application as an aid to air navigation. The work of the U.S. Bureau of Standards 

 

in the development of this type of beacon, both aural and visual, is reviewed. The 

 

adoption of the equisignal zone beacon by the Airways Division of the Department 

 

of Commerce for use in marking the airways of the United States is noted. 

 

R550 Gerth, F. and Hahnemann, W. Einige Betrachtungen zum 

 

Problem des Gleichwellenrundfunks. (A treatment of the prob-
lem of common frequency broadcasting). Elek. Nach. Technik, 

 

7, 226-231; June, 1930. 

 

Both the synebronized and unsynchronized systems of simultaneous, common 

 

frequency, broadcasting are considered with regard to the relative merits of each 

 

as to frequency distortion, phase distortion, and fading. 

 

R554 Clark, A. B. and Green, C. '"r. Long distance cable circuit for 

 

X621.385.91 program transmission. Bell Sys. Tech. Jour., 9, 567-594; July, 

 

1930. 

 

A system whereby the telephone cable network of the country may be utilized 

 

to transmit programs for broadcast stations over distances upward of 2000 miles 

 

has recently been developed and given a trial on a looped-back circuit 2200 miles 

 

long with very satisfactory results. It transmits ranges of frequency and volume 

 

somewhat in excess of those now handled by the open wire circuits which are 

 

used for program work and also in excess of those handled by present day broad-
cast systems when no long distance lines are involved. Transmission requirements 

 

of broadcast systems are dealt with and a description is given of the new cable 

 

system. 

 

RSOO. NONRADIO SUBJECTS 

 

621.375.1 

 

Fischer, N', and Pungs, L. Beeinflussung von Schaltvorgangen 

 

durch Elektronenr6hren. (The relay action of electron tubes). 

 

Zerts. fiir Hochfrequenztechnik, 35, 205-212; June, 1930. 

 

The efficiency of vacuum tubes when used in switching and circuit-breaking 

 

circuits is considered. Their capacity and time of action are compared with those 

 

of other relay systems. Data and oscillograms are given to show their behavior as 

 

a function of the grid bias and other circuit constants. 

 

621.38S Ives, H. E., Gray, F., Baldwin, \I. W. Image transmission 

 

system for two-way television. Bell Sys. Tech. Jour., 9, 448-

469; July, 1930. 

 

A two-way television system in combination with a telephone circuit has been 

 

developed and demonstrated. With this system two people can both see and talk 

 

to each other. Two television systems are employed. Scanning is by the beam 

 

method using disks containing 72 holes. Blue light is used for scanning and water-
cooled neon lamps are employed to give an image bright enough to be seen without 

 

interference from the scanning beam. A frequency band of 40,000 cycles width 

 

is required for each circuit. Synchronization is effected by transmission of a 

 

1275-cycle alternating current controlling special synchronous motors. 

 

621.3SS Slotter, H. AL Synchronization system for two-way television 

 

Bell Sys. Tech. Jour., 9, 470-477; July, 1930. 

 

The development is described of a new control circuit which is in use in the new 

 

two-way television system between the Bell Telephone Laboratories at 463 West 

 

St. and the American Telephone and Telegraph Company Building at 195 Broad-
way, New York City. 
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1892-1902; De Forest Wireless Telegraph Company, 1902; Massie Wireless Tele-
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cate as this new Fansteel- Molybdenum. It is easily 

 

de-gassed, easily shaped, easily fastened to support 

 

rods without embrittlement—and grids can be de-

pended upon to hold their shape at high tempera-
tures without distortion. 

 

Fansteel Molybdenum Wire is made in Fansteel's 

 

own plant on a quantity-production basis under 

 

strict laboratory control—it's uniform. Give this 

 

new grid wire a good fair trial—watch your quality 

 

go up and your rejections and costs come down. 

 

Standard diameters are stocked for immediate 

 

delivery—special sizes quickly drawn to order. 

 

1uns1ce1 is your best Aurce of supply 

 

or vacuum tube metals in viro, shoots, 

 

bars, rods, and finished shapes. Fan-

steel refinas direct from basic materials. 

 

full information on request. 

 

Tube manufacturers are invited to 

 

mire or write for samples and prices. 

 

FANSTEEL PRODUCTS COMPANY, Inc. 

 

NORTH CHICAGO, ILLINOIS 

 

i4h'NTALUM-TUNGSTEN -MOLYBDENUM 
-CAESIUM •RUSIDIUM•ALLOYS1 
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Giants out of the earth 

 

fln ldvertiseinent of the fhnerican Telephone and Telegraph Company 

 

No AGE but ours has seen so swift and 

 

complete an application of natural 

 

forces to the doing of daily tasks. 

 

Man's leaping knowledge . em-
bodied in industrial plants and labora-
tories, airplanes and electric loco-
motives . . has won new power and 

 

freedom. Machines are the symbols 

 

of a new relationship with nature. 

 

They are the servants of this civili-
zation ... helping men to extend the 

 

limits of their opportunities, to change 

 

the character of their life. 

 

Americans have been pre-eminent 

 

in this change, for in whatever they 

 

do they seek to utilize nature to the 

 

utmost. They have taken the power 

 

out of the earth and from the running 

 

streams. They have made it turn the 

 

wheelsof their industry and move their 

 

products by rail and road. 

 

They have made color and 

 

variety out of chemistry. They 

 

have spun metal in slim wires to carry 

 

their voices anywhere with the speed 

 

of light ... and make neighbors of 

 

the scattered millions of America. 

 

Joining homes and work places, 

 

towns and distant cities, the Bell 

 

Telephone System has furnished a 

 

new communication for this new age. 

 

Forwarding the growth of the nation, 

 

giving better and more complete ser-
vice in advance of the demand, its 

 

function has become the indispensable 

 

one of furnishing the means of social 

 

and business contacts in crowded 

 

cities and scattered villages over the 

 

length and breadth of a continent. 

 

The Bell System is constantly 

 

improving the scope, speed and 

 

accuracy of its service. Its work 

 

of contributing to the welfare and 

 

prosperity of American life 

 

goes on with increasing 

 

purpose and pace. 

 

TVhcu suriting to advertisers mention of the PROCEEDINGS will be mutually helpful. 

 

\VIII 

 



"Send 

 

s
k- at Once", 

 

' "Hasten Delivery", 

 

"Need Immediately"—or 

 

just plain "Step on It". How 

 

often have you given such orders and r' 

 

then worried about your shipment 

 

coming through on time to meet 

 

production schedules? 

 

During these days of band-to-month buying 

 

and cautious production schedules, suddenly 

 

decided upon, prompt delivery counts as 

 

never before. Polymet offers you unusual 

 

service—same or, next day shipment—yet 

 

quality is never sacrificed. 

 

Meet today's unusual conditions by depending on 

 

Polymet's service for 

 

PAPER, ELECTROLYTIC AND MICA CONDENSERS 

 

RESISTANCES . . . COILS . . . 3IAGNET WIRE . . . 

 

TRANSFORMERS . . . VOLUME CONTROLS . . 

 

and other essential parts as used by the majority of 

 

leading radio manufacturers. Catalogs available. 

 

MANUFACTURING CORPORATION 

 

829 East 134th Street New York City 

 

Canadian Representative 

 

WHITE RADIO 

 

LIMITED 

 

41 West Avenue North Hamilton, Canada 

 

Representative for the British Isles 

 

A. H. HUNT 

 

LIMITED 

 

Tunstal Road, Croydon, Surrey, England 
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"Weld Like to Get-" 

 

Wires differ in 

 

structure. W. L. 

 

chooses the 

 

right wire for 

 

every job. 

 

impossible 

 

OUR Sales Department does 

 

not answer people who 

 

want an especially difficult re-
sistor job with, "so do we." It 

 

isn't polite and, frequently, to-

day's NO is tomorrow's YES, for 

 

our Engineering and Research 

 

Departments are always busy 

 

at the job of making possible the 

 

with all types of resistor designs. 

 

During the past few months VITROHM RE-

SISTORS have become available in many 

 

new types and sizes. If you have a resis-
tor problem, tell us; the chances are excel-
lent that we have what you want. 

 

WARD LEONARD ELECTRIC CO. 

 

Mount Vernon, New York 

 

resistor specialists for more than 39 years 
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.. a group of the nation's leading radio 

 

engineers are laboring to improve. 

 

RCA Radiotron quality, incorporating 

 

in their unceasing experiments every 

 

portion of vacuum tube knowledge 

 

known to modern science. That is why 

 

RCA Radiotrons have remained the 

 

standard of the industry, not only for 

 

regular use, but for experimental pur-

poses as well. 

 

RCA RADIOTRON COMPANY, INC. � HARRISON, N. J. 

 

RCA Radolotrons 

 

"The Heart of Your Radio" 
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AMERTRAN 
 

POWEn AmPLIFIEUS 

 

An economical means of obtaining flawless reproduction of sound in 

 

large volume is available in a new series of Amertran Power Ampli-
tiers, the result of months of laboratory experimentation and exhaus-
rive field tests. 

 

There are four sizes in the new Series So, one to fill every require-
ment. The big Type PA-S6, shown in the illustration, will flood an 

 

audiroriuin «ith a full volume of music or speech w ithout distor-
tion. Smaller models are made for installations in restaurants, clubs, 

 

dance halls, schools and homes—wherever exceptional fidelity of 

 

reproduction at high volume is desired. 

 

The mounting and construction is such that the), are installed 

 

easily, with no bothersome tyiring and connections, and are proof 

 

against 
taring 

or damage. Simple controls and ease of ortability 

 

are added features that contribute to the popularity onmertran 

 

Power Amplifiers whose record of performance has won the distinc-
tion of being considered The Standard of Excellence for Audio Re-
production. For complete description and information send for 

 

Bulletin I079. 

 

Litrnsra undrr patents of R.C.A. and Associatrd Comfaniu 

 

AMERICAN 

 

TRANSFORNIER 

eEK 
C O 31 P A N Y 

 

178 Emniet Street  Newark, N. J. 
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- ADJUSTABLE RESISTORS 

 

The New Principle Of 

 

VOLTAGE CONTROL 

 

Through the Duratrol Princi-
ple of Voltage Control the 

 

Electrad Laboratories have 

 

made greater flexibility possi-
ble in the manufacture of 

 

radio apparatus using adjust-
able resistors in single units or 

 

gangs. 

 

First expressed in the Super-
TONATROL, now widely 

 

used by the radio industry for 

 

Volume Control, this principle 

 

received instant acceptance 

 

through its smooth, stepless 

 

variation and remarkable en-
durance characteristics. 

 

A pure silver multiple brush 

 

contact floats over a specially 

 

developed resistance element, 

 

which is permanently fused to 

 

the surface of a vitreous 

 

enameled metal plate. Metal 

 

construction insures.rapid heat 

 

dissipation and rugged endur-
ance. 

 

Duratrol Units can be made 

 

with all usual resistance values, 

 

with uniform or tapered re-
sistance curves, in single or 

 

multiple units. Complete data 

 

on request. 

 

Manufacturers are in-
vited to submit speci-
fications. 

 

Licensed 

 

Under 

 

U.S. 

 

Patent 

 

1773105 

 

& fats. 

 

Pending 

 

and 

 

Canadian 

 

Patents 

 

281172-
280772 

 

li) 

 

Showing 3 gang Dura-
trol Unit recently devel-

oped for a leading elec-
trical manufacturer. Each 

 

plate is 6" square and 

 

each resistance element 

 

dissipates a full 20 watts. 

 

Adaptions of the DURATROL Principle 

 

for Radio Voltage Control 

 

. —iin 

 

Famous Single Unit Super-Tonatrol em-
bodying the Duratrol principle, dissi-
pates 5 watts. (Left hand illustration.) 

 

Double unit, for manufacturers 

 

(shown on right) dissipates 3 

 

watts in each section. Avail-
able also in single and tri-
ple units. 

 

!175 Varick. St., Now York, N.Y.• 
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RADIO ENGINEERS 

 

5p 
e c 

ify 

 

V I T R E 0 S I L 

 

(Fused Pure Silica and Quartz) 

 

Insulation for Heater Type AC Tubes 

 

Heat Treating Tubes for Metal Parts 

 

Optical Details for Television 

 

OBTAINING: Homogeneity; Impermeability; Free-

dom from Gas; Lowest Expansion; High Electrical 

 

Resistance; Freedom from Impurities. 

 

Ajud in TRANSPARENT VITREOSIL Best Trans-

mission of Visible, Ultra-Violet and Infra-Red Rays. 

 

AVAILABLE SHAPES: Transparent Lenses, 

 

Prisms, Bulbs, etc.; Rods, Plates and Special Cross 

 

Section Strips; Single and Multiple Bore Tubing in 

 

All Diameters. 

 

WRITE STATING PROBLEM 

 

THE THERMAL SYNDICATE, LTD. 

 

1716 Atlantic Avenue Brooklyn, New York 
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Standard Tyypes 

 

MERSHON 

 

ELECTROLYTIC 

 

Filter Condenser 

 

Single Anode 

 

Inverted 

 

Single Anode 

 

Uptight 

 

Multiple Anode 

 

Uptight 

 

THIS COMPLETE 

 

TREATISE 

 

THE ELECTROLYTIC 

 

FILTER CONDENSER 

 

Perhaps the first ever published, contains 

 

live up-to-date information that should be 

 

in the file of every active radio engineer. 

 

In successive chapters it deals with the vari-
ous condenser problems and their solutions. 

 

Voltage surge effects, condenser life
-
limits, 

 

moisture, safety-valve action, cost and size, 

 

are carefully and completely analyzed. 

 

It is replete with diagrams and photographs 

 

illustrating the important points, and contains 

 

a complete description of the latest develop-
ments of Mershon Electrolytic Condensers, 

 

showing in detail their construction and char-
acteristics. 

 

You will find it profitably interesting read-

ing. Write, today, for a complimentary copy. 

 

THE AMRAD CORPORATION 

 

375 COLLEGE AVENUE_ 

 

MEDFORD HILLSIDE, MASS. 

 

(Sole Manufacturers of the Mershon Condenser) 
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Towers 

 

in 

 

the 

 

A IR 

 

When 

 

THE. invention of the audion tube by Lee De 

 

Forest in 1906 made the household use of 

 

radio practical. Today the radio tower so com-

monly seen is representative of a truly towering 

 

industry. And yet they tell us that radio is still 

 

in its infancy. 

 

To Scovill these "towers in the air" have a special 

 

significance—for Scovill proudly cherishes the 

 

thought that even before 1906 its contributions 

 

were welcomed by radio engineers. Scovill radio 

 

products—particularly condensers—have played 

 

an important part in the successive steps of radio's 

 

development. 

 

Today Scovill radio condensers are admittedly the 

 

industry's standard of quality. Manufacturers of 

 

the finest radio sets use them—and we are sure 

 

they will continue to use them, for Scovill quality 

 

and Scovill service are of the sort that build good-
will. 

 

SIC 

 

QstVI 
MANUFACTURING COMPANY 

 

• WATER-BURY • • CONNECTICUT 

 

BOSTON 

 

ATLANTA 

 

CHICAGO 

 

PROVIDENCE 

 

uniting to advertisers mention 

 

CLEVELAND 

 

LOS ANGELES 

 

NEw YORK 

 

In Europe—THE 

 

DETROIT 

 

SAN FRANCISCO 

 

PHILADELPHIA 

 

CINCINNATI 

 

HAGUE, HOLLAND 

 

of the PROCEEDINGS will be mutually helpful. 
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Why "short" short" your sales 

 

and profits 

 

with "long chan ce" condensers 

 

ILI 

 

THE period in the life of any re-

i,r, of greatest importance to its manu-

c-�er, is after it is sold! The manufacturer 

 

merely selling an item of merchandise 

 

�h�is really selling a service. If that service 

 

perfect—subject to interruptions—it is 

 

?ct reflection on the integrity or ability 

 

t individual or firm who built the set. 

 

ch it cannot help but injure their busi-

and standing in the trade. 

 

uilders and manufacturers who expect 

 

pofit from the sale of products turned 

 

pn a price basis, alone, are not only 

 

g up future trouble for themselves—but 

 

eir distributors—and for their dealers 

 

ell. Short cuts to 

 

I 

 

(ty are too apt to de-

P into short circuits! 

 

musical note, every 

 

syllable of speech that a set reproduces is 

 

affected by the quality of the fixed con-, 

 

densers. They must store, transfer, or stock 

 

electrical energy with unfailing accuracy 

 

and minimum loss. Why risk reassembly 

 

and service losses by using "long chance" 

 

condensers with uncertain dependability? 

 

Sangamo Fixed Condensers are accurate— 

and stay accurate! Sangamo standards of 

 

precision have made it possible for manu-

facturer's and custom set builders to elimi-

nate condenser troubles. The standard line 

 

of Sangamo Fixed Condensers leaves the 

 

factory tested to maximum variation of 1000. 

 

The reliability of these ratings is attested to 

 

by a number of nationally 

 

known radio manufac-

turers. Sangamo is equally 

 

reliable as a source of supply. 

 

�XNGAMO  ELECTRIC CO 

 

SPRINGFIELD, ILLINOIS, U. S- t 

 

Manufacturers of Precision Electrical Apparatus for 30 years 

 

�z 

 



Nothing takes the place o 
 

NE QUAL TY 

 

in a radio receiving set 

 

oN•x a riuro 

 

—COLO 

 

I
[Mx 

 

xax 
� vl0lix 

 

„ 

 

�� 

 

.t>s>ss�sssssssssa�s,sta�� 

 

Curve o/ Type "A, 

 

S Straight An 

 

Trans
angamo

former 

 

© 

 

showing 

 

/orziy of amp" catio,' 

 

act audible/requrncin 

 

sangamoTransformers 

 

in the "audio end" 

 

insure true tone! 

 

"X" Line Transformers 

 

Type AX straight audio amplification. 

 

List price $6.00 

 

Type BX Push-pull Input unit. List 

 

price $6.50 

 

Type CX-171 Push-pull Output 

 

Transformer, for 171 or 250 power 

 

output tubes for cone speaker. List 

 

price $6.50 

 

Type DX, same as CX except for 2 10 

 

and 1 12 power tubes. List 

 

price $ 6.5 0 

 

Type HX Push-pull Output for 171 or 

 

250 Power Output tubes to match the 

 

impedance of moving coil of Dynamic 

 

loud speakers. List price $6.50 

 

Type GX, same as HX except for 2 10 

 

and 112 power tubes. List price.$6.50 

 

Type E Output Choke to match im-

pedance of the various type power 

 

tubes. List price $5.00 

 

PIN THIS TO YOUR LETTERHEAD AND MAIL 

 

SANGAMO ELECTRIC CO. 

 

Springfield, Illinois, U. S. A., Dept. V-9 

 

❑ (For manufacturers) I am interested in engineer-
ing data regarding your transformers and con-
densers. 

 

❑ (For setbu;lders) Please send circulars describing 

 

your apparatus and latest audio hook-ups. I en-
close Ioc to cover cost of mailing. 

 

Name  

 

Address  

 

or 

 

dio 

 

'ni-
t at 

 

"A" Line Transformers 

 

Similar to X Line but with special 

 

core metal to give greater amplifi-
cation at low requencies 

 

Type A straight audio amplification. 

 

List price $ 10.00 

 

Type B Push-pull Input Transformer 

 

for all tubes. List price 512.00 

 

Type C-171 Push-pull Output, for 

 

171 or 250 type power tubes with 

 

cone speaker $12.00 

 

Type D-2 10, same as C except for 210 

 

and 1 12 power tubes $12.00 

 

Type H-171, Push-pull Output for 

 

171 or 250 power tubes for Dynamic 

 

Speaker. List price $12.00 

 

Type G-210, same as type H except 

 

for 210 and 112 tubes $12.00 

 

Type F Plate Impedance for use as a 

 

choke to prevent oscillation and for 

 

impedance coupled amplifiers. List 

 

price S5.00 

 

Unusual facilities for furnishing 

 

transformers with or without cases 

 

ready for mounting and quick as-

sembly with the receiver: Prices 

 

on application. 

 

The Sangamon 

 

Type «A» 

 

Condenser 

 

Every sound characteristic,isl 

 

affected by the quality of'& 

 

fixed condensers in a :set.. 

 

Sangamo builds accurate tpid' 

 

condensers, molded withiti.so 

 

overall enclosure of genuine_ 

 

bakelite with only the termitu)i 

 

broughtowside. Mo4ture,hesi, 

 

shocks or jars will not stet 

 

their characteristics nor idea 

 

operation after the set !ewes 

 

the factory. 

 

Condensers are stand 

 

'ard with 
'
those manufactuitis 

 

who insist on ratings beiq` 

 

actually what the specificatlops. 

 

call for. Manufactured by-
es-elusively designed equipment. 

 

held to the tolerances youren- 

 

gineedr gdepartmentdemands, 

 

Sangamo Condensers will m 

 

duce to a negligible quantity In-

spection department rejects and 

 

"reassembly" losses in profit:' 

 

Sangamo 

 

High Voltage,:. 

 

Condensers 

 

Tested at 5000 volts D. C. and 

 

3500 A. C. and built to Sangs. 

 

mo standards, known through• 

 

out the radio world, amateurs, 

 

commercial men and manufic- 

 

curers have learned to depend 

 

on Sangamo High Voltage 

 

Condensers. Accurately rated 

 

and adequately tested — these 

 

condensers offer the maximum 

 

protection in high voltage, high 

 

frequency circuits. 

 

Prices on request 

 



Apply new 

 

KNOWLEDGE 

 

to your present 

 

coil design 

 

Yesterdays most carefully engineered coils 

 

may be obsolete today. Constant research 

 

establishes new knowledge, new materials 

 

—even new fundamentals—which improve 

 

the efficiency of today's coils far beyond 

 

anything known heretofore. 

 

General Cable, through its extensive re-
search facilities, is responsible for much that 

 

is new in coils. It. proceeds on the fact that 

 

every coil must be separately engineered to 

 

fit its specific job. 

 

In the light of the new knowledge developed 

 

by this research, General Cable suggests a 

 

review, by competent General Cable engi-
neers, of the characteristics of the coils you 

 

use in order that the general efficiency of 

 

your products may gain through coils mod-

ernly designed. 

 

General Cable coil engineers await the op-
portunity to assist you. 

 

GENERAL CABLE CORPORATION 

 

420 LEXINGTON AVENUE, NEW YORK OFFICES IN PRINCIPAL CITIES 
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The Biggest Value Eves- Offered 

 

in a Radio Set Analyzer 

 

The Jewell Pattern 199 

 

makes every worthwhile field 

 

test. 

 

It is simple to operate— 
does not require a radio en-
gineer to use it. 

 

It is built to the highest 

 

standards throughout and can 

 

be relied upon for accurate 

 

measurements and the ability 

 

to withstand the hardships in-
curred in field service. 

 

Two large, easy to read 

 

meters facilitate rapid and ac-
curate checking. 

 

It is endorsed by leading 

 

radio engineers. 

 

It is backed by a complete 

 

data service. 

 

Push button switches select 

 

desired circuits in test serv-
ice without reference to 

 

previous setting. 

 

The price is so reasonable 

 

that no dealer can afford to 

 

buy an inferior instrument. 

 

Dealers' Price-$ .73.12 

 

List Price - - $97.50 

 

The Jewell Pattern 199 is 

 

unequalled in accuracy, 

 

speed, and simplicity 'of 

 

operation by any other 

 

analyzer of comparable 

 

price. 

 

ENGINEERS and service managers of radio set 

 

manufacturers were quick to recognize the out-

standing merit of the Jewell Pattern 199 Set Analyzer. 

 

Truly this early recognition has been well justified. 

 

After nearly 30 months in service the Jewell Pattern 

 

199 remains unchanged except for the adjustments 

 

essential to keep pace with changes in radio design. 

 

For more than 30 months the- Pattern 199 has pro-
vided the greatest value obtainable in a set tester. 

 

More than 15,000 Jewell Pattern 199's in service 

 

are ample proof of their reliability and popularity. 

 

The radio service manager who would promote 

 

good service should recommend Jewell Pattern 199's 

 

to his dealers and servicemen. 

 

Jewell Electrical Instrument Co. 

 

1642-D Walnut St., Chicago, Ill. 

 

30 YEARS MAKING GOOD INSTRUMENTS 

 

IEW 

 

1911 Set Analyzer 
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Roller-Smith eAnnounces. 

 

Catalog No. K-48 

 

covering 

 

31/2", 4" and 71/2" 

 

Thermo-Couple 

 

Ammeters and Milli-ammeters 

 

Ranges From 100 M.A. to 

 

100 Amps. 

 

i 

 

In this same Catalog there is a 

 

most complete listing of a wide 

 

range of A.C. and D.C. switch-

board type instruments of many 

 

models—one for every. instru-
ment need. 

 

i 

 

Send for copy of new R-S 

 

Catalog No. K-48. 

 

i 

 

Over 35 years of instrument 

 

experience is back of 

 

ROLLER-SMITH 

 

COMPANY 

 

Main Office: Works: 

 

2134 'Woolworth 

 

Bldg. 

 

New York 

 

Bethlehem, 

 

Pennsylvania 

 

Offices in principal cities of U.S.A. and 

 

Canada. 
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ALCHEMY 

 

BY crude chemistry or mysterious 

 

or cunning processes, the Al-
chemist strove to transmute base 

 

metals into gold—a glittering pros-
pect but—as yet—a futile and mis-
directed effort. 

 

Today, logical thinking and scientific 

 

methods insure well directed efforts 

 

in the manufacturing field. 

 

The Cardwell organization, guided 

 

by sound engineering and practical 

 

manufacturing processes, fabricates 

 

the finest of manufactured products 

 

from raw materials, maintaining 

 

a Contract-Manufacturing Service 

 

which, for painstaking methods and 

 

resourcefulness is second to none, as 

 

attested by satisfied clients among 

 

the foremost in the Radio and Com-
munications fields, and the Govern-
ment. 

 

May we help you with your problem? 

 

The ALLEN D. CARDWELL -

MANUFACTUR.ING CORP. 

 

81 Prospect St., Brooklyn, N.Y. 

 

CARDWELL CONDENSERS 

 

—Transmitting & Receiving— 

 

Since broadcasting began 

 

"THE STANDARD OF COMPARISON" 
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10-30 

 

Tbt Inaitute of Rabio ftgineerg 

 

Incorporated 

 

33 West 39th Street, New York, N. Y. 

 

APPLICATION FOR ASSOCIATE MEMBERSHIP 

 

(Application forms for other grades of membership are obtainable from the 

 

Institute) 

 

To the Board of Direction 

 

Gentlemen: 

 

I hereby make application for Associate membership in the Institute. 

 

I certify that the statements made in the record of my training and pro-
fessional experience are correct, and agree if elected, that I will be governed 

 

by the constitution of the Institute as long as I continue a member. I further-
more agree to promote the objects of the Institute so far as shall be in my 

 

power, and if my membership shall be discontinued will return my member-
ship badge. 

 

Yours respectfully, 

 

(Sign with pen) 

 

(Address for mail) 

 

(Date) (City and State) 

 

References: 

 

(Signature of references not required here) 

 

Mr.  Mr.   

 

Address    Address   

 

Mr.  Mr.   

 

Address  Address   

 

Mr. 

 

Address   

 

The following extracts from the Constitution govern applications for admission to the 

 

Institute in the Associate grade: 

 

ARTICLE II—MEMBERSHIP 

 

Sec. 1: The membership of the Institute shall consist of: ' ' ' (d) Associates who shall be 

 

entitled to all the ri4bts and privileges of the Institute except the right to hold the office of 

 

President, Vice-president and Editor. ' ' ' 

 

Sec. 5: An Associate shall be not less than twenty-one years of age and shall be: (a) A radio 

 

engineer by profession; (b) A teacher of radio subjects; (c) A person who is interested 

 

in and connected with the study or application of radio science or the radio arts. 

 

ARTICLE III—ADMISSION 

 

Sec. 2: • • ' Applicants shall give references to members of the Institute as follows: • • ' for 

 

the grade of Associate to five Fellows, Members, or Associates; ' ' ' Each application for 

 

admission ' ' ' shall embody 'a concise statement, with dates, of the candidate's training 

 

and experience. 

 

The requirements of the foregoing paragraph may be waived in whole or in part where 

 

the application is for Associate grade. An applicant who is so situated as not to be personally 

 

known to the required number of members may supply the names of non-members who are 

 

personally familiar with his radio interest. 
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(Typewriting preferred in filling in this form) No  

 

RECORD OF TRAINING AND PROFESSIONAL 

 

EXPERIENCE 

 

1 Name 

 

(Give full name, last name first) 

 

2 Present Occupation  

 

(Title and name of concern) 

 

3 Permanent Home Address  

 

4 Business Address   

 

5 Place of Birth  Date of Birth Age  

 

6 Education   

 

7 Degree   

 

(college) (date received) 

 

8 Training and Professional experience to date  

 

NOTE: 1. Give location and dates. 2. In applying for admission to the grade 

 

of Associate, give briefly record of radio experience and present employment. 

 

DATES HERE 

 

I 

 

9 Specialty, if any  

 

Receipt Acknowledged  Elected  Deferred  

 

Grade  Advised of Election  This Record Filed  
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On Radio-Equipped Cars 

 

Stop Interference by Installing Bradley Suppressors 

 

"Itryunits 

 

are made 

 

in five sizes 

 

with or with. 

 

out tinned 

 

leads. 

 

Brocileyunits are solid molded re-

sisters unaffected by temperature. 

 

moisture or ape. 

 

Their accurate calibration, great 

 

mechanical strength and perform-
once make them Ideal for provid• 

 

ing carted C•bias, plate voltage, 

 

screen grid voltage and for use 

 

as gridleaks and as fixed resistors 

 

in resistance coupled circuits 

 

All units are color coded to 

 

meet any radio set manufoclur-
er's specifications. 

 

BRADLEY Suppressors are special 

 

solid molded resistors, now used 

 

by prominent car manufacturers 

 

to provide individual resistors for 

 

each spark plug and for the com-

mon cable tb the distributor on 

 

radio-equipped cars. 

 

Theyincreasethe resistanceofthe 

 

high tension ingnition system and 

 

minimize the disturbing oscillations 

 

in the ignition circuit which inter-

fere with the radio receiver in the 

 

car. When used with suitable by-

pass condensers in other parts of 

 

the circuit, shielded ignition cables 

 

ore unnecessary. 

 

They do not affect the operation 

 

of the motor. The sturdy construc-

tion of Bradley Suppressors adapts 

 

them for the severe service in which 

 

they are used. Heat and moisture 

 

and age have no effect upon their 

 

performance. Their design is the re-

sult of more than a quarter century 

 

of experience in the manufacture of 

 

solid molded resistors. They are the 

 

last word for motor car radio. 

 

For complete information address 

 

Allen-Bradley Co. 

 

282 Greenfield Ave., Milwaukee, Wis. 
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rouuon curve. 

 

one or more Bradleyometers can 

 

be arranged to operate with os:o 

 

knob. Each Bradleyomoter has Its 

 

own resistance characteristic. 

 

Mixer controls,T•pad and H•pod 

 

attenuators and other complex 

 

controls can be provided. 

 

ALLEN-BRADLEY RESISTORS 

 

Produced by the makers of Allen-Bradley Control Apparatus 

 

When writing to advertisers mention of the PROCFFU isirs will be nfittifally helpful. 
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Take Your Choice 

 

Every member of the Institute of Radio Engineers will want 

 

to wear one of these three attractive emblems.' All of these 

 

emblems are appropriately colored' to indicate the various 

 

grades of membership and each emblem is approximately the 

 

size of the following illustrations. 

 

R�T�E  

 

The Lapel Button is of 14k gold, with background enameled in the 

 

membership color, and with the lettering in gold. The screw-back on 

 

the back of this button fastens it securely to your coat. 

 

$2.75 postpaid—any grade. 

 

The Pin is also of 14k gold. It is provided with a safety catch and is 

 

appropriately colored for the various grades of membership. 

 

$3.00 postpaid—any grade. 

 

The Watch Charm, handsomely finished on both sides, is also of 14k 

 

gold. This charm is equipped with a suspension ring for attaching to 

 

a watch fob or chain. 

 

$5.00 postpaid—any grade. 

 

Orders, accompanied by checks made payable to the Institute 

 

of Radio Engineers, should be addressed to 

 

THE INSTITUTE OF RADIO ENGINEERS 

 

33 West 39th Street 

 

NEW YORK CITY, N. Y. 

 

Send in your order now! 

 

When writing to advertisers ineiitio)i of the PROCEEDINGS will be fnutitally lielpfid. 
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In response to a de-

mand for chemically-
pure Nickel for fine 

 

sizes of Filament . . . 

 

PRECISION FILAMENT 

 

IS NOW ALSO SUPPLIED IN 

 

C. R NICKEL 

 

f 

 

The 

 

following is a certified analysis of 

 

this wire: 

 

MANGANESE (not detected). 

 

NICKEL 9998% 

 

COBALT   (not detected) 

 

IRON 0006% 

 

COPPER 0003% 

 

SAMPLES AND QUOTATIONS ON INDIVIDUAL 

 

SPECIFICATIONS ON REQUEST 

 

SIGMUND COHN 

 

44 GOLD STREET 

 

NEW YORK 

 

When writing to advertisers mentiotl of the PROCEEDINGS will be mutually helpful. 
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Operation 

 

of 

 

A. C. Radio 

 

Regardless of 

 

Line Voltage Variations 

 

The AMPERITE Self-Ad-
justing Line Voltage Con-
trol is connected in series 

 

with the A.C. power sup-
ply. An extra socket on 

 

the receiver chassis is all 

 

that is necessary— the tube 

 

is inserted by the dealer. 

 

ONLY AMPERITE can main-
tain the proper operating volt-

age, specified by manufacturers, un-
der the usual line voltage fluctua-
tions and power supply variations 

 

met by nationally sold receivers. 

 

AMPERITE automatically delivers 

 

the correct voltage (within 5% + or 

 

—) regardless of line voltage 

 

changes between 95 and 135 volts. 

 

Operates instantly—trouble-f ree— 

long-lasting. No radio can be mod-
ern without it. Does not add to 

 

chassis cost. 

 

Many prominent manufacturers are equipping 

 

their receivers for AMPERITE. Mail coupon 

 

for details. 

 

AMPERITE Urporation 

 

561 BROADWAY. NEW YORK 

 

_ EAITE 

 

Self Adjusting. 

 

LIME VOLTAGE CONTROL 
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Radio Transmitting 
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OVER 300 broadcasting sta-

tions, leading radio tele-

graph systems, the United States 

 

Army, Navy, Air Mail, Coast 

 

Guard and Ice Patrol Services, 

 

explorers like Commander Byrd, 

 

and exacting amateurs every-
where have utilized PYREX In-
sulators in many spectacular 

 

achievements. 

 

Regardless of whether you are 

 

sending or receiving—on land, 

 

sea or airplane—you should be 

 

thoroughly familiar with the 

 

.PYREX Antenna, Strain, Enter-

ing, Stand-off and Bus-bar In-
sulators that are helping these 

 

leaders to make radio history. 

 

The new PYREX 

 

Radio Insulator book-
let lists all types and 

 

sizes with data that 

 

you will want for 

 

ready reference. 

 

Return the coupon 

 

for your copy, and if 

 

you want further ad-
vice on any insulation 

 

problem, our Technical 

 

Staff will answer your 

 

questions promptly. 

 

l
CORNING GLASS WORKS, Corning, N. Y. 

 

Send copy of your new bulletin on Radio Insulators 

 

I Name   

 

IAddress   

 

I
I. R. E. 8-30 
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b'hming eight of. the 

 

many Weston Instru-
ments used in the 

 

radio cabiti on the 

 

"City of Neto York." 

 

in 

 

"Westons" 

 

Byrd 

 

found the 

 

DEPENDABILI.TY he needed 

 

W
HEN Commander Byrd formu-
lated plans for the long stay in 

 

the Antarctic, a very important task 

 

was the selection of equipment that 

 

would give service under the most 

 

adverse conditions. 

 

There were no service organiza 

 

tions, factory representatives, nor ex-
tensive repair facilities in Little 

 

America; but a group of men, thous-
ands of miles 

 

from civilization, 

 

whose lives and 

 

hopes depended 

 

upon the reliabil-
ity of their equip-
ment. 

 

The 2" and 31/4
" 

 

Weston D.C. and 

 

Thermo-couple Models• 

 

were used by the Byrd 

 

Expedition. 

 

Only Radio 

 

could pene-
trate their iso-
lation. It was 

 

radio that car-
ried daily messages to the waiting 

 

world, that kept exploring parties in 

 

touch with Little America, and with 

 

Commander Byrd in his flight over 

 

the South Pole. And Weston points 

 

with pride to this important and un-

failing radio service which was con-
trolled with Weston instruments— 
instruments not made especially for 

 

the expedition but taken directly 

 

from our standard stock. Again 

 

Weston has kept faith. 

 

O e 

 

A A 

 

Three Weeton lnetramente mere 

 

thi. portable radio 

 

travmitfing and rc in my ed. 

 

.PIONEERS 

 

SINCE 1888 

 

IN STA" UM  

 

WESTON ELECTRICAL INSTRUMENT CORP. 

 

589 Frelinghuysen Avenue . Newark, N. J. 

 

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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These three new Pick-ups 

 

meet every engineering requirement 

 

These three new Pacent 

 

Phonovoxes will be wel-
comed by Engineers. An 

 

electric pick-up with'the 

 

name "Pacent" is your 

 

guarantee that there is nothing better. 

 

Catalog No. 107 

 

the new Master Phonovox 

 

Contains 12 features that makes it the greatest value in pick-ups 

 

today. List price $15.00. 

 

Catalog No. 107 Special 

 

Special Ili-Output Phonovox 

 

(ILLUSTRATED ABOVE) 

 

Gives the highest output of any electric pick-up on the market, thus 

 

providing greatly increased volume on any kind of phonograph rec-
ords. List price $20.00. 

 

Catalog No. 108B 

 

The New Oil-Damped Phonovox 

 

The 108B Oil Damped Phonovox was designed to be the finest in-
strument that could be made for talking movies and broadcasting 

 

station work. It required the most careful engineering and the best 

 

materials available. 

 

The 108B Oil Damped Phonovox provides the finest reproduction 

 

available. 

 

Adjustable needle pressure. Absolutely no rubber. Freezing is 

 

impossible. List price 825.00. 

 

Write for literature of our entire line of Radio and 

 

Electric Equipment — be fully posted on Pacent! 

 

All prices slightly higher in West of Rockies and In Canada 

 

PACENT ELECTRIC CO., INC. 

 

91 Seventh Avenue 

 

New York, N. Y. 

 

Pioneers in Radio and Electric Reproduction for Over 20 Years 

 

Licensee for Canada: White Radio, Limited, Hamilton, Ontario 

 

p A C If N T 
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D-JauR
,w1
Awmsco 

 

NEW 1930-31 SERIES 

 

Multiple Variable Condensers 

 

For Standard and Midget Receivers 

 

A 

 

A* 

 

Ili 

 

f
 

 

k 

 

This new DeJur-Amsco series of Multiple Variable Condensers 

 

is made in two sizes to meet the requirements of the manu-
facturers of standard and midget sets. Manufacturers of 

 

midget receivers were quick to avail themselves of DeJur-
Amsco laboratory experience and service, and we are now 

 

supplying all the large midget set manufacturers. 

 

Each size is made in one capacity and can be obtained in 2, 3, 

 

4 and 5 gang units. These new condensers set a high standard 

 

for compactness, ruggedness and mechanical and electrical 

 

accuracy of design. 

 

Rrrite for engineering data and working drawings. Send us 

 

your specifications and let its quote. Samples on request. 

 

We Also Make Special Condensers for 

 

Automobile Radios and Portable Receivers 

 

DeUR_ MSCO QORPOPATION 

 

- 

 

95 MORTON ST., NEW YORK CITY 

 

When writing to advertisers mention of the PROCEEDINGS zaill be nuttually helpful. 
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CHANGE IN MAILING ADDRESS 

 

OR BUSINESS TITLE 

 

Members of the. Institute are asked to use this form for notify-
ing the Institute office of a change in their mailing address or 

 

any change in the listing of their company affiliation or title 

 

for the Year Book membership list. 

 

The Secretary, 

 

THE INSTITUTE OF RADIO ENGINEERS, 

 

33 West 39th Street, 

 

New York, N.Y. 

 

Dear Sir: 

 

Effective    please note change in my address 

 

(date) 

 

for mail as follows: 

 

FROM 

 

(Name) 

 

(Street Address) 

 

( City and State) 

 

TO NEW ADDRESS 

 

(Street Address) 

 

(City and State) 

 

Also for the membership list for next year's Year Book note change 

 

in my business address (or title) as follows, this 1e 
is 

my mailing 

 

not 

 

address: 

 

(Title) 

 

(Company Name) 

 

(Address: Street, City and State) 

 

PLEASE FILL IN, DETACH, AND POST TO THE 

 

INSTITUTE PROMPTLY 
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Back Num6ersoF the Proceedings, 

 

Indexes,'andYear Books Available 

 

M EMBERS of the Institute will find that back issues of the Proceed-
ings are becoming increasingly valuable, and scarce. For the benefit 

 

of those desiring to complete their file of back numbers there is printed be-
low a list of all complete volumes (bound and unbound) and miscellaneous 

 

copies on hand for sale by the Institute. 

 

The contents of each issue can be found in the 1914-1926 Index and in the 

 

1929 Year Book (for the years 1927-28). 

 

BOUND VOLUMES: 

 

Vols. 10 and 14 (1922-1926) , $8.75 per volume to members 

 

Vol. 17 (1929), $9.50 to members 

 

UNBOUND VOLUMES: 

 

Vols. 6, 8, 9, 10, 11 and 14 (1918-1920-1921-1922-1923-1926), $6.75 

 

per volume (year) to members 

 

MISCELLANEOUS COPIES: 

 

Vol. 1 (1913) July and December 

 

Vol. 2 (1914) June 

 

Vol. 3 (1915) December 

 

Vol. 4 (1916) June and August 

 

Vol. 5 (1917) April, June, August, October and December 

 

Vol. 7 (1919) February, April and December 

 

Vol. 12 (1924) August, October and December 

 

Vol. 13 (1925) April, June, August, October and December 

 

Vol. 15 (1927) April, May, June, July, August, October, November 

 

and December 

 

Vol. 17 (1929) April, May, June, July, August, September, Novem-
ber and December 

 

These single copies are priced at $1.13 each to members to the January 

 

1927 issue. Subsequent to that number the price is $0.75 each. Prior to 

 

January .1927 the Proceedings was published bimonthly, beginning with 

 

the February issue and ending with December. Since January 1927 it has 

 

been published monthly. 

 

M EMBERS will also find that our index and Year Book supplies are 

 

becoming limited. The following are now available: 

 

FOURTEEN YEAR INDEX 

 

The Proceedings Index for the years 1909-1926 inclusive is available to 

 

members at $1.00 per copy. This index is extensively cross indexed. 

 

YEARBOOK 

 

The 1930 Year Book is available to members at $1.00 per copy. This 

 

Year Book includes Standardization information pertaining to allied com-
munication arts. 

 

Make remittances payable to the Institute of Radio Engineers and send 

 

orders. to: 

 

THE INSTITUTE OF RADIO ENGINEERS 

 

33 West 39th Street 

 

NEW YORK CITY, N. Y. 
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Hn the battle 

 

for saes, every 

 

detail -counts 

 

by George Lewis, Vice-President, Arcturus Radio Tube Compan) 

 

A fool-proof set, mass-production, an aggressive 

 

sales force and extensive advertising—all get their 

 

final test when your dealer demonstrates a set. 

 

Right there, in the dealer's salesroom, all your 

 

careful planning is at stake. Right then, a detail like 

 

slow-heating tubes often discounts a lot of skillful 

 

engineering. 

 

Arcturus Blue Tubes avoid the delay. They snap 

 

the program through in 7 seconds. That kind of 

 

action helps sell sets because it gives the right first 

 

impression. 

 

And long after the sale, Arcturus Tubes continue 

 

building good-will through their clear, life-like re-

ception and long life. 

 

When you engage in the battle for sales, check 

 

every detail. 7-second action, clear tone, long life—that's 

 

the Arcturus contribution to successful sale-closing 

 

demonstrations. Specify Arcturus Blue Tubes now, 

 

both for factory testing and standard set equipment. 

 

Their performance completes your selling plans. 

 

Arcturus Radio Tube Co., Newark, N. J. 

 

RCTURUS 

 

Quick Acting 

 

RADIO. TUBES 

 

When zuriting to advertisers mention of the PROCEEDINGS 201 OC 71tlttiutliy Ul¢ful-
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Established Manufaeturer 

 

of Repute has openings for 

 

superior Engineers with the 

 

right Qualifientions 

 

1. Radio Development Engineer capable 

 

of taking complete charge of the de-
sign of a broadcast receiver, who pos-
sesses initiative, originality, backed by 

 

a thorough background of engineering 

 

knowledge and factory processes as 

 

affecting economic design, and the abil-
ity to work to schedule. 

 

2. Test Engineer capable of laying out 

 

tests and inspection, and directing oper-
ations and personnel in an efficient pro-
ductive manner. 

 

3. Production Engineer with a thorough 

 

knowledge of modern factory methods 

 

and the ability to put them into opera-
tion, and to control personnel in an 

 

effective way. 

 

These men will be expected to produce results, and 

 

will have to work hard to do so. 

 

Only those applications will be considered which give 

 

a full account of the applicant's qualifications, past 

 

history, education and references, age, salary expected, 

 

etc. 

 

Those members of our own staff who would be in-
terested are aware of these advertisements. 

 

Address Replies to 

 

Box 700 - I. R. E. 

 

When writing to advertisers mention of the PROCF.FDINrl ,mill he mutually helpful. 
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GILBY 

 

PRODUCTS 

 

Filament Wire 

 

Plain Nickel Mesh 

 

Gilby Selvage Mesh 

 

(Pat. applied for) 

 

Support Wire 

 

Nickel Ribbon-Plain 

 

and Carbonized 

 

Seamless Tubing 

 

Grid Wire 

 

♦ 

 

GILBY . 

 

moves hand in hand 

 

with electron tube de-

velopment 

 

GILBY experience in the production and applica-
tion of special wire and wire products is 

 

available to manufacturers and engineers who are 

 

developing new uses of the electron tube. You are 

 

invited to use this experience freely—to consult 

 

with Gilby on your problems involving tube wire, 

 

screens, and resistance wire. 

 

Gilby offers wire,. ribbon and sheets in the highest 

 

purity of nickel, free from cobalt for such uses as 

 

plates, cathodes, support wires, etc. Manufacturers 

 

express their confidence in Gilby Pure Nickel Fila-

ment wire by accepting it as standard. Gilby Re-

sistance material, too, in wire, sheet and strip-bare, 

 

enameled, cotton or silk covered is recognized 

 

standard. 

 

Special alloys are also available for special needs. 

 

Write for full information. 

 

GILBY WIRE COMPANY 

 

Wilbur B. Driver, President 

 

NEWARK, NEW JERSEY 

 

Gilby will gladly stnd sampler of its products to rerpon.ri-

ble manufaeturerl. We Invite an opportunity to cooperate 

 

with you. 

 

Whets writing to advertisers mention of the PROCEEDINGS will be mutarnlly helpful. 
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de Forest Equipped Station of St. Paul Police Department 

 

Pioneering 
- - Continued 

 

EVERY radio man knows that Lee De-
Forest invented the Audion or three-ele-
ment vacuum tube. But every radio man 

 

does not know that DeForest pioneering 

 

continues in all radio fields. After a 

 

quarter century, DeForest still leads in 

 

research, invention and engineering de-
velopment, as reflected not only in De-

Forest Audions but also in Audion appli-
cations. 

 

DeForest designs and builds radio trans-
mitters. Its Audions are tested and per-
fected under typical operating conditions. 

 

Its engineers are constantly in touch with 

 

practical radio operation. 

 

The steady, untiring, far-seeing pioneering of yesterday, today and to-
morrow insures for DeForest Audions the latest and best that the vacuum 

 

tube art has to offer. And a quarter century of experience is always at 

 

your disposal. 

 

DE FOREST RADIO COMPANY, PASSAIC,. N. J. 

 

Export Department, 304 E. 45th Street, New York City, N. Y., U. S. A. 

 

. 
C4 

 

(AUDIONS) 

 

RECEIVING 

 

TRAN MT71NG TUBE 
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15 Features" That Are [Making 

 

"ACRACON* 

 

ELECTROLYTIC CONDENSERS 

 

The Choice of Leading Manufacturers 

 

ti 

 

1. 

 

2. 

 

3. 

 

4. 

 

5. 

 

6. 

 

7. 

 

Capacity 

 

8 mfd. 

 

Peak voltage 

 

440 volts. 

 

One-nut 

 

mounting. 

 

Anode connection 

 

under chassis. 

 

Compact 

 

construction. 

 

Neat 

 

appearance. 

 

Rigid internal 

 

construction. 

 

8 Self 

 

• healing. 

 

9. 

 

10. 

 

11. 

 

12. 

 

13. 

 

14. 

 

15. 

 

'Long 

 

life. 

 

Leakproof 

 

construction. 

 

No surface 

 

corrosion. 

 

Electrode free from gas 

 

accumulation. 

 

Leakage less than .2 mil-
liamperes per micro-
farad. 

 

Low power 

 

factor. 

 

Size V/2 X 43/gri 

 

high. 

 

"Acracon" Features Are Protected by Patents Pending 

 

CONDENSER CORPORATION OF AMERICA 

 

259-271 Cornelison Ave. Jersey City, N. J. 

 

Factory Branches in: 

 

CHICAGO 

 

CINCINNATI 

 

LOS ANGELES 

 

TORONTO 

 

When writing to advertisers mention of the PROCEEDINGS will be 7n1(tlially helpful. 
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Prompt ,Service on 

 

High Quality 

 

Material 

 

W ITH the largest producing unit in the 

 

industry concentrated on just one 

 

J 

 

product, Formica is always ready to give the 

 

radio industry prompt service on material of 

 

high quality and uniformity. 

 

Tubing, punched parts, sheets, rods can be 

 

shipped very promptly. You will find the 

 

fabricated parts are accurately handled. And 

 

if you do the fabricating yourself, material 

 

suitable for any requirement is available. 

 

THE FORMICA INSULATION COMPANY 

 

4646 Spring Grove Avenue 

 

CINCINNATI, OHIO 

 

oRMICA 

 

Made hom Anhydrous Bakelite Resins 

 

SREETS TUBES RODS 

 

Whet writio-ig to advertisers mentiosa of the PROCEEDINGS will be mutually helpful. 

 

L 

 



Continental Resistors 

 

i f 

 

�1i+H5 

 

5 Watt 

 

ll'tt 6 

 

3 Watt 

 

i z 

 

2Watt 1 

 

i 

 

1Watt 

 

in n 4 

 

13/4Watt + 

 

x Sri � F3 

 

it/2watt` 

 

r' 

 

Curtis 

 

Electro 

 

Chemical 

 

Condenser 

 

Essential 

 

Characteristics 

 

Full capacity at all 

 

voltages 

 

Uniform capacity at 

 

all frequencies 

 

Low freezing point 

 

Low internal resis-
tance 

 

Low leakage 

 

No nipples, new 

 

breather princi-
ple 

 

One hole mounting 

 

terminal at bot-
tom Shown mounted on distributor cap. Fully in-

sulated, no metal parts exposed, rigid mounting. 

 

Write for Information and Prices 

 

CONTINENTAL CARBON INC. 

 

WEST PARK, CLEVELAND, OHIO 

 

RESISTOR 

 

CHARACTERISTICS: 

 

NOISELESS 

 

RESISTANCE CONSTANT 

 

SMALL TEMPERATURE 

 

COEFFICIENT 

 

RUGGED 

 

FIRMLY SOLDERED TERMINALS 

 

DEPENDABLE 

 

COLOR CODED 

 

UNITS SHOWN HALF SIZE 

 

CONTINENTAL SUPPRESSORS 

 

For Radio-Equipped Cars 

 

Stop ignition noise in the automobile radio 

 

set when used with suitable by-pass con-
densers. 

 

  

i

 

 

Spark Plug 

 

Auto 

 

Suppressor 

 

Shown mounted 

 

on Spark Plug 

 

Universal 

 

Connections 

 

Water proof 

 

Distributor Auto Suppressor 

 

When writing to advertisers ntentiort of the PRocnzi)INGS will be trtttlttally helpful. 
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NEW! 

 

An improved line of d yna-
motors and motor-generators 

 

by "ESCO.'� 

 

Operate alternating current 

 

radios or other apparatus from 

 

direct current. 

 

As Easy" to Install as a Flatiron! This 

 

new line comes equipped with standard 

 

attachment plug receptacles. "Plug in" 

 

to connect set to dynamotor or motor-
generator and another plug to connect 

 

to direct current. 

 

Better Than the A.C. Linel A new 

 

type filter is as effective as the old one 

 

in silencing the noises of the machine 

 

and in addition is designed to smooth 

 

out the noises from the supply line— 
such as sparking generators, or other 

 

apparatus running nearby. This gives 

 

better operation, than from A.C. power 

 

and light lines. 

 

Connect Them and Forget Theml The 

 

new line is built in the same rugged, 

 

trouble proof construction as its prede-
cessors. They are supplied with wool 

 

pack bearings, which are long lived, 

 

quiet in operation and require a mini-
mum of attention. Semi-enclosing pre-
vents damage from objects getting into 

 

the machine, yet permits ventilation, 

 

assuring cool operation. Dynamic. bal-
ance eliminates vibration. (This is very 

 

important in the high speed machines.) 

 

Totally enclosed wiring improves ap-
pearance and safety. 

 

Dynamotor with filter. 

 

Quality Maintained—Price Reducedl 

 

True to ESCO reputation, only the best 

 

of material and workmanship is used. 

 

The new line of machines and filters are 

 

made in both low and high speed, the 

 

high speed being the cheaper. The old 

 

line made for the past four years are 

 

still carried in stock. New and lower 

 

prices:are now being quoted. 

 

Used the World Overl ESCO has sup-
plied many machines to the following 

 

countries—without a complaint: China, 

 

Chile, Argentine, Brazil, Uruguay, Aus-
tralia, New Zealand, Mexico, Philli-
pine Islands, Hawaiian Islands, Japan, 

 

Ecuador, Venezuela, Belgium, Nether-
lands, England, France, Switzerland, 

 

Italy, Greece, Spain, Poland, Portugal, 

 

Turkey, Liberia, Canada, Russia, India, 

 

Costa Rica, Alaska, Cuba, Siam, and 

 

East India. 

 

If You Have Direct Curreritf. (any 

 

voltage), and want to operate a radio 

 

receiver, phonograph, public address 

 

system, 
"
talkies", Neon signs, or any 

 

other alternating current devices, 

 

"ESCO" makes a machine to do this. 

 

Many sizes and voltages are carried in 

 

stock. Write for bulletins and further 

 

information on your requirements. 

 

300 SOUTH ST., STAMFORD, CONN. 

 

Manufacturers of motors, generators, dynamotors and rotary converters. 
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COUNTING 

 

AT 
DEVICE 

 

HOLLAND 

 

TUNNEL 

 

Precision Wire Wouiid 

 

Resistors Find Many 

 

Industrial Uses . . . 

 

In the Holland Tunnel, resistors are used 

 

in connection with an automatic counting 

 

device operated by the light rays from each 

 

car passing through. This is but one of the 

 

many interesting industrial requirements 

 

for Precision Wound Resistors. 

 

Other uses for our Precision Wire Wound 

 

Resistors are:—radio, sorting devices, photo-
electric cells, lightning arrestors, control 

 

and signal apparatus,, voltage dividers, all 

 

electron tube circuits, sound pictures, broad-
casting, carrier systems, amplifiers, measure-
ments, therapeutics, all kinds of meter 

 

circuits, traffic control, aviation, metallurgy, 

 

telephony, etc. 

 

Engineers have found that for accurate, 

 

high-value, non-inductive, low-distributed 

 

capacity resistors, our New Precision Wire 

 

Wound Resistors answer their most exact-
ing requirements. Among the features of 

 

these new resistors are moulded ends, new 

 

insulating methods and exclusive winding 

 

process. The wire is wound in the form of 

 

"pies"; for instance on a form 2" x 1/2" it is 

 

possible to obtain resistance values up 

 

to 500,000 ohms. For higher values, we use 

 

a slightly larger diameter. 

 

From 1 ohm to 200 megohms you will find 

 

what you need in our wide range of quality 

 

resistors. All are minutely tested and accu-

rately rated. Whatever your resistor problem 

 

may be, we can help you just as we have 

 

co-operated with leading engineers through-
out the country. 

 

MADE BY THE MAKERS OF 

 

DURIIAM 

 

UESISTOKS 

 

INTERNATIONAL RESISTANCE CO. 

 

2006 CHESTNUT ST.  

 

I'HILADELPIIIA, PA.�,: 

 

When writing to advertisers onention of the PNOCFEPINCS will be nttttually helpful. 
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ENGINEERS AVAILABLE 

 

Advertisements on this page are available only to members 

 

of the Institute of Radio Engineers. For rates and further 

 

information address the Secretary, The Institute of Radio 

 

Engineers, 33 West 39th Street, New York, N.Y. 

 

MANUFACTURERS and others seeking radio engi-

neers are invited to address replies to these advertisements 

 

at the Box number indicated, care the Institute of Radio 

 

Engineers. All replies will be forwarded direct to the 

 

advertiser. 

 

ELECTRICAL ENGINEER; long experience with the 

 

details connected with the manufacture of coils, trans-

formers, and high frequency apparatus. Familiar with 

 

winding machine patent situation. Fellow A.I.E.E. Box 

 

37. 

 

INSTALLATION ENGINEER and broadcast operator 

 

with ten years experience in the installation, operation, and 

 

maintenance of broadcast stations and .public address sys-

tems desires responsible position with reliable station. Will 

 

remodel or move equipment in cases where station is sold 

 

or leased. Thoroughly familiar with RCA and Western 

 

Electric equipment. Age 31. Box 38. 

 

When writing to advertisers mention of the PROCEEDINGS will be mactually helpful. 
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Tandem Units that "check 

 

and double check" 

 

Because they are built right in every detail Frost-
Radio Tandem Units `check and double check" 

 

when you build them into a receiver. These dual 

 

controls are built in two styles: Two wire wound 

 

units or one wire wound and one carbon element 

 

unit. Each unit completely insulated from the other. 

 

Protected windings. Single hole mountings. All 

 

terminals are brought out at one side for cable 

 

wiring. Maximum resistance of each unit up to 

 

4,500 ohms. Dissipation, each unit, 4 watts. Supplied 

 

in any combination of curves. 

 

May We Send You Our Complete 

 

Volume Control Treatise,`? 

 

A book every radio engineer should have because it 

 

was prepared by engineers to answer the kind of 

 

questions radio engineers ask. It explains why Frost-
Radio wire-wound volume controls are everlastingly 

 

silent, smooth-working and efficient. May we forward 

 

your copy? 

 

HERBERT H. FROST, Inc. 

 

Main Offices and Factory 

 

ELKHABT, INDIANA 

 

II1.RI3ERT II. FROST, Inc. 

 

ELKHART, INDIANA 

 

Please send me your complete treatise on the sub-
ject of noiseless wiro-wound volume controls. 

 

P. E. 10-30 

 

Name  

 

Firm Narne 

 

City I SLaLe  

 

When writing to advertisers mention of the PROCEEDINGS will be mntnally helpful, 
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Volu m e 

 

controls 

 

his manly form stalks across the sil-
ver sheet . . . his limpid voice causes a 

 

thousand hearts to flutter. 

 

New T Type 

 

Volume C o n-
trols are ready. 

 

Write for spe-
c i a I Bulletin 

 

portraying 

 

curves and 

 

graphs of per-
formance of 

 

these controls 

 

in sound pro-
jection. 

 

Up in the projection room the operator 

 

is adjusting his controls so that every tell-

ing syllable is heard in the last seat of 

 

the last row. 

 

Centralab volume controls are now per-
forming this delicate work just as in the 

 

years past they have been making radio 

 

entertainment more satisfactory in mil-
lions of homes. 

 

A4anufacturer, experimenter? serviceman 

 

. . . specify Centralab for the best radio 

 

reception. The leading 1930 radios will 

 

be Centralab equipped. 

 

Send 25c for Special Bulletin 

 

"Volume Control Guide" 

 

CENTRAL RADIO " LABORATORI
-
ES 

 

36 Keefe Ave. 

 

Milwaukee, Wis. 

 

A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET 

 

. When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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PROFESSIONAL ENGINEERING DIRECTORY 

 

For Consultants in Radio and Allied Engineering Fields 

 

} 

 

is 

 

THE MAGNAVOX 

 

COMPANY 

 

155 East Ohio Street, Chicago, I11. 

 

PIONEERS AND SPECIALISTS 

 

IN THE ART OF 

 

SOUND PRODUCTION. 

 

DYNAMIC SPEAKERS SINCE 

 

1911. 

 

ELECTRICAL TESTI NG 

 

LABORATORIES 

 

Tests of Inductances-
Condensers-Transform-
ers etc. Life and charac-
teristics of Radio Tubes 

 

80th.5treetand East End Ave. 

 

.. NEW YORK, N.Y --

Radio and Television Patents 

 

Bought and Sold. Applications, 

 

Searches, Reports. 

 

H. R. VAN DEVENTER 

 

Consulting Engineer.and Patent 

 

Attorney 

 

342 Madison Ave., 

 

New York City, N.Y. 

 

The American Piezo Supply 

 

Company 

 

Oscillating Quartz Crystals 

 

Specialists in Frequency Precision 

 

and Frequency Control Equipment 

 

Consultants on Radio Telephony 

 

and High Frequency Transmission 

 

1101 Huron Bldg., Kansas City, 
-Kau. 

 

The J. G. White 

 

Engineering Corporation 

 

Engineers—Constructors 

 

Builders of New York Radio 

 

Central 

 

43 Exchange Place New York 

 

PATENTS 

 

WM. G. H. FINCH 

 

Patent Attorney 

 

(Registered U. S. & Canada) 

 

Mem. I. R. E. Mem. A. I. E. E. 

 

303 Fifth Ave. New York 

 

Caledonia 5331 

 

Radio Engineers 

 

If you want the 8,000 most important and influential radio men 

 

of the day to know of your services, be sure that your card 

 

appears on this professional card page. 

 

Per Issue 10.00 

 

When zyrithig to advepisers mention of the PROCEE.DINcs will be nnnbnally helpful. 
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Insure Yourself Against 

 

Disappointment .. . 

 

NOW! 

 

Every day requests come into the Institute office for back issues of the 

 

PROCEEDINGS. We always fill these orders if we. have 

 

copies of the issues desired—but frequently we do not have the 

 

particular copy wanted. 

 

Then someone is disappointed—someone's bookshelf is incomplete 

 

and there are general growls and grumbles. 

 

So why not insure yourself against any loss of your present or future 

 

copies of the -PROCEEDINGS by keeping all of these copies in a 

 

PROCEEDINGS BINDER 

 

Binder of handsome Spanish Grain Fabrikoid in blue and 

 

gold. Can be used as temporary transfer binder or as a 

 

permanent cover. Wire fasteners hold each copy in place 

 

and permit removal of any issue from binder in a few sec-
onds. All issues lie flat when binder is opened. 

 

Two sizes of binders are available: , 

 

Large Size (holds complete 1929 or 1930 copies)  x$1.75 

 

Small Size (holds all volumes up to 1929)  x$1.50 

 

(Name stamped on volume for $.50 additional) 

 

Send orders for binders, accompanied by remittance, to 

 

INSTITUTE OF RADIO ENGINEERS 

 

33 West 39th Street 

 

New York City, New York 

 

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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BY- PASS 

 

CONDENSER BLOCKS 

 

FOR MIDGET SETS 

 

Manufacturers of Midget Receivers were quick to avail 

 

themselves of Cornell's facilities and service, for we 

 

are equipped and tooled to make up any size can 

 

or combination in by-pass work that may be required. 

 

We supply many of radio's largest set manufacturers. 

 

Let us serve you. Give us your specifications—Cor-
nell will do the rest. 

 

FILTER CONDENSERS 

 

BY-PASS CONDENSERS 

 

RADIO INTERFERENCE FILTERS 

 

POWER FACTOR CORRECTION BANKS 

 

UNIFORMLY HIGH INSULATION RESISTANCE 

 

PAPER DIELECTRIC CONDENSERS (All Types) 

 

Write for Catalog of Complete Line of Cornell Products. 

 

Get Cornell's Quotation Before You Buy. 

 

Cornell Electric Mfg. Co., Inc. 

 

LONG ISLAND CITY, NEW YORK , 

 

iirnell 

 

G 

 

ornell 

 

When writing to advertisers mention of the PROCEEDINGS will be maltually helpful.' 
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Piezo Electric Crystals and 

 

Constant Temperature Equipment 

 

Piezo Electric Crystals: 

 

We are prepared to. grind Piezo Electric Crystals for 

 

.POWER use to your assigned frequency in the 550 

 

to 1500 KC band, accurate to plus or minus 500 

 

cycles for $55.00 fully mounted. Crystals for use in 

 

the HIGH FREQUENCY BROADCAST BAND 

 

(4000 to 6000 KC) for POWER use, accurate to plus 

 

or minus .03% of your assigned frequency, fully 

 

mounted, $75.00. In ordering please specify type of 

 

tube used, plate voltage and operating temperature. 

 

All crystals guaranteed with respect to output and 

 

accuracy of frequency. Deliveries can be made with-
in three days after receipt of order. 

 

Constant Temperature Equipment 

 

In order to maintain the frequency of your crystal 

 

controlled transmitter to a high degree of constancy, 

 

a high grade temperature control unit is required 

 

to keep the temperature of the crystal constant. Our 

 

unit is solving the problem of keeping the frequency, 

 

within the 50 cycle variation limits. Our heater unit 

 

maintains the temperature of the crystals constant to 

 

BETTER THAN A TENTH OF ONE DEGREE 

 

CENTIGRADE; is made of the finest materials 

 

known for .each specific purpose and is absolutely 

 

guaranteed. Price $300.00. Further details sent up-
on request. 

 

Low Frequency Standards: 

 

We have a limited quantity of material for grinding 

 

low frequency standard crystals. We can grind 

 

them as low as 15,000 cycles. These crystals will 

 

be ground to your specified frequency accurate to 

 

ONE HUNDREDTH OF ONE PER CENT. 

 

Prices quoted upon receipt of your specifications. 

 

Scientific Radio Service 

 

"The crystal specialists" 

 

P. O. Box 86' Dept. R6 Mount Rainier, Md. 
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NEW 

 

�►R�►L�►C 

 

THE MOISTURE PROOF HOOK-UP WIRE 

 

WITH THE SLIDE BACK FEATURE 

 

CONSTRUCTION 

 

Shown by Enlarged Drawing of a Sample of PARALAC 

 

Tinned Copper Conductor (Solid or Stranded) 

 

- PARALAC MOISTURE PROOF COATING 

 

OUTSIDE PROTECTIVE IMPREGNATED SLEEVE 

 

The Paralac coating is ap-
plied between the copper 

 

conductor and the outer 

 

sleeve, insuring moisture 

 

protection and adding great-
ly to the voltage breakdown. 

 

In use, the Paralac coating 

 

and outer sleeve push back 

 

together without bunching. 

 

TODAY THE ENGINEER IS BATTLING MOISTURE 

 

To help him in his efforts, Paralac was designed. Results of recent moisture tests made by 

 

the Electrical Testing Laboratories of New York City are reflected in the following graph. 

 

This test was 

 

made with Paralac 

 

actually submerged 

 

in mater. Note how 

 

constant the resis-
tance stood even 

 

after 29 hours. We 

 

shall be pleased to 

 

send you a com-
plete copy of the 

 

report. Better yet 

 

—Write for a 

 

Sample of Paralac 

 

and Verify these 

 

Results in Your 

 

Own Laboratory. 

 

40 

 

30 

 

o� 
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:BEEN ::::i::::::::ii:::::::::::::::::::::::No 

 

10 

 

//Ours 

 

15 20 

 

25 

 

Submersion in Water 

 

Paralac is made with both solid and stranded core in assorted colors from 

 

12 to 24 gauge. Prices on request. 

 

30 

 

CORNISH WIRE CO., Inc. 30 Church Street, New York 

 

"MADE BY ENGINEERS FOR ENGINEERS" 
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A.H.GREBE & CO., Inc. 

 

RICHMOND HILL, NEW YORK 

 

SUPER-SYNCHROPHASE 

 

WESTERN BRANCH 

 

443 South San Pedro Street 

 

Los Angeles, California 

 

MAKERS OF QUALITY RADIO SINCE 1909 

 



A Service-Testing Oscillator 

 

of Radically New Design 

 

o 

 

.'i, 

 

Type,lN Teo-signal G
-
Merator 

 

F;MICE enl ineera from pn,gresFiyr radio manufacturers have 
relleatediv 

 

. &eked fur a -smplifird method l» mcant, of which the indn iduaservice -
man "mid mal.c rt-ntiitiyity measurement!. The T1Pe IUD Test-Sitnal 

 

Gr ra nrt0.r ie M thr an-rr. 

 

Tbr new in•trumrut it the ideal t"-illator fur the t-etyiceman. It deliver; 

 

a mtululat.d %oltagoe of Lnovtu maguitude at any point in the broadeat-t 

 

band. and with it- IwIp defroets can Ise bcalizfof which %ithout it Would 

 

retluirr tlmr-%.s�ting cut-and-tn- mrtl►t ok It rrplaee� the unreliable litAten. 

 

tng to-t with an actual, rradil% duplicatt
-J mra-urement. 

 

In addition. it ii.rrft.rm- all of the uwal funrtiom of the simple oscillator 

 

in making nrutraGung and aligning adju-tin.nts. 

 

'

M rngineer- w bo de-igned the te-t- irnal generator -tttdied the service-
man• rrquirrrnrtsta from rimy angle to mAr -tire that no neglected detail 

 

.could mar it, lK-rfect prr4trmanee. Each indi% idual in.trument i1a given a 

 

thort►�t�II
J 
rherk in the lal..ratory to male wrr that it it as good ae the 

 

urigin&1 r„ign. 

 

R r ha%r already mailyd catalog .Ir+criltit' s of thi- iurtrument to r%ery- 

 

one rrcei%in$ our monthly magattsse. the Getsrral Radio Etperimerstrr. V e 

 

.hall be l had to mmd information, if %tin Mill a-L ti-.; for it on 

 

your busineae lettcrhrxd and mention dour Ixwtion. 

 

Price, ,$95.00 

 

CENERAL RADIO COMPANY 

 

tiFtlt FS I L%Kl1H%TORIt- Fel:7tsR1
,
 

 

PikCltI( ( 414-U IN %HtI It) t -I :'I IIRkNNkN �'IHEFT, Sk\ FR.%NCISC). CtiLIFU6\IA 

 


