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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED
DECEMBER 3, 1930

Transferred to the Member grade
Ohio Cincinnati, Crosley Radio Corporation Kierulff, W. E.

Elected to the Member grade
Dist. of Columbia Washington, National Radio Institute Kaufman, Joseph
New Jersey Springfield, 10 Alvin Terrace Hantzsch, R. E.
Ohio Cincinnati, 1350 Hillcrest Rd. Johnston, F. E.

Dayton, P. 0. Box No. 761 Bossard, G. L.

Elected to the Associate grade
Alabama Montgomery, 220 Dexter Ave Dickey, G. C.
California Berkeley, 6 Mosswood Rd. Jones, F. C.

Los Angeles, 2822 Halldale Ave Collins, E. M.
Pasadena, 1541 Topeka St. Lathrop, K. A.
San Diego, Fleet Air Base-VO5B Mihalko, A. M.
San Francisco, 4052 -23rd St Heeder, M. E.
Southgate, 8643 Southgate Ave. Magnuson, H. A. C.

Connecticut Hartford, 8 Plymouth Rd Jackson, A. H.
Florida Miami, 42 N. W. 4th St. Borton, F. W.

Miami Beach, P. 0. Box No. 102 Dutton, L. E.
Georgia Atlanta, 663 Cooledge Ave., N. E Davis, C. W.

Atlanta, 1007 Bellevue Dr. Tompkins, K. P.
Decatur, 123 Olympic P1 McCorvey, Avis

Illinois Glencoe, 810 Vernon Ave Meck, J. S.
Indiana Princeton, 123 W. Broadway McConnell, R. E.

Waterloo, Box No. 22 Hamman, H. L.
Massachusetts Boston, 77 Audubon Rd Haskins, R. L.

East Springfield, 577 Page Blvd. Kowalczik, W. J.
East Springfield, 29 Duryea St. Smith, E. H.
Roslindale, 251 Cornell St Crapo, R. S.
Wollaston, 20 Fenno St. Hoffman, E. F.

Michigan Detroit, 1545 Garland Ave., Apt. 5 Morgrette, J. K., Jr.
Detroit, 3898 Le May Ave. Rohrig, C. F.

Minnesota Minneapolis, 2410 -4th Ave. S.  i Marriage, Bert
Missouri Everton, Box. No. 111 Graves, B. A.
New Jersey Blackwood, Clifton Ave. Schneider, Edward

Camden, 220 Cooper St Barbee, V. A.
Camden, 632 Penn St. Boswell, J. R.
Camden, 3081 Carmen St. Craig, P. M.
Camden, 434 N. 7th St. Cummings, John
Camden, 4600 Roosevelt Ave Herbst, P. J.
Camden, 711 Cooper St Lehr, Rudolf
Camden, 211 Morse St., Apt. B Neeb, C. A.
Camden, 711 Cooper St Swenney, D.J.
Collingswood, 120 Frazer Ave. Weible, N. R.
Merchantville, 123 Lexington Ave Roddy, V. S.
Mt. Ephraim, 9 Hendrickson Ave Abrey, E. W.
Nutley, 154 Kingsland Rd. Albright, A. W.
Paterson, Van Houten & Prospect Ste., P.S.E. & G. Co Kearns, H. E.New York Buffalo, 656 La Salle Ave. Nauth, b. K.
Ithaca, Cornell Univ., College of Elec. Eng Moeder, W. D.
Mt. Vernon, 24 Atlas P1 Bassett, R. E.
New York City, 195 Broadway, Room 1806 Kouchnerkavich,T.A.New York City, 736 W. 231st St Kroger, H. B.
New York City, 66 Broad St., Radiomarine Corp. Martin, H. B.
New York City, 382 Riverside Dr. Schneider, R. E.
New York City, RCA Communications, Inc VanderKloster C.Rochester, 285 Oxford St.
Troy, 11 Eaton Rd.
Utica, 1100 Park Ave.

Ohio Akron, 1104 Fifth Ave
Cincinnati, 4018 Glenway Ave.
Cincinnati, 2301 Pine St.
Cleveland, Belmont Hotel
Cleveland, 376 Eddy Rd
Dayton, 340 First St
Dayton, 1213 S. Broadway
Dayton, 531 Kenwood Ave.
Dayton, 224 Lexington Ave
Dayton, 2801 Dwight Ave.
Deshler, 420 W. Main St.
Norwood, 2352 Mound Ave

Oklahoma Oklahoma City, 103 W. 30th St.

V

Richards, D. A.
Sanders, E. R.
Kovell, George
Campbell, 0. V.
McNutt, Albert
Vickoes, C. A.
Neuert, H. L.
Stewart, H. K.
Bell, F. W.
Bognar, C..1.
Eckert, C. C.
Neilson, N.S..
Sawtell, R. I.
Hill, E. B.
Stautnor, P. L.
Williams, J. K.



Geographical Location of Members Elected December 3, 1930

Pennsylvania

Rhode Island
South Carolina
Texas

Washington
Australia
Brazil
Canada

Denmark
England

Greece
Guam
Japan
Roumania Oradea, Str. Teatrului 6
Western Australia Perth, Wireless Branch, Room 7, 2nd Floor, G. P. 0

Elected to the Junior grade
California Hollywood, 1438 Gower St.
Connecticut Hartford, 24 Chapman St.
Dist. of Columbia Washington, 609 -7th St., S. W.
Massachusetts Fitchburg, 29 Nutting St
North Dakota Fargo, 1430 Third Ave
Ohio Dayton, 340 W. First St.
China Shanghai, 1515 Hart Rd

Philadelphia, 4715 N. 9th St. Leshner, Edward
Philadelphia, 1421 Arch St. Malcolm, John
Philadelphia, Navy Yard, U.S.S. Pennsylvania Rucker, F.
Scranton, 539 Colfax Ave. Ornstine, G. C.
Springfield, Broadview & Rolling Rd Calvert, J. C.
Wilkinsburg, 430 Biddle Ave Schwarzenbach, E. E.
Woonsocket, 490 E. School St Marier, E. P.
Spartenburg, P. 0. Box No. 91 Etheredge, G. W., Jr.
Dallas, Southwestern Victor Dist. Co. Hill, H. C.
Houston, 1806 Valentine St. Franklin, R. E.
Houston, 1316 Hussion St Rodgers, H. C.
Seattle, 4703 -12th Ave., N. E Berge, S. F.
Haberfield, Sydney, 5 Kingston St. Braiding, Cyril
Rio de Janeiro, Rua Justiniano da Rocha 116 Correa, D. de G., Jr.
Toronto, 918 Broadview Ave. Charles, E. G. A.
Toronto, 6, 97 Caithness Ave Clipsham, K. McP.
Toronto, 4 Pretoria Ave. Dick, N. J.

 Toronto, 6 Rushbrooke Ave. Snell, H. C.
Winnipeg, 354 Baltimore Rd. Bennett, G. S.
Copenhagen, Kjderstedgade 16 St. Tv. Kjeldsen, T. F.
Derby, Ladler Gate Hulme, A. B.
Doncaster, 106 Balby Rd Pickering, Harry
Harrow, Middlesex, 2 Surrey Rd Booth, C. F.
London, S. E., 25, Woodside, Roseneath" 72 Estcourt Rd Cushion, Leslie
London, N. W. 3, Hampstead, 4 High St. Godfrey, P. E.
London, W. 13, W. Ealing, 128 Coldershaw Rd. Kelsey, G. T.
Shipley, Yorks, 33 Nab Wood Dr. Crabtree, Herbert
Athens, Marne 47 Pezopoulos, K.
U. S. Naval Station Terhune, J. A.
Tokio, Osaki, c/o Teishincho Denkishikenjo Kimura, Rokuro

Adorjan, Paul
Turnbull, Norman E.

Ayes, Fred J.
Weston, F. B.
Hardesty, G. K. C.
Wiinikka, A. 0.
Payne, J. F., Jr.
Mosier, J. W.
Miao, T. V.

)---.>-41-<60.-+
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APPLICATIONS FOR MEMBERSHIP
Applications for transfer or election to the various grades of membership

have been received from the persons listed below, and have been approved by
the Committee on Admissions. Members objecting to transfer or election of any
of these applicants should communicate with the Secretary on or before January
31, 1931. These applicants will be considered by the Board of Direction at its
February 4th meeting.

For Transfer to the Member grade
Colorado Denver, 1421 Champs St Giese, R. C.
Maryland Chevy Chase, 8804 Meadow Lane White, E. L.
New York New York City, 711 Fifth Ave., National Broadcasting Co Guy, R. F.

For Election to the Member grade
California San Jose, Box. No. 531 Booker, E. R.
New Jersey Rutherford, W. Pierrepont Ave. Schwerin, P.
New York New York City, 87 Broad St. Capen, W. H.

For Election to the Associate grade
Arizona
California

Jerome, Box. No. 1228
Glendale, 139 S. Carr Dr.
Long Beach, 725 E. Hill St
Long Beach, 4019 American Ave..
Los Angeles, 141e W. 10th P1
Los Angeles, 2907 Rosanna St.
Oakland, 1575 Alice St
Palo Alto, 851 Homer Ave
Palo Alto, 280 Portola Ave
San Diego, VP -9B, Fleet Air Base
San Francisco, 251 Ashbury Ave
San Pedro, c/o Postmaster, Box. No. 10, U.S.S. Saratoga...

Connecticut Middletown, Wesleyan Station
New Haven, 82 Wall St.
New Haven, 68 Whalley Ave.
New Haven, 35 Argonne St.
New Haven, 10 Moulton, St. r 4
New Haven, 394 Whalley Ave
New Haven, Yale University
New Haven, 255 Whitney Ave.
West Haven, 151 Leete St.

Delaware Wilmington, 1218 Oak St
Dist. of Columbia Washington, 1112 Connecticut Ave., N.W., c/o RCA

Washington, 1835 Phelps Pl., N. W
Washington, Munitions Bldg., Rm. No. 3441

Florida Avon Park, Box. No. 742
Jacksonville, 147 Drysdale St

Georgia Atlanta, 986 Todd Rd., N. E

Illinois Chicago, 7655 Coles Ave
Chicago, 456 Belmont Ave.
Chicago, 692 Irving Park Blvd
Chicago, 692 Irving Park Blvd.
Chicago, 17 S. Jefferson St.
Chicago, Merchandise Mart, c/o National Broadcasting Co.
Chicago, 1804 W. Congress St., Rm. No. 1024
Glenview, P. 0. Box No. 375
Wilmette, 411 Linden Ave.

Indiana Indianapolis, 1402 N. Alabama St., Apt. 108
Lafayette, Purdue University

Kansas Wichita, 423 S. Estelle St.
Maine Bangor, 249 Pine St
Maryland Baltimore, 943 Homestead St

Baltimore, 2745 Baker St
Massachusetts Cambridge, 30 State St., General Radio Co.

Cambridge, 34i Shepard St
Cambridge, 171 Elm St
Everett, 835 Broadway
Haverhill, 42 Grove St.
Salem, 46 Leach St
Springfield, 33 Cortland St
Springfield, c/o Amer. Bosch Magneto Corp
West Springfield, 992 Memorial Ave

Morrison, R. H.
Kennedy, F. M.
Brown, J. H.
Sorenson, L. H.
Karl, 0. G.
Mahon, J. L.
Brodie, A. H.
Browning, S. D.
Frey, R. C.
Signer, R. M.
Neville, J. J.
Griffith, M. H.
Zottu, P. D.
Fish, G. R.
Keller, E. B.
Maier, 0. C.
McNamara, F. F.
Mulkey, D. L.
Nuesse, L. W.
Pitts, A. B.
McCafferty, W. J.
Griscom, E. C.
Clement, J. T.
Howitt, N.
Penny, N. L.
Smith, C. R.
Diggett, H.
Wymore-Shiel, I. J.

(Mrs.)
Cole, W. K.
Dutton, G. H.
Janacek, R. K.
Peckosh, A. J.
Pride, W. H.
Schreyer, T. E.
Schmied, E. A.
Little, DeM. H.
Cornish, W. C.
Carroll, F. M.
Gillette, E. C., Jr.
Newman, W. C.
Spates, J. L.
Bassford, S. W.
Ridenour, I. L.
Dawes, H. H.
Mimno, H. R.
Olken, H.
Zwicker, H. H.
Kockakian, L.
Chagnon, M. L.
Hewinson, E. G.
Venurini, A.
Hallein, J. J., Jr.

Detroit, 3458 Wager Ave. Evans, R. C.
Detroit, 14487 Mayfield Ave. Sellers, J. D.
Williameton, Box. No. 249 Love, B. E.

Michigan

VII



Nebraska
New Jersey

New York

Applications for Membership

David City Thomas, J. C.
Audubon, 111 Chestnut St. Hubbard, B. L.
Audubon, 27 W. Kings Highway Sees, J. F.
Audubon, 107 W. Chestnut St., Apt. 14 Steers, W. F.
Bayonne, 43 Broadway Richards, P.
Bloomfield, 55 Monroe P1 Hussey, L. W.
Camden, 326 Penn St. Albright, R. B.
Camden, c/o RCA -Victor Co Bellinger, C. E.
Camden, c/o RCA -Victor Co. Brisbin, M. M.
Camden, c/o RCA -Victor Co., Eng. Dept. Brown, F. L.
Camden, c/o RCA -Victor Co Colpitts, A. B.
Camden, c/o RCA -Victor Co. Cowles, E. E.
Camden, c/o RCA -Victor Co. Davis, C. E.
Camden, 326 Penn St. Gertsch, E. P.
Camden, c/o RCA -Victor Co Grahn, C. E.
Camden, c/o RCA -Victor Co. Grubbs, Harry C.
Camden, c/o RCA -Victor Co., Bldg. 5, Rm. No. 304 Haak, A. H.
Camden, 100 S. 32nd St Hampton, J. C.
Camden, c/o RCA -Victor Co. Harvey, B. J.
Camden, c/o RCA -Victor Co. Helgeson, F. N.
Camden, c/o RCA -Victor Co. Holden, H. C.
Camden, c/o RCA -Victor Co. Jacob, F. N.
Camden, c/o RCA -Victor Co. Karcher, E. M.
Camden, 3755 King Ave. Kerrigan, J.
Camden, c/o RCA -Victor Co. Krauss, G. H.
Camden, c/o RCA -Victor Co. Lindhurst, R. W.
Camden, c/o RCA -Victor Co Leighley, H. M.
Camden, c/o RCA -Victor Co. Little, M. B.
Camden, c/o RCA -Victor Co. McGaughney, P. C.
Camden, c/o RCA -Victor Co Mohler, J. L.
Camden, c/o RCA -Victor Co. Murray, C.
Camden, 308 Penn St. Onuska, A.
Camden, c/o RCA -Victor Co Reihman, E. F.
Camden, c/o RCA -Victor Co., Bldg. 7, Rm. No. 407 Schrader, H. J.
Camden, c/o RCA -Victor Co. Shumaker, E. E.
Camden, c/o RCA -Victor Co Small, W. H.
Camden, c/o RCA -Victor Co Tilden, M. W.
Camden, c/o RCA -Victor Co. Zimmerman, P. M.
Chatham, Brooklake Rd Kuthe, H. K.
Collingswood, 118 E. Palmer Ave Bedford, A. V.
Collingswood, 639 Lakeview Dr. Berglund, E. B.
Collingswood, 639 Lakeview Dr. Cerveny, J. P.
Collingswood, 422 Woodlawn Ave Daley, R. E. J.
Collingswood, 224 Burrwood Ave. Wistrup, C. A.
East Orange, 463 Springdale Ave Brooke, E. F.
East Orange, 111 N. Walnut St Crawford, J. W.
East Orange, 63 Linden Ave. Marcy, R. J.
East Orange, 182 N. Arlington Ave. Rockwood, G. H., Jr.
Haddonfield, 623 Mt. Vernon Ave Dutton, W. P.
Haddonfield, 102 Jess Ave. Scheldorf, R. D.
Jersey City, 17 Gifford Ave. Yeck, F. A.
Lodi, 171 Westminster Pl. DuBois, H. H.
Long Branch, 194 -7th Ave Harris, H.
Merchantville, 1936 Browning Rd Griffing, R. A.
Merchantville, 606 W. Maple Ave., Apt. J-1 Hurley, H. C.
Merchantville, 29 Fithian Ave Nekervis, E. T.
Merchantville, 4618 Lafayette Ave Smith, J. C.
Montclair, 45 Gates Ave. Norton, F. R.
Moorestown, 23 Valleyview Terrace Stevenson, W. B.
North Arlington, 102 Stevens Pl. Pitzer, H. F.
Oaklyn, 1115 White Horse Pike Geyh, C. P.
Oaklyn, 112 E. Bettlewood Ave. Larson, I. J.
Red Bank, Box No. 97 Strohl, W. M.
Roselle, 485 W. 3rd Ave Peterson, J. N.
West Collingswood, 142 Richley Ave Nelson, P. H.
West Englewood, 514 W. Englewood Ave. Pettus, W. K.
Westmont, 41 Stratford Ave Schnoor, F. D.
Westwood, 5 Roosevelt Ave. Otto, Emil D.
Woodcliffe, 588 -36th St. Barth; B. B.
Woodlynne, 204 Evergreen Ave Wardell, J. W.
Astoria, L. I., 28 -49 -36th St. Champness, T. J.
Astoria, L. I., 2506 Elm St Miller, H. B.
Bronx, 1050 Lowell St. Bruck, H.
Bronx, 3451 Giles Pl. Katz, D.
Bronx, 922 Summit Ave., c/o Jones Van Pelt, J.
Bronx, 1755 Jarvis Ave Sefton, E. F.
Brooklyn, 415 Kosciusko St. Belkin, F.
Brooklyn, 449 Chestnut St. Dresdner, H. D.
Brooklyn, 381 Troutman St. Gaydos, G. J.
Brooklyn, 185 Marine Ave. Kroupa, H. F.
Brooklyn, 857 -58th St. Petersen, J. C.
Buffalo, 97 Mayer Ave. Lovell, M. G.

VIII



Applications for Membership

New York (cont.) Garden City, L. I., P. 0. Nox Bo. 382 Brown, N. D.
Jackson, Heights, L. I., 7517 -41st Ave Campbell, M. E.
Jamaica, L. I., 177-49-106 Rd McCutcheon J. F.
Long Island City, 45 -44 -42nd St. Wood, E. F.
Midland Beach, S. I., 148 -5th St. Boy, J. M.
New York City, 11 Cornelia St. Clothier, S. L.
New York City, 463 West St., Bell Tel. Labs Cowles, L. G.
New York City, 483 West St., Bell Tel. Labs Davis, E. J.
New York City, 215 E. 117th St Garofalo, F.
New York City, 34 Hillside Ave., Apt. 2-X Goldner, J. H.
New York City, U. S. Sub-Treas. Bldg., Radio Dept Hallenstein, N. A.
New York City, 306 W. 112th St. Hoffman, R. W.
New York City, 9 W. 76th St John, P.
New York City, 180 Varick St., Bell Tel. Labs. Knapp, K. G.
New York City, 483 West St., Bell Tel. Labs Lindner, H. G.
New York City, 621 W. 188th St. Magri, F.
New York City, 68 W. 176th St. McKeon, J. J., Jr.
New York City, 463 West St., Bell Tel. Labs. Peterson, G.,
New York City, 1760 Andrews Ave. Revits, S. H.
New York City, 1751 Fillmore St Seger, L.
New York City, 463 West St., Rm. No. 1320 Smith, K. D.
New York City, c/o Postmaster, U.S.S. Houston Smith -Hutton, H. H.
New York City, 347 W. 121st St Stines, C. H.
New York City, Hotel Caledonia, W. 26th St......, Stone, F. J.
New York City, 463 West St., Bell Tel. Labs Thompson, R. R.
New York City, 308 E. 108th St Verdigi, J. R.
New York City, 180 Varick St., Bell Tel. Labs Woodward, J. D.
New York City, 483 West St., Bell Tel. Labs Wrathall, L. R.
New York City, 463 West St., Bell Tel. Labs. Yeutter, C. 5,
New York City, "75 Varick St., RCA Inst Zahn, P. E.
Ozone Park, L. I., 109-42 Lefferts Blvd. Necker, E. J.
Richmond Hill, L. I., 121-06-109 Ave Gordon, M. J.
Riverhead, L. I., Box No. 1041 Callahan, E. P.
Riverhead, L. I., RCA Communications, Inc Lindow, I. L.
Riverhead, L. I., RCA Communications, Inc Opperman, K.
Sayville, L. I., P. 0. Box No. 189 Moser, W. E.
Schenectady, 134 Plymouth Ave. Crosby, H. M.
Schenectady, 210 Bradley St. Frost, E.
Scotia, 342 Mohawk Ave. Jensen, R. C.
Solvay, 800 Cogswell Ave Clute, F. H.
Solvay, 800 Cogswell Ave Clute, L. T.
South Richmond Hill, 132 -48 -114th St. Kahn, A.
Springfield Gardens, 169 -01 -144th St. G

Woo
a

4
f

Syracuse, 810 Seeley Rd ,IIWwo.rth, S.
Tonawanda, Spaulding Fibre Co Moershfelder, H. L.
Wading River Dow, 0. E.

Ohio Canton, 1124 -12th St., N. W Leist, L. G.
Toledo, 736 Fernwood Ave Harris, H. A.

Oregon Milwaukee, Rt. 11, Box No. 516 Cupper, H. L.
Pennsylvania Christiana Weaver, W. H.

Easton, 910 Bushkill St. Gano, A. S.
Emporium, 414 W. 4th St. Askman, H. E.
Emporium, 520 Vine St. Wilson, M. D.
Harrisburg, Municipal Airport Bauer, W.
Philadelphia, 119 S. 58th St. Allen, G. D.
Philadelphia, 1950 E. Clarence St. Brener, J.
Philadelphia, Walnut Park Plaza Apts Fiedler, G. J.
Philadelphia, 5214 Chestnut St Kiss, L. R.
Philadelphia, 5632 Chester Ave Ward, J. M.
Philadelphia, 2228 N. Hope St Watson, F. L.
Oil City, 316 W. 7th St Roess, H. L.
Roslyn, Belmont Ave. Heins, J. J., Jr.

Tennessee Nashville, 1901f -11th Ave., N. Parman, A. R.
Virginia Norfolk, 521 W. 28th St Grether, J. L.

Richmond, 3410 Carolina Ave. Harrison, W. B., Jr.
Washington Seattle, 4751 -12th Ave., N. E. Estes, F. B.

Seattle, 331 Belvue N. Gunston, A. D.
Spokane, 1512 W. 12th Ave. Sokoloff, A. H.

West Virginia Huntington, 1811 Kite Ave. Pfau, J. A.
Wisconsin Kenosha, 8227 Sheridan Rd Hanson, G. L.

Mukwonago Hunter, A. B.
Canada Hamilton, Ont., 224 Grosvenor Ave., S Copeland, W. H.

Montreal, Que., 4912 Sherbrooke St., W Annie, R.
Toronto, 2477 Queen St., E., Apt. 8 Lowman, C.
Toronto, 52 Mulock St Anderson, A. J.
Toronto, 6,21 Albermarle Ave. Baldwin, C. 0.
Toronto, 8,131 Bastedo Ave Dyer, F. W.
Toronto, 177 Kingston Rd Hope, H. E.
Toronto, 34 Bartlett Ave. Hunt, B. D.

China Peiping, Tsinghua University Chiang; P. C.
Peiping, Tsinghua University. Young, C. W.

IX



England

Applications for Membership

Bradford, Yorks., 13, St. Margaret's P1. Firth, R.
Bradford, Yorks., 116, Salt St Lawrence, E.
Chelmsford, Essex, Marconi Wireless Tel. Co Stockton, S. A.
Croydon, Surrey, 29 Marden Rd. Woods, L. J.
Haslingden, Rossendale, 171 Manchester Rd. Coulton, A.
Lancaster, 2BK Marton St. Wilkinson, H. J.
Llandudno, 'Sandy Croft," Howard PI Jones, H. C.
Liverpool, Caryl St., Royal Southern Hospital ' Newton, J. F.
London, G. P. 0., Eng.-in-Chief's Off., Radio Section Bewick, W.
London, N 19, 6, Greeley Rd. Highgate Hams, E.
London, EC 1, Alder House, P. 0. Eng. Dept., Radio Sect Howard, J. L.
London, S. E. 1, 8, Tenison St. Keeling, C. H.
London, E.C. 1, Alder House, P.O. Eng. Dept., Radio Sect. Morris, A.
Newbury, Black Boys Hotel Brown, H. J.
Rugby, Warwickshire, P. O. Radio Section Lemmey, C. W.
Sheffield, Yorks., 32 Gatefield Rd Hayward, W. R.
Stanford -le -Hope, Essex, "Singlewell," Rookery Estate Bevis, G. J.
Tetney, Lincolnshire, Wireless Beam Station Simmons, J. L.

France Paris, 21 Rue Dautencourt Gavoret, G. C.
Hawaii Honolulu, 741 -8th Ave Green, P. W.
Japan Osaka, Senri-Hososho JOBK Hashida, K.

Osaka, Sumitomo Cable Works Kajii, K.
Kawasaki, Res. Lab., Tokyo Elec. Co Hagio, N.
Kawasaki, Tokyo Elec. Co Sumi, M.
Sapporo, e/o Sapporo Broadcasting Station Kohno, S.
Sapporo, Sapporo Hosokyoku Tsukissappo Hosojo . Takeo, S.
Tokyo, c/o Broadcasting Corp. of Japan, Shiseikaikan Kumon, A.

Mexico Mexico City, D. F., San Cosme 4 Kaplan, A. A.
New Zealand Auckland, Devonport, 39 Clarence St. Harlow, F. E.
Sweden Lund, Villa Bjorka Nilsson, G. A.

For Election to the Junior grade
California Oakland, 5926 E. 16th St Simmons, C. S.
Massachusetts Cambridge, 24 Whittier St. Berglund, C. W.

Dorchester, 19 Vesta Rd. Freedman, J. F.
New York Brooklyn, 1549 E. 36th St. O'Shea, C. G.

Brooklyn, 305 Ave. C., W Palmer, E. H., Jr.
Eagle Mills Lavender, R. W.
Honeoye Patterson, G. W., 3rd
New York City, 2661 Decatur Ave. Grunwald, W. J.
Sunnyside, L. I., 45 -53 -40th St Forrest, G. E.

Pennsylvania Chester, 819 McDowell Ave G. L.
Philadelphia, 1953 N. 13th St. Shipp, R. E.
Pittsburgh, 5420 Kincaid St. Douglass, E. J.

Canada Montreal, Que., 4912 Sherbrooke St., W. McNeill, G. T.
Toronto, 6, 312 Strathmore Blvd. Dynes, C. W.
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Harris and Ewing

ROBERT H. MARRIOTT
First President of the Institute

Robert H. Marriott, first President of the Institute, founded the Wireless
Institute in 1909 becoming its President until 1912 when it combined with the
Society of Wireless Telegraph Engineers to form the Institute of Radio Engineers.

He was born in Richwood, Ohio on February 19, 1879. Graduating with
the B.Sc. degree from Ohio State University in 1901, he entered commercial
wireless engineering, completing in 1902 the first successful commercial circuit in
the United States between Avalon, Catalina Island, and the California mainland.
After continuing in commercial engineering work until 1912, he became U.S.
Radio Inspector in the Department of Commerce. In 1915 he was transferred
to the Navy Department as Expert Radio Aide. In 1925 he took up a private
practice as a consulting engineer and served for a portion of 1928 and 1929 as a
consulting engineer for the Federal Radio Commission. He has been responsible
for a number of patents on radio subjects and has written many papers and arti-
cles on radio.

He is a Fellow of the Institute of Radio Engineers and of the American Insti-
tute of Electrical Engineers, an Honorary Member of the Radio Club of Ameri-
ca and the Veterans Wireless Operators Association. At present he is a manager
of the Institute, chairman of the Committee on Constitution and Laws, a member
of the Committee on Broadcasting, and a member of the Committee on Admis-
sions.

He is a representative of the Institute on the Sectional Committee on Defini-
tions of Technical Terms of the American Standards Association and on the
Council of the International Union for Scientific Radio Telegraphy as well as
being a member of the U.S. Section of the International Radio Consulting Com-
mittee.



INSTITUTE NEWS AND RADIO NOTES

December Meeting of the Board of Direction

The December meeting of the Board of Direction was held on De-
cember 3rd at the office of the Institute, 33 West 39th Street, New
York City. The following were in attendance: Alfred N. Goldsmith,
acting chairman; Melville Eastham, treasurer; R. A. Heising, R. H.
Marriott, A. F. Van Dyck, and Harold P. Westman, secretary.

Gilbert L. Bossard, R. E. Hantzsch, F. E. Johnston, and Joseph
Kaufman were elected to the Member grade. W. E. Kierulff was trans-
ferred to the grade of Member.

One hundred and five applications for Associate membership and
six applications for Junior membership were approved.

Radio Transmissions of Standard Frequency, January to June, 1931

The Bureau of Standards announces a new and improved service
of radio standard frequency transmissions. This service may be used
by broadcast and other stations in adjusting their transmitters to
exact frequency, and by the public in calibrating frequency standards
and transmitting and receiving apparatus. The signals are transmitted
from the Bureau's station WWV, WashingtoryD.C. They can be heard
and utilized by stations equipped for continuous -wave reception at
distances up to about 1000 miles from Washington, and some of them
at all points in the United States. This improved service is a step in
the Bureau's program to provide eventually standard frequencies
available at all times and at every place in the country.

Besides the usual monthly transmissions of specific frequencies,
the Bureau will add another type of transmission which will be much
more accurate than any previous transmissions by the Bureau. This
transmission will be by continuous -wave radio telegraphy on a fre-
quency of 5000 kc, and will consist primarily of a series of very long
dashes. The first five minutes of this transmission will consist of the
general call (CQ de WWV) and announcement of the frequency. The
frequency and the call letters of the station (WWV) will be given every
ten minutes thereafter.

Besides this service, the Bureau will also continue the transmis-
sions once a month on scheduled specific frequencies. These are also
by continuous -wave radio telegraphy. A complete frequency trans-
mission includes a "general call," "standard frequency signal," and
"announcements." The general call is given at the beginning of each
12 -minute period and continues for about 2 minutes. This includes a

3
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statement of the frequency. The standard frequency signal is a series
of very long dashes with the call letters (WWV) intervening; this sig-
nal continues for about 4 minutes. The announcements follow, and
contain a statement of the frequency being transmitted and of the
next frequency to be transmitted. There is then a 4 -minute interval
while the transmitting set is adjusted for the next frequency.

Information on how to receive and utilize the signals is given in
Bureau of Standards Letter Circular No. 280, which may be obtained
by applying to the Bureau of Standards, Washington, D.C. Even
though only a few frequencies are received (or even only a single one),
persons can obtain as complete a frequency meter calibration as de-.
sired by the method of generator harmonics.

The 5000 -kilocycle transmissions are from a transmitter of 150
watts power, which may be increased to 1 kilowatt early in the year;
they occur every Tuesday except in those weeks in which the monthly
transmissions are given. The monthly transmissions are from a trans-
mitter of 1/2 to 1 kilowatt power; they are given on the 20th of every
month (with one exception).

5000 -Kilocycle Transmissions

1:30 to 3:30, and 8:00 to 10:00, P.M., Eastern Standard Time.

Jan. Feb. March April May June

6 3 3 7 5 2
13 10 10 14 12 9
27 24 24 28 26 16

31 30

Monthly Transmissions, Eastern Standard Time

Time Jan. 20 Feb. 20 March 20 April 20 May 20 June 22

10:00 P.M. 1600 4000 550 1600 4000 550
10:12 1800 4400 600 1800 4400 600
10:24 2000 4800 700 2000 4800 700
10:36 2400 5200 800 2400 5200 800
10:48 2800 5800 1000 2800 5800 1000
11:00 3200 6400 1200 3200 6400 1200
11:12 3600 7000 1400 3600 7000 1400
11 24 4000 7600 1500 4000 7600 1500

The frequencies in the 5000 -kilocycle transmission are piezo con-
trolled, and are accurate to a few parts in a million. The frequencies
in the monthly transmissions are manually controlled, and are accurate
to a few parts in a hundred thousand.

In November, 1930, field intensity measurements were made of
the 5000 -kilocycle transmissions from WWV on 150 watts between
Washington and Chicago. The daytime field intensity up to a distance
of about 400 miles from Washington was about 100 microvolts per me-
ter, with fading in the ratio 3 to 1. From this distance to Chicago the
field intensity gradually decreased to about 10 microvolts per meter
peak values with fading the same as above. The evening transmissions
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had a field intensity of about 200 microvolts per meter with fading
similar to that in the daytime. Around 8 P.M. the received intensity
was sometimes too low to measure. This happened at distances of from
75 to 150 miles from Washington.

The Bureau of Standards would like to have detailed information
on the reception of the 5000 -kilocycles transmissions, and will appreci-
ate receiving reports from any observers on their reception of these
transmissions. Phenomena of particular interest are approximate field
intensity, and fading (whether slow or rapid, and approximate time
between peaks of signal intensity). The Bureau would also like to re-
ceive comments on whether or not the transmissions are satisfactory
for purposes of frequency measurement or control. Reports on the re-
ception of the transmissions should be addressed to Bureau of Stand-
ards, Washington, D.C.

Committee Work

COMMITTEE ON ADMISSIONS

A meeting of the Committee on Admissions was held at 9:30 A.M.
on December 3rd at the office of the Institute.

Six applications for transfer to the grade of Member and eight appli-
cations for admission to the grade of Memb6r were investigated and
approval was granted to three in each class.

COMMITTEE ON MEMBERSHIP

A meeting of the Committee on Membership attended by I. S.
Coggeshall, chairman; C. R. Rowe, J. E. Smith, and A. M. Trogner
was held at 5:30 P.M. on December 3 at the office of the Institute.

COMMITTEE ON SECTIONS

At 7 P.M. on December 1st a meeting of the Committee on Sections
was held. It was attended by Austin Bailey, chairman; C. W. Horn,
B. E. Shackelford, and Harold P. Westman, secretary.

The proposed new Constitution prepared by the Committee on
Constitution and Laws was considered in so far as it affected the opera-
tion of Institute Sections. The comments of the Committee will be
presented to the Board of Direction when it reviews the proposed Con-
stitution.

STANDARDIZATION

TECHNICAL COMMITTEE ON RADIO RECEIVERS-I.R.E.
At 10 A.M. on December 4th a meeting of the Technical Committee

on Radio Receivers of the Institute's Committee on Standardization
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was held. The chairman, E. T. Dickey, C. M. Burrill, Virgil M. Gra-
ham, V. Ford Greaves, F. X. Rettenmeyer, and B. Dudley were in
attendance.

SUBCOMMITTEE ON HIGH -FREQUENCY RECEIVERS OF THE
TECHNICAL COMMITTEE ON RADIO RECEIVERS-I.R.E.

A meeting of the above Subcommittee was held at 10 A.M. on No-
vember 14th and was attended by C. M. Burrill, H. 0. Peterson, F. A.
Polkinghorn, and B. Dudley, secretary.

SUBCOMMITTEE ON MISCELLANEOUS TESTS OF THE TECHNICAL

COMMITTEE ON RADIO RECEIVERS-I.R.E.

A meeting of the above Subcommittee was held at 9:30 A.M. on No-
vember 25th and was attended by F. X. Rettenmeyer, Harry Diamond,
and Beverly Dudley, secretary.

Institute Meetings
CHICAGO SECTION

The October 23rd meeting of the Chicago Section presided over by
S. E., Adair, vice chairman, was given over to a tour of the studios of
the National Broadcasting Company which are located in the new
Marshall Field Merchandise Mart. Unfortunately the attendance of
two hundred and ten members and guests was much larger than was
anticipated and it was not possible to devote as much time to the tech-
nical discussions of the equipment as was hoped would be available.

CLEVELAND SECTION

The November meeting of the Cleveland Section was held on the
21st of the month at the Case School of Applied Science, D. Schre-
gar dus, chairman, presiding.

A paper on "Radio Aids for Aircraft" was presented by Robert S.
Shankland, formerly with the Bureau of Standards. The speaker de-
scribed how a beam from two or more antennas is used to indicate to
the pilot when he is off his course. Methods whereby one set of an-
tennas can be arranged to give several courses at the same time were
discussed. The equipment used on aircarft was described. Many
points were illustrated with slides which were kindly loaned by the
Bureau of Standards for that purpose.

The meeting was attended by forty-five members and guests.

Los ANGELES SECTION

The November 17th meeting of the Los Angeles Section was held
at the Rosslyn Hotel and presided over by Acting Chairman T. E.
Nikirk.
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A paper by J. I. Skov on "Problems in the Installation of Radio
Compass Systems on Shipboard" was followed by a brief talk on air-
craft radio compass equipment presented by Mr. Kennedy who was
formerly of the T.A.T. The papers were discussed by Messrs. Alverson,
Anderson, Athers, Comyns, and Ludlum.

The meeting was attended by one hundred and one members and
guests.

NEW YORK MEETING

The New York meeting of the Institute was held on December 3,
1930, in the Engineering Societies Building, 33 West 39th Street.

Two papers were presented at this meeting. These are summarized
below :

"Diversity Receiving System of R.C.A. Communications Inc. for Radio
Telegraphy" by H. H. Beverage and H. 0. Peterson. The early problems con-
fronting the users of short wavelengths for communications are enumerated.
Chief of these were fading and noise level. The phenomenon of fading is ex-
plained and the known methods of counteracting it are given. The most out-
standing of these is the diversity principle. The various forms of this method
are described and reasons developed for the choice of the particular form now in
common use. The apparatus in general use is described in detail. In this system
three spaced antennas are connected to three separate receivers. The output of
each is rectified. The d -c outputs of all three receivers are combined in a common
resistor, the drop in which is used to actuate means for controlling a locally gen-
erated tone which may be transferred to the receiving operator over a wire cir-
cuit. Since fading is not simultaneous in all three of the spaced antennas, a
material reduction in the effects of fading is obtained.

"An aperiodic form of directive receiving antenna is described. Polar dia-
grams showing its directivity are presented. A series of measurements indicates
a gain in signal-to-noise ratio on the order of 32 db for the European circuits as
compared to a horizontal doublet.

"The effects of echo and cosmic disturbances are briefly discussed."

"Diversity Telephone Receiving System of R.C.A. Communications, Inc."
by H. 0. Peterson, H. H. Beverage, and J. B. Moore. Difficulties encountered in
the reception of high -frequency radio telephone signals are described; the chief
of these being fading and noise. General methods of solving these difficulties are
discussed and the most desirable ones pointed out. The utilization of space di-
versity of fading is then taken up and methods of applying this principle to the
reception of telephone signals are discussed. The method chosen is next described
with reasons for the choice and explanation of the circuits and action of the sys-
tem.

"A description of the general features of the equipment is given, and this is
followed by a detailed consideration of the individual units comprising the dou-
ble detection receivers and the combining and control equipment. Over-all
characteristics are then given of selectivity and fidelity and a statement, of sensi-
tivity and minimum signal strength for commercial service.
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"Improvement obtained by the use of this system is discussed, and the uses
to which it is being put are stated. The latter include international rebroadcast-
ing and transoceanic telephone service."

Several phonograph records illustrating the gain of reception due
to the special types of these receiving systems were played.

The attendance at the meeting totaled four hundred members and
guests.

PHILADELPHIA SECTION

The October 29th meeting of the Philadelphia Section, which was.
held at the Engineers Club in Philadelphia, was presided over by W. R.
G. Baker, chairman.

The meeting was opened with music furnished by an Orthophonic
phonograph which was followed by a description of the Theremin. Sev-
eral selections were played upon this instrument, the accompaniment
being furnished by the phonograph. Test records were then demon-
strated, giving the natural reproduction of music which was then re-
peated with frequencies above 3700, 2800, 1950, and 1000 cycles, re-
spectively, being suppressed. Other test records compared natural
speech with overloaded speech and various values of output.

This was followed by a demonstration of the newest models of the
Philco receivers together with a demonstration of the Victor home-
recording combination. Broadcast programs were recorded and played
from records and sample records were made by many of the members
present.

A demonstration of "speech reversal" was given. In this, words
were pronounced correctly by the engineer in charge of the demon-
stration, and followed by the same words pronounced backwards. A
photofilm was made of this and two negatives prepared, one of them
being reversed and attached to the end of the film. When projected
through the reproducer the film first reproduced the words as pro-
nounced and then the reversed film converted the correct pronuncia-
tion into the backward pronunciation.

Several sound pictures were shown illustrating the various -methods
of sound recording. In addition a transmitter and receiver were ex-
hibited to illustrate the method of sending facsimile copies of docu-
ments via high -frequency radio and the meeting closed with an appeal
for old -type radio apparatus to be assembled into exhibits and placed
in the Smithsonian Institute.

The meeting was attended by two hundred and eighty members and
guests.
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A meeting of the Philadelphia Section was held on November 18th
at the Franklin Institute, C. D. Haigis, vice chairman, presiding.

0. H. Caldwell, editor of "Electronics" presented a paper on "The
Electron in Harness." This paper which was illustrated with slides
dealt with the multitudinous applications of the vacuum tube in in-
dustry, medicine, astronomy, etc. Interesting descriptions were given
of many devices which have been developed.

The second paper of the evening was by C. N. Johnson, Westing-
house Electric and Manufacturing Company, and was a demonstration
of several of the devices discussed by Mr. Caldwell. This included the
Stroboglow oscillator and several phototube devices used for smoke
control, counting, etc. Immediately following the demonstration, the
one hundred and forty-eight members and guests were invited to exam-
ine the equipment and ask any questions concerning it that occurred
to them.

PITTSBURGH SECTION

A meeting of the Pittsburgh Section was held on November 15th
and was devoted entirely to an inspection trip to the studios of KDKA
and the transmitting station at Saxonburg, Pa.

At 1:00 P.M. the members and guests congregated at the KDKA
studios located on the 21st floor of
signing the studio register they were conduettd to the studio offices
by P. A. Boyd. They were then conducted through the studio con-
trol rooms by D. W. Myer who described the intricacies of the control
operating equipment.

At 2:15 P.M. after all had inspected the studios and control room,
the party motored to the transmitting station located at Saxonburg in
forty automobiles supplied for the occasion by the various members.

At the station, S. D, Gregory, E. M. Sollie, and D. W. Myer con-
ducted the visitors around explaining the various details and answer-
ing all questions asked. Those of the members who walked out to the
antenna system, which is located some distance from the transmitter,
were welcomed by H. Roese, D. Stanier, and H. W. Irving who dis-
cussed that portion of the station.

About 5:00 P.M. all were through with the sight-seeing and the
parties had left Saxonburg for the return trip. This trip proved to be
highly interesting and educational. The attendance at the studio of
fifty-five and at the station of seventy marks a new high level for the
Section.

ROCHESTER FALL MEETING

The Rochester Fall Meeting of the Institute was held at the Saga -
more Hotel in Rochester on November 21st.



10 Institute News and Radio Notes

The morning was devoted to registration and the presentation of
two technical papers as follows:

"The 227 Equi-Potential Cathode Tube" by A. C. Rockwood of
the Hygrade Lamp Company.

"Notes on Circuit Design" by Fulton Cutting of the Colonial Radio
Corporation.

Those attending the luncheon at noon were addressed by Vice
Mayor Isaac Adler who as the official representative of the City of
Rochester made the visiting guests welcome.

During the afternoon three papers were presented:
"Some Considerations in Superheterodyne Design" by David

Grimes of the Radio Corporation of America.
"A New Low -Distortion Radio Amplifier Tube, Type 551" by

Stuart Ballantine and H. A. Snow of the Boonton Research Corpora-
tion.

"The Thyratron; What It Is, and What It Does" by J. C. Warner of
the General Electric Company.

The dinner at 6 :30 P.M. was terminated by a demonstration of home -
recording equipment and the playing of several records indicating the
effect of certain specified distortions upon speech and music.

.The evening session was devoted to but one paper on "Extending
the Radio -Frequency Spectrum" by A. Hoyt Taylor, former President
of the Institute.

The total registration at the meeting was 200, of whom 114 were
indicated to be out-of-town guests. Sixty different radio munufactur-
ing companies and ten educational, governmental, and professional
institutions were represented at the meeting. The maximum attend-
ance at any session totaled 225.

All arrangements for this meeting were under the direction of R. H.
Manson, general chairman.

SAN FRANCISCO SECTION

A meeting of the San Francisco Section held at the Engineers Club,
San Francisco, was presided over by Walter D. Kellogg on November
19th.

A paper on "The Evolution, of a Radio Magazine" was presented
by Arthur H. Halloran who reviewed briefly the history of radio maga-
zines in general showing the rise and fall in a number of publications
from 1915 to the present time. He then outlined the trend and changes
necessitated by popular demand. The interesting discussion of the
mechanical operations necessary in getting an issue into print had
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included in it many humorous incidents regarding contributions to
the editorial department of the publication.

The attendance at the meeting totaled twenty-four.

SEATTLE SECTION

A meeting of the Seattle Section was held on October 10th in the
Hotel New Washington, Austin V. Eastman, chairman, presiding.

A paper on the "Design of Transformers to be Used with Screen
Grid Tubes as Intermediate -Frequency Amplifiers" was presented by
Austin V. Eastman. This paper is a continuation of a similar paper,
prepared by Mr. Eastman last spring and deals with the design of
intermediate coupling transformers for use in superheterodyne receiv-
ers employing screen grid tubes.

The effect of changes in coupling, the variation of ratios, spacing,
size of wire, etc. in the design of these transformers were discussed in
detail.

After this paper, a motion picture showing the manufacture of
Majestic radio receivers was shown.

The attendance totaled one hundred and four members and guests.
The November 21st meeting of the Seattle Section was held at

the University of Washington in Seattle, Austin V. Eastman, chair-
man, presiding. ..

A paper by L. C. Austin on "Outline and Use of Broadcast Service
Equipment" was presented. This paper described some of the present-
day broadcast servicing equipment as well as several special devices
which are not available as standard equipment from manufacturers.
In outlining the use of this equipment, the speaker illustrated various
points by applying the equipment to various broadcast receiver chassis
and loud -speakers.

Messrs. Eastman, King, Kruse, and Murray of the seventy-six
members and guests in attendance took part in the discussion.

TORONTO SECTION

The Toronto Section held a meeting in the Electrical Building of
the University of Toronto on October 15th. The Chairman of the
Section, J. M. Leslie, presided.

Through the courtesy of the Film and Slide Company of Toronto
and C. L. Richardson, the motion pictures taken of the Institute Con-
vention held in Toronto were shown.

A general review of the Convention was made by Convention
Chairman A. M. Patience who thanked the members for the excellent
support given.
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The first speaker of the evening, W. H. Kelterborn, Radiotron
Engineer of the Canadian Westinghouse Company at Hamilton, deliv-
ered a paper on the "Manufacturing Problems Encountered in Vac-
uum Tube Production." A display of many early types of tubes was
available for examination by the audience.

The second paper of the evening by F. K. Dalton, vice chairman
of the Section, was a symposium on television, outlining developments
in this field to date.

The attendance at the meeting totaled seventy-four.

WASHINGTON SECTION

Dr. L. P. Wheeler, chairman, presided at the November 13th meet-
ing of the Washington Section held in the Continental Hotel.

A paper on "The First and Second Meetings of the International
Technical Consulting Committee on Radio Communications" was
presented by Gerald C. Gross, radio engineer of the Federal Radio
Commission.

The speaker gave an outline of the work being done by the Com-
mittee.

The principal points discussed concerned designation of the various
regions of the frequency spectrum as being low, intermediate, high,
etc., the amount of tolerance necessary at different frequencies and
for different classes of service, methods of measuring the power of a
transmitter, classification of frequencies, and the necessity of holding
closer to assigned frequencies.

The desirability and difficulties involved in maintaining an inter-
national standard of frequency were discussed.

The paper was discussed by Dr. Taylor and Dr. Wheeler, Captain
Hooper, Professor Robinson, and Messrs. Burgess, Butman, and Da-
vis of the forty-two members and guests in attendance at the meeting.

Personal Mention

E. C. Ballantine has been transferred from the Radio Engineering
Department of the General Electric company to the Photophone and
Applications Division of the RCA -Victor Company at Camden.

S. A. Bokovoy, formerly of the Westinghouse Electric and Manu-
facturing Company at East Pittsburgh is now a radio engineer for
the RCA -Victor Company at Camden.

R. J. Cotton, a junior radio inspector for the Department of Com-
merce, Radio Division, has been transferred from Seattle, Wash., to
Portland, Ore.
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Formerly with the General Electric Company, M. L. Douthet is

now in the engineering department of the RCA -Victor Company at

Camden.
Captain P. P. Eckersley previously with the Marconiphone Com-

pany is now associated with the Dubilier Condenser Company in Lon-

don, England.
V. J. Freiermuth an engineer for the Pacific Telephone and Tele-

graph Company has been transferred from New York City to San

Francisco, Calif.
Captain R. A. H. Gailbraith, formerly of the Royal Canadian Sig-

nals, Department of National Defense, Ottawa, Canada, is now Com-

mandant of the Military College of Science, Radio Barracks, Woolwich,

England.
Paul C. Gardiner a radio engineer for the General Electric Company

has been transferred from Oakland, Calif., to Schenectady, New York.

T. R. Gilliland previously a junior scientist at the Radio Section of
the Bureau of Standards has become a graduate student in the Engi-

neering School at Harvard University.
C. A. Gunther has joined the special apparatus division of the RCA -

Victor Company at Camden, previously being connected with the

General Electric Company at Schenectady, New York.
W. J. Gunther, formerly chief engineer of the World Battery

Company is now chief engineer for the Johnson -Kennedy Radio Cor-

poration at Gary, Ind.
J. R. Harrison, previously in the Department of Physics at the

University of Pittsburgh, has recently joined the staff of Wired Radio
a,t Ampere, N. J. as an assistant physicist.

H. C. Hogancamp has left the Technical Radio Laboratory of
Paterson, N. J. to join the radio staff of the Pacent Reproducing Com-

pany of New York City.
H. W. Kitchin, Lieutenant, U. S. N., has been transferred from

the U. S. S. Texas to the high power radio station at Annapolis, Md.
where he is now officer in charge.

Previously a radio engineer at the Iowa State College broadcast
station WOI, P. A. Konkle is now a telephone engineer for the RCA -
Victor Company at Camden.

B. Leferts is now a design engineer for the United Research Corpo-
ration at Long Island City, New York, previously being plant and
research engineer for the General lustrument Corporation.

Formerly factory manager for the United States Radio and Tele-
vision Corporation, F. L. Lemm has become factory manager for Story
and Clark Radio Corporation at Grand Haven, Mich.
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Paul S. Lester has joined the engineering department of the RCA
Radiotron Company at Harrison, N. J.

H. M. Lewis has left the Signal Corps Laboratories at Fort Mon-
mouth N. J. to become a senior radio engineer with the Hazeltine Cor-
poration at their Bayside, L. I., laboratory.

Formerly engineer in charge of broadcast station WOMT, R. A.
Limberg is now a field engineer for the National Broadcasting Com-
pany.

W. C. Little, formerly in the Radio Test Department of the General
Electric Company has become operations engineer of the Northern
Electric Company of Montreal, Canada. .

Leaving the General Electric Company as a radio engineer, W. L.
Lyndon has become transmitter division engineer for the RCA -Victor
Company of Camden.

Carlton F. Maylott, formerly in the Department of Engineering of
Lehigh University has joined the radio engineering department of the
Bell Telephone Laboratories in New York City.

J. L. McLaughlin is now chief engineer for broadcast station WRNY
previously being design engineer.

L. S. Nargaard, formerly a vacuum tube engineer in the Research
Laboratory of the General Electric Company, has joined the Physics
Department of the University of Minnesota as an teaching assistant.

D. 0. Nichols previously with broadcast station WWAE has be-
come chief engineer for the Sound Projection Co. of Chicago, Ill.

A. A. Ramsay has left the engineering department of the Brunswick-
Balke-Collender Company of Los Angeles to become general manager
of Amplifiers, Ltd., of Emeryville, Cal.

F. W. Schor, formerly with the Temple Corporation is now engineer
for the Grigsby-Grunow Company of Chicago.

E. 0. Selby has left the General Electric Company at Schenectady
to join the radio engineering department of the RCA -Victor Company
at Camden.

E. R. Shute, formerly operating engineer for Western Union Tele-
graph Company is now general superintendent of traffic at the new
office, 60 Hudson St., New York City.

B. A. Somers has left the vacuum tube research laboratory of the
General Electric Company at Schenectady to join the vacuum tube
laboratory of the RCA -Victor Company at Camden.

L. C. Verman, formerly research assistant in the engineering re-
search department of the University of Michigan, is now Heckscher
research assistant at Cornell University.

J. S. Webb previously instructor in physics at Cornell University
has become an associate professor in the department of radio engineer-
ing of the University of Minnesota.
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THE DESIGN AND CONSTRUCTION OF BROADCAST
STUDIOS

BY
0. B. HANSON AND R. M. MORRIS

(National Broadcasting Company, New York City)

Summary-The science of sound, for years one of the most neglected of
subjects related to physics, has during the past decade been the subject of much inter-
esting research. A certain amount of impetus has been added to this work by the
phenomenal growth of radio broadcasting owing to the necessity of providing studios
suitable from an acoustic standpoint.

This paper indicates certain facts relative to the science of acoustics and sound
control and shows how they are applied in the construction of present day studios for
radio broadcasting. Examples are given as well as methods of overcoming difficulties

in practical application of principles.

IN THE past decade of radio broadcasting, tremendous strides have
been made in development of equipment, methods of operation,
and program' technique chiefly due to the stimulus created by its

rapid general acceptance by the public. We have constantly been
faced with the problem of providing sufficient facilities, especially from
a studio standpoint, to meet the increasing program traffic require-
ments of network broadcasting. I./

Ten years ago our ideas on broadcast studios were very meager
compared to our knowledge and information of the present day.
In 1923 what was believed to be quite an adequate studio layout for
years to come consisted of two studios, one 22 X35 ft. and one 16 X20
ft. with a main control room common to both. Little, if any, time was
spent on rehearsals in those days with the result that the two studios
were sufficient to keep a continuous program on the air.

With the coming of sponsored broadcasting and the necessity for
careful rehearsing and well worded announcements, much more time
was devoted to rehearsals. As a comparison it might be interesting to
note that on important programs it is now necessary to have anywhere
from five to fifteen hours of rehearsal for one hour of program on the
air. This fact accounts very largely for the increase in the number of
studios required for one program channel today.

For the operation of two networks, which would obviously involve
an elaborate plant, at least four studios would be required for program
service alone and a number of others of varying size to handle rehears-
als and auditions.

* Decimal classification: R612.1 X534. Original manuscript received by the
Institute, September 27, 1930. Presented before Fifth Annual Convention of the
Institute, August 18, 1930, Toronto, Ont., Canada.

17



18 Hanson and Morris: Construction of Broadcast Studios

Since nearly all rehearsals and auditions require practically the
same studio conditions and apparatus necessary for program service,
there is no particular point in providing studios for rehearsal purposes
only. All studios should be made part of a common system for the
creation of broadcast programs. The variation in number of performers
and type of performances necessitate considerable variation in the size
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Fig. 1-Ideal studio plan.

of the studios. It is usually desirable that the same studio be used for
broadcasting as for the rehearsal, in order that the carefully determined
position of the instruments and microphone in the studio may be
retained for the broadcast.

The problem of handling the increased number of musicians and
performers becomes serious when it is possible that two or more pro-

4
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grams may be conducted simultaneously, with several rehearsals also

in progress in other studios. Such a condition might necessitate the

presence of a total of three hundred or more musicians and other ar-

tists. It is necessary, therefore, to give serious thought to the placing

of studios in order that they may be economically anti efficiently

operated not only from the technical standpoint, but also from that of

reducing to a minimum the confusion which might exist among the

musicians and visiting artists.
What is considered to be the ideal layout for a group of studios has

been worked up from what, may be referred to as a central control

system. This consists primarily of a central main control room sur-
rounded immediately by individual control rooms directly adjacent to
their respective st udios. The st udios are approached on the opposite

side by corridors through which the artists and performers may enter
the studios. This makes for efficiency in the technical operation of the

system and makes the studios readily accessible from a common point,

for the production staff. An illustration of this fundamental plan is

shown in Fig. 1.
It is obvious that with such a layout great pains must be taken in

insulating the individual studio units against the transmission of sound,
in order that each studio unit may function satisfactorily without
acoustical interference from adjacent studioq.. Obviously any failure of
the sound insulation system would render these groups useless. It is
not only imperative that sound originating within the studio be kept
within the desired bounds, but also that noises originating perhaps out-
side the building be prevented from entering the studios. Such rigid
requirements call for elaborate methods of sound control and indicate
that studios should preferably be constructed without windows or open-

ings to the exterior. If it is necessary to provide such openings in studio
walls special consideration will have to be given to making them
incapable of sound transmission to any appreciable degree.

A brief outline of requirements covering the design of a group of

broadcast studios is given herewith:
(1) Location
The studio group should be located in.that part of a metropoli-

tan area which is most accessible to artists. This is, of course,
adjacent to the theater and concert hall centers. In the case of
New York City, this section would be bounded on the north by
59th Street, on the south by 42nd Street, on the east by Madison
Avenue, and on the west by 8th Avenue. It is also desirable for a
studio group to be located on a street well known to the general
public.
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(2) Type of building
It is desirable to locate in a building which is under construc-

tion, or on which construction has not yet begun, so that the steel
work may be readily modified to provide the area (clear of columns
or supports) necessary for large studios. Although a studio group
could be built on the lower floors of the skyscraper type of building,
this is not economical as the cost of steel spans to support the tall
buildings would be prohibitive. If it is necessary to occupy a
finished building, a location in the upper floor of the loft type of
structure such as used for department stores and light manufactur-
ing is probably most satisfactory.

(3) Sound insulation
Means must be provided to prevent the transmission of sound

from one studio to another or from the outside into any studio.
Studios should be built as a box within a box, the inner box me-
chanically insulated against vibration from the outer, and the outer,
of course, supported on the steel structure. To be highly effective
complete soundproofing necessitates that the studio floor, walls,
doors and glass partitions be to all intents and purposes hermeti-
cally sealed.

(4) Air conditioning and ventilation
A ventilating system of the ordinary type is not sufficient for

broadcast studios. Large groups of musicians rapidly increase the
temperature and humidity necessitating that the air be replaced
frequently with cooled and dehumidified air. To accomplish this,
a system of air conditioning is necessary. A more detailed descrip-
tion of this system is given later on in this paper.

(5) Acoustic treatment
Perhaps one of the most important considerations as far as the

production of the program itself is concerned is the acoustic condi-
tion within the studio. It is necessary to provide within the studio
sufficient sound absorbing material to reduce the reverberation
time to the desired optimum value. Variation in the amount of
sound absorption should be provided for, to compensate for varia-
tions in the size of the musical groups. The acoustic material used
should of course have a frequency -absorption characteristic satis-
factory over the entire musical range.

(6) Lighting
The individual music stand lighting system used in concert work

is not adapted to broadcast studios as the location and size of the
groups performing are too varied. Lighting cables layed on the
floor are also somewhat of a nuisance. The lighting, therefore, must
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be from overhead and of sufficient strength to enable the musicians
to read manuscript with ease. It has been found necessary to pro-
vide approximately 20 foot candles. Facilities must also be pro-
vided for supplying power to the portable flood lights used for
taking photographs.

(7) Decoration of studios
Although this problem does not immediately concern the en-

gineer except wherein it may affect the acoustic condition, con-
siderable stress should be placed on the importance of the proper
architecture and decoration of the studios. This has a psychological
effect upon the mood of the artists which influences their perform-
ance. In some of the later designs of the NBC studios, the decora-
tion has been rather elaborate.

(8) Technical operating requirements
In the design of the main control room equipment and the equip-

ment which is associated with the individual studio control rooms,
it must be borne in mind that all studio equipment should be elec-
trically interlocked in order to provide the necessary flexibility.
Any studio should be capable of instantaneous connection with
the outgoing circuits at the will of the master transmission super-
visor. In operating a centralized studio group, it is assumed that
a control operator will be stationed in the studio control booth of
each studio in use to control volume and monitor the outgoing
programs, and that a supervisor will be located in the main con-
trol room to superintend general technical operation. It is not
intended in this article to describe the technical apparatus used
in connection with broadcasting but rather to describe in detail
the design of studios and to discuss factors influencing this work.
The adaption of the ideal plan shown in Fig. 1 to an actual building

should be of interest as an illustration. Of course definite rules can
hardly be set down to govern application of principles. It is a matter
of careful study and thought, in each individual case. Fig. 2 shows
how the central control plan was adapted to the building occupied by
the NBC at 711 Fifth Avenue, New York City. An even better idea can
be obtained by reference to the cutaway view of the studio layout shown
in Fig. 3. It is desirable of course to keep the studios on one floor if
possible, but such is hardly economical at such locations as Fifth Ave-
nue, due to limited floor area.

A description of the newly completed Chicago Studios of the NBC
will further illustrate the foregoing principles.

Fig. 4 shows how the ideal layout was adapted to the building
conditions found in the Merchandise Mart building. It will be noted
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first of all that the studios vary in size but are of similar shape. It has
been found that the studio dimensions have an influence on the acoustic
conditions and from experience an empirical formula for determining
this is worked out as follows:

I

3
3
3

i"P it

P.

iVo

I

Fig. 2-Plan of 13th floor, 711 Fifth Avenue, showing arrangement of studios.

It has been found from experience that the dimensions of a studio
to be most satisfactory from an acoustical as well as an esthetic con-
sideration, should be approximately in the ratio 2-3-5 for the height,
width, and length, respectively.
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Using this ratio the approximate dimensions of a studio in terms of
its height are,

3
width =

2-h

5
length =

2
-h

(1)

(2)

On first consideration it would seem that the capacity of a studio
would be proportional to floor area. It has been found, however, that

allVrec,

ALIro..11, C00.0.1

TRW T

1_,

Fig. 4-Studio and control room layout-Chicago.

it is more nearly proportional to volume for two reasons. First, the
ventilating requirements are directly proportional to the normal
studio capacity and second, the floor area required per artist in the
case of large groups is less than required in smaller groups due usually
to the greater percentage of vocalists and artists playing the smaller
instruments.
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It is possible, therefore, to say that

V oc N (3)

or V=KN (4)

where V= Volume of studio in cubic feet
N = Number of artists constituting normal capacity.

From experience it has been found that

K=750

therefore V= 750N = -15h3 (5)
4

h=5.87\VN (6)

In order that the minimum studio size shall have a ceiling height of
not less than 8 feet

h= 8
Ny--g = 1.37

N=2.55 (7)

Expression in final form, therefore, is

h=5.87\/N-2.5 (8)

This relation is shown in graphical form in Fig. 5 which also gives
the values of width and length. It should of course be remembered
that these values are approximate and should be considered only as a
guide. Construction limitations will probably be the deciding factor
in the actual dimensions finally decided upon.

Table I gives in tabular form the dimensions of the Chicago group
of studios to illustrate typical compromises which must usually be
made. Dimensions of Studios C and F are notable for their deviation
from the proper ratio, while Studios A and B fall rather close to the
prescribed value.

TABLE I

STUDIO DIMEINSIONS
CHICAGO INSTALLATION

Studio Length Width Height

A 72'-0" 47'-0" 26'-6"

B 45'-13" 31'-2" 211-6if

C 26'-0" 21'-0" 10,-0"

D 57'-2" 42'-0" 21'-6"
E 54'-1" 42'-0" 21'-6v
F 26'.-0" 21'-0" 10'--0"
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The building in which or upon which the Chicago Studios have been
erected is of immense proportions, being considered the largest building
in the world. The roof over the eighteenth floor has an area of approxi-
mately 200,000 square feet, so that there was ample space to erect
a studio group without serious complication of the steel problem. With
practically no restrictions on outside dimensions these studios were
placed as desired, in the shapes desired, grouped around the central
control room, and the exterior wall erected about the whole. It will be
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Fig. 5-Relation of studio capacity to studio dimensions and volume in standard
broadcast practice.

noted by reference to the plan, Fig. 4, that each studio unit includes its
individual control room, double entrance vestibules and an observation
gallery, all of which are insulated against sound transmission from the
other studio units. In addition to the floating floors, walls, and ceilings
which were provided, corridors are placed between the studio units to
assist further in sound insulation. No studio wall is immediately adja-
cent to that of another.

All studios are readily accessible from the central control point.
Provisions for artists' entrance are on the side of the studio away from
the control room, so that there is no cross traffic between performers
and production and technical staff. In addition to the studios, ample
space was provided for storage batteries, power supply, ventilating
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Fig. 6-View of soundproofing showing gran and ceiling.

Fig. 7-View of soundproofing on wall (close-up).



28 Hanson and Morris: Construction of Broadcast Studios

equipment, speech input equipment, and line terminal and switching
equipment for the routing of network programs originating in other
cities through the Chicago control room.

Acoustically treated monitoring booths in the control room are

Fig. 8-View of floor without fill.

Fig. 9-View of floor with fill.

provided for the proper monitoring of through programs and for check-
ing the transmission of network stations.

Following is a more detailed description of the system used in the
Chicago plant of soundproofing studios and their individual control
rooms, and the construction of transparent partitions and soundproof
walls. The main walls of the studios are erected of a single layer of four-
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inch terra cotta tile. On the studio side of, these walls are placed steel
spring clips on 18 -inch centers and on these clips in turn is placed
metal lath. (See Figs. 6 and 7.) The same treatment is applied to the
ceiling. To prevent the possibility of reverberation in the space be -

S&P CENTER/NG
FELT WASHER

FELT /NSL/LAT/ON

P/N/SHED
Buck

PIASTER

F/N/SH/Na
PLAJTEX,

CL /PS

FELT

Fig. 10-Soundproof window construction.

tween the outer wall and the main terra cotta walls, hair felt or similar
sound absorbing material is placed on the main wall in the spaces be-
tween the spring clips and the walls. This also applies to the area back
of the hung ceiling. The ordinary layer of rough plaster is then applied
to the metal lath and on top of this the acoustic treatment or hard plas-
ter, as may be specified.
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A similar system of soundproofing is placed upon the floor except
that the springs in this case support wooden sleepers. Before laying
the wooden floor, the space between the concrete slab and the top of the
wooden sleepers is filled with some light sound absorbing material,
such as mineral wool or thermo-fill, to prevent resonance in the floating
floor. (See Figs. 8 and 9.)

This construction provides walls, floors and ceilings which are
floating on spring clips. The attenuation to sound originating in the
studio through such a partition when completed is approximately sixty
decibels, even at frequencies as low as sixty-four cycles. The attenua-
tion of course is much greater at the higher frequencies. This same
soundproofing treatment is applied to the walls of the adjacent control
booths so that the sound insulation is doubly effective between the
studio and its control booth, which aids in eliminating interaction
between the loud -speaker operating in the control booth, and the
microphone and permits monitoring without acoustic interference from
the studio.

The necessity for a transparent partition between each studio and
its control room presents somewhat of a problem to obtain attenuation
comparable with the walls themselves. Three pieces of glass of varying
thicknesses, namely, 1/2 in., 3/8 in., and 1/4 in. are used in this parti-
tion, each piece mounted on a separate buck, the bucks in turn being
mounted, one on the terra cotta partition and the other two on their
respective floating partitions. Figs. 10 and 11 show this construction
in more detail. Three different thicknesses of glass are used to stagger
the natural period of the panels, which helps considerably in increasing
the attenuation. The system of soundproofing described may be com-
pared in its action to an electrical filter.

The installation of such an elaborate method of soundproofing may
seem overcautious, but the success or failure of the studios when put
in operation are dependent upon this factor. Even from the economic
point of view, however, this is less expensive than the erection of double
terra cotta or brick walls and more effective due to separation of the
floor from the main structure.

A number of tests were conducted on various makes of doors suit-
able for studio use and a door was built, to the NBC's specifications,
of comparatively light construction which has an attenuation of ap-
proximately forty decibels. The entrance to all studios is through
vestibules with a soundproof door at each end. This gives in effect a
sound lock analogous to an air lock to a pressure chamber so that access
to studios in operation is possible. The vestibules are treated acousti-
cally to have high sound absorption. The attenuation through such
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doors and vestibule is even in excess of that of the studio partitions.
It is posiible to erect doors of such weight and dimensions that only
one door is necessary, but such is not practical. In placing the doors,
great care must be exercised to see that proper contact is made against

Fig. 11-View of soundproof window frame.

the jambs, two of which are provided. The door when closed is practi-
cally air -tight, even at the floor.

The system of ventilation in the Chicago studios is that manu-
factured by the Carrier Engineering Corporation. A detailed descrip-
tion of this ventilation system is not necessary, as its operation is well
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known to engineers. It might be well, however, to mention the
peculiarities of the system which adapt it to broadcast studios. The
most important factors are the prevention of transmission of sound
through the metal work of the ducts themselves and through the air
columns within the ducts. The former is taken care of by wrapping the
outside of the ducts with a sound absorbing material to damp the
vibrations of the metal walls. A system of sound absorbing baffles are
used within the ducts to prevent transmission through the air column.
These are of course installed in both the supply and exhaust ducts and

are placed where they will be most effective in preventing the trans-
mission of sound in either direction. This makes a cross section of the
duct appear honeycombed, except that the partitions are square in-
stead of hexagonal. These muffler sections are approximately fifteen
feet in length. The acoustic material used is a form of Mexican moss
wrapped in a membrane to prevent it from being scattered throughout
the duct. Other forms of acoustical treatment, of course, could be used.
Actual baffles built of sound absorbing boards erected similar to an
automobile muffler were used in the New York studios of the NBC but
these, although equally effective, occupy more space and cause more
resistance to air flow than the method used in the Chicago studios.
Emphasis must be placed on the necessity of independent studio ducts
back to the main fan and the provision of individual steam and air flow
control. Individual temperature control is necessary as certain studios
may be vacant while others may be in use to capacity, thus calling for
a different incoming air condition for each studio.

It has been found from experience that it is rather difficult, in the
matter of acoustic treatment, to obtain the desired and expected results
solely on the basis of frequency -absorption characteristics as supplied

by the manufacturers.
The essential reason for this is that such characteristics were deter-**

mined under conditions differing from those under which the material
is applied in the studio. This difference is particularly noticeable in the
type of wall construction herein described. At the present time almost
all existing determinations of frequency absorption characteristics of
commercial acoustic treatments have been taken by the Sabine rever-
beration method using a chamber of solid masonry where transmission
through the walls is negligible. In the case of studio walls the transmis-
sion through the floating partition to the acoustic treatment behind is
far from negligible at frequencies below 250 cycles. There is also a cer-
tain amount of absorption at low frequencies in this partition, inde-
pendent of acoustic treatment, due to actual motion under sound
pressure. It is therefore desirable, since all present acoustic treatments
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are somewhat deficient in low -frequency absorption, to apply an acous-
tic treatment which will reduce as little as possible the inherent effec-
tive absorption of the soundproof partition. From this standpoint an
acoustic treatment therefore should have a low density and be non-
rigid.

Tests conducted in experimental studios have shown increases in
reverberation time at 64 cycles, of approximately 100 per cent due to
application of an acoustic treatment not having these qualities. The
actual figures in this case were 0.95 seconds before application and 1.9
seconds afterwards. Under identical conditions the application of a
light, flexible, acoustic treatment caused a reduction in reverberation
time from 1.0 second to 0.85 second.

The optimum reverberation time for broadcast studios is generally
believed to be somewhat less than the standards set by Watson and
Sabine for auditoriums mainly because of the fact that the acoustics of
two rooms enter into the final result. A satisfactory value of rever-
beration time for studios of 2,000 to 3,000 cubic feet is approximately
0.7 seconds; for studios of 100,000 cubic feet, approximately 1.1
seconds.

It should be emphasized, however, that the type of music being
rendered plays by far the greater part in the value of reverberation time
giving most satisfactory results. Fast moving, stacatto selections re-
quire much less reverberation than is permissible, and in fact desirable,
in the case of slow moving largo passages.

In general, two-thirds of the wall area is treated with acoustic
treatment previously selected and found satisfactory for the purpose,
the remaining third being treated with hard plaster of irregular surface.
In the Chicago Studios the wall areas are broken up by pilasters of
hard plaster, the pilasters in turn being V'd to break up the reflected
wave front. The ceilings are also broken up with coffers of varied size.

It has been the purpose of this paper to outline briefly the problems
encountered in the design and construction of studios suitable for
radio broadcasting and to set forth practical solutions to the problems.
This paper was prepared from experience in answering questions of
others faced with this problem in the past, as well as from first-hand
experience in the design of the studio groups mentioned. it is hoped
that it may serve to some degree as a guide to those encountering this
problem in the future.
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ACCURATE METHOD OF MEASURING TRANSMITTED
WAVE FREQUENCIES AT 5000 AND 20,000

KILOCYCLES PER SECOND*

BY
E. L. HALL

(Associate Engineer, Radio Section, Bureau of Standards, Washington, D.C.)

Summary-The measurement of the frequency of a radio transmitting station
offers a convenient means of intercom parison of frequency standards situated in
different laboratories. While there have been several articles published dealing with
station frequency measurements, these have, for the most part, considered frequencies
in the broadcast hand or lower. This paper describes a method of measuring station
frequencies applicable to any frequency but dealing primarily with frequencies of
approximately 6000 kc and 20,000 kc. A high order of precision is obtained by the

use of harmonics and audio frequency beat notes. .if ost of the units of the equipment
employed have been previously described in con neclion with other applications.

THE measurement of the frequency of a distant radio trans-
mitting station offers a means of intercomparison of the fre-
quency standards of two or more laboratories, which may be in

different countries, and of calibrating secondary frequency standards
in various laboratories. The above applications have been used with
increasing accuracy as improvements in radio apparatus and technique
of measurement have become available. However, the accuracy
obtainable in the intercomparison of two frequency standards in this
manner may be surprisingly good if suitable measurement methods
are chosen, as will be shown later.

In 1923 and 1924 simultaneous measurements were made upon the
transmissions of some of the transoceanic telegraph stations by two
European laboratories and the Bureau of Standards. The agreement
was of the order of 0.2 per cent.

The method of measurement described by Royden,' using a fre-
quency meter, is stated to give readily an accuracy of 0.1 per cent.
While the frequency range covered is not stated, measurements at
14.5 and 20 kc are mentioned.

A year ago the frequencies of the European broadcast stations
were being measured with an accuracy of 0.02 per cent,2 using the

* Decimal classification: R213. Original manuscript received by the Insti-
tute, June 14, 1930. Presented before April 25, 1930, meeting, American Section
of the U. R. S. I., Washington, D. C. Published by permission of the Director
of the Bureau of Standards of the U. S. Department of Commerce.

1 George T. Royden, "The frequency checking station at Mare Island,"
PROC. I. R. E., 15, 313-318; April, 1927.

2 W. H. F. Griffiths, "Accurate wavemeter design," Wireless World
(London), 26, 113; January 29, 1930.
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36 . Hall: Measuring Transmitted Wave Frequencies

apparatus and methods described in papers by Braillard and
Divoire.3.4,' Refinements not usually used were said to increase the
accuracy of the method to a few thousandths of one per cent.

Frequency measurements upon broadcast stations as described by
Bogardus and Manning' were made with an accuracy of about a hun-
dredth of a per cent The same order of accuracy is obtained by the
method used in Italy by Pession and Gorio.'

Radio transmitting sets of a few years ago had no means of ac-
curately controlling the frequency such as is now possible with a
piezo control which is maintained at a constant temperature. If a
radio transmitting set can be relied upon to maintain its frequency
quite accurately, it is no longer necessary that simultaneous frequency
measurements be made in order to obtain accurate frequency com-
parisons. There are probably very few technicians accustomed to
making frequency measurements of high precision, who would
guarantee to make such measurements at definitely prescribed times,
because of various kinds of interference which invariably occur at
such times. This is true at least in a radio laboratory where several
may be engaged on various kinds of testing work at the same time,
and electric motors and other apparatus may be producing interference.
However, if the transmitting set remains constant, measurements can
be made as convenient, and consistent results can be obtained.

Some months ago the Bureau undertook to measure the frequency
of the transmitted wave of NKF, Bellevue, D.C., which was ap-
proximately 20,085 kc. This transmitting set is piezo-controlled by
a quartz plate with a frequency of approximately 2510 kc. Successive
frequency doubling stages are employed. During preliminary
measurements an antenna was temporarily connected in to the 5000-kc
stage and then to the 10,000-kc stage, as well as to the final stage. The
transmission could not be picked up on the 10,000-kc transmission,
presumably because the Bureau was within the skip distance for this

3 R. Braillard and E. Divoire, "The exact and precise measurement of wave-
length in radio transmitting stations," Experimental Wireless & Wireless
Engineer, (London),4, 322-330, 394-401, 1927.

4 R. Braillard and E. Divoire, "How broadcasting wavelengths are checked.
A description of the International Listening Station at Brussels," Wireless World,
22, 219-222, 1928.

5 R. Braillard and E. Divoire, "Measurement of wavelengths of broadcasting
stations," Experimental Wireless and Wireless Engineer (London), VI, 412-421,
1929.

6 H. L. Bogardus and C T. Manning, "The routine measurement of the
operating frequencies of broadcast stations," PROC. I. R. E., 17, 1225-1239;
July, 1929.

7 G. Pession and T. Gorio, "Measurement of the frequencies of distant
radio transmitting stations," PROC. I. IL E., 17, 734-744; April, 1929; Pession
and Gorio, "Sulla Misura Della Lunghezza D'Onda," Electrotecnica (Italy),
15, 524-530; 1928.
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frequency and the ground wave was not of sufficient strength. As

both the 5,000-kc and 20,000-kc transmissions could be picked up
readily, it was thought desirable to have both these frequencies trans-
mitted and use the measurements on one frequency as a check on the
measurements at the other frequency. This was accomplished through
the courtesy of Dr. Taylor and his associates at the Naval Research
Laboratory.

The measurements here considered have been made upon special
transmitted signals, the part used in measurement consisting of a long
dash. While the method can be employed upon the keyed signal of a
station, yet it loses precision in such a case, because it is difficult,
if not impossible, to match a steady note precisely with an inter-
mittent or broken note. Experience has shown the necessity of an
identifying signal such as the station's call letters, but these should be
kept to a minimum, and the dashes for measurement purposes made to
predominate.

Most of the apparatus used in the measurements has been described
in other papers.s.9.'o The paper, reference 9, on testing piezo oscil-
lators, states that the method described is also applicable to the
measurement of station frequencies. Since the paper was prepared,
the Bureau has obtained a very accurate primary
quency, similar to that described by Marrison." The frequency
measurements are based upon this new standard rather than upon the
standard mentioned in the previous references

The method of measurement is the familiar one consisting of
tuning a radio receiver to the frequency of the station to be measured,
adjusting a radio -frequency generator to the same frequency or some
harmonic of it, and measuring the frequency of the generator. The
frequency relation between the generator and the radio receiver
being known, the frequency of the signal is readily obtained.

In order to explain the refinements making for increased precision
and accuracy in the measurements to be described, reference is made
to Fig. 1. The radio receiver R is adjusted to the desired station signal,
as for example, 5021 kc, and left in a nonoscillating condition. The

8 E. L. Hall, "A system for frequency measurements based on a single
frequency," PRoc. I. R. E. 17, 272-282; February, 1929.

9 E. L. Hall, "Method and apparatus used in testing piezo oscillators for
broadcasting stations," Bureau of Standards Journal of Research, 4, 115-130,
January, 1930; also as Research Paper No. 135, obtainable from Superintendent
of Documents, Government Printing Office, Washington, D.C., for ten cents;
PROC. I. R. E., 18, 490-509; March, 1930.

10 N. P. Case, "A precise and rapid method for measuring low frequencies,"
Bureau of Standards Journal of Research, August, 1930; PROC. I. R. E., 18,
1586-1593; September, 1930.

11 W. A. Marrison, "A high precision standard of frequency," Bell Sys.
Tech. Jour., 8, 493-514; July, 1929; PROC. I. R. E., 17, 1103-1122; July, 1929.
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generator P is then adjusted to zero beat with the radio receiver, and
a reading taken upon the frequency meter W. Generator P is then ad-
justed away from zero beat until beats are obtained by matching with
the note from a tuning fork TF, which is held in the hand and struck
with a small mallet as desired. A second reading is taken at this time
upon the frequency meter W, the readings of which are used .in re-
cording the direction from zero beat where the precise measurement is
made. Further discussion of the frequency at which generator P is
set for the measurement will be given after describing the remainder
of the procedure.

Fig. 1.

The 10-kc generator G is controlled by the primary standard S
which supplies current at 10 kc. Generator G is of the Hartley type,
having a grid resistor across which the control voltage is impressed.
It remains in control over a considerable capacity change. Harmonics
of the 10-kc generator G have been used in measurements as high as
the 290th, but, generally speaking, harmonics below half this order
are usually used.

The detector amplifier, described in a previous paper,8 picks up
the beat frequency between generator P and generator G, as heard in
telephones U. This beat frequency is matched with a similar frequency
from the audio -frequency generator AF, as heard in telephones V,
at a time when the setting of generator P gives a beat note in the
telephones T matching tuning fork TF.

The characteristics of the generator AF are such that it will
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maintain its frequency over long periods. However, the calibration is
not relied upon, and the output is sent into a mixing unit. M or modu-
lator, which also receives a frequency of one thousand cycles per
second from the primary standard S. The resulting beat frequency
output, from It is sent into the direct reading frequency meter 1',
described in a previous reference,'° which is checked against the
hundred cycles per second output. of the primary standard S. The
frequency meter F is limited in range from 5 to about. 200 cycles per
second, but by use of the modulator M and the 1000 -cycle output, from
S, measurements in this range around the harmonics of 11)00 cycles per

second can be made.
If it is desired to measure a frequc;ncy of approximately 20,085 kc,

for example, with generator P set at. such a frequency, the detector
amplifier A could hardly be expected to pick up the 2008th harmonic
of generator G. If it did, there would be an audio -frequency note of

5000 cycles per second, which cannot be measured with this equipment..
Harmonics of the generator P, however, will be picked up by the radio
receiver R, so that if P is set at 1/40 of I? or 502 kc, the beat notes
work very nicely throughout the system. In other words, when gene-
rator P is set on 1/40 the frequency of I? to match tuning fork TF,
the telephones U connected to A produce a note against a harmonic
of the standard 10-kc generator G, which can readily be matched with
the note in telephones V and checked up with the frequency meter F,
coming within the range of 2000 + 200 cycles per second. Tuning forks
of several frequencies have been used to obtain check values agreeing
to the order of one part in 106.

For check measurements at 5021 kc, generator P is set in a similar

manner. If the same tuning fork is used, a slightly different beat
frequency is produced from that. at 20,085 kc. In order to make
measurements with the above apparatus at. a given frequency, the
harmonics and beat notes employed must bear certain relations to
each other, as are stated below. Let

X =frequency to be measured which is approximately known from
frequency assignment.

H =frequency to which generator P is adjusted.
A =audio -frequency note produced after generator P is precisely

adjusted in certain relationship to frequency X.
A should have one of the values previously mentioned, i.e., 5-200,

1000 ± 200, 2000 ± 200, etc., cycles per second.
H must have a value such that

(1) A is satisfied.
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(2) Beat note between generator P and 10-kc generator G comes
in the range preferably from 100 to 2500 cycles per second.

(3) Beat note between harmonic of H and frequency X should
come between 400 and 1500 cycles per second in order to
be easily matched.

(4) The frequency setting to be preferably under 1000 kc.
(Measurements have been made at three times this fre-
quency.)

While the above conditions may seem to be quite formidable, in
practice several solutions may be possible. Several measurements
are possible by varying (3) using tuning forks of different frequencies.

Data taken on the piezo-controlled transmitting set at NKF upon
frequencies of approximately 5021 kc and 20,085 kc gave practically
the same results by the above method, although five different conditions
as to beat note produced were used. It was of interest to find that
measurements made at the Naval Research Laboratory by an entirely
different method and in terms of a different standard, agreed with our
results within about 2 parts in 106.

A consideration of the possibilities of error in the measurements
may be of interest. Consider the measurement of 20,085.000 kc. The
radio receiver, when properly set, will not introduce an error. If the
radio -frequency generator was set at 1/40 the frequency to which
the radio receiver was adjusted, it would be set at 502.125 kc. As it can-
not be set accurately here, the 40th harmonic of the generator is made
to produce a 1000 -cycle difference frequency with the incoming signal.
If the generator is set low, its frequency will be 502.125 -1000/40
= 502.100 kc. If the thousand -cycle beat note is held to one cycle per
second, the generator is set to 1/40 cycle per second, or to 502.100 kc
±0.025 kc. It is quite difficult, if not impossible, to hold the generator
to such precision. If the generator is held so that there is a beat of 1
cycle per second, which is not impossible, the error in setting will be
1 part in 2 X10'. The error in matching the note between the standard
and the generator, with the audio -frequency generator, is of con-
siderable importance, because instead of affecting the result by 1/40,
it affects it directly. The error in this matching is multiplied by 40
with the frequencies considered. However, it is possible to make the
matching quite accurately providing the radio -frequency generator
holds, or the matching is carefully made when the 1000 -cycle beat
note is correct. Changing the setting of a variable air condenser either
side of zero beat and taking the mean setting gives a precise adjust-
ment. The setting of the radio -frequency generator affects the ease
of this matching by a factor of 50 in this case, because the note which
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is matched with the audio -frequency generator is produced by the
fundamental frequency (500 kc) of the generator beating with the
50th harmonic of the 10-kc generator. A change of the generator
frequency of 1/40 cycle, which represents a change of 1 part in
2 X107 with respect to the measured frequency, here produces a change
of approximately 1 part in 106. If referred to the measured frequency
this would represent a change of 0.2 kc, which is about five times the
difference obtained in measured values for a given day. The factor 50
therefore does not enter appreciably into the calculated error, but has
more to do with the difficulties of making the measurement.

The audio -frequency generator output is then determined in terms
of the direct reading frequency meter. Errors which may be inherent
in this device are likewise multiplied by 40 in arriving at the final
result.

In the absence of more data the following estimates of errors in
measurement may be listed. The total value thus obtained is of the
same order as the departure from the mean values of frequency actually
measured.

Estimated error in adjusting generator to receiver ± 0.5 part in 107
Estimated error in adjusting audio -frequency generator to generator note ± 8 part in 107
Estimated error in measuring audio -generator note ± 4 part in 107

Total ± 12.5 part in 107

As the sign of the errors may be either pOsitive or negative, some
of them may tend to cancel others.

The high precision and accuracy of the measurements of station
frequencies by the above method arises from the use of harmonics and
beat notes plus an acquired skill in the precision of setting the various
parts of the equipment. The use of several tuning forks in making
the settings verifies the results obtained, and in spite of a large multi-
plying factor as previously stated, which applies to the errors present,
the results usually agree to about 2 parts in 106.

Measurements at lower frequencies, such as in the broadcast band,
can be made very precisely in the above manner, and have the ad-
vantage of a small multiplying factor.

+.--Wi>111-01110---4-



Proceedings of the Institute of Radio Engineers
Volume 19, Number 1 January, 1931

GRAPHICAL ANALYSIS OF OUTPUT TUBE PERFORMANCE*

BY
C. E. KILGOUR

(Chief Research Engineer, Crosley Radio Corporation, Cincinnati, Ohio.)

Summary-After outlining the graphical method for the analysis of power
tube output as applied to the case of a simple resistive load the method is extended
to the case of a plate load presenting a value of resistance that is different for direct
current than for alternating current. It is shown that in this case the various load
lines cannot be drawn through a common operating point because the effective plate
voltage shifts when rectification occurs.

The method is applied to an experimental pentode and it is shown that in this
case the condition for no rectification does not imply the absence of odd or even
harmonics.

THE performance of vacuum tubes as amplifiers with relatively
small input voltages may be predicted by a consideration of the
amplification factor, plate impedance, and mutual conductance.

However, in calculating the output of tubes which must deliver power
to a loaded circuit of such an amount that use is made of the full ca-
pability of the tube, such an assumption cannot be made, because the
instantaneous values of mu and r, are swinging with alternations of
plate current and plate voltage.

In this case mathematical analysis becomes very involved. Use,
of course, can be made of experimental measurements and this is
perhaps the best way to obtain the final answer in such cases. How-
ever, the well known graphical method of laying down a load line on
the family of static curves representing plate current against plate
voltage for various grid potentials is very useful in showing what can
be expected. The use of this method requires no elaborate set-up of
apparatus and its application can be carried considerably farther than
has been done.

The idea in its simplest form may be explained as follows:
Let Fig. 1 represent the static characteristics of an amplifier tube

of the triode type such as the 245. If such a tube is connected in a cir-
cuit in which the plate load is a pure resistance, the performance may
be analyzed by drawing the load line where the lower end of the line
represents the value of the plate supply voltage and the slope of the
line is established by the value of the load resistance, that is, the resist-
ance is equal to the value of the intercept on the voltage axis divided

* Decimal classification: R139 X R335. Original manuscript received by the
Institute, October 6, 1930. Presented before Cincinnati Section of the In-
stitute, September 16, 1930.
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by the value of the intercept on the current axis. The intersection of
the load line and the line indicating the plate current for the working
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Fig. 1-Typical triode characteristics.

grid voltage represents the operating point of the tube with no input
to the grid circuit. The intersection of this line with the family of
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curves in effect gives us a graphic solution Of two equat 11111$, one of
which represents the surface defined by the variluis plate current -plate
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voltage curves and the other is the surface represented by the equation
of the load line. This solution eliminates plate voltage and we can now
draw a plate current grid voltage curve such as Fig. 2.

Assuming a sine wave input we can by the use of Fig. 2 plot the
plate current flow through the load resistance against time or the an-
gle of rotation of the vector generating the sine wave. (See Fig. 3)
This wave form may be analyzed by the method employing Fourier's
series and a determination made of the total power as well as the fun-
damental and various harmonics. The analysis is simplified consider-
ably by the fact that the first half cycle of the wave form is symmetrical
about the 90 -deg. axis and the second half cycle about the 270-
deg. axis. Due to this fact the sine terms are absent in the solution for
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the even harmonics, and the cosine terms are absent for the odd har-
monics and the value for 20 deg. is the same as that for 160 deg., etc.,
thus cutting down the arithmetical work considerably. As long as the
load is a simple resistance this method of analyzing may be applied
to any tube if we can obtain the static characteristics. If the distor-
tion is low so that the output is approximately sinusoidal the power
output may be obtained by use  of the relation that the output is
equal to one -eighth of the product of the voltage swing and the cur-
rent swing, or

P -
(E max- E min) X (I max- I min)

8
It is comonly stated that the per cent second harmonic is given by the
following expression:

Per cent 1-1-2-
1(1 max+ I min) - Io

(I max- I min)
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This is only a rough approximation and, of course, if the harmonic is
large the equation for the power output will be in error.

The graphical method as explained thus far is well known. However,
in practice an output tube is not usually loaded with a resistance
directly in the plate circuit but is coupled to the load through a t.ans-
former or by means of a choke and condenser. In this case the graph-
ical method has frequently been applied erroneously; however, it
may be used here to produce results as accurate as those obtained is
the case of a pure resistance load. For simplicity we shall assume that
a transformer of one-to-one ratio is employed having primary imped-
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Fig. 4-Typical pentode characteristics.

7;0

ante high in comparison with the load resistance and that the only
loss in this transformer is due to the d -c resistance of the primary. To
direct current, the plate circuit has a resistance equal to that of the
primary of the transformer; to alternating current, its impedance in
equal to the load resistance. This condition is interpreted in Fig. 4.
In this case we have the static characteristics of an experimental
pentode but the principles apply as well to any type of tube.

It is assumed here that we have a 300 -volt plate supply. A line
MN is drawn having a slope determined by the d -c resistance of the
primary, which has been taken as 200 ohms. The lower end of this
line rests on the 300 -volt point. Assuming a grid bias of -20 volts, line
R1 is drawn through the intersection of the minus 20 -volt grid curve
and the line OA having a slope determined by the a -c load which has
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been taken as 15,000 ohms. If we now assume a grid swing of ± 18
peak volts, draw our output curve and analyze it, we find that we have
a steady or d -c component amounting to -4.2 ma. This means that
the plate current will not be 42 ma as we have assumed but 37.8 ma.
Evidently something is wrong. We must accordingly make a second
assumption such as line R2 which will be parallel to R1 and cross line
OA at a lower value of plate current. If this assumption is correct
the average plate current indicated by the point 0 must equal the
value indicated by point B minus the d -c component of the wave as
obtained by the analysis of the output curve based on the new line
R2. It may be necessary to make several assumptions before the cor-
rect position of the line R2 can be obtained. However, it is not neces-
sary to analyze the output curve completely or even to draw it; it
is merely necessary to average the plate current values for even time
intervals for a sine input and ascertain whether or not this average
coincides with the assumed average indicated by point 0. This point
may also be determined by setting up the tube under corresponding
operating conditions and determining the d -c plate current with the
assumed input.

The decrease in plate current caused by the application of the alter-
nating voltage in the grid circuit has brought about a change in the oper-
ating conditions. Since the average plate current has fallen the average
plate voltage must rise slightly. This rise is indicated by the difference in
plate voltage as indicated by the points A and 0. However, the effec-
tive plate voltage as far as the generation of an alternating voltage
across the a -c plate load is concerned has shifted from point A to
point B or has fallen from 292 volts to 220 volts. Point B represents
the instantaneous value of plate voltage and plate current when the
instantaneous value of the applied grid voltage is zero. Point 0 rep-
resents the average value of plate current and voltage.

Line R3 shows the conditions which obtain for a load of 2000 ohms.
Note that the effective plate voltage has increased slightly in this case.
Under the conditions shown, that is, where the a -c plate load is of
higher resistance than the d -c plate load, negative rectification pro-
duces a drop in effective plate voltage and positive rectification a rise.
If the a -c plate load were of lower value than the d -c load the sign of
the change would be reversed. Such a condition is found in detector
tubes with a resistive plate load and a radio -frequency by-pass con-
denser.

The change in operating point is, of course, not instantaneous but
a short period of time will elapse between the application of the alter-
nating voltage and the arrival at the steady state. This is perhaps more
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easily understood in the case where a large choke is used directly in
the plate circuit and is coupled to the load through a condenser.
Roughly, the alternating component of the plate current will flow
through the resistor and the direct component through the choke. The
transient condition will persist until the field of the choke changes
sufficiently to accomodate the new value of plate current. The condi-
tions with transformer coupling are closely equivalent.

If there is no rectification the load line will be drawn through point
A. For 6800 ohms, rectification is negligible and the line R4 passes

through A. For loads of less than this value the effective working
voltage is slightly higher and for loads of greater resistance the effec-
tive plate voltage drops.

The error which arises due to drawing all load lines through a
single point such as A is not large if the rectification is small. How-
ever, in the case of the 15,000-ohm load the results were as indicated
in the table. (The values for a load of 2000 ohms and 6800 ohms have
also been included.)

TABLE I

Per Cent Total Voltage Distortion
Load Load DC Output
Line Ohms MA Watts 2nd H 3rd H 4th H 5th H

Ri 15,000 -4.2 5.85 12.8 10.0 1.9 1.6
RI 15,000 -6.4 4.43 20.6 7.2 4.2 0.9
Rs 2,000 4.9 2.25 10.8° 2.3 0.1 0.2
R4 6,800 0.0 4.78 6.3

Since low resistances give positive rectification and high resistances
negative rectification there must be some value of load which will
not produce any change in plate current for the particular alternating
grid voltage in question. The condition for no rectification does not
necessarily mean no harmonics although it is probable that the even
harmonics will be of low value. Because of the fact that the upper
half of the output wave -form is symmetrical about the 90 -deg. axis
and the lower half about the 270 -deg. axis, the expression for the in-
stantaneous value of the alternating plate current may be written,
considering current at point B as zero.

i = an +c1 sin 0+ c2 sin (20+7/2) c3 sin
30-1-c4sin(40+7/2)+

at point B, 0 is zero, i is zero, the odd sine terms are zero and the even
sine terms are equal to unity, therefore, the expression reduces to

ao+02+c4+ - 0.
This gives an interesting check on the accuracy of the analysis. If
there is no rectification, the three points A, 0, and B will coalesce, or

ao= 0 and c2+c4-1- -0.
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The algebraic sum of all the even coefficients must be zero. There is
then a possibility that at the point of no rectification there may be
substantial amounts of even harmonics; however, in all the cases in-
vestigated the even harmonics were very low at this point, so that the
limitations of the accuracy of the method precluded a positive check
on the last equation. However, in several cases measured harmonic
analyses bore out these conclusions.

In the analysis of the pentode as enumerated in the table it will
be noted that for a load of 6800 ohms the second and fourth harmonics
were negligible. The lack of rectification does not rule out the odd
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Fig. 5-Power output and per cent harmonics for maximum grid swing
of experimental pentode.

harmonics which may be present in force. Power pentodes show con-
siderable third harmonic when the load resistance is adjusted for zero
rectification, many of them showing over ten per cent. The lack of
rectification means that the crowding on the lower extreme of the
swing is offset by crowding on the upper end due to encountering the
region of the knees in the curves. Such symmetrical crowding indicates
the presence of odd harmonics.

Fig. 5 shows the power output and the voltage per cent for the
first four partials for the same input and working conditions as re-
ported in Fig. 4. The dotted lines indicate a negative coefficient for
the harmonic. Fig. 6 shows the output for a 245 tube represented in
the same way as Fig. 5. It will be noted that for the 245 the maximum
power was obtained when the load resistance was approximately equal
to the internal plate resistance. However, with the pentode this was
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not the case but the maximum output was obtained at approximately
a 10,000 -ohm load.

Whenever the working range does not reach out into the nonuni-
formly spaced or the curved portions of the static characteristic curves
the maximum output will be obtained when the slope of the load line
equals minus the slope of the plate current curve. This is merely an-
other way of stating the old proposition that maximum power is ob-
tained when the load resistance equals the internal resistance of the
generator.

However, when the input voltage is such that the working range
extends into the nonlinear portion of the characteristics the value of
the load for maximum power will change. In the case of the triode as

26

2000 4000 6000
LOAD RESISTANCE (OHMS)

Fig. 6-Power output and per cent harmonics for maximun grid swing
of power triode.

typified by Fig. 1, it is apparent that the slope of the load line for op-
timum power will be less than that of the tube characteristics or that
the load resistance will be greater than the tube resistance. When
distortion is considered it is even more important to keep out of the
curved portion of the characteristics which means a still further in-
crease in the load resistance or a flatter slope for the load line.

Pentode characteristics show curvature of an opposite sign. In
this case in order to avoid distortion and to get optimum power it is
necessary to make the load line steeper than the slope of the plate
current line at the working point. Here odd harmonics are a minimum
for zero load but even harmonics are negligible for a definite load re-
sistance, increasing for loads on either side of this particular value.
All this brings, out the point that there is no definite ratio between
optimum load resistance and internal tube resistance but that this
ratio will depend upon the characteristics of the tube and the working



50 Kilgour: Graphical Analysis of Output Tube Performance

point assumed. If the plate voltage as represented in both Figs. 1
and 4 could be materially increased without danger to the tube, an-
alysis would show that the optimum plate load in each case would more
nearly approach that of the tube resistance.

The fact that the internal plate resistance of the tube is not a con-
stant accounts for the apparent breakdown of the law that load re-
sistance must equal generator resistance for maximum power output.
In Fig. 4 plate resistance is indicated by the slope of the plate current
plate voltage curves. With a large grid swing and a load resistance of
6800 ohms it is evident that the instantaneous value of the reciprocal
of rp must change from that indicated by the slope of the characteristic
at point E to that indicated by the slope at point F. It is difficult to
say just what the effective plate impedance is under these circum-
stances. However, the exact nature of the tube output can be deter-
mined by the graphic method as has been outlined.
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INTERNATIONAL communication in some form has existed since
the beginning of civilization, while the development of rapid com-
munication as we know it today has occurred wholly within the

last hundred years, an interval of time exceedingly small compared to
the age of civilization. The development of radio has been even more
rapid than that of other forms of communication, and the greatest
progress of radio may be said to have occurred since the beginning of
the world war.

The development of communication in its international aspects
may be considered closely allied to the development of communication
itself. That radio is no respecter of national boundaries is only too well

known. The phenomenal growth of radio communication has given rise
to considerable misgiving in the minds of many as to the role which
radio is to play in the future of communication. Radio has come to be
a byword well known to millions through file development of radio
broadcasting. In the popular imagination, it is felt that it is only a
question of time until radio will become the universal medium for
communication, and that wires and cables, becoming obsolete, will be
abandoned. On the other hand, there are those who believe that the
future of radio is exceedingly limited, and will be confined largely to
broadcasting and communication with, and between, mobile stations
where, of course, the use of wires would be impossible. It is believed
by some that radio will be displaced eventually from the broadcast
field for local areas, by the use of wire broadcast systems. There are
even those who believe that the wire interests are making a concerted
effort to gain control of radio in order to stifle its growth and to over-
come the menace of radio to the wire communication systems of the
world. It is quite evident to us all that these extremely divergent
views are neither founded upon logic nor upon a clear understanding
of the technical and economic problems involved in communication in
general.

A little consideration will show that in the future development of
* Decimal classification R450. Original manuscript received by the Insti-

tute, August 2, 1930. Presented before Fifth Annual Convention of the Institute,
Toronto, Ont., Canada, August 19, 1930.

51



52 Buttner: Radio in the Growth of International Communication

international communication there will be a very definite and logical
use for both wire and radio communications. We might mention briefly
some of the principal factors which govern this situation. It is well
known thA.t short-wave radio stations forlong-distance communication,
at least with a volume of traffic not too great, require a smaller invest-
ment than the corresponding cable or wire systems. This is particularly
noteworthy in the case of long-distance transoceanic communica-
tions. On the other hand, between important widely separated centers,
where the traffic density is great, or where there is important way
traffic to be picked up, it is probably true that wire systems can
operate more economically than radio systems, and that the cost per
unit of communication is lower than corresponding radio costs. The
development of both wire and radio for transoceanic telegraph work
has proceeded to a point where one may estimate with considerable
exactness the cost of each facility and thus determine in advance the
relative advantages of each for given conditions and traffic load. As
radio circuits are subject to interruptions from time to time from at-
mospheric interference or magnetic storms, continuity of service over
a full 24 -hour period is not always assured. While radio circuits do
suffer interruptions of relatively short duration intermittently, it is
also known that important cable circuits have been interrupted by
natural causes and remained inoperative over long periods of time.
Radio possesses the distinct advantage of being able to transmit to
several places at once, or to widely separated localities at different
hours, while cable traffic must be confined to the cable route and its
corresponding lines. The use of radio avoids the difficulty inherent in
connecting the shore end of a cable with interior points, and also the
objection voiced by certain inland countries when their international
communications pass through the facilities of another country, subject
at times to censorship. The inherent secrecy of cable communication
is of particular importance in time of war, while radio communication
does not possess in itself the same degree of secrecy as the cables, and
may be subjected to artificial interference by the enemy. On the other
hand, cables can, and have been, cut by military agencies, and have
remained inoperative during the entire period of war. It seems evident
from the obvious advantages and corresponding disadvantage of each,
that neither will displace the other, and that we must look in the future
toward a coordination of the radio and cable systems where each will
take a predominating position in the particular economic field which
it is best suited to serve. Radio and cable services are essentially
complementary.

The fact, not universally recognized, that the number of radio
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channels available, particularly those for use over long distances, is
limited, will serve to confine the use of radio more and more in the
future to those services for which it is best adapted. Those services
where radio is essential, such as broadcasting, transoceanic telephony,
marine and aeronautical communication and direction finding ser-
vices, television, and meteorological service, must not be deprived of
adequate radio channels in order to build up nonessential radio circuits,
but on the other hand, should be allowed to obtain their fullest develop-
ment by freely allocating to these services the radio channels essential
to their progress in the future. The extension of wire and cable com-
munication systems to localities not formerly served on account of

economic factors, will from time to time release valuable radio channels
for the development and pioneering of new services where the use of
radio is essential.

In certain circles, an erroneous impression is in existence that the
recent spectacular development of radio has brought about an extra-
ordinary competitive situation between wire and radio services,
particularly in the international field. If one surveys the great oppor-
tunity throughout the world for the improvement of existing communi-
cation facilities and the necessity for building up facilities where they do
not exist at present, one finds unlimited opportunity for the expansion
of both wire and radio systems. It is obvious that the development of
either radio or wire traffic in new areas must add to the business
handled by its complementary facility. Authorities agree that there
exists a very real need in many fields for further advancing and in-
creasing international communications.

After a study of the pressing communication problem confronting
Great Britain and the British Dominions, through the uneconomic
parallel competitive construction of radio and cable facilities, each
without due regard for the other, it was found necessary to provide a
means for their coordinated operation and harmonious development
in order to safeguard the future of electrical communications in the
British Empire.

It seems evident that any agency or company engaged in communi-
cation upon an international scale, must employ both wire and radio
in order to take advantage of the varying conditions which must be
met in order to render a complete service. It is not by means of
unnatural competition that the public will receive the improvements
in communications and lower rates in the future, but on the other hand,
it is only by the closest cooperation between wire and radio systems
that satisfactory results will be obtained. The phenomenal progress
and growth in international communications in recent years have been
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due in no small degree to the systematic manner in which research and
engineering study have been organized and carried out by the communi-
cation interests. Progress in the future may be assured only by contin-
uation of the broad-minded policies which have proved so successful
in the past.

In order to justify these policies, the communication interest must
have reasonable assurance that they will be permitted to work out
international communication problems along economic lines, free from
artificial restrictions which foster wasteful competition with its attend-
ant losses in revenues and ultimate deterioration of the communication
services themselves.

The development of telephony upon an international scale has been
somewhat slower than the growth of international telegraphy, due to
the language difficulty involved, not to mention the difficult technical
problem involved in the coordination of telephone systems operated by
different agencies and administrations. The obvious advantages inher-
ent in unity of administration and language made possible the early
development of long distance telephony in the United States. The
progress made toward the solution of the technical problems of long-
distance telephony in the United States, and the ensuing rapid ex-
pansion of long-distance telephone circuits, indicated to the European
nations that the means for telephone communication on a truly
international scale were already at hand. Splendid progress having
been made in recent years by the various European administrations
and agencies in building up a network of international telephone lines,
it was only a further step in this rapidly moving development to seek
means to overcome the natural barriers preventing intercommunica-
tion between the telephone networks of the new and old world. The
difficulties to be overcome in bridging the ocean gap were many, but
fortunately the development of radio had reached a point where
successful communication on a commercial scale between Europe and
America was accomplished after a period of intensive study and re-
search. The faith of those who sponsored the work of pioneering tele-
phone communication paths across the Atlantic was justified almost
immediately, by the rapid growth of traffic from less than ten mes-
sages per day in 1927 to nearly fifty per day in 1929.

The marked success of the pioneer radiotelephone circuit connect-
ing Europe and America was followed by intensive activity in the
construction of other radio circuits between the important telephone
areas of the world. The next important step toward the ultimate
accomplishment of international telephony upon a world-wide basis,
was the construction of radiotelephone circuits connecting the tele-



.





Buttner: Radio in the Growth of International Communication 55

phone system of Spain to the wire networks in Argentina, Chile, and
Uruguay. This was followed by the construction of a radiotelephone
circuit linking North America and the three above -mentioned South
American countries. As radiotelegraphy had already been applied by
various European nations having colonial interests, it was natural for
them to utilize short-wave radiotelephony to bring their colonies into
even closer contact with the mother country. The rapidity with which
radiotelephone circuits have been established within the last three

Fig. 2-Interconnecting telephones, 1926. The shaded area represents the
telephones of the United States, Canada, and Cuba which were inter-
communicating in 1926-64 per cent of the world's telephones.

years is quite remarkable. Fig. 1 indicates the extent of radiotelephone
development in operation or projected for operation in the near future.
It is interesting to note that during the last three years 80,000 miles of
radiotelephone circuit have been placed in operation, and an additional
90,000 circuit miles are scheduled for operation by the end of 1931..
The relative importance of these new and projected circuits is, of
course, determined by the density of traffic handled, and the extent
of the telephone development connected to the radio terminal stations.

The technical developments in the art of electrical communication
have already proceeded to the point where it is theoretically possible
for any individual situated at any place on the globe to communicate
by telephone with, any other individual at any other place by means of
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a combination of wire and radio circuits. The relative extent to which
these technical possibilities have already been reached in a commercial
sense is indicated by Fig. 3, which shows graphically out of a total
world development of 35,000,000 telephones, 30,000,000 telephones
may be interconnected by virtue of utilization of the various continen-
tal land wire networks and their interconnecting radio links. Fig. 2
shows the greatest extent of interconnected telephone development
prior to the advent of radiotelephony on an international scale. The

Fig. 3-Interconnecting telephones, 1930. The shaded area represents the
intercommunicating telephones of the world -86 per cent of the total-
consisting of intercommunicating groups connected together into one
large group by radio links.

greatest use of radio by the greatest number as a means of direct
communication from person to person, either by record or the spoken
word, can be developed only by a thorough coordination, with existing
and future wire systems.

It is agreed that the development of communication fosters a
community of interest and a community of interest in turn requires
further development of communications, and so on, in an ever widening
circle. In the light of the above, it is not remarkable, that radiotele-
phone communication between Europe and the Americas having
reached a position of commercial importance, a further demand arose
for telephone communication with large passenger ships plying between
the principal world ports. Again it was found that short-wave radio
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was admirably qualified in many respects for a radiotelephone service
between oceangoing ships and the telephone networks on either shore.
It is now possible for travelers in three British ships and one American
ship to carry on a telephone conversation with a large percentage of the
world's telephones during the voyage.

Radio is destined to play an important part in the development of
new international transportation systems by its aid to the safety of
navigation of airplanes and airships in transoceanic and transcontinen-
tal flights. Radio has contributed in no small measure to the success
already achieved by this new means of travel. The accomplishment of
the only wholly successful transatlantic flight from east to west
was attributed in a large degree to the invaluable assistance of radio
during the flight.

It is to radio that we must look in the future for the greatest
development of television upon a commercial scale, as the wide fre-
quency bands required for television that is worthy of the name, can
only be made available economically in the lower range of the short-
wave spectrum.

Prior to the war, the international aspect of radio communication
was of negligible importance, international interest being chiefly
concerned with the use of radio for the safeguarding of life at sea.
International rules and regulations governing the use of radio were
quite simple in character, and agreement was readily obtained.
However, in recent years, the use of radio internationally has become
more and more important, and it was universally recognized that its
development would be seriously hampered unless wise provisions
governing the use of radio could be formulated and agreed upon
universally. The International Radio Conference called at Washington
in 1927, largely attended by representatives of the principal nations of
the world, did important work in formulating rules tending toward the
most efficient use of radio and the prevention of international inter-
ference. It was recognized before the Washington Conference was
called, that the task confronting the delegates was so great and of such
importance that it would be impossible to hope for its accomplishment
within a reasonable time. It was also felt that the art of short-wave
radio was so new that it would be dangerously restrictive to attempt
to formulate other than the most basic rules for the use of the fre-
quencies in the high -frequency region of the radio spectrum until
further experience had been gained internationally in their use. It
was also agreed that the advent of short-wave radio had brought the
international aspect of radio to the fore to such an important degree
that it would be very desirable in order to foster the uninterrupted
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development of radio, to provide for an international consulting body
to study important technical aspects of short-wave radio. It was
agreed that the success of wire telephony upon an international scale
in Europe was due in no small measure to the fine cooperation and
intensive effort of the Comite Consultatif Internationale (Telephone)
and that a similar international body could profitably be constituted
to study and recommend to the nations important technical aspects of
radio. This committee, the Comae Consultatif Internationale de
Radio, met last year at the Hague, where a number of problems of
importance to the future growth of radio were studied. Much work
yet remains to be done. It has been found necessary to convene the
Comite Consultatif Internationale de Radio next year at Copenhagen,
in order to prepare the way for the next International Radio Confer-
ence which is scheduled to meet in 1932 in Madrid.

The future growth of radio is largely dependent upon the formula-
tion of wise technical and administrative rules governing its use. The
spirit manifested in the International Radio Conferences has been one of
unlimited confidence in the future of radio in international communica-
tion. This bright future can only be realized if a minimum of restric-
tions be placed upon the use of radio and only such legislation should
be that has proved by the test of be constructive
and not tending toward restriction in any sense of the word. As it is
of the greatest importance that radio be allowed to develop unham-
pered by technical restrictions, so it is equally vital that communica-
tions in general be free from artificial restrictions in order to attain their
fullest development in accordance with economic law.
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Summary-This paper covers all of the systems of power equipment now
used or contemplated for supplying power to aircraft radio transmitters. The
various types of power equipment are described and the advantages and disadvan-
tages of each type are discussed.

The types of power equipment discussed are (1) the wind driven generator,
(.2) the dynamotor, (3) the main engine driven generator, (4) the auxiliary engine
generator set, (5) the combination wind driven generator and dynamotor, and (6)
the constant speed main engine driven alternator.

ONE OF the major problems in the application of radio to
aircraft is that of securing electrical power for operating the
transmitter. It is the purpose of this paper to describe the

various methods used for generating electrical power on airplanes and
to discuss the advantages and disadvantages of each method. The
discussion will be limited to the systems of power equipment which
are suitable for commercial, aviation and no attempt will be made to
cover the special problems of military aviation.

The principal problems confronting the designer of power equip-
ment for commercial aircraft are (1) to supply the power required to
operate the transmitter and to charge the ship's twelve -volt storage
battery, (2) to provide, if possible, power for the transmitter even
when tjle main power plant of the airplane is crippled, (3) to provide
the maximum degree of reliability, (4) to design the equipment so that
a minimum amount of maintenance is required, and (5) to accomplish
these various results with the minimum possible decrease in pay load.

The five factors to be considered are, therefore, electrical per-
formance, emergency operation, reliability, maintenance, and econ-
omy. For any particular type of power equipment it is necessary to
select a compromise of the four factors of performance, reliability,
maintenance, and economy. It is not the purpose of this paper to go
into each type of power equipment in sufficient detail to show how a
definite balance of these factors is selected for a given type of power
equipment, but rather to show how these factors will vary as the type
of power equipment itself is changed.

* Decimal classification R522. Original manuscript received by the Insti-
tute July 25, 1930. Presented before Fifth Annual Convention of the Institute,
Toronto, Canada, August 19, 1930.
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The amount of electrical power which will be required will vary
with the size and design of the transmitter, and will also depend to
some extent upon the amount of power required for lights, starting
equipment, and other accessories. Most transport planes have an elec-
trical power requirement of 700 watts and this rating has been chosen
as the basis of comparison for the various types of power equip-
ment.

A radio transmitter requires power in the form of direct current
at a variety of voltages. As a rule only the two principal voltages
are generated, a comparatively low voltage for the filaments of the
tubes and for charging the storage battery, and a much higher voltage
for the maximum plate potential required.

For 700 -watt equipment the usual rating is 300 watts at 14.6
volts and 400 watts at 1050 volts. The high tension output is divided
by means of a potentiometer system to give the various plate and grid
potentials required. The low tension output is fed to the 12 -volt
storage battery and thence to the filaments of the radio tubes and to
the various accessories requiring electrical power. The high tension
and low tension currents may be supplied from the same machine or
from different machines.

The electrical requirements for a transmitter power supply are
that (1) the filament and plate circuits must be electrically insulated
from each other, (2) the voltage supplied the filaments of the tubes
must be maintained within five per cent of the rated filament voltage
for all flying speeds and for all values of high voltage output that may
be encountered, and (3) the plate voltage must be practically inde-
pendent of flying speed. It is also desirable that the load regulation
of the plate voltage be as good as possible, especially for transmitters
requiring a variable high tension load and that both the filament
voltage and the plate voltage be free from irregularities such as will
modulate the output of the transmitter.

We have stated that for a 700 -watt installation the high tension
voltage would probably be 1050 volts, but voltages as high as 2000
volts have been used for aircraft transmitters in this country and even
higher voltages for some European transmitters. There are two dis-
tinct methods which may be used for obtaining high voltage direct
current. The simplest method and the method most commonly used
for voltages up to about 1200 volts is to generate the required voltage
directly. The principal drawback to this method is that it is difficult
to make a small, reliable, high voltage, direct -current generator.
Part of the difficulty lies in the fact that extremely small wire must be
used for winding the armature, and part of it in the fact that very little
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space is available for insulation and for creepage surfaces. The
difficulty of building a direct -current machine increases rapidly with
the voltage and a 2000 -volt generator will be about twice as heavy as
a 1000 -volt generator of the same rating. A final objection to this type
of machine is that a heavily insulated cable is necessary for carrying
the high voltage from the generating equipment to the transmitter.
The cable represents a considerable proportion of the total weight of
the generating equipment in many instances. Also, high voltage
wiring on an airplane constitutes an appreciable danger to the pas-
sengers and crew.

The development of the highly efficient mercury vapor rectifier
tube has made possible a second method of obtaining high voltage
direct current. Alternating current is first generated at a comparatively
high frequency such as from 400 to 1000 cycles. Any convenient value
of voltage can be generated. A transformer is used to give any de-
sired high tension voltage and the high tension alternating current is

then rectified and filtered. There are several reasons for the use of
as high a frequency as is practical. The weights of the transformer and
filter are almost inversely proportional to the frequency used. A

generator of the inductor type can be used and such a generator is

smaller in efficiency than the
conventional type of alternator. It can also be constructed to be self-
excited and to supply battery charging current.

A low voltage alternator is fundamentally much more reliable than
a high voltage direct -current machine. For most ratings the weight
of the total equipment necessary for the rectified alternating -current
system will be practically the same as that required for the high volt-
age generator alone. For very high voltages in proportion to the size
of the machine the alternating -current system will give the lesser
weight. This is of interest in connection with the increasing use of
high impedance screen -grid tubes which require higher plate voltages
than three -element tubes of similar rating. The over-all efficiency of
the two systems will be very nearly identical. The alternating -current
system does not require the airplane to be wired with cables carrying
dangerous potentials since the transformer, filter, and rectifier are the
only high voltage units used and these may be kept within the trans-
mitter assembly.

The chief disadvantage of the alternating -current system is that
the load regulation is poor. This is due to the fact that when there is
no load on the system the filter condensers become charged to the
peak voltage of the alternating -current wave and this voltage cannot
he maintained when any current is flowing. For telephone transmitters
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poor load regulation is not especially objectionable since the power
equipment operates at practically a constant load.

With any system of generating equipment it is of course necessary
to have a primary source of power. The electrical performance that
can be obtained will depend upon the limitations of the primary
source of power and also upon the extent to which these limitations
can be overcome in the design of the equipment. The usual primary
source of power on airplanes at present is the main engine .(or engines)
of the airplane. The ship's storage battery might also be regarded as
a primary source of power of very limited time rating as it would be
possible to use a battery for all electrical power purposes and to charge
the battery between flights much as the main engine is refueled between
flights. In all but one system of power equipment having an emergency
rating the battery supplies the power for emergency operation. A
battery of sufficient capacity to serve as a sole source of power, how-
ever, would be far too heavy to be practical. The only source of power
other than the main engine which appears to be at all practical is a
small auxiliary gasoline engine. Such an engine has the advantage
that it will provide full time emergency power as long as any fuel is
available.

The characteristics of the main engine are not very suitable for a
generator drive. The voltage generated by any given machine de-
pends upon the product of the speed and the field strength. Since the
speed of the main engine is variable it is necessary to use some sort
of regulating device to secure constant voltage. There are two ways
in which this can be done. The first method requires a regulated
mechanical drive between the engine and the generator so that the
speed of the generator is substantially independent of the speed of the
engine over the operating range of engine speeds. An example of this
method is the wind driven generator driven by means of the constant
speed, self-regulating propeller. The second method allows the
generator speed to vary in proportion to the engine speed and makes
use of a voltage regulator to adjust the field strength of the generator
to the suitable value for any given speed and load.

An important distinction between these two methods of generator
drive is that a constant speed generator may be used for either alter-
nating or direct current, whereas the variable speed generator can be
used for direct current only with any type of generators now available.

Operating economy is of considerable importance to commercial
aviation, although it is seldom that power equipment can be selected
entirely on the basis of economy. The important factor in operating
economy is the decrease in pay load made necessary by the weight of
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the power equipment and by the power required from the engine to

operate the equipment. The decrease in pay load will be termed the

effective weight of the power equipment.
In order to derive comparative figures for effective weight it will

be necessary to assume the same operating conditions for all types of

equipment. Therefore, it will be assumed that each type of equipment

is used on a plane flying at a cruising speed of 100 miles per hour with

no change in altitude. The customary assumption will be made that
the propeller efficiency is 75 per cent. There is some question as to

the most representative value of lift -to -drag ratio to assume, but for

the other conditions assumed a ratio of 7 to 1 should be close enough

for our purposes. This ratio will not remain strictly constant but the

change will be so slight that it can be neglected.
If no power is taken from the engine to operate the generating

equipment the pay load will have to be decreased by the actual weight

of the equipment in order to maintain the given flying conditions when
the generating equipment is added. If power is required from the
engine to operate the generating equipment there must be a further
decrease in pay load. This decrease in pay load caused by power
taken from the main engine is known as the equivalent weight of the

equipment. The total decrease in pay load is, therefore, the sum of the
actual and equivalent weights of the powerequipment.

Under the conditions which have been assumed each pound of
weight requires an output from the main engine of

1 X 100
- 0.0508 hp. or 38 watts

7 X0.75 X375
Conversely, an output of one kilowatt from the main engine will

be equivalent to a weight of 26.3 pounds.
There is one other factor involved in considerations of economy.

This is the fact that the equipment may not represent the weight of
a passenger, but may occupy space which would otherwise be avail-
able for one. Some types of power equipment do not require any
cargo space at all and whether or not other types require cargo space
depends upon the layout of the plane. As yet it is not the custom to
design airplanes with the requirements of the radio equipment in mind
and the radio equipment must be fitted in after the airplane is com-
pleted.

We are now ready to take up the various types of power equipment
in detail. The weights which will be used are either weights of existing
apparatus, or weights determined by very minor alterations of existing
apparatus. They are weights which can be obtained for machines of
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good reliability and are in every case as low as appears to be practical
in the present state of the art. Weights are, of course, being continu-
ally reduced as improvements are made in design and as more suitable
materials become available, but in general such reductions in weight
will apply more or less equally to all types of equipment and will not
affect our comparisons greatly.

THE WIND DRIVEN GENERATOR

The first system to be considered will be that using a wind driven
generator mounted in the slip stream and driven by means of a
propeller. Wind driven generators were first used for securing power
for aircraft radio equipment during the late war. The original wind
driven generators were driven by means of a constant pitch wooden
propeller. Various unsatisfactory types of voltage regulators were
used or else the voltage was allowed to vary with the speed. Spark
transmitters were used at that time and considerable variation in
voltage was allowable. Because of the military necessity performance
was acceptable which would not be tolerated for commercial service.

The modern wind driven generator owes its advantages largely to
the self-regulating propeller which does away with the necessity of an
electrical voltage regulator. A variable pitch propeller is used with a
built-in centrifugal mechanism which adjusts the pitch of the pro-
peller to maintain very nearly constant speed with changes in slip
stream velocity, generator load, or both. The wind driven generator
with the self-regulating propeller is the only form of constant speed
generator obtaining power from the main engine which is at present
commercially available. Because of the excellent speed regulation
either direct -current or alternating -current generators can be used.

Tests have shown that the temperature rise of a wind driven gener-
ator in flight is of the order of one-fourth of the temperature rise for
the same output on a bench test. This is a result of the excellent cooling
obtained from the slip stream. As a consequence of this cooling the
wind driven generator can be designed to have a very high output
per pound.

The housing of a wind driven generator must be streamlined as
completely as possible to keep parasitic drag at a minimum value.
The generator must, of course, be entirely weatherproof. It must
have a low value of starting torque or the propeller will not pick up.
A tough, fatigue resisting shaft is necessary to withstand the vibration
and bending moment of the propeller. Ball bearings are, of course,
necessary because of the thrust of the propeller and also to permit
operation in any position. Where possible, lightweight materials are



Miner: Power Equipment for Aircraft Radio Transmitters 65

used, but iron and copper must be used for the magnetic and electrical
parts. Contrary to the opinion of some people the use of aluminum for

a conductor instead of copper would make the generator much heavier

in weight instead of lighter. The reason for this is that the copper will
comprise but about twenty per cent of the total weight of the machine
and the use of a bulky material like aluminum will greatly increase
the size and weight of the heavier portions of the machine.

The most striking feature in the electrical design of a wind driven
generator is the compact field structure and large armature. These
proportions are possible because of the ventilation of the frame of the
machine and make possible the excellent performance of weight
efficiency of the wind driven generator.

The usual form of wind driven generator does not provide any
emergency rating at all, except that the generator may be operated
while a crippled airplane is gliding to a landing if the gliding speed is
high enough to operate the equipment. A new development in wind
driven generators which will provide some emergency communication
at the expense of considerable added weight will be discussed later.

In discussing reliability it is necessary to make a distinction be-
tween the direct -current wind driven generator and the alternating -
current generator, but this same distinction hold for
any type of power equipment. While the direct -current wind driven
generator can be made fairly troubleproof by careful design and
testing, there is no doubt but that the alternating -current machine is
fundamentally much more reliable. Where voltages of the order of
a thousand volts are involved a small amount of dirt such as carbon
dust from the brushes may form a path for leakage current and eventu-
ally break down the insulation and cause a complete failure of the
machine.

With the alternating -current system there is comparatively little
danger of failure. The low voltage alternator is simple and rugged.
A high voltage transformer is comparatively easy to build and test
and should be entirely reliable. Rectifier tubes are easily replaceable
and in any case are usually used in pairs so that a complete failure is
not likely to occur. Filter condensers can be fused so that a shorted
condenser will be cut out of the circuit.

The self-regulating propellers are considered to be fairly reliable
although they occasionally get out of adjustment. Even if they are
out of adjustment they will usually operate the generator after a
fashion so that a complete breakdown of communication is not likely
to occur from this cause.

The wind driven generator requires only such maintenance as
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would be given any generator except that it should be inspected
frequently.

To calculate the decrease in pay load caused by a wind driven gen-
erator under the conditions previously assumed it is necessary to
know the efficiency of the self-regulating propeller. Very little experi-
mental data are available concerning this factor, although the manu-
facturers of the Deslaurier's self-regulating propeller have published
a pamphlet giving the results of a wind tunnel test on a wind driven
generator at somewhat less load than we are considering. From the
results of this test it seems reasonable to assume that approximately
70 per cent of the power taken from the slip stream is delivered to
the generator shaft at the air speed and propeller load we have as-
sumed. This factor includes all of the losses due to parasitic drag on
the generator and its mounting. The Deslaurier tests indicate that the
efficiency of the propeller falls off considerably with increasing speed
and may be as low as 40 per cent at 150 miles per hour.

The efficiency of a 700 -watt direct -current generator will be ap-
proximately 60 per cent. A self-excited inductor alternator may have
an efficiency as high as 80 per cent, but the losses in the transformer
and rectifier will bring the over-all efficiency down to approximately
the same value as that of the direct -current generator or 60 per cent.

The power required from the engine directly will be

700
2215

The decrease in

800 -CYCLE
CURRENT

= watts.
0.75 X0.70 X0.60

The equivalent weight will be 2215/38 = 58 pounds.
pay load or the effective weight is as follows:

DIRECT
CURRENT ALTERNATING

Generator 28 lb. 16 lb.
Propeller 5.5 5.5
38 amp -hr. battery 36 36
Battery relay 2 2
Rectifier unit
Cables 6* 3*

Actual weight 77.5 72.5
Equivalent weight 58.0 58.0

Effective weight 135.5 130.5
* Estimated values.
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The advantages of the wind driven generator are :
1. Good voltage regulation is secured without a voltage regu-

lator.
2. Either direct- or alternating -current generators can be used.
3. The wind driven generator is adaptable to any airplane.
4. Good reliability is secured.
5. Very little maintenance is required.
6. The generator is ventilated automatically.
7. The wind driven generator does not require any cargo space.
8. A failure of the generating equipment cannot put the main

engine out of commission.
The disadvantages are :

1. The wind driven generator does not have any emergency
rating.

2. The efficiency of power conversion is low.
3. There is some possibility of injury from the propeller.

THE DYNAMOTOR

It is commonly believed that the wind driven generator offers a
very high head resistance in spite of the fact that such experimental
evidence as is available indicates that this is not the case. This belief,
together with the need for emergency operation has led to the develop-
ment of the dynamotor system. This system is used extensively by
the leading commercial lines although it is not very economical.

Emergency operation is secured by making it possible to obtain
both filament power and plate power from the battery. A large and
heavy battery is necessary since the total drain on the battery will
be about 70 amperes for radio equipment such as would be used with
a 700 -watt power system. Considerable difficulty has been experienced
in maintaining batteries in a fully charged state under operating condi-
tions and even a fully charged battery will not operate the equipment
for any great length of time.

Both alternating- and direct -current dynamotors are in use, al-
though alternating -current dynamotors have not yet been used for
power systems requiring as much as 400 watts of high tension current.
No particular description of the direct -current dynamotor will be re-
quired since this type of machine is very similar to a double voltage
direct -current generator. The chief difference is that the ratio of the
terminal voltages of the two windings differs from the turn ratio by
the sum of the IR drops in the two windings instead of by the difference
of the IR drops in the windings as is the case with the double voltage
generator. This, incidentally, is the reason an ordinary wind driven
generator cannot be used as a dynamotor for emergency operation.
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An inverted rotary converter could be used to generate alter-
nating current, but such a machine would not be very practical, be-
cause of the low voltage and because the frequency would be too low
for a lightweight transformer and filter. An inductor dynamotor on
the other hand is light in weight, gives high -frequency alternating
current, and is fairly efficient. It does not have particularly good speed
regulation and the voltage regulation is usually about 30 per cent.
When this regulation is added to the voltage regulation of the filter it
will be seen that this type of machine is more practical for telphone
work than for telegraph work where the load is varied every time that
.the key is depressed. Since the rectifier tube filaments have to be
operated from the alternating current, special compensating devices
are required to hold the voltage on these filaments within allowable
limits when the load is variable.

It is, of course, necessary to provide some means of charging the
storage battery. This is usually accomplished by means of a low
voltage generator coupled directly to the engine. The generator re-
quires a voltage regulator because of the varying engine speed.

The performance of the dynamotor system is good, although the
voltage regulation is inferior to that of a wind driven generator. The
battery absorbs most of the electrical disturbances caused by the
vibrating contacts of the voltage regulator and in addition insures
a steady voltage for the tube filaments.

Nearly all dyanomotors are totally enclosed to avoid any possible
fire hazard from sparking at the brushes in case there are gas fumes
in the airplane. An intermittent temperature rating is usually suffi-
cient and makes it possible to save considerable weight in designing
the dynamotor.

A 70 -pound battery, if fully charged, will operate a 400 -watt dyna-
motor for about thirty minutes for emergency communication. The
battery voltage, and consequently the high tension voltage will
decrease considerably towards the end of the run.

A dynamotor is naturally less reliable than a wind driven generator
when built within a practical weight limit. It is necessary to work the
windings as hard as possible, and failure from overheating may result
if the duty cycle for which the dynamotor is designed is exceeded.
The high tension winding of a direct -current dynamotor requires very
fine wire so that a mechanical failure of the winding may occur unless
extreme care is taken in the winding of the armature.

The engine driven battery charging generator must be included in
any consideration of reliability, although a failure of the charging
generator will not prevent operation of the equipment until the battery
is exhausted. An airplane engine does not have a flywheel and the
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torque delivered is pulsating. To protect the generator and to prevent
loosening of the armature laminations on the generator shaft, it is
necessary to provide a shock absorbing coupling between the engine
and the generator. Practically all of the couplings in use are subject
to failure, since they use springs or rubber as the shock absorbing
medium. A coupling failure, however, will not necessarily prevent the
operation of the generator.

The voltage regulator is usually a source of considerable difficulty.
Reports of regulator operation are extremely conflicting. It is said
that one transport company has had so much difficulty with regulators
that it has instructed its pilots to disconnect them altogether and to
control the voltage with a field rheostat which bas to be reset after
each change in engine speed. On the other hand some users of voltage
regulators state that absolutely no trouble is experienced with them.

The amount of energy that can be interrupted by a set of vibrating
contacts without burning is extremely small even with the best
contact materials obtainable. There is also a limit to the amount of
current which can be carried with the contacts closed. Consequently,
the difficulties in applying a voltage regulator increase rapidly with
the size of the generator. On the whole it is probably correct to assume
that the vibrating regulator is not very reliable.

The dynamotor system requires considerably more maintenance
than the wind driven generator. Both the dynamotor and the charging
generator require the usual maintenance for rotating machinery and
in addition the dyanamotor starting relay, the vibrating regulator, and
the flexible coupling will require attention.

The equivalent weight of the dynamotor depends upon the losses
in the engine driven generator, the battery, and the dynamotor. The
efficiency of the engine driven generator will be about 60 per cent.
Only the losses in the battery resulting from the fact that the battery
must supply current in generating high tension power can be included
and a factor of 0.95 is arbitrarily assumed to take care of the battery
losses. The direct -current dynamotor has an efficiency of about 60 per
cent. For the over-all efficiency of an alternating -current dynamotor
and rectifier the value of 50 per cent will be assumed.

The power required from the engine will be:

300 400
d . c . - - = 1670 watts .

0.6 0.6 X 0.95 X 0.6
300 400

a . c . - = 1904 watts.
0.6 0.6 X 0.95 X 0.5

The corresponding equivalent weight will be 44 pounds for the direct-
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current dynamotor and 50.1 pounds for the alternating -current dyna-
motor.

The total effective weight will be:

Dynamotor
65 amp -hr. battery
Cables

DIRECT
CURRENT

26.5 lb.
70
10*

1000 -CYCLE ALTER-
NATING CURRENT

28 lb.*
70
10*

Starting relay 2 2
50 -ampere generator .

and control box 47 47
Rectifier unit 10

Total actual weight 155 . 5 167
Equivalent weight 44 50

Effective weight 199.5 217

* Estimated values.

The advantages of the dynamotor system are :
1. A limited amount of emergency operation is provided.
2. The electrical performance is fairly good.

disadvantages are:
1. The equipment is extremely heavy.
2. Considerable space is required.
3. Considerable maintenance is required.
4. A failure of the battery charging generator may put the main

engine out of commission.

THE DOUBLE VOLTAGE MAIN ENGINE DRIVEN GENERATOR

The next system to be considered is the double voltage main
engine driven generator with a vibrating voltage regulator. It is the
most direct method of obtaining power from the main engine and
should be the most efficient method. Because of the varying speed of
the generator this system cannot be used for alternating current and
this is one of its serious disadvantages.

The generator itself is of conventional design. Both four -pole and
two -pole generators are used, the former having a very slight advan-
tage in weight and the latter having a very considerable advantage in
reliability. The size of the generator is limited by the space available
on the engine and also by the fact that it must be mounted on the
standard Army -Navy mounting. The largest generators now in use
have a height of 12 in. and a maximum diameter of 6 in. The generator
must operate at a fairly low speed, usually about 2200 r.p.m. and is
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consequently heavy for its output as compared with the wind driven
generator. Engine driven generators may be ventilated by means of
a suction tube extending into the slip stream or they may depend
merely on the natural circulation of air around the main engine for
ventilation.

A double voltage generator is much larger than a battery charging
generator and consequently it is difficult to provide a suitable voltage
regulator and shock absorbing coupling. At present the vibrating
type of regulator is used exclusively, although some experimental
work has been done with other types of regulators.

The performance of the double voltage engine driven generator de-
pends largely upon the voltage regulator. Under the best of conditions
there is considerable interference from the regulator. For a long time
it was believed that it would be impossible to use a voltage regulated
generator for telephone communication, although this has now been

accomplished. There are, however, very few double voltage engine
driven generators in use and practically none of these are used with
telephone transmitters.

The voltage regulation on the battery charging winding is fixed
by the regulator and is practically perfect when the regulator is

correctly. The high tension voltage regulation is usually
worse than that of a wind driven generator, but considerably better
than that of a dynamotor.

No emergency communication is available with an engine driven
generator, although in the case of multimotored airplanes it may be
possible to shift the generator to an engine which has not failed or
been damaged in landing. It is also possible to provide a generator on
more than one engine at considerable increase in weight. Emergency
communication has also been provided by carrying a thirty or forty
pound auxiliary gasoline engine to which the generator can be coupled
when necessary.

The equipment is probably less reliable than either the direct -
current wind driven generator or the direct -current dynamotor, and
is certainly less reliable than any form of alternating -current system.
In addition to the possibility of failure of the generator there is also
the possibility of failure of the regulator.

In addition to the usual generator maintenance a great deal of
attention is required by the regulator.

The efficiency of an engine driven generator is fairly low, because
of the low operating speed and the poor space factor in the high tension
winding. The efficiency will be about 55 per cent and the power re-
quired from the engine will be 700/0.55 = 1270 watts. The equivalent
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weight is 1270/38 = 33.5 pounds. The weight will be based upon the
use of a two -pole generator, because of the superior reliability of that
type. The effective weight is as follows:

DIRECT CURRENT
700 -watt generator 50 lb.
Control box 3
Cables 6*
38 amp -hr. battery 36
Total actual weight 95
Equivalent weight 33.5
Total effective weight 128 . 5

* Estimated value:"

The advantages of the engine driven generator are:
1. The effective weight is low since only one conversion of power

is required.
2. No cargo space is required by the generator.

The disadvantages are:
1. The mounting space is too restricted for the best design.

 2. The operating speed is too low for securing a minimum gen-
erator weight.

3. -The voltage regulator causes considerable electrical disturb-
ance.

4. The reliability is inferior to that of other types of equipment.
5. No emergency communication can be provided.
6. Considerable maintenance is required.
7. An alternating -current generator cannot be used, because of

the variable speed.
8. A failure of the generator may put the main engine out of

commission.

AUXILIARY ENGINE GENERATOR SET

An auxiliary engine coupled to a generator so as to make the power
equipment entirely independent of the main engine is in many ways
an ideal power system. The advantages of this system become greater
as the rating of the power equipment is increased. The generating
equipment on the Dornier Do -X flying boat is driven by a 12 -horse-
power auxiliary engine. Emergency communication is possible at all
times if fuel is available and the same engine that drives the generating
equipment is used for pumping out the hull.

This type of power equipment has not yet been used in this country
for heavier-than-air ships, because it is felt to constitute a fire hazard
on present types of airplanes and also because very few airplanes have
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the necessary space for its installation. If the use of Diesel engines
becomes general, it is likely that the small amount of gasoline required
for an engine generator set will not cause any appreciable fire hazard.

The performance of an auxiliary engine generator set is very good.
A four-cycle engine is used so that the speed of the engine can be
governed closely. Either a direct -current or an alternating -current
generator can be used and no voltage regulator is required. The set
can be operated at a speed as high as 4000 r.p.m. so that a lightweight
generator can be used.

The reliability of this system depends upon that of the engine.
No experimental data are available for such a lightweight, high speed
engine operating under the conditions of airplane service. Such ground
tests as are available indicate that the engine can be made to be
extremely reliable.

The maintenance which would be required would be changing the
engine oil every ten hours, overhauling the engine every 200 hours and
the usual attention required by the generator.

The engine will consume about one and one-half pounds of gaso-
line per hour for an electrical output of 700 watts. For a ten-hour
flight, therefore, the average weight of fuel carried will be seven and
one-half pounds, i.e., fifteen pounds at the start of the flight and
nothing at the end of the flight.

The total weight of the equipment will be:

DIRECT

CURRENT

800 -CYCLE

ALTERNATING

CURRENT

Engine generator 100 lb. 90 lb.
Average fuel 7.5 7.5
Cables, etc. 15* 5*

38 amp -hr. battery 36 36

Rectifier 10

Actual weight 160.5 150.5

Equivalent weight 0 0

Effective weight 160.5 150.5

* Estimated values.

The advantages of the engine generator set are:
1. The set has a full-time emergency rating.
2. Either direct or alternating current can be used.
3. No voltage regulator is required.
4. Good voltage regulation is secured.
5. Good reliability should be secured.
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6. The equipment is entirely independent of the main engine so
that failure of the generating equipment cannot put the main
engine out of commission.

7. The engine may be used for mechanical power such as for
operating a bilge pump on a seaplane.

The disadvantages are:
1. A fire hazard exists unless the set is carefully installed.
2. An engine generator cannot be installed in the majority of

present airplanes.
3. The engine loses power at extreme altitudes.

THE COMBINATION WIND DRIVEN GENERATOR AND DYNAMOTOR

From time to time efforts have been made to secure emergency
operation from a wind driven generator by operating it as a dynamotor
from the storage battery. The ordinary wind driven generator will
give only from 50 to 60 per cent of its normal high tension voltage
when operated as a dynamotor from a battery which it is capable
of charging. The reason for this is that the low tension IR drop in-
creases the voltage ratio of the two windings when the machine is
operated as a generator and decreases the voltage ratio when the
machine is operated as a dynamotor.

The combination wind driven generator and dynamotor was de-
veloped to give full power for emergency operation. The same high
tension voltage is generated when the machine is operated as a gen-
erator with a low tension voltage of 14.6 volts as is generated when the
machine is operated as a dynamotor with an input voltage of 11 volts.
Two low tension commutators and windings are necessary to accom-
plish this. A constant speed propeller is now available with an over-
running device so that it is not necessary to drive or remove the pro-
peller when the machine is operated as a dynamotor.

During normal operation the voltage regulation will be slightly
poorer than that of a conventional wind driven generator, but other-
wise the electrical performance will be very good.

The reliability will be similar to that of a wind driver( generator.
The efficiency during normal operation will be less than that of the
conventional wind driven generator and will probably be about 50
per cent for either direct current or for alternating current.

The equivalent weight will be

700 1
X -= 70.3 pounds.

0.5 X 0.75 X 0.7 38
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The effective weight will be:
DIRECT

CURRENT

800 -CYCLE
ALTERNATING

CURRENT

Generator dynamotor 36 lb.* 36 lb.*
65 amp -hr. battery 70 70

Propeller 6.25 6.25
Cables 15* 15*

Relays and switch 6* 6*

Rectifier unit 10

Total actual weight 133.25 143.25
Equivalent weight 70.3 70.3

Effective weight 203.55 213.55

* Estimated values.

Most of the above figures have not yet been finally determined,
but it is not likely that these weights will be changed materially. It
will be seen that the effective weight is less than that obtained for
the conventional dynamotor system, because of the elimination of the
engine driven battery charging generator.

The advantages of this system are:
1. Emergency communication is provided.
2. No voltage regulator or engine driven generator is required.
3. The voltage regulation is fairly good.
4. Either direct or alternating current can be used.
5. The machine is ventilated in normal service.
6. No cargo space is required.
7. Very little maintenance is required.
8. The reliability is good.
9. The machine can be used on any airplane.

10. The power equipment is independent of the main engine
and a failure of the power equipment cannot put the main
engine out of commission.

The disadvantages are:
1. The weight is fairly high.
2. The wiring is complicated.

THE CONSTANT SPEED MAIN ENGINE DRIVEN ALTERNATOR

A constant speed alternator driven directly by the main engine
has been recently developed, although it is not yet commercially
available. This machine makes it possible for the first time to com-
bine the use of alternating current for high reliability with the use of
main engine drive for economy and simplicity.
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The experimental models which are now undergoing flying tests
were not designed for battery charging, although direct current is
provided for excitation so that it will be easy to incorporate the
battery charging feature. A centrifugally controlled friction drive
operates the generator at practically constant speed over the entire
range of engine speeds from slightly below cruising speed to the
maximum speed obtained in a power drive. Excellent frequency regu-
lation and voltage regulation are obtained.

No emergency operation is possible, although an auxiliary engine
can be carried if emergency operation is necessary. The generator
can be used on any motor of a multimotored airplane by bringing
cables to each motor. The use of separate generators on two of the
main engines would be possible at an increase in weight of about 25
per cent.

The machine should be extremely reliable as all parts are very
rugged. Very few parts are required and none of them is likely to
fail. No flexible coupling is necessary, since the friction drive absorbs
the shocks from the engine.

Very little maintenance is required. Life tests have indicated that
the life of the friction elements in the drive mechanism will be at least
500 hours. This is longer than an airplane engine is usually operated
without being overhauled.

The over-all efficiency varies with the speed of the engine. At
cruising speed the efficiency is about 70 per cent for the generator and
drive and about 80 per cent for the rectifier, so that the equivalent
weight is 700 1 1250

X = = 33 pounds.
0.7 X 0.8 38 38

The actual weight of the experimental 600 -watt machine is 28
pounds. To determine the effective weight it will be necessary to
estimate the weights from that of the experimental machine.

450 -CYCLE
ALTERNATING CURRENT

Generator 35 lb.*
Rectifier unit 15*
Battery relay 2

38 amp -hr. battery 36
Cables 4

Total actual weight 92
Equivalent weight 33

Effective weight 125

* Estimated values.
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The advantages of this generator are:
1. Very low effective weight is obtained.
2. The drive from the main engine is simple and direct.
3. The constant speed mechanism is built into the generator.
4. No voltage regulator is required.
5. The use of alternating current insures high reliability.
6. No cargo space is required.
7. Very little maintenance is required.
8. The generator can be operated on practically any type of

small engine for emergency operation.
The disadvantages are:

1. No emergency communication is possible.
2. A failure of the generator might put the main engine out of

commission.
CONCLUSION

It has been evident from this discussion that no available type of
power equipment can be regarded as entirely satisfactory. No one
type of power equipment is sufficiently superior to other available
types so that its use can be expected to become universal.

A pronounced tendency towards the use of main engine driven
generators is very evident. The chief obstacle to the use of this type
of generator is that emergency communication cannot be provided.
It is possible that some type of combination engine driven generator
and dynamotor will be developed to give emergency operation and
it is also possible that airplanes will be perfected to such an extent
that emergency communication will not be regarded as essential.

The auxiliary engine generator set has the greatest theoretical
possibilities of any of the types of power equipment considered. By
combining the engine and generator into a single unit it would appear
that an output of 700 watts could be secured with a set weighing
about fifty pounds. It is likely that the power required by the larger
airplanes will increase a great deal in the future and in this case the
engine generator set becomes the only practical source of power.

+.--.11,10>-<011.-+
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POLYPHASE RECTIFICATION SPECIAL CONNECTIONS*

R. W. ARMSTRONG
(Westinghouse Electric and Manufacturing Co., East Pittsburgh, Pa.)

Summary-Characteristics of various rectifier circuits and factors governing
their selection are given. It is pointed out that in general, the double 3 -phase circuit
is most desirable from the standpoint of transformer and tube capacity requirements
for mercury pool type tubes, and the 6 -phase single Y for hot cathode mercury vapor
tubes or high vacuum tubes, but that other factors may make other circuits more de-
sirable for particular cases. Data are given for 3-, 4-,6-, and .12 -phase rectifiers using
T -connected transformers, so that fewer transformers are required. Since it is cheaper
to build two large transformers than three smaller ones of approximately the same
total capacity, the T -connection may permit a saving in transformer cost. The
voltage doubling circuit is discussed, its relation to other single phase circuits shown,
and its characteristics given as a function of the product, CR, of condenser capacity
and load resistance.

INTRODUCTION

ANUMBER of factors are involved in the determination of
the best rectifier circuit for a radio application, so that no one
circuit can be considered best for all applications, and a

knowledge of the characteristics of possible circuits is necessary for
the selection of the proper circuit for a particular case. The d -c output
voltage and current requirements may determine the type of rectifier
tube, whether high vacuum tube, hot cathode mercury vapor, or pool -
type mercury vapor; and both the d -c rating and the type of tube, as
well as the permissible ripple in the output, affect the choice of circuit.
The high vacuum tube is best adapted to quite high voltage and low
current, and the mercury vapor types up to moderately high voltages
and to larger currents. Both mercury vapor types have their peculiar
starting characteristics and require special starting arrangements. The
pool type is the better for applications where short circuits or overloads
are likely to occur, due to the fact that excessive instantaneous currents
are apt to damage the filament of the hot cathode type. In general
the limit for high vacuum tubes or hot cathode tubes is the peak cur-
rent, whereas for the mercury pool type it is more nearly the r.m.s.
current, that is, that determining the heating.

Radio applications are usually for a definite d-c load with no need
to provide for gradual future expansion, and since with glass bulb

* Decimal classification: 621.313.7. Original manuscript received by the In-
stitute, July 24, 1930. Presented before Fifth Annual Convention of the Insti-
tute, Toronto, Ont., Canada, August 18, 1930.
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rectifiers it is necessary to use standard sizes, it is desirable to choose

a combination of circuit and tubes which will make the tubes operate

at about their full load rating. This is important in applications
requiring economy of weight and space. Other considerations in the

choice of circuit are whether the transformers are to be special or

standard or whether those on hand must be used; the relative ad-

vantage of investing in few tubes and a large transformer or more
tubes and a smaller transformer; and in one case (the 6 -phase star
with star primary) whether both supply system and rectifier trans-
former primary have grounded neutral. The factors will be more
evident in the discussion of particular circuits.

I. CHARACTERISTICS OF TYPICAL CIRCUITS

Table I gives characteristics of typical rectifier circuits. In the
calculation of these values, the usual assumptions, U)' (2) (3) , have

been made; that is, transformer exciting current and impedance, and
rectifier tube drop are neglected; and it is assumed that the supply
voltage is sine wave, and the choke coil in the d -c line is large enough
to maintain the d -c current constant. The values obtained in this
way, while not taking care of voltage drop in the system, are very
useful in the comparison of different types of circuits.

Considering the circuits of Table I, the single phase full wave cir-
cuit is the most commonly used for single phase supply. (The half
wave circuit, not shown in Table I, is seldom used, except with a
condenser, for small currents, because the secondary current flows
through the transformer always in the same direction, which has a
bad effect on the iron, and because without the use of a condenser, it
is impossible for a choke coil to maintain the d -c current over a com-
plete cycle). A comparison of the data for the full wave circuit with
that for the single phase bridge circuit shows that the full wave circuit
requires more average transformer kva, and half as many tubes, worked
at twice the voltage. The fact that thermionic tubes are most efficient
at high voltage, due to their constant internal drop, usually decides
in favor of the full wave type. With the full wave type there is the
drop of only one tube in series with the load whereas with the bridge
circuit there is the drop of two. Also the bridge circuit requires a
more complicated filament supply, since two of the filaments must be
insulated. However, for rectifiers such as the copper oxide disk, where
the drop is approximately a percentage drop, the bridge circuit requires
no more volt ampere capacity of rectifier units, and gives a saving
in transformer size.

f See bibliography.
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TYPE

CIRCUITS

SINGLE PHASE SINGLE PHASE 4 PHASE STAlt.
FULL WAVE BRIDGE CIRCUIT Z PHASE SUPPLY

SECONDARIES

marswourecessr

PRIMARIES 77
RECTIFIER PHASE AND

NUMBER OF TUBES
NUMBER OF PHASES OF

SUPPLY 1

2-4

I

4

2
TRANSFORMER SECONDARY 1.11 1.11

VOLTAGE PER LEG (HALF SECTION) (WHOLE) 03.85
TRANSFORMER PRIMARY

VOLTAGE 1.11 111 0.785
TRANSFORMER SE'CONOARY

CURRENT PER LEG 0307 1 0.5W
TRANSFORMER FT/MARY

CURRENT PER LEG / 1 0.707
TRANSFORMER SECONDARY K VA 157 UI 157
TRANSFORMER PRIMARY K.VA LII UI 1.11

AVERAGE OF PRIMARY AND
SECONDARY K.VA. i34 1.11 1.34

PEAK VOLTAGE ACROSS
TUBE (INVERSE) 5.14 1.57 Z.ZZ

CURRENT PER TUBE" 0.707 0.707 0.50
PEAK CURRENT PER TUBE 1.00 1.00 1.00
VOLTAGE RIPPLE FREQUENCY 2f 2f 4f
RIPPLE VOLTAGE 0.483 0483 0.098
RIPPLE -PEAKS WITH REFERENCE I+ 0.363 0.363 0,111

TO AVERAGE D.C. AS AK/S. 1--. 0.637 0.637 0.215
LINE VOLTAGE 1.11 1 /1 0.765
LINE CURRENT 1.00 1.00 0.70790
LINE POWER FACTOR 0.90 0.90
FREQUENCY OF BALANCE

COIL VOLTAGE
BALANCE COIL VOLTAGE
PEAK BALANCE COIL VOLTAGE
BALANCE COIL K.VA.

TABLE IA.
CIRCUIT DATA FOR TYPICAL RECTIFIERS

The values of voltage and current are effective or r.m.s., unless otherwise stated; they are given
in terms of the average d -c values, and the kilovolt -amperes in terms of d -c kilowatt output. Perfect
transformers, rectifiers, and d -c choke are assumed.

---11111
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TYPE

CIRCUITS

SECONDARIES

PRIMARIES

DOUBLE 1 PHASE 3 PHASE 3 PHASE 6 PHASE STAR

WITH BALANCE STAR BROKEN STAR 3PHASE SUPPLY

COIL. 2 PHASE
SUPPLY

E
RECTIFIER PHASEPHASE AND

NUMBER OF TUBES
NUMBER OF PHASES OF

SUPPLY

4
2

3

3

3

3

6

3
TRANSFORMER SECONDARY 0.385

VOLTAGE PER LE6 1.11 0.855 (HALF LEG 4.93) 0740

TRANSFORMER PRI MARY
VOLTAGE 141 6.855. 0.855 0.740

TRANSFORMER SECONDARY
CURRENT PER LEG- 0.354 0.577 0.577 0.408

TRANSFORMER PRIMARY
CURRENT PER LTG- 0,500 047/ 0.408 0.577

TRANSFORMER SECONDARY KVA 1.51 1.48 1.71 LSI

TRANSFORMER PRIMARY KVA. 1.11 1.21 1.21 La
AVERAGE OF PRIMARY AND

SECONDARY K VA 1.34 1.31 /.46 1.55
PEAK VOLTAGE ACROSS

TUBE (INVERSE) 3.14 2.09 2.09 2.09
CURRENT PER TUBE 0.354 0.577 0.57'1 0.408
PEAK CURRENT PER TUBE 0.50 1.00 1.00 1.00
VOLTAGE RIPPLE FREQUENCY 4f 3f 3f 6f
RIPPLE VOLTAGE 0.030 0.183 0.183 Q042
RIPPLE PEAKS wiru REFERENCE ft 0.111 0.20.9 0.209 0.0472

TO AVERAGE DC AS A XIS. I- 0.215 0.395 0.395 0.930
LINE VOLTAGE 1.11 0.855 0.855 0.740
LINE CURRENT 0.50 0.817 0.707 0.817
LINE POWER FACTOR 0.90 0.826 0.955 0.955
FRE9UENCY OF BALANCE

COIL VOLTAGE
BALANCE COIL VOLTAGE
PEAK BALANCE COIL. VOLTAGE

BALANCE COIL K VA.

TABLE IB.
CIRCUIT DATA FOR TYPICAL RECTIFIERS

The values of voltage and current are effective on r.m.s., unless otherwise stated; they are given
in terms of the average d -c values, and the kilovolt -amperes in terms of d -o kilowatt output. Perfect
transformers, rectifiers and d -c choke are assumed.
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TYPE

CIRCUITS

SECONDARIES

PRIMARIES

6PHASE BROKEN DOUBLE 3PHASE 6 PHASE
STAR 3PHASE WITH BALANCE SINGLE Y
SUPPLY COIL

RECTIFIER PHASE AND
NUMBER OF TUBES 6

NUMBER OF PHASES OF
SUPPLY 3

TRANSFORMER SECONDARY 0.428 (PER

6

3 ---

6

3

VOLTAGE PER LEG" SECTION OF LEG) 0.855 0.428
TRANSFORMER PRIMARY

VOLTA GE 0,428 0,855 0.428
TRANSFORMER SECONDARY INNER SECT 0577

CURRENT PER LEG OUTER SECT Q408 3.289 0.816
TRANSFORMER PRI MARY

CURRENT PER LEG 0.8/6 0.408 0.816
TRANSFORMER SECONDARY KVA. 1.79 1.48 105
TRANSFORMER PRIMARY K.V.A. 105 105 1.05
AVERAGE OF PRIMARY AND

SECONDARY K.V.A. 1.42 I.26 1.05

PEAK VOLTAGE ACROSS
TUBE ( INVERSE). 2.0.9 2.42 tag

CURRENT PER TUBE 0.408 0.289 0.577
PEAK CURRENT PER TUBE 1.00 0.500 1.00
VOLTAGE RIPPLE FRE9UENCY 6 f 6f 6f
RIPPLE VOLTAGE Q 04Z 0.042 0 042
RIPPLE PEAKS WITH REFERENCE -1+ 0.0472 0.0472 0.0472

To AVERAGE D.C.AS AXIS 1- 0.0930 0.0930 0.0930
LINE VOLTAGE 0.428 0.855 0.428
LINE CURRENT 1.41 0.707 1.41
LINE POWER FACT -OR 0.955 0.955 0.955
FREQUENCY OF BALANCE

COIL VOLTAGE 3 f
BALANCE COIL VOLTAGE- 0.356
PEAK BALANCE COIL VOLTAGE 0.605
BALANCE COIL K.V.A. 0.178

4

TABLE IC.
CIRCUIT DATA FOR TYPICAL RECTIFIERS

The values of voltage and current are effective on r.m.s., unless otherwise stated; they are given
in terms of the average d -c values, and the kilovolt -amperes in terms of d -o kilowatt output. Perfect
transformers, rectifiers and d -c choke are assumed.
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The data for the 4 -phase star and the double 2-phase circuits with
two phase supply, show that with these circuits the chief gain over the
single phase full wave circuit is the decrease in the d -c ripple voltage
and the increase in its frequency, there being no decrease in the trans-
former kva rating required. The 4 -phase star, however, has a smaller
maximum voltage across the tubes.

The 3 -phase star circuit with single phase transformers has the
same disadvantage that the half wave single phase rectifier has, in
that current flows in the transformer secondary in one direction only,
putting a d -c component of flux in the iron and causing high iron
loss. The 3 -phase broken star circuit overcomes the disadvantage of
current flow in only one direction, by forming each secondary leg of
half the transformer winding of two different phases. However, since
the two voltages of the two parts of each secondary leg are not in
phase, a higher secondary voltage rating is required, and the kva,
as shown in the table, is greater.

The data for the 6 -phase star connection with delta primary along
with the data for the 4 -phase and 3 -phase connections illustrate the
fact that the secondary current rating of the single star arranged
so that current can flow in one phase only, goes up with increase
of the number of phases, since each phase carries current a shorter
period of time; and that the transformer secondary voltage approaches
the value 0.707 d -c voltage, i.e., the d -c voltage approaches the a -c
peak voltage. Marti (2> has shown also, that considering the secondary
reactance, the reactance voltage drop goes up as the number of phases.
The 6 -phase broken star or triple Y is a scheme for keeping down the
transformer kva. It effects a saving in the ratio of 1.42 to 1.55 as
shown in the table, but requires more complicated transformer con-
nections. If the 6 -phase star secondary were used with a 3 -phase star
primary without neutral connection, instead of with a delta primary,
the current could not flow from one phase only, but (except for the
line current) the system would operate as, and have the characteristics
of the double 3 -phase system, the transformer reactance taking the
place of the balance coil of the usual double 3 -phase, as has been
shown by E. Gerecke.(4) If the neutral of the primary became
grounded, and the neutral of the supply system was grounded, the
secondary would operate the same as with the delta primary except
that the line current would be the same as the transformer current
and hence have third harmonics. If with the primary neutral un-
grounded, a tertiary winding were added to the transformers, the
secondary current would be the same as with delta primary, but the
primary current would have the same wave shape as the line current
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for the double 3 -phase with delta primary, and therefore put no third
harmonics on the line, and have better voltage regulation character-istics.

The double 3 -phase circuit is one of the best 6-phase arrange-
ments(5) since it gives the advantage of 6 phase in regard to ripple,
yet has a fairly low value of transformer kva. The balance coil acts
to make each group of three phases carry half the current all the time
so that each group operates as 3 phase and requires the same trans-
former secondary kva as 3 phase. The primary, however, now carries
the same current for two-thirds of the time in both half cycles, and
so has a smaller kva than for simple 3 phase. The instantaneous d -c
voltage, being the average of the two overlapping 3 -phase groups, has
the same ripple frequency and the same per cent ripple as 6 phase.
This paralleling of the two -3 -phase groups could also be accomplished
by using an individual choke in series with each 3 -phase group, but
the chokes would have to be very large to prevent saturation of the
iron core. With the balance coil the d -c components of flux cancel due to
the autotransformer action between the two halves; so that the
balance coil can be much smaller than the equivalent pair of choke
coils, and a small choke designed for twice the frequency of the two
chokes can be used to take out the 6 -phase ripple.

By putting the two 3 -phase groups in series instead of parallel
the same desirable characteristics are obtained without the use of a
balance coil. However, the values of transformer voltage should be
divided by two, the peak inverse voltage across tube changed to
1.05, and the values of transformer current and of peak current per
tube in the table should be multiplied by two to fit the series arrange-
ments. Parallel and series arrangements can be used for more than 6
phases, for instance 12 phase, and the various combinations of
groups of 3 phase in series or in parallel with balance coil, allows
a limited number of stock sizes of rectifier tubes to be adapted to a
wide range of applications. These combinations are especially useful
with mercury pool type rectifier tubes. When a series and parallel
combination of 3 -phase units is used it should be an arrangement of
series groups paralleled with balance coils, rather than an arrange-
ment of groups of single units paralleled and then the groups put in
series, since the former arrangement requires fewer balance coils, and
less voltage, of a higher frequency, across the coils, and hence less in-
vestment in balance coils.

Another 6 -phase circuit which has very desirable characteristics
is the 6 -phase single Y. It has the advantage of 6 phase, and gives the
lowest transformer kva of any of the circuits in Table I. Since the peak
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tube current is twice and the transformer voltage half that for the
double 3 phase with balance coil, this connection corresponds to
two 3 -phase groups in series rather than to the two in parallel. Two of
the 6 -phase single Y groups can be connected in parallel or in series for
12 -phase operation. This circuit, where it fits the voltage require-
ments, is perhaps the best 6 -phase circuit for high vacuum tubes or hot
cathode mercury vapor tubes, but cannot be used with pool -type mer-
cury vapor tubes because it requires a separate insulated cathode for
each anode, and the pool -type tubes require at least two, and usually
three anodes per cathode, so that at least, one anode is drawing an arc
from the cathode all the time, to prevent extinction of the arc. It could
be used, of course, with mercury -type tubes built with a single power
anode and a pair of auxilliary keep -alive anodes.

Little has been said in the discussion above about the relative
amount of voltage regulation of the various circuits for the same per
cent 60 -cycle transformer reactance. In general, however, it can be
said that the circuits having a low transformer kva rating in terms
of the d -c kw output and a high line power factor will have a smaller
per cent regulation than those with a high kva rating and lower line
power factor. This is apparent from the fact that the increase of the
transformer regulation, in rectifier service, over that in normal 60 -
cycle operation value is related to the harmonics ip the transformer
current, and that in most of the rectifier circuits the value of the
transformer kva rating is an indication of the amount of harmonics
present. Since in most rectifier circuits the variation of the kva to
kw ratio from unity, is due to a variation of the current wave shape
from the sine wave shape, and not due to a phase difference between
current and voltage, the kva rating gives an indication of the amount
of harmonics, though not of their frequency. This does not hold for
arrangements such as the broken star connections, and the T -con-
nections described in the following section, since in part of the trans-
former windings of these circuits the voltage and current are not
exactly in phase.

II. CIRCUITS WITH T -CONNECTED TRANSFORMERS

In tin selection of a circuit with a low kva rating, the object is
mainly, of course, to keep down transformer cost. R. L. Davis' (under
whose direction the rectifier calculations were largely done) showed
the writer that it is possible to use only two transformers, T -con-
nected in place of the usual three transformers on 3 -phase supply,

1 Manager, Radio Engineering Department, Westinghouse Electric and
Manufacturing Company, Chicopee Falls, Massachusetts.
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and that the total kva of the T -connection is only slightly higher than
the usual 3 -transformer arrangement. Since it is cheaper to build
two large transformers than three smaller ones of about the same total
capacity, the use of the T connection should give a saving in trans-
former cost. The T connection provides another method of avoiding
a d -c component of flux in the iron for the 3 -phase rectifier and com-
pares favorably with the 3 -phase broken star discussed in Section I.

With the T -connected transformers it is necessary that the differ-
ent windings of each transformer be well interwoven to give minimum
reactance and maximum autotransformer action between sections.
This requirement will be evident in the following calculation of trans-
former rating.

In the calculation of the rating for the T connection, the same
assumptions are made as for the connections of Table I, i.e., it is
assumed that the supply voltage is sine wave and that the transformers
are a 1:1 ratio, and the choke coil in the d -c line is large enough to
maintain the d -c current constant; and transformer exciting current,
resistance and reactance, and rectifier tube drop are neglected. The
following symbols will be used:

G = average d -c voltage
J = d -c current
E = effective a -c voltage
I = effective a -c current
e = instantaneous voltage
i = instantaneous current
= maximum value of sine wave voltage

Subscripts refer to the location in the circuit.
For the 3 -phase rectifier, consider Fig. 1 where AD and ad are the

secondary and primary respectively of the teaser transformer, and
CB and cb are the secondary and primary of the main transformer.
The secondary of the teaser transformer has a tap, N, at two-thirds
the distance from A to D which forms the negative d -c lead and both
primary and secondary of the main transformer have a mid -tap for
connection to tie teaser transformer. The three secondary phase
voltages measured from the neutral point, N, are represented for the
positive half cycles by eA, eB, and ec. Each phase will carry the full
d -c current, J, while its voltage is higher than either of the adjacent
phases, and will carry zero current the remainder of the cycle. This
gives the currents i-NA) -DBy and inc as shown, and also i-ND =iDC-FiDB
For primary current to flow without a high reactance drop it is neces-
sary for each section of the secondaries to have minimum leakage react-
ance with respect to the whole of the corresponding primary, and for
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the two halves of the main transformer primary to have minimum
leakage with respect to each other, to give maximum autotransformer
action, and so, allow current from the teaser primary to divide and flow
each way through the halves of the main transformer primary winding.
Under these conditions, when current J flows in section NA of the
teaser secondary, the current in the teaser primary, since NA = 2/3

n.667J

SECONDARY

NA

LDEf

LDO

tND

1 -

SJ I
0.5J

PRIMAR

va33JJ
L' ck, MAIN PRIMARY COMPONENT

DUE TO MAIN SECONDARY

t df

Fig. 1-Circuit diagram and voltage and current wave forms for 3 -phase
rectifier with T -connected transformers.

the number of turns of the whole primary, = 0.667J. Likewise, when
current J flows in ND the primary current will be 0.333J, in the
opposite direction to that due to the current in NA, giving the total
teaser primary current is as shown.' The main transformer primary
has two components of currents, one due to the current in the main
transformer secondary, and the other, the teaser primary current

2 The fact that the primary currents actually flow in the opposite sense to
the flow of the secondary currents has been neglected in this discussion.
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which divides at d and flows, half through one-half the main primary,
and the other half through the other half of the main primary. The
currents ied and idb obtained by adding and subtracting, respectively,
is from the component due to the main transformer secondary are
shown in Fig. 1.

The voltage and current wave shapes being determined, the
r.m.s. or effective values are obtained as follows:

INA =\/J2X 1/3 = J/V3 = 0.577J = IDB = IDC
IND = "VP X 2/3 = V0.667J = 0.816J.

SECONDARY

eA es ec eD

0.577J

asJ

PRIMARY

eb ec

0.789) 0.2IN

id&

i'cb

i db

0185J
dc

Fig. 2-Circuit diagram and voltage and current waves for 4 -phase T -connected
rectifier. i',b = main transformer primary current component due to main
transformer secondary current.

As for the ordinary 3 -phase circuit of Table I, the average d -c voltage,
G, is equal to the average of one phase over the period during which it
carries current or G= (1/27r/3) j,51g6 E sin OdO = (3e/R-)fiy,g sin
OdO = (3 E/r) ( - cos °Wig = (3 E/r) (0 +0.866) = 0.827E. - Now the
effective a -c phase voltage, E, = 0.707E. Therefore, E = G X
0.707E/0.827 e= 0.855G.

EAN = E = 0.855G

END = 1/2.EAN = 0 . 428G

ECD = EDB = EAN cos 30 deg. = 0.855G X 0.866 = 0.741G.
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Multiplying the current and voltage for each section and adding gives
0.842GJ for the teaser transformer secondary kva and 0.855GJ
for the main transformer secondary kva and 1.70 for the total second-
ary kva.

For the primary, Ics = Ib = Ic =
V1/3 X (0 . 667J)2 2/3(0 . 333J)2 = 0.471J.

Ead=1.5EAN= 1.28G Ecb= 2 X 0.866 X EAN = 1.48G and the primary
kva =0.471J (1.28+1.48)G =1.30GJ. The average of primary and
secondary kva equals 1.50GJ, which is only very slightly larger than
the value 1.46 for the 3 -phase broken star 3 -transformer circuit. Com-
plete data is given in Table II.

Fig. 2 shows the voltage and current waves for a 4 -phase rectifier
with T -connected transformers for 3 -phase supply. In this case the
teaser transformer does not have a 1:1 ratio but has a ratio of 0.866:1.
This makes the teaser primary current, ia = 1/0.866/A.
Determining the r.m.s. values as above:

IA = IR = IC = ID = V1/2 X (J/2)2 = .1/2\/2 = 0.354J

la = V(0.577J)2 = 0.577J

led = /dr, = N/1/2 X (0.789J)2 + 1/2 X (0.211J)2=0.577.1

G = (1/7r) f E sin OriO = 0.637e E = 0.707E
0

E = G X 0 . 707/0 . 637 = 1 . 11G

EA = = EC = ED= E= 1.11G

Ed = 0.866 X 1.110 = 0.961G Ede = 1.11G.

Secondary kva =1.11 X0.354 X 4GJ =1.576./.
Primary k va = 0.577(0.9615 + 1.11)a/ = 1.20G./ .

The average of primary and secondary kva is 1.38G./ compared to 1.34
given in Table I for 4 -phase from 2 -phase supply. The 'I' -connection
forms a convenient method of getting 1 -phase from a 3 -phase supply
and would have an application where 3 tubes of standard size will
quite give the required current output, but 4 tubes will.

The 6 -phase single T corresponding to the 0 -phase single Y is
another possible circuit using but two transformers. Its circuit and
wave forms are shown in Fig. 3, the primary voltage and current waves
being the same as the secondary. For this circuit
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SECONDARIES

CIRCUITS
3PHASE SUPPLY

N

ill.
..... ....

PRI MARES KXX ....,

RECTIFIER PHASE AND
NUMBER OF TUBES 3 4 6 12

TRANSFORMER SECONDARY
VOLTAGE TEASER 1.28 7AP AT 0.428 0.641 0.641

MAIN (WHOLE) 1.48 TAP AT 0.740 11I 0.740 TAP AT 037 07401APAT 037

TRANSFORMER iTEASER 1.28 0..962 0.641 0441
PRIMARY VOLTAGE j MAI N 1 48TAPAT 0.740 / // 0.740 TAP AT 037 0,7407AP AT 037

TRANSFORMER TEASER AN 0.577 0.816 0,408
SECONDARY CURRENT ND 0.8/6 0,354 0.8/6 0.408

MAIN 0.577 0.816 0.408
TRANSFORMER PRIMARY"

CURRENT 0.472 0.578 0.81E 0.788
TRANSFORMER SECONDARY K.VA. 1.70 1.57 1.13 1.13

TRANSFORMER PRIMARY KVA. 1.30 1.20 1.28t 1.13 1.0.9 1.171

AVERAGE OF PRIMARY
AND SECONDARY K.V.A. 1.50 1.38 I.4.31 1.13 LII I.15t

PEAK VOLTAGE ACROSS TUBE 2.09 3.14 1.05" 105

PEAK CURRENT PER TUBE 1.00 0.50 1.00 0.50
FREQUENCY OF BALANCE

COIL VOLTAGE 2f f
BALANCE COIL VOLTAGE 0,948 0.057
PEAK BALANCE COIL VOLTAGE 1.57 a NO
BALANCE COIL K.V.A. 0.4 74 0.029
VOLTAGE RIPPLE FREOUE_NCY 3f 4f 6f 12f
RIPPLE PEAK WITH REFERENCEif 0.209 0.111 0.0472 0.012

TO AVERAGE DC.AS AXIS - 0.395 0.215 0.0930 0.023
RIPPLE VOLTAGE 0.183 0.098 0.04Z 0.0/0

TABLE II.
CIRCUIT DATA FOR RECTIFIERS WITH T -CONNECTED TRANSFORMERS

Values of voltage and current are r.m.s. except where otherwise stated; voltage, current, and
kva are given in terms of d -c output voltage, current, and kw respectively The same assumptions
hold as for Table I plus values to make transformers interchangeable.
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7/3

G = (1/r/6) f 6 [sin 0 - sin (0 - 27r/3) ]d0
ri

703

= (6E/ir) f [sin 0 + sin (0 + 7113)]d0
r/6

= (6e/70[- cos 0 - cos (0 + 7r/3)]:1/36

= (6e/7r) (0 . 5 + 0.866 + 0.5) = 1.65e

E = 0.707e = 0.707G/1.655 = 0.428G

EAD = 1.5E = 0.641G EcD = EDB = E cos 30 deg.

= 0.866 X 0.428G = 0.370G

I AD = Ica = 'NAP X 2/3 = 0.816J.

Main transformer secondary kva =0.816J X 2 X 0.370G = 0.604 GJ.
Teaser transformer secondary kva = 0.816J X 0.641'G = 0.523GJ. Total

J

01,0 fal.-1000:11al)

[4C. b

PRIMARY

IDA

L 08

LOG

Fig. 3-Circuit diagram, and voltage and current waves for 6 -phase T -connected
rectifier.
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secondary kva = 1.13GJ = total primary kva and the average is 1.13
compared to 1.05 for the conventional 6 -phase single Y. The double
3 -phase circuit is also possible with two T -connected transformers.
It has the same secondary kva as the 3 -phase circuit above, 1.70 GJ;
and the same primary kva as the 6 -phase single T, 1.13, giving an
average kva of 1.41GJ.

Jiz

SECONDARY
ex es' ec'

TEASER L,

ee ec

J/2 I

PRIMARY COMPONENTS

MA IN
i 0866J/2 Zia

icecb -51-1
I I

145742 TEASER, r-F-1
-,.._

coNcittlgr-vo
:

AV
O

t da.

-,457742 TEASER,

0.5 J&
1E5

MAIN

1 J/Z TEASER)

is 0.5J/Z
MAIN.

Lac

ieb

_Os CO
sw <72.

oz C-7 --.
C -I0

Fig. 4-Circuit diagram and voltage and current waves for 12 -phase double -T
rectifier. =main transformer primary current component due to main
transformer secondary current.

By using two secondary T's displaced in phase by 90 deg., twelve
phases can be obtained in the form of a double 6 -phase single T ar-
rangement, as shown in Fig. 4. In the left-hand column of Fig. 4
are shown the secondary voltages and currents, and in the middle
column, the primary current components due to the corresponding
secondary currents. In the right-hand column are shown the primary
voltages; the main transformer primary current component, Vet),
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which is the resultant of the main transformer current components of

the middle column; the resultant teaser transformer primary current,
id.; and the currents ids= cb-ida 12 and i-db= cb-ida12.

Calculating the r.m.s. values of current, the secondary current,
I DA = 0.1/2)2X 2/3 = 0.408J = IDB, etc. and the primary current
Ida = N/1/3 X (1.08J)2+ 1/3 X (0.769J)2+ 1/3 X (0.289J)2 = 0.788J = Idb

= Ide. The voltage EA being the same as for the 6 -phase case above, the
secondary kva = 0.408J (2 X 0.641+ 2 X 0.740)C = 1.13GJ, and the pri-
mary kva = 0.788J(0.641 +0.740) G = 1.09GJ. The other circuit charac-
teristics are the same as for the usual 12 -phase case, and are given in

Table II.
From the standpoint of spare transformers, it is desirable to have

the two transformers interchangeable. To make them interchange-
able it is only necessary to increase the number of primary turns on
the teaser transformer to that of the main transformer. This increases
the teaser primary voltage rating from 0.641G to 0.741G and the total
primary kva rating to 1.17 as shown in Table II.

A 12 -phase arrangement suitable for pool type rectifier tubes is
also possible using four secondary T's. In this case the secondary kva
is the same as the 3 -phase case, 1.70 ; and the primary kva the same

12 -phase above, 1.09.
The T connection can also be used for 2 -phase supply, as shown for

the 4 -phase circuit in Table I, but the teaser transformer ratio will
be different, and the transformer kva ratings slightly different.

III. VOLTAGE DOUBLING CIRCUIT

The voltage doubling circuit shown in Fig. 5, while hardly belonging
under "polyphase rectification" is of interest since it is useful for single -

Figure 5. Diagram of voltage doubling circuit.

phase applications requiring such high voltages and small currents that
it is not economical to build the transformers required for the usual single-
phase rectifier circuit, and assuming that a condenser would be used
on the output side of the rectifier. Also, it is an alternative for the
single-phase bridge circuit where the rectifier tubes will not stand the
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high inverse voltage of the half -wave or full-wave circuits. As can be
seen, the voltage doubling circuit is. like .the single-phase bridge cir-
cuit except that the two rectifier tubes in the branches of the bridge
connected to one end of the transformer are replaced by the two con-
densers, C. A study of the diagram shows that during one-half cycle,
one of the condensers is charged to the full peak voltage of the trans-
former, and during the other half cycle the other condenser is charged
to the full peak voltage. Since the two condensers are in series with
each other with respect to the load, the no-load output voltage will
be twice the transformer peak voltage. In comparison, the no-load
output voltage with a condenser next the output side of the rectifier,
is for the half wave circuit and the bridge circuit, equal to the trans-
former peak voltage, and for the full wave circuit equal to half the
transformer whole secondary peak voltage. With condensers on the
output, the peak inverse voltage on the tubes for the bridge and volt-
age doubling circuit is equal to the maximum output voltage, whereas
for the half wave and full wave circuits it is twice the maximum output
voltage.

In general, when condensers are used next the rectifier tubes on
the output side the tubes will carry a large charging current for a
small portion of the cycle, so that the peak anode current and trans-
former r.m.s. or effective current will be high compared to the d -c
current. Also, the average d -c voltage will be somewhat less than the
peak a -c voltage due to the discharge of the condensers between charg-
ing periods, so that the transformer secondary r.m.s. voltage will be
more than 0.707/2 times the d -c voltage. To show how the load affects
these quantities, they were calculated assuming a perfect transformer
and rectifier, a sine wave supply, and the d -c current held constant
as in the previous rectifier calculations, and that the peak tube current
does not reach saturation, as shown in appendix A, for different values
of the product of condenser capacity, and lead resistance. The values
are shown by the curves of Fig. 6.

Examination of these curves shows that if the product CR is large
the transformer secondary voltage approaches the value 0.354G where
G is the d -c voltage, but that the transformer r.m.s. current may be
several times the d -c current, J; and the peak anode current, many
times J. For lower values of CR the transformer secondary voltage
goes up and the transformer and peak anode currents decrease, though
still being several times the d -c current. Transformer impedance will
tend to spread the. charging period out and so make the transformer
voltage somewhat higher and the peak anode and transformer r.m.s.
currents less than shown.
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The voltage doubling circuit can be used with high vacuum tubes
and hot cathode mercury vapor tubes, but not with the pool -type mer-
cury vapor tube since separate cathodes are required. Single anode
mercury pool -type tubes could, of course, be used, but might be un-
stable with a large condenser next their output. As with any rectifier
using condensers on the output of hot cathode mercury vapor tubes,
care must be taken to see that the peak anode current due to the charge
of the condenser is not large enough to damage the filament.
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Fig. 6-Current and voltage relations of voltage doubling circuit. Curve

a = transformer secondary r.m.s. voltage in terms of average d -c output
voltage; curve b =transformer secondary r.m.s. current in terms of d -c
output current; curve c = anode peak current in terms of d -c current. Trans-
former impedance and rectifier tube drop are neglected; it is assumed that
supply voltage is sine wave, choke coil maintains d -c current constant, and
peak tube current does not reach saturation.

It can be seen' that the secondary of the voltage doubling circuit
functions like two half wave rectifiers of opposite phase and with
condensers across their outputs in series, except that the single second-
ary transformer winding functions for both, and hence in both half
cycles, thus avoiding a d -c component of flux in the iron. The trans-
former primary current for the voltage doubling circuit is the same
as the secondary, but for the single phase half wave circuit, is the a -c
component of the secondary current. Therefore, the data for the volt-
age doubling circuit can be adapted to the half wave circuit by multi-
plying the values of transformer r.m.s. voltage by 2, dividing the trans-

' See appendix A.
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former secondary r.m.s. current by -0, and for the primary current,
subtracting the d -c current component from the value obtained for
the secondary, thus, primary current = -V(secondary current)2 -J 2
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E = peak a -c voltage
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j = d -c current
0, =phase angle at which condenser

starts charging again.

APPENDIX A. METHOD OF CALCULATION FOR THE VOLTAGE DOUBLING
CIRCUIT

In the calculation of the transformer r.m.s. voltage, the peak tube
anode current, and the transformer r.m.s. current; transformer ex-
citing current, resistance, and reactance, and tube voltage drop are
neglected; and it is assumed that a choke coil in the d -c line maintains
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the current constant, and that the peak tube current does not reach
the saturation value.

Referring to the circuit diagram, Fig. 5, and the voltage and cur-
rent wave forms, Fig. 7, consider, for the time being, one-half the sys-
tem, i.e, the equivalent of a half -wave rectifier. Let the symbols be as
follows

e =instantaneous value of supply voltage = Ecos an -ft
E=peak value of sine wave voltage
f = frequency of supply voltage
q = instantaneous charge on condenser, C
C = capacity of condenser, C
J = d -c current
t = time measured from instant of maximum voltage =0/27rf
6 = phase angle of voltage vector
g = instantaneous rectifier output voltage
G= average d -c voltage

G' = average output voltage, C discharging
G" = average output voltage, C charging

08=phase angle at which condenser, C, starts recharging
i = instantaneous anode current

E' =r.m.s. a -c voltage of transformer for half wave rectifier
E =r.m.s. a -c voltage of transformer for voltage doubling circuit
3 = peak anode current

I' = r.m.s. transformer secondary current for half wave rectifier
I = r.m.s. transformer current for voltage doubling circuit
I?= resistance of load

The condenser C is charged up to the peak a -c voltage at 0 =0, and
immediately after, its voltage falls off due to discharge through the load
so that

q = CE - Jt (1)

and g = q/C = E - Jt/C = E - J0/27rfC. (2)

The voltage starts up again when .g =e or

E - J0/27rfC = E cos 0
or 0 = 6, (3)

while condenser C is discharging the average value of the output
voltage is

G' = (E.+ E cos 08)/2 (4)

and while the condenser is charging it is
2r

G" = 11/(2/r - 08)] f e cos Ode = EE/(27r - 001 sin Oro:
0.

(5)
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The average over the complete cycle is

G = [0.G' ± (27r - 0.)G1/2r (6)

The anode current, i, is zero until the condenser starts charging;
then it equals the d -c current plus the current necessary to keep the
condenser at the same potential as the anode for the period 0, to 2r.
(The assumption that the anode current ceases to flow at the instant
the condenser is charged to the peak a -c voltage, i.e., at 27r, is an ap-
proximation under the initial assumptions, which is justified since
neglect of reactance makes the values of the currents only rough ap-
proximations.)

i = J Cde/dt = J Cd/dt(E cos 2rft)
= J - CE2irf sin 2rft.

The peak current is seen to be

3 = J(1 - [CE/J) X 271 sin Os) (8)

except where 0, is less than 270 deg., in which case

= J(1 - 2rfCE/J). (9)

The transformer r.ni.s. current,

rzt
= i/(1/2r) f i'd0

and i2 = J2 -4CerfJ sin 0+4C2e2r2f2 sine 0

2 r

so, (1/27r) f i2d0 = (1/27r)[ f 2JJ2d0 - 4CerfJ sin Od0
o 0. 0

2r

4C2 E27r2f2 f sin2 Ode]

(7)

= (1/27r) [J20 ± 4CerfJ cos 0 4C2E2r2f2([0/ 2]

- [sin 20]/4) PO:

= (1/2r) [J2(2r - 0.) 4Ce7rfJ(1 - cos 0.)

 2C2E27r2P(2r - 0.) - C2E2r2f2(- sin 20.))

= J2 [(2r - 0.)/2,r 2f(1 - cos 0.)CE/J

 7r2f2(27r - 08 ) C2 e2AP

- (r2f2/2)(- sin 20,)C262/J21.
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Therefore

I' = J\/(2m- - 0.)/27r 2f(1 - cos 0.)CE/J 7r2P(27 - 0,)C2E2/J2

- (@Of/ 2 ) ( - sin 2 Os) C2 E2/J2 (10)

In the numerical calculation, 0, was taken as the independent variable
and CE/J determined from (3) letting 0 =0 thus,

CE/J = 08/271(1 - cos 00 . (11)

The transformer voltage, E', in terms of G is found from equation
E' =0.707E, and the value of Gin terms of E given by (4), (5), and (6).

The value of E in terms of G was obtained from (4), (5), and (6);
and substituting this value in (11), the value of CG/J or CR was found
for the different values of 0,.

For the voltage doubling circuit, the peak anode current is equal
to 3, the transformer r.m.s. current, I, equal to ti/2I' since the current
flows in both half cycles, and the transformer voltage E, equal to
E'/2 due to the voltage doubling action. The values were then plotted
as a function of the product, CR, of the capacity of each condenser,
C, and the load resistance R. The value of 0, was also plotted since an
indication of the ripple voltage can be obtained from it.

APPENDIX B. CONDITIONS IN A TRANSFORMER WITH A RESULTANT
DIRECT -CURRENT COMPONENT IN THE SECONDARY WINDING

The existence of a d -c component of flux in the iron for the single
phase half wave circuit and in the simple 3 -phase star circuit was men-
tioned in. Section I. A brief discussion of the phenomena seems
appropriate.

Considering a half wave single phase rectifier as discussed in con-
nection with the voltage doubling circuit, the transformer secondary
voltage, secondary current, and primary current are shown in Fig. 8.
The secondary current flows only in one direction due to the rectifier
action, and therefore has a d -c component of current and an a -c com-
ponent. Only the a -c part is reflected in the primary since a trans-
former cannot transfer direct current. If the d -c component is large
compared to the normal exciting current, the iron will have a large
d -c component of flux and will operate about a point, up on the flat
part of the magnetization curve as shown at 0' in Fig. 9, instead of
about the origin, 0. It can be seen that this greatly increases the neces-
sary a -c excitation current, and the hysteresis loss.

At first thought, there might seem to be a discrepancy in the power
in the stages of the transfer system, e.g., an excess of power in the
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secondary winding over that in the primary, due to the presence of
the d -c component. That this is not true, however, can be seen since
there is no d -c component of voltage in the transformer secondary,
and hence the d -c component of current does not represent additional

TRANSFORMER
SECONDARY
VOLTAGE

TRANSFORMER
SECONOAr. y
CURRENT

TRANSFORMER
PRIMARY
CURRENT

Fig. 8-Voltage and current waves of single-phase half wave rectifier with
condenser across output.

Fig. 9-Diagram showing shift of the operating point of the iron on the mag-
netization curve and increase of excitation current and hysteresis loss due
to the resultant d -c component of current, D, in the secondayy of a half
wave rectifier transformer.

power. Between the rectifier tube and the condenser are the a -c and
d -c components of both voltage and current but the a -c current is the
charging current of the condenser, which is 90 deg. out of phase with
the voltage as can be seen by comparison of the tube current and ripple
voltage shown in Fig. 7. Likewise, in the rectifier output beyond the
condenser and ahead of the d-c choke, assuming a perfect choke coil,
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there is in addition to the d -c, an a -c component of voltage, but no a -c
component of current; and on the load side of the d -c choke there is
only the d -c voltage and current, so, though the power factor may differ
in the several stages, the power, neglecting losses, is the same and equal
to the d -c power.

The voltage and currents of the transformers for the 3 -phase star
circuit under the assumptions of Section I are shown in Fig. 10. The
current in each secondary is equal to the d -c current for one-third
the time and is zero the rest of the time. The primary current, equal

is

13

Lb

Lc

Fig. 10-Voltage and current waves of single phase transformers for the simple
3 -phase star rectifier.

to the secondary current minus the d -c component, assuming a 1:1
ratio, is two-thirds the d -c current, for the one-third of the cycle in
which the d -c current flows, and is one-third the d -c value in the op-
posite direction for the other two-thirds of the cycle. Here, as in other
rectifiers, the rectifying action of the rectifier device produces the
d -c component of the secondary current and tends to produce har-
monics in the d -c output; and the d -c choke coil alternately stores up
and releases the energy necessary to give a uniform d -c output, and
generates the harmonic voltages which produce the harmonic currents
necessary to give the flat-topped anode current wave.

Since conditions in the iron of a transformer for rectifier service with
a resultant d -c component of current in the secondary, are similar to
those in a transformer with d -c currcii't, in the primary, the same
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design principles should apply, and an air gap in the magnetic circuit
to prevent saturation of the iron should be desirable.
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NOTE ON SKIP DISTANCE EFFECTS ON SUPER -
FREQUENCIES*

BY

A. HOYT TAYLOR
(Naval Research Laboratory, Anacostin, D. C.)

DURING the last eighteen months the Naval Research Labora-
tory has made a very large number of measurements on skip
distances in the frequency band between 30,000 and 40,000

kc. Most of the measurements have been taken during the month of
January, February, and March, 1929, and the corresponding months
of 1930. Since the measurements for the two succeeding years are
substantially in agreement we believe it worth while to report them
at the present time even though they are based largely on measure-
ments made in a general southerly or southwesterly direction. A large
number of different frequencies have been used in this band, most of
the data being based on two-way communications. The experiments
have naturally been restricted to the daylight hours.

The following table summarizes the results:

Frequency Midday skip distance in nautical miles

20,000 800 miles
22,625 1100 '
26,000 1200 '
28,000 1400 '
32,000 1800
36,000 Greater than 1800 miles
40,000 Greater than 1800 miles

These figures are of course general averages of a very large number
of observations. Suitable contacts were not available beyond 1800
miles and yet still within the first zone of reception, which permit a
more accurate determination of the upper frequencies. As far as 40,000
kc is concerned only a small number of contacts were obtained on this
frequency, so that it can be said in general that it is usually above the
practical limit for long-distance communication.

It will be interesting to discuss briefly the normal type of variation
during the day and the day-to-day variations from the general
average. The general behavior of these frequencies was quite normal
in that greater skip distances were always obtained in the forenoon
and late afternoon, with the minimum skip distance from one hour

* Decimal classification: R113.6. Original manuscript received by the In-
stitute, May 27, 1930. Presented before Aprii 25, 1930, meeting, American Sec-
tion of the U. R. S. I., Washington, D. C.
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to one and a half hours later than noon. This clearly indicates that the
maximum ionization of the Kennelly -Heaviside layer occurs from one
hour to one and a half hours after the sun passes the meridian. A very
slight change in the electron concentration of the layer produces a
great effect as far as these frequencies are concerned. They are indeed
a very fine index as to small changes going on in the equivalent height
of the layer. For instance, in the 20,000-kc band the skip distance at
0900 was frequently in excess of 900 miles. It is not possible, from the
method of observation in this particular case, to say just how much in
excess. In the late afternoon, after 1600, the same thing frequently
occurs. This effect could be traced on all frequencies up to 36,000 kc,
the very highest frequencies only being useable in the middle hours
of the day.

As to the daily variations, they were of course quite considerable,
indicating a variation of perhaps as much as 15 or 20 per cent under
extreme conditions. Of course, the influence of magnetic storms was
usually so great as to throw the entire table out by a very considerable
amount, generally, however, having the effect of shortening the skip
distance.

The transmitters used were between 500 watts and 1 kw in power
and were sometimes used on doublets and sometimes on beam trans-
mitters which concentrated the energy approximately within a cone
25 deg. in diameter. The concentration in the horizontal plane could
be roughly determined by field measurements at a distance of one-half
mile from the transmitter. This concentration closely approximated
the theoretical value. The concentration in the vertical plane has not
yet been definitely ascertained although a number of airplane flights
have been made with a view of getting at this fact. Theoretically,
it should be of the same order of magnitude as the concentration in
the horizontal plane. No variation in the skip distance was observed
when shifting from antenna to beam, which merely indicates that the
general assumption that only low angle radiation is profitable on these
frequencies is correct. Experiments were also made with beams
horizontally and vertically polarized but no material difference in the
skip distance effect was observed.

The general- procedure in carrying out the tests was to establish
two-way contact with a station and then to raise the frequency in
small steps until the signals suddenly drop out. This point could be
very satisfactorily determined and in fact, could generally be predicted
somewhat in advance because the last frequency to come through
would always have a tremendous intensity and the next higher fre-
quency would then perhaps flicker in and out with very low signal
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strength, or disappear altogether. This phenomenon was observed at
both ends of the circuit.

Crystal -controlled transmitters were generally used for making
the tests and a receiver using one radio -frequency amplifier stage,
one detector stage, and two stages of audio amplification, was used
on most of the receiving measurements. A great deal of data was also
obtained from amateur stations and not much is known of the type of
receivers they employed but it is likely that they used a detector with
two stages of audio amplification.

There is reason to suspect that on these upper frequencies trans-
missions east and west differ quite radically from those north and
south. However, within the first zone of reception (which would be
inside of 2000 miles) there is no reason to suspect that there is a very
radical departure from the skip distances given in the table. Naturally
it has been difficult to pick observing stations properly to get this work
in the east and west direction, so that observations are all too scanty
to permit drawing very definite conclusions. Such observations as
have been obtained show a fair degree of agreement with the observa-
tions obtained from the southwest and south.

When we come to the second zone of reception, however, which
means the west coast and beyond in working,westward, the situation
is extremely complicated and will not be discussed in this paper.
The north Atlantic circuits to Europe apparently also show much
more complicated conditions than the southern circuits. This may be
partly because the observations have to be made in the second and
higher zones of reception, or it may be that the east and west trans-
missions are inherently different from the north and south.

Of course, it occasionally happens that somewhat abnormal con-
ditions cause the 20,000-kc band to hang on well into the evening.
Above 22,625 kc, however, there are very few, if any, instances of
definite skip distance measurements; the point being no doubt that
the number of electrons in the layer has thinned out to the point
where these frequencies are no longer returned to the earth any-
where.

It may be mentioned in conclusion that a good many observations
made on hai-nonics from high power, high -frequency stations in the
10,000-kc to 20,000-kc band have been used to check in with the
other measurements and so far have been found to be in very fair
agreement therewith. These harmonics indeed constitute a very
serious annoyance many times in measurements in this field as they
are of an astonishing intensity, in many cases stronger than the
fundamental of the station in question as received in Washington.
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KENNELLY-HEAVISIDE LAYER STUDIES*

BY

P. A. DE MARS, t T. R. GILLILAND4 AND G. W. KENRICK tt
(tTufts College, Mass.; Bureau of Standards, Washington, D.C.)

Summary-This paper describes progress in a recently inaugurated program
of cooperative research for the study of radio transmission. Oscillographic observa-
tions of pulse transmissions made at the Bureau of Standards and Tufts College,
in collaboration with workers at the Naval Research Laboratory and the Department
of Terrestrial Magnetism, are discussed. Observations on 1410 kc and a number of
higher frequencies are described, and oscillograms showing the complex phenomena
frequently encountered in night transmission are shown. Evidence in support of
the existence of several ionized strata, such as postulated by Appleton and Eckersley,
is found, and examples of the pulse distortions frequently encountered in reflection
or refraction are shown. The paper is presented merely as a preliminary report,
and solicits the cooperation of others interested in observations of this type. The
need of extended observations of varied types is emphasized, and a more extended
quantitative discussion of results is reserved for a later communication when more
data are available.

I. INTRODUCTION

THIS paper is in the nature of a report on work in progress and
an outline of proposed future investigations. During the last
few years, studies of the phenomena of short time echoes as

produced by the use of the pulse method have demonstrated quite
conclusively the existence of a Kennelly -Heaviside layer (or layers)
with distinct diurnal cycles in effective height. The importance of
magnetic storm phenomena and marked seasonal changes has also been
noted.

In order that the nature of these phenomena may be really under-
stood and quantitative correlations established, however, it is neces-
sary that consistent and extended observations be carried on over a
considerable period of time and on varied frequencies.

Plans are now being completed for consistent observations at the
Bureau of Standards and Tufts College in collaboration with observers
at the Department of Terrestrial Magnetism and the Naval Research
Laboratory. The cooperation of investigators located at other points
is invited, for it is only by consistent observations over varied trans-
mission paths that anything approaching a complete picture of the
phenomena involved can be obtained. The contemplated program

* Decimal classification: R113.61. Original manuscript received by the
Institute, August 25, 1930. In part, presented at the meeting of the American
Section, International Scientific Radio Union, at Washington, D.C., April 23,
1930.
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seeks to continue and expand the observational work on frequencies
in the 4 -megacycle region and also to include a number of other higher
and lower frequencies. So far, the program has included observations
in three frequency regions, but during the next few months transmis-
sion on a number of other frequencies is contemplated. A summary
of some of the work which has thus far been carried out is given below.'

II. NKF TRANSMISSIONS

Through the courtesy and cordial cooperation of the Naval Re-
search Laboratory, it has been possible to continue observations of

transmissions furnished by NKF, at the Department of Terrestrial
Magnetism, the Bureau of Standards, and at Tufts College, on 4045
and 8650 kc. These observations have included several 24 -hour sched-
ules and also consistent observations on two days each week at the
Bureau of Standards experimental station at Kensington on these
frequencies.

The 24 -hour tests have disclosed diurnal changes in layer height
quite similar to those observed a year ago and already reported.'
It is hoped that these observations may be continued at frequent
intervals, and the seasonal characteristics indicated by previous ob-
servations further investigated. Also it is planned to conduct a more
detailed investigation of pulse doubling and, pulse distortion phenom-
ena which seem frequently to be associated with the transmission.
With this in view, an improved monitor has been installed to enable
a careful check on the transmitted signals to be maintained and means
of synchronization devised which will enable particular pulses to be
observed at different points and the variability in their transmission
over the various paths studied. We are awaiting more extended and
continued observations before reporting the results of this work.

The consistent observations on 4045 and 8650 kc have indicated
possible correlations with magnetic storms and sun spots and show
clearly the anticipated relation of height to frequency as discussed
by other observers.

The results of these observations are reported in another paper.'
It is of interest to note that the observations reported in that paper
(representing close -range daytime conditions) give, in general, simple
patterns readily explicable by reflections from a few discrete and more

Since this paper was written, observations have been made on a much
larger number of frequencies.

2 Kenrick and Jen, "Measurements of the height of the Kennelly -Heaviside
layer," Puoc. I.R.E., 17, 711-733, April; 17, 2034-2052, November, 1929.

3 T. R. Gilliland, "Kennelly -Heaviside layer height observations on 4405
and 8850 kc,". Forthcoming paper in the Bureau of Standards Journal of Re-
search and this issue, PROCEEDINGS of the I. R. E., page 114.
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or less sharply -defined boundaries. It will be noted that such a situa-
tion is in marked constrast to that observable in some of the other
night tests reported in this paper, and, in fact, to nighttime observa-
tions on this same transmission with the Bureau of Standards set-up.
Under such conditions extremely complex patterns are frequently ob-
served; however, observations at low amplifications or gains usually
disclose predominant peaks from which a rather consistent and or-
dered variation of predominant layer height may be deduced.2.3
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Fig. 1-1410-kc transmission as received at Tufts College on April 23, 1930
at 3:25 A.M., E.S.T. (High antenna employed.)

The 4045-kc signal strength from NKF in daylight does not per-
mit satisfactory records to be made at Boston, and only single pulses
have usually been observed on 8650 kc. At night signals of good in-
tensity are usually observable on 4045 kc and the records obtained
are frequently quite satisfactory, but the 8650-kc transmission fades
out completely after passing through a sunset peak.
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Fig. 2-1410-kc transmission as received at the Bureau of Standards experi-
mental station at Kensington, Md., at 3:29 A.M., E.S.T. on April 23, 1930.
(High antenna transmission.) Note retardations of 350 km and 2000 km.

III. LOW -FREQUENCY TRANSMISSIONS

Recently early morning observations have been carried out on
1410 kc near the critical frequency region of Nichols and Schelleng.
A large number of oscillograms resulting from these tests, as -received
at Tufts and at the Bureau of Standards, are available. Transmissions
on this frequency were from Lexington, Mass. A few of the more
interesting and characteristic effects observed are shown in the fol-
lowing figures.

At Boston (over a transmission path of only about 15 km) the
ground wave was very powerful and the sky waves very weak when

2'3 See footnotes 2 and 3.
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a 3/8 -wave vertical transmitting antenna of a type used to minimize
high angle radiation in local coverage broadcasting was employed.
Observations on this transmission, as received at Tufts, are shown in
Fig. 1. Under similar conditions the Bureau observations gave quite
satisfactory results. (See Fig. 2).

In order to secure high angle radiation and minimize the ground
wave for local observations, a low half wave Hertz antenna was em-
ployed at the transmitter. This and the vertical antenna were used

.

I__ IIsemis /..Immomall

Fig. 3-1410 kc as received at Tufts College at 2:50 A.M., April 23, 1930. (Hertz
antenna employed.) Note relatively simple pattern (virtual height 370 km.)

alternately for half hour intervals. Much more satisfactory results
were observable at Tufts when the Hertz antenna was employed. These
observations are shown in Figs. 3 and 4.

In general it is found that the basic pulse phenomena are perhaps
best studied at close range where a ground the
reflections are at nearly perpendicular incidence. The patterns observ-
able at longer distances indicate the complexity of the mechanism of
long distance high -frequency transmission and the large number of

Fig. 4-1410-kc transmission as received at Tufts College at 3:33 A.M.
Moderately high gain showing complex pattern. (Hertz antenna employed.)

paths that are frequently of importance. Visual observations of the
patterns also indicate the rapidity of the fading encountered on the
received signals from these various paths, and suggest the develop-
ment of more refined methods, such as the use of directive antenna
arrays, which will further disclose the mechanism involved.

The rapid variability of the patterns encountered is illustrated in
Figs. 3 and 4. Fig. 3 is the pattern which sometimes corresponds to
a moderate gain, while, under favorable conditions, increased gain
produces complex patterns of the type shown in Fig. 4. Under such con-
ditions inferences as to the effective height of the layer would seem-
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ingly be precarious, if not indeed meaningless.4 Patterns of the type
of Fig. 4 are frequently evident on all the observed frequencies during
night observations (usually corresponding to high sky wave energies),
and may perhaps lead to some apprehension or skepticism as to what
the significance of phase interference observations would be under
such conditions.

In the case of observations with a long base line, the many possible
paths render calculations other than those of equivalent path differ-

0.

"Nei, laywoman.
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Fig. 5-Typical 1410-kc pattern as received at Kensington, Md., during night
period, (3:33 A.M., April 13, 1930.) Note small peak, large peak, and then
series of small peaks.

ences open to considerable question (particularly in view of results of
the type shown in Fig. 4, which are quite typical). The long path dif-
rence of 2000 km recorded in Fig. 2 is of particular interest in view of
the low frequency. A typical type of record for the night pattern on
1410 kc, as observed at Washington, is shown in Fig. 5. It usually
consists of a small peak followed by a larger peak and other smaller
peaks of considerable retardation (although in general not as great
as the 2000 km indicated in Fig. 2).

1467 1-.11,, 1:7 SO. I41-0 KC,S.Ai ^:x &Z

ink;
whc

Fig. 6-1410 kc as received at Tufts College at 3:15 A.M., E.S.T., May 13, 1930.
Note extremely complex dawn patterns.

Among the most interesting phenomena observable at Boston
were two rather distinct layers during the sunrise period which could
be observed to fade out separately. This phenomenon is indicated in
Figs. 7 and 8.

In general it is difficult to generalize, as results obtained on one
night may be quite different from those on another night, but perhaps

4 In examining records, it should be noted that the input to the oscillograph
was purposely and necessarily limited by tube saturation, and the recorded
ordinates are hence not in linear relation. The ground wave, to a linear scale,
would in many cases of high gain equal about 10 to 100 times the reflections
(although much larger reflections are observable under favorable conditions).
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a typical situation may be said to be a predominant low layer in the
early night gradually disappearing (or rising) and disclosing a layer
as indicated by Fig. 7, which again gives place to a low layer after
dawn, as shown in Fig. 8. During the transition period both sets of

:3, 140

Fig. 7-Reception of 1410 kc at Tufts College on May 13, 1930, at 3:55 A.M.,
E.S.T. Note clear single reflection giving a virtual height of 310 km.

pulses may be observed to fade in and out and frequently appear
simultaneously, as shown in Fig. 7. During the predawn period, ex-
tremely complicated patterns and evidence of extremely low layers
are sometimes observable, as shown in Fig. 6.

!LEX at Tufts 4t15 -k:74, ti...S.2. '' y16, 1.930 1.44.0 TC.R.,'

...:.<..t.

Fig. 8-1410 kc as received at Tufts College at 4:16 A.M., E.S.T., on May 13,
1930. Note appearance of 100 -km layer with 300 -km layer still visible.

After sunrise, the only indication of layers observable at Boston
on 1410 kc during the spring tests of 1930 was the faint evidence of
low layers shown in Fig. 9. At Washington, the patterns first degener-
ated into a simple pattern consisting of a single sharp peak similar to

11
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Fig. 9-Pattern after sunrise (5:15 A.M., E.S.T., May 13, 1930.) 1410-kc

transmission. Note absence of reflections and clear single peaks due to
ground wave.

that shown in Fig. 9, but the signals subsequently vanished altogether,
attesting to the absence of the ground wave there. The peaks at
Boston remain steady and single, as shown in Fig. 9, after daylight,
confirming the fidelity of the transmission in the absence of sky waves.
Without very careful monitoring at the transmitter (superior to that



112 de Mars, Gilliland, Kenriek : Layer Studies

obtainable with the cathode ray set-up employed), too much reliance
cannot be placed in the very small secondary peaks of Fig. 9 which
may have been introduced at the transmitter. However, they are
strikingly like the results observed during the sunrise period on the
spark transmission from WNW, reported in the Kenrick and Jen paper
of last November!.

IV. OBSERVATIONS AT OTHER FREQUENCIES

Preliminary observations have also been conducted on 3256 and
6425 kc. The results of these observations are not yet available in
sufficient quantity to render a general statement of results signifi-
cant. Observations during April on 6425 kc indicated heights of the
order of 400 km in the daytime and nighttime observations, in general,
indicated an absence of reflections at normal incidence. A record taken
at Tufts College at 11:00 A.M. on May 2, 1930, is shown in Fig. 10.

c 17 - 7 7 C-

Fig. 10-Daytime record (11:00 A.M., E.S.T.) received at Tufts
College. (Note 520 -km virtual height indicated.)

No reflections were noted on other observations on this frequency at
Tufts during the month of May. At Washington, several transmission
paths of less path difference were consistently observed. A detailed
description and analysis of the results of these tests (which are still
in progress), and a more quantitative discussion of the results on
1410 kc, are reserved for another paper after more data have accumu-
lated.

Heights of about 330 km indicated by some of the preliminary
observations on 3256 kc mentioned here are in rough accord with
the high layer heights mentioned by Appleton, while a lower layer
sometimes observable in the daytime is somewhat greater in virtual
height than his normal layer (due, perhaps, to the higher frequency).

V. CONCLUSIONS

The results of the observations described furnish considerable
evidence for the existence of several layers, and support is thus given
to the picture of Appleton and Eckersley of several rather definite
strata.

6 See footnote 2.
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At. Washington the results observed on the transmissions from
Boston are naturally much more difficult to interpret because of the
oblique transmission paths. Under such conditions, the complexity of
the phenomena involved is, of course, enhanced by numerous multiple
reflection effects. However, as will be noted, the observations at even
short distances indicate phenomena sufficiently complex to tax the
ingenuity of the investigator who would explain the phenomena by
any more or less definite single layer, or even series of layers. Appar-
ently it will be necessary, or at least highly desirable, to devise auto-
matic methods which will allow extended and consistent observations
before what may be said to constitute "typical" conditions or phe-
nomena may be found. In fact, it appears that anything approaching
a complete description will require much more than a statement of
predominant effective heights of layer; it must also include layer turbu-
lence and other causes of the complex pulse distortions observed. The
immediate problem, however, seems to be to extend and continue
consistent observations which will enhance the store of reliable data
from which we may work, and at the same time seek other methods
which will give us new and, let us hope, clearer insights into the nature
of the pnenomena with which we are dealing. Other investigators in-
terested in collaborating in this work are invited to communicate with
the authors who will be pleased to furnish, information concerning
future schedules.

As stated at the outset, this paper is merely in the nature of a
report of progress and an accumulation of data is awaited before an
analytical discussion of the results is attempted.
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KENNELLY-HEAVISIDE LAYER HEIGHT OBSERVATIONS
FOR 4045 KC AND 8650 KC*

BY

T. R. GILLILAND

(Radio Seotion, Bureau of Standards, Washington, D.C.)

Summary-Virtual heights of the Kennelly -Heaviside layer as measured by
the radio echo method are reported for 4045 kc and 8650 kc. The report covers day-
time observations made each week between January 16 and June 19, 1930. Two
evening tests are also described. Curves are given comparing heights with sun spot
numbers and magnetic character. Records taken on April 28, 1930, the day of the
solar eclipse, are shown.

HIS NOTE is a report of results obtained by the echo method
in the study of the Kennelly -Heaviside layer between January
16 and June 19, 1930. The method used is essentially that first

used by Breit and Tuve' and consists of the receiving and oscillographic
recording of signals from a high powered transmitter which is sending
out pulses or "peaks" of extremely short duration with sufficient
intervals of no emission between pulses to record the echoes. The time
interval between the arrival of the ground wave and the first echo is
used to calculate the "virtual height."'

The transmissions were furnished through the courtesy of the
Naval Research Laboratory at Bellevue, D. C. Two 20 -kw crystal-
controlled transmitters were used, one operating on 4045 kc and the
other on 8650 kc, each being modulated by means of an unbalanced
multivibrator circuit.3 The records were made at the Bureau of
Standards field station near Kensington, Md., at a distance of 21 km
from the transmitter.

The results reported here were obtained from transmissions occur-
ring each week on Mondays and Thursdays. The 4045-kc was trans-
mitted from 11:15 to 11:30 A.M. and from 3:45 to 4:00 P.M., while the
8650-kc transmission was from 11:30 to 11:45 A.M. and from 4:00
to 4:15 P.M., E. S. T. On January. 20 and 27 transmission was con-
tinued until midnight.

The curves in Fig. 1 show morning and afternoon virtual heights
for both frequencies. The curves are plotted with straight line's through
the observed points. Usually more than one record was obtained dur-

* Decimal classification: R113.61. Original manuscript received by the In-
stitute, August 23, 1930. Publication approved by the Director of the Bureau of
Standards of the U. S. Department of Commerce.

1 G. Breit and M. A. Tuve, Phys. Rev., 28, 554; September, 1926.
2 G. W. Kenrick and C. K. Jen, "Measurements of the height of the Ken-

nelly -Heaviside layer," PROC. I. R. E., 17, 711; April, 1929.
8 M. A. Tuve and 0. Dahl, Proc. I. R. E., 16, 794; June 1928.
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ing the fifteen minutes of transmission on each frequency, so that
most of the points on the curves represent averages of several readings.
Considerable changes in height have been noted within a few minutes.
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On the morning of April 21 a change from 290 km to 265 km was noted
in seven minutes. (Fig. 2.) The interval between adjacent timing
marks on each trace is 1/120 second. The curves of Fig. 1 show that
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on 4045 kc the afternoon heights observed were always greater than
the morning heights, but for 8650 kc this is not true. It is of interest
to note that 8650-kc echoes were received only between February 6
and April 7. Except for this period, observations showed only the
ground wave. During this time, however, the appearance of the echo
pattern obtained on this frequency was usually similar to that for
4045 kc, except for the much greater retardation on the higher fre-
quency. As many as five distinct echoes have been recorded from a
single transmitted pulse. One peculiarity that has been noted at times
in the pattern on both frequencies is the appearance of the last of a
group of multiple echoes with greater amplitude than that of one or

Fig. 3.

more of those preceding. Besides the layer for which the curves are
drawn, a lower layer has been observed on 4045 kc on a few occasions,

at a height of about 120 km. In Fig. 3 are shown two records taken
on January 23. In the lower record a weak echo peak giving a height
of approximately 119 km appears between the ground peak and the
strong echo peak from the 235 -km layer. Following the latter peak are
two smaller ones, the first of which appears to be a multiple reflection
from the low layer, and the second from the high layer. The upper
record, taken eight minutes later, shows a much stronger reflection
from the low layer. That multiples do not follow the reflection from the
high layer may be attributed to the obscuring of the high layer by the
lower one.

Records obtained on April 28, the day of the solar eclipse, give a
morning height of only 202 km for 4045 kc, which is considerably
lower than any other value obtained during this series of observations.
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The lowest previous value was 219 km on January 16. The eclipse did
not reach a maximum, which was 0.49 total, until 3:23 P.M. A record
at 3:52 P.M. showed a height of 317 km. (Fig. 4.)

The curves of Fig. 5 were plotted to show possible correspondence
which virtual heights might bear to sun spot numbers and to magnetic
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character. The curves of virtual height were plotted from averages
of morning and afternoon values. The sun spot curve was plotted
only for days on which measurements of height were made. Curve
No. 1 shows the magnetic character of the day, zero representing a
quiet day, while ordinates 1 and 2 represent moderate disturbance
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and severe disturbance, respectively. Although no conclusive cor-
relation between magnetic character and height is evident from the
curves, it will be noted that the disturbed period which began Feb-
ruary 12 has been accompanied by a rise in height of considerable
magnitude. The extreme heights (Fig. 6) beginning about April 10,
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may suggest the disappearance of one layer, permitting a higher oneto come into view rathet than the rise indicated in the curves.
The existence of a close correspondence between sun spot numbers

and virtual heights for 4045 kc, such as is suggested by curves 2 and 3,Fig. 5, can be demonstrated only by observations over a much longer
.._As..
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period. The correlation shown, while interesting, is not considered in
any sense conclusive, because of the limited duration of the available
observations.

The curves of Figs. 7 and 8 were plotted from data obtained when
transmission was continued until midnight. In both cases heightsare shown to fluctuate rapidly after dark. The dotted lines are drawnto indicate the possibility of the existence of two layers, both of which
rise after dark. The curves would suggest that reflections are occurring
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first from one layer and then from the other. Both of these evening
tests show a dip after sunset, such as has been mentioned by other
observers.

It will be noted that the curve for January 20 shows a maximum
height of 344 km reached shortly after 9:00 P.M., while the curve for
January 27 indicates no such "ceiling" but shows an increase up to
450 km at 11:41 P.M. It may be of interest to note that the provisional
sun spot curve gives a value of 63 for January 20 and 31 for January 27.

Patterns obtained at night, especially during the early morning
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hours, are, in general, not as simple nor as easily interpreted as those
obtained in the daytime. The reflections frequently appear as a num-
ber of irregular peaks or form one broad pulse. To interpret such
records in terms of one, or even several, well defined layers is ex-
tremely difficult. The results of such tests on other frequencies are
reported in another paper recently published.'

During these observations it was not found practicable to monitor
the transmitters to check the shape of the pulses sent out. In some
cases the peaks were found to be split, but the character of the pat -
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terns was such that no appreciable errors could be introduced in the
measurement of virtual heights.

In view of the fact that these observations have been carried on
for so short a period of time and for such limited conditions, no at-
tempt is made to give an interpretation of the results at this time.
It is hoped that observations may be continued over a longer period of
time and for a number of other frequencies.

Thanks are due to A. H. Taylor and assistants at the Naval
Research Laboratory for furnishing the transmissions, to the Depart-
ment of Terrestrial Magnetism for sun spot data, and to the Coast
and Geodetic Survey for magnetic data.

4 P. A. deMars, T. R. Gilliland, and G. W. Kenrick, "Kennelly -Heaviside
layer studies," PROC. I. R. E., this issue, page 106; Bureau of Standards Journal
of Research.
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THE DETECTION OF TWO MODULATED WAVES WHICH
DIFFER SLIGHTLY IN CARRIER FREQUENCY

BY

CHARLES B. AIKEN
(Bell Telephone Laboratories, New York City)

Summary-The present paper contains an analysis of the detection of two
waves modulated with the same, or with different, audio frequencies and differing in
carrier frequency by several cycles or more. Both parabolic and straight line detec-
tors are treated and there are derived the expressions for all of the important audio
frequencies present in the output of these detectors when such waves are impressed.
There are discussed the types of interference which result when one station is con-
siderably weaker than the other and simple attenuation formulas are employed in
estimating the character and extent of the interference areas around the two trans-
mitters. Beyond the use of such formulas no attention is given to phenomena which
may occur in the space medium such as fading, diurnal variations in field intensity,
etc.

WHENEVER one of two stations operating on the same wave-
length assignment wanders from its proper frequency, waves

are likely to be received which differ in carrier frequency by
several cycles or more. Under such conditions the two signals may be
thought .of as made up of entirely distinct frequencies and phase rela-
tions between analogous components of the two waves need not be
considered. In the important case in which the carriers are of identical
frequency this is no longer true, and phase and its dependence on posi-
tion and transmission phenomena must be taken into account. This
case will be reserved for future study, the present work being limited to
a consideration of the phenomena connected with the detection of
distinct frequencies.

The most important undesired frequency which is present in the
output of the detector is the beat note between the two carriers. It is
sometimes carelessly assumed that if the frequency of this beat note is
reduced below the audible range the only remaining interference will
be due to the speech from the undesired station. Such is not the case
and it will be shown later on that when the beat frequency is reduced
below the audible range, but not to zero, there remains a group of spuri-
ous frequencies which will introduce an interfering background. When
the undesired carrier is of relatively small intensity this background is a
great deal stronger than the interfering speech. It is therefore desirable
to obtain quantitative data on the interfering spectrum which occurs

* Decimal classification: R134XR170. Original manuscript received bythe Institute, September 11, 1930.
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in the receiver output, in terms of the intensities and degrees of
modulation of the input signals.

It is to be expected that the results obtained will depend to some
extent at least, on the type of detector which is used. The square law
characteristic is a fair approximation to that of any detecting device
which is worked over only a small range and hence an analysis of this
characteristic may be expected to serve as an excellent guide to general
detector performance. When large signals are impressed on the detector
the functioning of the device may approximate more closely to that of
the ideal straight line detector. It has been felt that a study of these
two types would furnish data from which the performance of any
intermediate type of detector could be inferred without great error.
As the problem of the square law detector is very much the simpler it
will be considered first.

MATHEMATICAL ANALYSIS

There will be assumed two broadcast stations transmitting on fre-
quencies which differ by a relatively small amount, the beat frequency
being restricted to the audible range or less. Each of the carriers will be
assumed to be modulated by a single audio frequency, the modulating
frequencies at the two stations being, in general, different. The total
signal impressed on the receiving detector will then be of the form;

v = E(1 M cos pt) cos wit + e(1 m cos qt) cos co21. (1)

In which
v is the total alternating voltage impressed on the detector.
E is the amplitude of the desired carrier
e is the amplitude of the undesired carrier
M is the degree of modulation of the desired signal
ni is the degree of modulation of the undesired signal
(.01/271- is the frequency of the desired carrier
w2/27r is the frequency of the undesired carrier
p/2ir is the frequency of the desired modulation
q/2ir is the frequency of the undesired modulation

SQUARE LAW DETECTOR

We shall first suppose this signal to be impressed on a detector
which will be assumed to have a characteristic in the neighborhood of
the operating point, of the form

i = Ao+A iv ± A2v2 (2)

An expression of this type will accurately represent a small portion of
any continuous characteristic. The present analysis requires that the
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impressed e.m.f. shall be of small amplitude in order that the limits ofthe portion of the characteristic thus represented may not be exceeded.This restriction is necessary in treating square law detectors.The audio -frequency output of the detector will be due entirely tothe second order term in (2). Hence it will be sufficient, for our pur-poses, to square the expression for v. We are interested primarily inthe ratios of the amplitudes of the various undesired audio frequenciesproduced to the amplitude of the desired signal of frequency p/ 27r.Such a ratio will be designated as a relative amplitude. Neglectingcircuit constants, etc., which will apply equally in all the expressionsfor the various frequencies, the amplitude of the desired component ofthe audio -frequency output is readily shown to beE2M. The expressionfor v2 is reduced to first power sinusoids and the amplitude of eachfrequency converted to a relative amplitude by dividing by E2M. Thecase in hand yields twelve undesired audio frequencies, the relativeamplitudes of which are listed in Table I. Before commenting on theseresults we shall consider the straight line detector.

TABLE I

Angular Velocity

2p

q

2q

Ratio to E2M Angular Velocity Ratio to
M

p + u e

4
2E

elm
q±u em

E2M
2E M

e2m2

p±q±u em
4E2M

e

4E

EM

E2M

in which u =wi -w2

THE STRAIGHT LINE DETECTOR

In making analyses of rectification by a straight line detector it is
customary to reduce the sum of the various impressed radio frequenciesto a single radio frequency, the amplitude and phase angle of which areslow functions of time. The most common example df this typeof treatment is a combination of the carrier and two side bands of
single frequency modulation into the familiar expression for a modu-lated wave in which the amplitude of the radio frequency is an audio -frequency function. In this case the radio -frequency phase angle isconstant. In the case of a single frequency modulation with one sideband eliminated there are impressed on the detector input only two
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frequencies. These may be combined in a well known manner., Thus
if the impressed voltages are of the form a cos x and b cos y then the
amplitude is given by

N/a2 + b2 + 2ab cos (x - y). (3)

The expression for the phase angle will not be given here as it can be
shown that if a and b are unequal and the difference between the
frequencies x/27r and y/27r is small compared with either frequency,
then the variation of the phase angle with time may be neglected in
computing the audio -frequency components. In the present case we
have two radio -frequency waves the amplitudes of which are not con-
stants but are slow functions of time and these may be substituted for
a and b in (3). Thus the effective amplitude of the total input signal
may be taken to be

S = A2 + B2 + 2A B cos ut

in which A =E(1+M cos pt)
B = e(1 +m cos qt) and

u =col -(42.

(4)

The problem then resolves itself into an analysis,of the detection, by a
straight line detector, of a single radio -frequency component. The
results of such an analysis are well known and it can be readily shown
that the audio -frequency output may be obtained, except for a factor of
proportionality, by resolving the amplitude into its audio -frequency
components. In the present case the amplitude to be resolved is given
by (4) which may be written

S = -V(A + 8)2 - 2A B(1 - cos ut).

The interfering signal B, will be taken to be always less than the
desired signal A, and hence A2+ 82 >2AR from which it follows the
(A + B)2 >2A B (1- cos ut). Hence the radical may be expanded by
the binomial theorem giving

AB(1- cos ut) A2B2(1- cos UO2 A3B3(1- COS ut)3
S=A+B (5)

A + B 2(A + 8)3 2(A + B)6

It is to be observed that each of the terms of this series, except the
first, contains time in the denominator and hence further expansions
are necessary. The denominators of the various terms can be expanded

1 Lord Rayleigh, "Theory of Sound." Page 23, sec. ed.
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by the binomial theorem in such a way as to put all the expressions
containing time in the numerators, the expansions being in powers of

(ME cos pt -I- me cos qt)/ (E e) .

By the proper trigonometric transformations it is possible to reduce
the final expression for S to frequencies in p, q, u, and the sums and
differences of the various multiples of these quantities. An additional
discussion of this analysis is given in an appendix. In order that the
various series involved may converge with a manageable degree of
rapidity it is necessary to limit the relative amplitudes of the inter-
fering carriers and the degrees of modulation as well. Consequently
the solutions are restricted to intensities of the interfering carrier of
0.1, or less, of the desired carrier and to degrees of modulation of either
signal ranging from 0.1 to 0.5. These limits are suitable also because
we are interested chiefly in interference by a relatively weak signal,
since the interference caused by a signal, the carrier amplitude of
which is greater than 0.1 that of the desired carrier amplitude is near
the tolerable limit in the majority of cases. The upper value for the
modulation of 0.5 is approximately equal to the average degree of
modulation of a station employing as deep modulation as is practical,
only the peaks running up to nearly unity. The value of 0.1 for the
lower limit is of course transgressed by soft passages in speech or music.
However, the range here specified is sufficiently large to give an
excellent idea of what may be expected from various degrees of modula-
tion of desired and interfering signals and the results of more extreme
cases may be inferred from the data here developed. Under these
limits it is found that the only audio frequencies of any importance
which appear in the output are:

S = (ME - eg[aoM - al
2E

cos pt

a1Mm meg] 3e2g3bol+ (me - eg[aom cos qt
2 E 2E

cos 2qt
2E 4E

( [a a1M nizegi

2 2E + 2E (2 + m2)) cos ut

b oe2g3

4E
cos 2ut
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(a
0 M al a 2 M n0 M ea

+ eg 2 2+
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on a 1M ni meg
+

bee2g3 In
cos (q _4:: 01.

4 2E E2

In which

(10 =
m2fi:

1 -

3 M4g4

=
3.113g3

+
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-----a
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3/282 3/404
(12 = + bo = + 33P9'- -

2 2

E
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(7)

(7a)

It is now possible to make a comparison between the performance
of the straight line and the square law detectors. In Figs. 1 to 4 are
shown the relative amplitudes of the interfering frequencies in the
two cases for various degrees of modulation. The data for the square
law case are indicated by dashed lines and for the straight line case by
solid lines, and where the two coincide this is noted on the figures.
It is to be noted that the expression for the amplitude of the desired
frequency p / 2r is a complicated function. However, computation
shows that over the range in which we are interested, the value of
this expression does not differ from ME by more than 1 per cent and
therefore, this value has been assumed in computing the relative
amplitudes of the other frequencies.

Probably the most striking feature to be noted in comparing the
two cases is the similarity of the results. This is particularly evidenced
by the carrier beat note of frequency ii/27 the amplitude of which
differs in the two cases by an inappreciable amount. The spurious
frequencies (q+ u) /2r also are practically identical for both detectors.
There are, however, several important differences as follows:

The group of spurious frequencies of angular velocity p ± q ± u,
which is of appreciable importance in the square law case, is entirely
absent from the range of magnitude considered when a straight line
detector is employed. The frequencies (p ± u) /2r are greater in the
square law case over the range which we have considered, but the
curve which represents them has a smaller slope than in the straight
line case and for larger values of the interfering signal the intensities
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of these frequencies would be relatively less with the square law de-
tector. The intensity of the undesired speech q is definitely less in the
straight line case than in the square law case but the slope of the q
curves is about the same for both except for M = m = 0.5. It is of in-
terest to observe that the interfering speech received on the straight
line detector is very much less in intensity than would be the case
if the strong desired signal were absent, and that the variation of the
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Fig. 1-Relative amplitudes of undesired frequencies as a function of the ratio
of the amplitudes of the desired and the interfering carriers. Modulation
of both stations small and equal.

amplitude of this frequency with intensity of the undesired carrier is
greater when the desired frequency is present. We have here an
analytical description of the familiar masking effect which occurs when
a strong unmodulated carrier is received simultaneously with a weak
modulated signal. For example, when e/E =0.1 it can be seen from
curve 1 that the relative amplitude of the component of frequency
q/2r is 0.0063 for the case of the straight line detector. If this com-
ponent were unaffected by the presence of the strong signal it would
have an amplitude proportional to em and a relative amplitude of
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em/EM which for the values here considered is 0.1. Hence the "mask-
ing" effect is here responsble for a reduction of 24 db.

Lastly, it may be mentioned that there are in the case of the
straight line detector certain frequencies of small amplitude which
are entirely absent from the square law case. However, no frequency

is shown the relative amplitude of which is less than 0.01 for all four
pairs of values of M and tn., as such frequencies are unimportant. An
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Fig. 2-Relative amplitudes of undesired frequencies as a function of the ratio
of the amplitudes of the desired and the interfering carriers. Modulation
of desired station small and of interfering station large.

exception is made with regard to p ± u. This is always less than 0.01
over the range considered but is included for the sake of comparison
with the square law results.

FURTHER CONSIDERATION OF DETECTOR OUTPUT

The second harmonic of the desired signal is of importance only
in the square law case. It is of the nature of a distortion which is
independent of the interference and may be omitted from the con-
sideration of the undesired audio frequencies which are a result of the
interference. From Figs. 1 to 4 it is evident that the most important
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interfering frequencies are those of angular velocity, u, q+ u, p ± u, and
p ± q+ u, the last being of importance only in the case of the square
law detector. It is with these frequencies, together with that of the
interfering speech q/27r, that we shall be chiefly concerned.

When the relative magnitudes of the interfering frequencies, which
are tabulated on page 123, are multiplied by E2M the resulting quantities
are proportional to the absolute magnitudes of these frequencies. It
is to be noted that the frequencies of greatest interest have absolute
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magnitudes which are linear functions of M or nt except (p ± q+ u)
which is proportional to mM, and u/2ir which is independent of both
M and m and will therefore, be uneffected by the type of modulation
employed at either station. In case there are several frequencies
present in the modulation of each station the radio -frequency waves
will be of the form E(1 -1 -MI cos pitd-M2 cos p2t± ) cos colt and
e(l+mi cos qit±m2 cos q2t+ ) cos wet. For every frequency of
the former case which contained M as a factor of its amplitude we
shall now have several frequencies respectively proportional to MI,
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1/12) etc., while an analogous new group will correspond to the former
frequencies containing m. Hence we shall have two frequency spectra
derived from the desired speech spectrum containing the p's, but one
of the spectra will be shifted upward in frequency by an amount u/
and the other downward by the same amount. Two additional spectra
will be derived in a similar manner from the undesired speech spectrum
containing the q's. The frequencies of the type (p+q+11)/27r will be
numerous as there will be a product of the M's with each of the m's.
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Fig. 4-Relative amplitudes of undesired frequencies as a function of the ratio
of the amplitudes of the desired and the interfering carriers. Modulation
of both stations large and equal.

However, these are of even moderate importance only when the
modulations of both stations are high, and a square law detector is
employed at the receiver.

Hence we may picture the interference as made up chiefly of dis-
placed frequency spectra of the type mentioned above, of a carrier beat
and of the interfering speech, which is weak but important because of
its intelligibility. The results in the case of a straight line detector
would not be very greatly different. The frequencies of the type
(p+ q+ u)/ 27 would be negligible, the two spectra derived from p ± u
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would be much less important, and certain new but rather small cross -
product frequencies would appear.

In estimating the interference the carrier beat can be considered
by itself and from the data at hand there can be derived the areas
around each of two stations having approximately the same carrier
frequency, inside of which the amplitude of the beat note will be down
a given number of db from that of the desired speech. The same is
true of the interfering speech when it is different from the desired
speech. The frequencies (p ± u)/2r, (q±u)/2r, (p ± q ± u)/ 2r , etc. will
combine to form a disturbing background which we shall designate as
"displaced side band interference." This may be taken to include all
of the interfering frequencies except those of the undesired speech and
its entirely unimportant harmonics. (The frequency 2p/2T is not here
classed as an interfering frequency.)

From Figs. 1 and 4 it is to be noted that when in = Al the frequencies
(g+u)/2r are the largest components of the displaced side band inter-
ference if a straight line detector is used and have the same amplitude
as the (p+ u)/27 components if a square law detector is used. When
era > M the q+u group is much more important than the p + u group
as is evident from Fig. 2. When Al >in the g+ u group is less important
but this case is of no great interest for if the stations are transmitting
identical programs, with similar degrees of modulation, it cannot
occur and if the programs are different then the interference is de-
termined primarily by what happens when tit > . Consequently we
may consider that the q+ u group constitutes the most important part
of the displaced side band interference except when a square law
detector is used and the programs are identical. In such a case we shall
assume that both stations employ the same degree of modulation and
that therefore the g+ u and p ± u groups are of the same importance.

INTERFERENCE AREAS OF STATIONS

We have distinguished between three types of interference, namely,
carrier beat, unwanted speech, and displaced side band. We shall now
compute, for several values of attenuation, percentage modulation
etc., the areas around a transmitting station inside of which each of
these types of interference, due to a second station, will have a rela-
tive importance which is not greater than a certain specified amount.

In estimating these areas we must deal with two possible cases
which may arise in practice: (1) The two stations transmit different
programs. (2) The programs are the same. The carriers are assumed
to differ in frequency in both cases.
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Case 1
The importance of the various types of interference which are

present, will be determined by their ratios to the intensity of the de-
sired speech. In the present case in which the two stations transmit
different programs, the amount of interference which may be tolerable
will be determined by what occurs when the modulation of the
desired station is low, while that of the interfering station is high.
Hence in studying this case we shall make use of Fig. 2 which gives
data computed on the basis of a modulation of 0.1 for the desired
station and 0.5 for the interfering station.

Taking up first the consideration of the carrier beat note, we shall
determine the curve along which the intensity of the beat is down a
given number of db from the desired speech. The position of this
curve will depend on the degree of modulation of the desired signal,
since the lower the modulation the more noticeable will be a beat note
of a given intensity. When we have specified the db difference which
must exist between these two components of the receiver output the
carrier ratio can be picked off from the u line of Fig. 2.

In order to determine the curve along which this carrier ratio
exists we shall proceed as follows:

The desired station will be considered to be at the origin of a
system of rectangular coordinates and thee undesired station will
be at the point (D, 0). We shall assume that the powers of the desired
and undesired stations are P1 and P2, respectively, and that their
distances from a point in the coordinate plane are d1 and d2, then if
we denote the ratio of the carriers by K = e/E the equation of the
curve along which the value of K is constant is given by:

,E-gdi = E-ga2

d1 d2
(8)

This equation is based upon a convenient form of the Austin-Cohen2
formula for the intensity of the field radiated from a radio transmitter.
This formula is:

E AE-101.5ad/06 (9)

in which X is the wavelength in meters, d is the distance from the
transmitter in miles and a is an attenuation constant which may
range from zero up to 0.01 or even more. In writing down (8) we have
used the abbreviation:

101.5ad
g= X0.6

2 L. W. Austin, Proc. I. R. E., 14, 377; June, 1926.

(10)
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From (8) there have been computed curves for the case in which
P1= P2 and for various values of K and a. X has been taken as 300
meters and D, the distance between the stations as 1000 miles.

In Fig. 5, are shown several curves for a = 0.001. For small values
of K, the curves are practically circular and are of small area. As K
increases, the curves become oval shaped and it can be readily shown
that for values of K greater than a certain critical amount, the curves
will not close but will be of a shape which is roughly hyperbolic.

I

K=.01

DES RED
STATION

X02 K-.001

' 6

/

./.............."777
=.02
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8

K-.044

K=.1

9 K=.2
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0( = 001
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STATION

I

Fig. 5-Curves along which the ratio of the carrier amplitudes received from
two stations has a constant value K, as indicated. Attenuation small.

In Fig. 6, are shown curves corresponding to a value for a of 0.002.
It is to be noted that an increase in a, enormously increases the area
inside of which the ratio of the carriers is less than a certain value.
The effect of a will of course be dependent upon the magnitude of the
distance between the stations and will be more pronounced the larger
this distance. For the present case in which D = 1000 miles, there is
not much point in considering values of a larger than 0.002, since the
attenuation would be so great as to make the effect of one station on
the service area of the other of very little consequence.

If we specify that the carrier beat must be at least 40 db down from
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the speech output due to a 10 per cent modulated signal then curve 1
of Figs. 5 and 6 will represent the areas inside of which this require-
ment will be met, while if we call for an interval of 20 db between these
two components, curve 5 of Figs. 5 and 6 will represent the areas in
which the condition is satisfied. It is evident that if a rigid restriction
is placed on the permissible beat note interference which may be
allowed, and if the attenuation is of a small value then the area in which

7

DESIRED
STATION

= 002

UNDESIRED
STATION

1000 MILES

Fig. 6-Relative amplitudes of undesired frequencies as a function of the ratio
of the amplitudes of the desired and the interfering carriers. Attenuation
constant twice that of Fig. 5.

the beat note may be neglected is extremely small. On the other hand
this area increases very rapidly as the attenuation increases.

We may use the same sets of curves in considering the displaced
side band interference. From Fig. 2 it is evident that by far the most
important components of this interference are those represented by
the q+u group. In order to estimate this interference we must
follow some rule for combining the q+u component with the q-u
component. In order to do this in a strictly correct manner we should
have to take into account the frequencies and sensation levels of the
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components. However, it has been shown3 that over a considerable
portion of the audio -frequency range, and for sensation levels of
approximately the magnitude in which we are interested, the inter-
fering effect of these frequencies may be taken to be approximately
equal to that due to a single frequency of twice the amplitude of
either component. We shall therefore take our data from the dash -dot
curve of Fig. 2. From this curve it appears that if the displaced side
band interference is to be 40 db down from the desired speech, we must
have a carrier ratio of 0.002, while if it is to be 20 db down from the
desired speech the corresponding carrier ratio is 0.02. The curves cor-
responding to these values are shown by 2 and 6, respectively, on Figs.
5 and 6.

From this it appears that the area in which the side band noise is
not objectionable may be a great deal larger than that in which the
carrier beat is of a tolerable intensity. If the frequency of the carrier
beat is reduced below the useful audible range then the former area
may be considered to be entirely free from interference of any kind.
Consequently, it is highly desirable to limit the maximum possible
differences in the carrier frequencies to a value which is definitely below
the audio -frequency pass band of commercial radio receivers and loud-
speakers.

Turning now to the undesired speech, we note that it is of very
little importance compared with the displaced side band interference.
Thus, if this speech is to be 40 db down from the desired speech, the
value of the carrier ratio is 0.044 for the case of a square law detector,
while for a difference in level of 20 db, the carrier ratio is 0.14. A curve
for the case of a 40 db difference is indicated by 7 of Fig. 5.

The comparison between curves 7 and 6 emphasizes the fact that
we may have considerable areas of intolerable displaced side band
interference in which the intelligible speech from the undesired station
is not noticeable. Of course, this interference is often classed as distorted
speech but the distinction is convenient in the present discussion.
Case 2

In this case the programs are identical and consequently the speech
from the two stations will undergo simultaneous fluctuaticins of in-
tensity. We shall here assume that the two stations have the same
degree of modulation at any instant. We may then take our data from
the curves for which M = m. However this does not apply to the carrier
beat note, since its intensity is independent of the degree of modulation
of either station and its interfering effect will be determined by

3 J. C. Steinberg, "The relation between the loudness of a sound and its
physical stimulus," Phys. Rev. Sec. Sc., 26, pp. 507-523.
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law involving zero attenuation. This possibility probably presents a
serious limitation on nighttime common frequency broadcasting but
should be of little consequence during the daylight hours. ( 'onditions
will be somewhat different for stations that are placed nearer together
and specific results can be readily computed for any given spacing.
The equations which have been discussed can be applied to any such
case and the areas corresponding to those in Figs. 5 and 6 determined.

One point which is emphasized by the results which have been ob-
tained is, that with a carrier frequency difference of several cycles
satisfactory reception cannot be expected in the regions which lie
midway between two transmitters. The field strength of one station
must be at all times predominately higher than that of the other and
consequently the use of pseudocommon frequency broadcasting should
be restricted to stations of wide geographic separation. It should then
be possible to furnish high grade service to relatively small densely
populated areas in the immediate vicinity of either transmitter, recep-
tion at a considerable distance from both stations being admittedly
unsatisfactory. However if the carriers are strictly isochronous much
larger service areas should be feasible.

APPENDIX
Equation (5) is

I II III IV (5)
A B(1- cos ut) A2B2(1 - cos ut)2 A383(1-cos ut)3S =A -1- B -

A + B 2(A -1- 8)3 2(A

To expand these terms we write

(A -I- B)4 (E e ± ME cos pt + me cos qt)n
(5a)

1 n (ME cos pt + me cos qt)
(E e). E e

n(n 1)(ME cos pt me cos qt)2

2(E + e)2

-F( 1)r
n(n-1-1)(n+2) (n -l -r -1)(M E cos pt+me cos qt)r

r(E e)r

It is evident there are present in S an infinite number of frequencies
and it is necessary to select those which are of appreciable magnitude
relative to that of the desired frequency of amplitude EM. Fortunately
these are not very numerous.

In deciding whether or not a given term should be retained there
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are two points to be considered : (1) whether all the terms of a given
frequency total to a value sufficiently large to call for the presence of
this term in the final result : (2) what per cent accuracy should be
required in the frequencies which are retained. Thus if it is desired to
retain all frequencies the relative amplitude of which is greater than
0.01 we cannot arbitrarily retain all individual terms which make a
contribution of 0.01 or greater and neglect those of relative importance
of less than 0.01. Thus if a term of a given frequency has a relative am-
plitude of 0.01 and another term of the same frequency a relative am-
plitude of 0.009 the second term should be retained. Otherwise we
should have a large percentage error in the value of the amplitude of
'this frequency. On the other hand it is not desirable to maintain the
same degree of accuracy for the case of retained frequencies of slight rela-
tive importance as for those of large importance. As a compromise all
individual terms have been retained which, after division by EM, are
of a magnitude greater than 0.005 for any values of M, in, and e/E
which are here dealt with. An exception is made in the case of a term
in cos pt derived from term III of (5). This term is slightly larger than
the above limit when M=0.5 and e/E = 0.1 but as it decreases rapidly
with a decrease in e/E it has been omitted for the sake of simplicity.

Having chosen this limit of 0.005 for the relative magnitude of
individual terms it can be shown to be permissible to neglect term IV
and all subsequent terms of (5). Furthermore only a few of the large
number of terms yielded by III need be retained.

After applying these rules there appear several frequencies that are
never as large as 0.01 in relative magnitude and these have been
omitted from consideration. As has been stated in the body of the
paper, an exception is made in the case of the frequencies (p+ q+ u)/27.
If a given frequency exceeds 0.01 for any one of the four pairs of
values of M and in, it has been shown on the figures for all of the pairs.

After the formula (5a) has been applied to S and the expressions
for A and B inserted there remains the necessity of reducing products
and powers of various sinusoidal terms to sums of simple first order
sinusoids. This is a tedious procedure but is a matter of simple trig-
onometry and will not be set forth in detail.

From (5a) it can be seen that if M or m is near unity the series will
converge very slowly. Furthermore, since to obtain relative magnitudes
we divide by M it is impossible to obtain satisfactory convergence due
to small values of Min the denominator. Hence it is necessary to limit
M and m to 0.5 or less and in addition M must be no smaller than 0.1.
It would be permissible to allow m to become less than 0.1 but as little
would be gained by this m has been restricted to the same range as M.
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SIMULTANEOUS ATMOSPHERIC AND
CABLE DISTURBANCES*

BY

M. BAUMLER

(Communication from the Reichspostzentralamt, Telegraphentechnischee Reicheamt,
Berlin-Tempeth of , Germany)

Summary-A description is given of tests made to determine whether there is a

relation between the interference currents in submarine cables and the atmospheric in-
terference in radio. Racorder and oscillograph photographs show the agreement in a
large number of interference signals. Cable and antenna, therefore, are influenced
similarly by the same interference processes.

ATMOSPHERIC disturbances in wireless telegraphy are assumed
to be due to sudden changes in the condition of the electric
field in the air, or in the magnetic field of the earth. The

sudden changes accompanied by lightning in storms, not only in-
fluence radio antennas but also overhead telephone lines. Lightning
near telephone lines is identified easily by sharp crackling in the re-
ceiver. In submarine cables, particularly in the summer, there are

RING
TRANS FORMER

HIGH-
CABLE PASS AMPLIFIER 100 M

FILTER

Fig. 1.

interference currents also due to natural electric and magnetic tran-
sients. In August, 1929, at Borkum, during interference measurements
on a section of the new single -core cable from Emden to Vigo, tests to
explain this question were made by determining the simultaneity of
atmospheric and cable interferences and the results will be given in
the following. The tests were made by Dr. Haak and 0. Fuchs.

In the investigation, the interference currents from the cable and
the atmospheric interference in an antenna, were recorded with a
double -recorder or two -string oscillograph. The following apparatus
and connections were used:

The submarine cable was closed by a transformer whose primary
winding was connected between the cable core and cable sheathing
(Fig. 1). A quadruple tube amplifier (Siemens and Halske type) oper-
ating in the voice -frequency range, was connected to the ring trans-

* Decimal classification: R114. Original manuscript received by the Insti-
tute, May 20, 1930. Translation received, September 18, 1930. Published in
Elektrische Nachrichtentechnik, page 325, August, 1930.
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former through a high-pass filter. The high-pass filter was for the
purpose of excluding from the amplifier any telegraph signals from
adjacent submarine cables. The interference currents from the ampli-
fier were carried by a 100 -meter twisted underground double line,
through a rectifier in the plate rectifier connection, to the recorder or
oscillograph.

For radio reception from 30 to 100 meters, L-shaped antenna wires
were used. The receiver (Fig. 2) was an arrangement consisting of an

RECEIVER RECTIFIER

RECORDER

OSCILLOGRAPH

Fig. 2.

oscillating detector with a triple low -frequency resistance amplifier to
which the recorders could be connected through a rectifier of the type
mentioned above. The two receiving sets were so far apart that no
effect of one on the other could be detected. In addition, interference
signals could not be detected by telephone, recorder, or oscillograph
when the cable or antenna was disconnected. The records were made
with these two recording instruments so that an observation was pos-
sible over a longer period of time and a finer subdivision of the inter -

Fig. 3.

fering impulses could be determined. The wireless receiving set was
tuned to frequencies of 25, 242.9, 600, and 8823.5 kilocycles (12000-
1400-, 50-, and 34 -meter wavelengths) and damping resistances of 300-
5000 ohms were connected in the antenna and intermediate circuit.
The receiving set for the cable was not changed. A damping resistance
was inserted in order to adapt the antenna to the cable as far as pos-
sible.

Figs. 3 to 7 reproduce some record photographs taken with a tape
speed of 60 cm per min. The upper line is for the cable and the lower
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for the antenna. The concordant interference impulses can be recog-
nized plainly. Figs. 8 to 13 show oscillograms. The thick black line
(the zero line) corresponds to the general interference level from which
project the heavier current impulses as sharp peaks Because of its

Fig. 4.

greater sensitivity the oscillograph has detected many more interfer-
ences than the recorder which has indicated only the strongest impulses
and combined several short interference surges because of its inertia.
Among the numerous interference signals on the oscillograms we find

......,,

Fig. 5.

a large number of corresponding interference impulses from the cable
and antenna. The agreement is striking in cases in which the ampli-
tudes of the interference process in the antenna extend into those of
the cable in the diagram. On closer observation we see that the ampli-

Fig. 6.

tude ratio of the single interference impulse varies. The related inter-
ference signals are sometimes stronger in the antenna and sometimes
stronger in the cable. Attention is called to the differences in the two
photographs (not perfect agreement of all interference signals and

Fig. 7.

varying amplitude) in order to overcome the objection that the two
receiving sets might have influenced each other. Fig. 13 also belongs
here. The alternating -current impulses induced in the cable from an
adjacent cable, cannot be seen on the antenna tape. In regard to the
number of interferences, a difference in the photographs by the un-
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damped and strongly damped wireless receiving set could not be de-

tected.
In August, 1927, when measurements were made on the permalloy

cable from Emden to the Azores, Dr. H. Salinger drew the interference
currents of this cable and an older Emden -Vigo cable simultaneously
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with recorder and oscillograph. Fig. 14 shows a record strip. The two
marking capillaries of the recorder were 2.5 mm apart in the direction
of the tape motion, and in addition the recorders have opposite polarity.
The lower line is for the permalloy cable, and, the upper is for the old
Vigo cable. Simultaneous points are indicated by arrows. The deflec-
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Fig. 9.

tions indicate very great interferences, 20 of which were counted in 22
minutes. A picture of such an interference impulse taken with oscillo-
graphs is shown in Fig. 15, in which the upper is the Vigo cable and the
lower is the permalloy cable. The vertical lines are at intervals of 0.01
second. Both cables were connected to nondistorting amplifiers. The
interference surges were so strong that the amplifier for the Vigo cable
frequently was completely blocked, and the other was blocked occa-
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sionally. The two curves are shifted apart somewhat. This depends
on the different rate of propagation of electric waves or currents in the
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Fig. 12.

two cables. In the permalloy cable it is about 10,000 km per sec. On
the average the Vigo cable is superior to the other one by 0.022 sec.
If the propagation velocity in the Vigo cable is assumed to be very high
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in relation to that in the other cable, the difference in time would cor-
respond to a distance of not more than 200 km from Borkum at which
the interference processes could penetrate the cable. It was found later

-1.
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Fig. 13.

Fig. 14.

Fig. 15.

0.14411.41114111111

that there was a severe thunderstorm on the Holland coast during the
tests. Because of this, it is possible that the interference impulses were
caused by lightning. The two cables run from Borkum to the Channel
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at the bottom of the sea on about the same path so that the identical
influences by the same interference process can be explained.

From the agreement in the time of a number of interferences, it
can be concluded that the interference impulses had to come from the
same source of disturbance. It also is probable that the interference
impulses in the cable, which were not opposite simultaneous interfer-
ence signals in the antenna, should be ascribed to the same interfer-
ences as in radio. The investigation also showed that the interferences
did not start in the immediate vicinity of the testing station but came
from rather great distances. Since the cable cores cannot be influenced
by electric fields the interference currents can be due only to magnetic
induction.
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DISCUSSION ON WHISTLING TONES FROM THE EARTH*

A. M. CIIRTISt

The Bell Telephone Laboratories sent an expedition last summer to New-
foundland for the purpose of measuring the interference picked up on an 8 -mile
submarine cable in order to determine the amount of interference which might
be expected on a transatlantic telephone cable terminated there. The same
expedition is engaged in similar measurements this year in Ireland.

The "swishes" discussed by Dr. Barkhausen were noted in both locations
both day and night and were received on a loop of wire as well as on several
different types of submarine cables. They are of two types, one descending in
pitch, as mentioned by Dr. Barkhausen, and the other type ascending in
pitch. The range of frequencies covered by the swishes was found to lie usually
between 700 and 2000 p.p.s. The individual swishes, however, did not often
exceed an octave in range.

Another type of musical interference not as yet described by other observers,
and called "tweeks" by our engineers because of their characteristic sound,
occur only at night. They appear to the ear to be highly damped oscillations the
frequencies of which are generally in the range between 1600 and 2200 p.p.s.
We have tried to explain these tweeks as the result of multiple reflections between
the earth and the Heaviside layer of a single static discharge and believed that
this explanation was substantiated by the fact that they were never noticed
during the daylight hours when the Heaviside layer is believed to be a less
efficient reflector than during the dark hours. This, vonflicts somewhat with
Dr. Barkhausen's explanation of the formation of the swishes since they appear
to have the same general characteristic when noted at any time during the day
or night. It might be expected that any phenomenon depending on reflection
from the Heaviside layer would show characteristics during the night differing
noticeably from those observed during the day.

A more complete description of these phenomena as noted in Newfoundland
is given in E. T. Burton's letter published in Nature, July 12, 1930.

 H. Barkhausen, PRoc. I. R. E., 18, 1155; July, 1930.
f Bell Telephone Laboratories, New York City.
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BOOK REVIEWS

The National Physical Laboratory Report for the Year 1929. Published by His
Majesty's Stationery Office, London. 298 pp. 8 X101. Paper binding. Price
11 s. net.

This is a complete report of the research work and testing carried on by the
National Physical Laboratory during 1929. It consists of a report of the execu-
tive committee and a report on each of the following departments: Physics,
Electricity, Metrology, Engineering, Aerodynamics, and Metallurgy. The prog-
ress made on each problem has been briefly outlined and a list of publications
given.

The radio work, which represents a small fraction of the total work, is out-
lined in the report on the Electricity Department. This indicates the progress
which has been made in basic frequency measurements, behavior of quartz oscil-
lators, studies of radio antennas, antennas for beam transmission, ultrashort
waves from 20 megacycles up, directional radio, receiving apparatus, receivers
for ultrashort waves, measurement of current, resistance and reactance at ra-
dio frequencies, and measurement of power factor of variable condensers.

An account is also given of work on sound transmission, measurement of
sound absorption coefficients and sound intensity.

S. S. KIRBY*

* Bureau of Standards, Washington, D.C. 148.

Photocells and their Application. by V. K. Zworykin and E. D. Wilson. John
Wiley and Sons, New York. 209 pp. 51 X82. Price $2.50.

The photocell, invented before the thermionic tube, for a long time remained
rather obscurely in the background. With the discovery that feeble photoelec-
tric currents could be efficiently amplified by means of the thermionic tube the
photocell has come into its own. The general reader is not yet entirely familiar
with this device. This book provides an understandable account, not too tech-
nical for the untrained man and not too shallow for the specialist, of the origin
and rise of the photocell and its behavior and functioning.

The book opens with an interesting historical account of the work of Hertz,
Hallwachs, Elster, and Geitel. This is followed by a discussion of radiant energy,
photo -emissive effect and Einstein's photo -electric equation. The mechanical
features such as arrangement of parts, shapes, and sizes of photocells, and general
methods of preparing cells, are clearly explained. The vacuum photocell is de-
scribed and compared with the gas -filled cell. A discussion of photocell circuits
leads to the problem of amplification which is treated at considerable length.
The applications of photocells in sound movies, facsimile transmission, and tele-
vision are outlined clearly. The book closes with a chapter on the future of photo-
cells indicating the trend of advance and improvement.

S. S. KIRBY*

* Bureau of Standards, Washington D.C. 149.
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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.

"Technical Bulletins on RCA Radiotrons" is the title of a loose leaf book-
let of operating data and circuits for Radiotron receiving tubes. In the case of
triodes and tetrodes, a family of plate characteristics is given in addition to the
'bit a already mentioned. The data sheets initially supplied are t hose dealing with
the following tubes: UX-281, 1'X -2S0, U X-245, UY-227, U\-226, 1'V-2'2.1,
1TX-222, and l'X-171-A. The folder is issued by the ('ommercial Engineering
Department, RCA Radiotron Co., Ilarrison, N. J.

Bulletin D, of the Aircraft Radio Corporation, Boonton, N. J. describes the
Model D aircraft. receiver designed by the Aircraft Radio Corporation and manu-
factured by the Stromberg-Carlson Telephone Manufacturing Company. The
receiver is designed for the reception of radio beacon signals, weather reports.
and other aids to the operation and safety of aircraft. By means of six sets of
interchangeable coils, a frequency range of from 235 kc to 5000 kc is covered. ..

10 microvolt signal will produce a signal output of 10 milliwatts. One 227 tube
and four 224 tubes are employed. A 12 -volt storage battery supplies the power
for the receiver.

A 12 -page booklet is available from the National Company of Maiden, \Ito,*
describing the National M.B. 30 broadcast tuner.

A 4 -page folder from the Lit t lefuse Laboratories, 1772 Wilson Ave., Chicago,
lists low current fuses for the protection of meters, vacuum tubes, rectifiers, etc.
Several fuses for use in high voltage circuits are listed.

The eighth edition of the general catalog of the Weston Electrical Instru-
ment Corporation, of Newark, N. J. contains a number of comparatively new
items of interest to radio engineers in addition to the familiar and standard line
of switchboard and portable instruments. Among these are the model 301
rectifier type a -c instruments which are identical in appearance with the popular
model 301 d -c instruments, the model 489 d -c volt-milliammeter for automo-
bile radio receivers, the model 506 voltohmmeter, the model 540 portable d -c
voltammeter, the model 563 d -c circuit tester, the model 564 voltohmmeter,
and the model 565 radio set tester and tube checker.

-//a>11111CIllin--+-
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REFERENCES TO CURRENT RADIO LITERATURE

THIS 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
professional 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 "Classification of Radio Subjects; an Extension
of the Dewey Decimal System," a revised edition of Bureau of Standards
Circular No. 138 which appeared in full on pp. 1433-56 of the August, 1930,
issue of the. Proceedings of the Institute of Radio Engineers. The classification
numbers are in some instances different from those used in the earlier version
of this system (first edition of Circular 138) used in the issues of the Proceed-
ings of the Institute of Radio Engineers before the October, 1930, issue.

The articles listed are not obtainable from the Government or the Institute
of Radio Engineers, except when publications thereof. The various periodicals
can be secured from their publishers and can be consulted at large public libra-
ries.

R100. RADIO PRINCIPLES

R113 Wise, W. H. Note on the accuracy of Rolf's graphs of Sommerfeld's
attenuation formula. PROC. I.R.E., 18, 1971-72; November, 1930,

Discussing an approximation not mentioned by Rolf, which imposes a considerable
restriction on the range of applicability of his graphs where high frequencies and poor
conducting grounds are concerned.

R113.2 Prescott, M. L. The diurnal and seasonal performance of high -
frequency radio transmission over various long distance circuits.
PROC. I.R.E., 18, 1797-1920; November, 1930.

This paper presents a quantity of radio wave propagation data that has been ob-
tained during the past six years by the General Electric Co. through the use of its
development transmission facilities at South Schenectady, N. Y. Nineteen radio
circuits which radiate in various directions from Schenectady are treated. These
circuits range in length from 2300 to 11,400 miles. Data are given which will aid in
determining the proper frequency to use in any high -frequency radio circuit from
1000 to 10,000 miles in length. It is shown that the daylight -darkness distribution
over the path of propagation largely determines the diurnal and seasonal performance
of high -frequency transmissions.

R113.61 Gilliland, T. R. Kennelly -Heaviside layer height observations
for 4045 and 8650 kc. Bureau of Standards Jour. of Research, 5,
1057-61; November, 1930. Research Paper No. 246.

Virtual heights of the Kennelly -Heaviside layer as measured by the radio -echo
method are reported for 4045 and 8650 kc. The report covers daytime observations
made each week between January 16 and June 19, 1930. Two evening tests are also
described. Curves are given comparing heights with sun spot numhers and magnetic
character. Records taken on April 28, 1930, the day of the solar eclipse, are shown.

R116 Roosenstein, H. 0. Die Fortleitung hochfrequenter elektrischer
Schwingungsenergie. (The transmission of high -frequency elec-
trical wave energy). Zeits. far Hochfreguenz., 36, 81-85; September,
121-33, October, 1930.

The characteristics of a Lecher wire transmission line are investigated both from a
theoretical and experimental point of view. The transmission efficiency and its de-
pendence on the output impedance is determined. Methods for determining the im-
pedance, attenuation factor, and for producing necessary symmetry in such a systemare given.
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R120 Kiebitz, F. Neuere Versuche mit Sendeantennen. (Recent experi-
ments with transmitting antennas). Telegraphen and Fernsprech
Technik, 19, 303-308; October, 1930.

The results of field strength measurements made on a transmitter operating at
X =400 meters and exciting a vertical antenna, one end of which could be raised to a
height of 200 meters, show that the signal strength increases as the height of trans-
mitting antennas is increased with 1/4X as the limit. A further increase in antenna
height has no effect on signal strength.

R129 Peters, H. Messungen im Strahlungsfelde einer in der Grund-
schwingung ungediimpft erregt en Dipolantenne. (Measurements
on the radiation characteristic of a dipole antenna excited at its
fundamental frequency with undamped oscillations). Elek. Nach.
Tech., 7, pp. 378-86; October, 1930.

The author describes a four -tube, push-pull oscillator, working at X -7.15 meters
which is coupled by means of a Lecher transmission line to a dipole antenna located
28 meters above the earth. Two types of receiving sets are described; one with and
the other without regeneration. Using the apparatus described, radiation charac-
teristics of the dipole antenna were obtained. The results were shown to substantiate
Abraham's theoretical work for distances up to 4000 meters. The results also show, a
rotation of the plane of polarization and a tendency toward elliptic polarization, both
of which increase as distance wavelength increases.

R133 Page, R. M. and Curtis, W. F. The van der Pol four -electrode
tube relaxation oscillation circuit. PROC. I.R.E., 18, 1921-29;
November, 1930.

Relaxation oscillations of an electrical nature are defined, and the operation of a
tetrode relaxation circuit is described in detail. The mechanism of frequency division
is explained, and oscillograms of the oscillations in this circuit are shown, both of
the free oscillation and of the oscillation as controlled in frequency division. The
characteristics of the oscillator are discussed with reference to frequency drift and
stability of frequency division. The period of the oscillator is shown to be approxi-
mately RC log V1V, where V. and V, are initial and final voltages on the condenser,
respectively, during the discharge. V. / V, is shoctif to change very steeply with
average internal grid resistance. Modifications are shown for increasing frequency
stability and over-all efficiency of the system, and for controlling the ratio of charging
time to discharging time of the condenser. A further modification is suggested for
making the internal grid resistance independent of filament voltage when the grid is
positive.

R133 Gerber, W. Raumladungsschwingungen in Dioden. (Space charge
oscillations in diodes.) Zeits. tar Hochfrequenz., 36, 98-112; Sep-
tember, 1930.

It is shown that oscillations occurring in diodes, where both electrodes are thin fila-
ments (only one of which is heated), correspond to Barkhausen-Kurz oscillations.
The conclusion contradicts the popular conception that these latter are restricted to
tubes with concentric electrodes.

R133 Wundt, R. tiber freie Schwingungen einer Elektronenrohre mit.
Lecher -System. Barkhausen-Kurz Schaltung. (Free oscillations
with a vacuum tube and Lecher system using the Barkhausen-
Kurz circuit). Zeus. far Hochfrequenz., 36, 133-146; October, 1930.

The oscillating characteristics of a specially built fiat -electrode vacuum tube using
the Barkhausen-Kurz circuit, were experimentally investigated. It is shown that
oscillations may be produced with such a tube, even though several investigators have
failed in this respect. It is pointed out that symmetry of the electrodes is essential.
The theoretical and experimental results are discussed, compared, and shown to
harmonize with those obtained by Hollmann with tubes having cylindrical electrodes.

R139 Groszkowski, J. Frequency division. PROC. I.R.E., 18,1960-70;
November, 1930.

It is demonstrated that the division of frequencies, that is, the inverse process from
frequency multiplication, is possible by using a triode arrangement. The requirements
of such a circuit are analyzed theoretically and the conditions resulting from this study
are tested experimentally. Curves are included showing the results of these experi-
ments when the initial frequency bears a ratio to the final frequency equal to a small
integral number.
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R148 Smith, C. H. Note on the relationships existing between radio
waves modulated in frequency and in amplitude. Exp. Wiieless
& W. Engr., 7, 609-611; November, 1930.

An analysis of the general principles governing the composition of a frequency
modulated wave and the relation in which it stands with regard to amplitude modula-
tion leads to several important conclusions.

R148 Rieche, H. Die idealisierte statische Modulationskennlinie bei der
Parallelrohren-Modulation. (The ideal static modulation charac-
teristic for parallel -tube modulation). Zeits. far Hochfrequenz., 36,
112-113; September, 1930.

Working from Barkhausen's elementary equations, an equation is developed for
the parallel -tube modulation circuit. Experimental results are compared with and
found to verify results computed from this equation. Further conclusions lead to the
determination of optimum dimensions for modulation and transmitting tubes.

R148 Weichart, F. and Langewiesche, W. Eine vereinfache Modulations-
schaltung. (A simplified modulation circuit). Elek. Nach. Tech.,
7, 408-409; October, 1930.

It is possible to eliminate certain inherent disadvantages in ordinary methods of
furnishing filament supply for the modulating tube, when grid -modulation is employed.
This is done by heating the filament of the modulating tube with a high -frequency
current which is absorbed from the oscillator.

R149 Colebrook, F. M. The theory of the straight line rectifier. Exp.
Wireless & W. Engr., 7, 595-603; November, 1930.

Analysis of the theory of operation of a straight line rectifier, i.e., a rectifier which
shows very high (effectively infinite) resistance to currents in one direction and con-
stant resistance to currents in the opposite direction.

R200. MEASUREMENTS AND STANDARDIZATION

R210 Decaux, B. Le frequencemetre etalon absolu du Laboratoire Na-
tional de Radioelectricite. (The primary frequency standard of
the National Laboratory of Radioelectricite). L'Onde Electrique,
9, 449-66; October, 1930.

A detailed description of the frequency standard equipment of the National Labora-
tory of Radioelectricite including the description of an electron -tube maintained tun-
ing fork which is accurate to 1 part of 106.

R214 Jimbo, S. An international comparison of frequency by means of
a luminous quartz resonator. PROC. I.R.E., 18, 1930-34; Novem-
ber, 1930.

The international comparison of frequency standards made with the luminous quartz
resonator shows the different laboratories,-Physilcalischtechnische Reicheanstalt,
National Physical Laboratory, Bureau of Standards, and Electrotechnical Labora-
tory,-to be in agreement to one part in 106 when used to calibrate the resonator at its
flexural fundamental of about 10 kc, due allowance being made for the temperature
coefficient of the resonator in this mode, namely, about 1 part in 106 and negative.
The observed agreement seems limited by the luminous glow resonator used rather
than by any difference between the laboratory standards compared.

R214 Koga, I. Characteristics of piezo-electric quartz oscillators. PROC.
I.R.E., 18, 1935-59; November, 1930.

Piezo-electric quartz oscillators are very satisfactory in their stability of frequency
but their frequencies are obviously somewhat influenced by several factors associated
with the circuits. Starting with the Barkhausen equation, their behavior is analyzed.

R243.1 Metcalf, G. F. and Thompson, B. J. A low grid -current vacuum
tube. Phys. Rev., 36, 1489-94; November 1, 1930.

The various factors that may cause a current to flow to the control grid of a high -
vacuum tube are outlined. The magnitudes of the separate components are experi-
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mentally determined, and methods are given by which these currents may be greatly
reduced. A tube is described which has a grid current of l0 -+a ampere and mutual con-
ductance of 25 microamperes per volt. As an input resistance of 4 X10'1 ohms may be
used, a current of 10-11 ampere may be detected when a galvanometer having a sen-
sitivity of 10" -"ampere per millimeter is used in the plate circuit. Under this condition
the sensitivity 250,000 millimeters per volt.

R.2S0 The thermal resistivity of solid dielectrics. Jour. I.R.R. (London),
68, 1313-55; October, 1930.

A report on the results of an experimental investigation on the thermal resistivity
dielectrics, carried out SO part of a comprehensive program of Researches on Melee -
tries, by the British Electncal and Allied Industries Research Association.

R2SO Strut t, M. J. 0. Messungen der elektrischen Erdbodeneigenschaf-
ten zwischen 20 und 2 X107 Herts. (The measurement of the elec-
trical constants of soil between 20 and 2 X10' cycles). Kirk
7'cch., 7, 3S7 -93; October, 1930.

Measurements made on moderately damp meadow soil led to the (.4lowing results
11) Between 20 and 500 cycles the conductivity increases about 30 per cent. Between
500 and 2 X101 cycles, it remains practically constant at  value of 5 X10.-". e m u 2
The measured dielectric constant before a rain was 10. after the rein it was IS These
values were nearly constant for the frequencies varying from 10' to 2 x10' cycles

R2S2.2 Patzold. .1. Die Erw:trmung der Elektrolyte im hochfrequenten
Kondensatorfeld und ihre liedeutung fur die Medisin. (The tem-
perature rise of electrolytes exposed to a high -frequency capacitive
field and its import to the field of medicine). Zeit,. fur lloci,fre-
oucto:., 36, S5 ,OS; September, 1930.

The results of a mathematical investigation of the effects of high -frequency condeso
sex fields on various eubstances were verified by experiment. Further, the wavelength
for which the maximum energy is absorbed by the liquid was determined for blood,
bullion, serum and agar -agar.

R300. RADIO APPARATUS AND EQVIPME.NT

R339 von Ardenne, M. Viler Verstarkerrohren mit photoelektrischer
Emission. (On amplifying tubes with photo -electric emission).
Zeits. fur llockfrequeriz., 36, 146-151; October, 1930.

Using a three -electrode, gas -filled tube which depends on the photo -electric effect for
electron emission from the cathode, the author has obtained, at low frequencies, a
voltage amplification of 10-30 per stage. The author discusses the problems connected
with the further development of this type of tube, especially the problem of obtaining
a constant emission from the cathode

R355.4 Chinn, H. A. and Hendricks, P. S. A modern 50 -watt radiophone
transmitter. QST, 14, 19-25, November, 1930.

A detailed description of the design and construction of an efficient transmitter, hav-
ing a frequency range of 3,000-17,000 lie, a carrier output of 50 watts, a good over-all
audio -frequency characteristic and capable of high percentage modulation. The radio
frequency circuit consists of a type '10 oscillator, a '65 buffer and amplifier and a '11
output amplifier. The oscillator is arranged to operate with crystal control if crystal
is available. The audio -frequency circuit has three stages of speech amplification using
two '12A's and a '50 with two 845e in push-pull for modulating the '11.

R361 Gill, A. J. and McDonald, A. G. Developments in broadcast radio
receiving apparatus. Post Office Elec. Engrs. Jour. 23, 216-19;
October, 1930.

A brief discussion of the more recent developments in broadcast receivers and their
components.

R400. RADIO COMMUNICATIONS SYSTEMS

R423.4 Deloraine, E. M. La liaison radiotelephonique Madrid -Buenos
Aires. (The Madrid -Buenos Aires radiotelephone circuit). L'Onde
Electrique, 9, 467-83; October, 1930.
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A description of transmitting, receiving and directive antenna equipment used in the
recently completed Madrid -Buenos Aires radiotelephone circuit, which operates on
frequencies between 5000 and 20,000 kc. and provides a linkage between the telephonenetworks of Europe and South America.

R423.5 Whitehead, C. C. Practical experiments in ultrashort wave com-
munication. Exp. Wireless & W. Engr., 7, 542-51, October; 612-620,
November, 1930.

A series of range tests and experiments upon propagation using wavelengths of theorder of 3 meters, show that these ultrashort waves may be used efficiently under
conditions similar to those required for light wave communication. The descriptionof
a simple, stable, and practical outfit for the generation and reception of these waves isgiven.

R423.5 Beauvais, G. Resultats experimentaui de telecommunications avec
les ondes ultra-courtes. (Results of experiments with ultrashort
waves). L'Onde Electrique, 9, 484-92; October, 1930.

Using parabolic reflectors and wavelengths of the order of 15 to 18 cm, communica-
tion was established over a distance of 23 km. Reception was possible up to a distance
of 9 km through a fog where the visibility was less than 100 meters. A description is
given of the circuits and apparatus employed in these experiments, as well as of methods
used in selecting suitable vacuum tubes for working at these high frequencies.

R500. APPLICATIONS OF RADIO
R520 Volkel, W. Die Elektrische Ausrtistung des Dornier-Flugschiffes

Do -X. (The electrical equipment of the Dornier airplane Do -X).
Elek. Zeit., 51, 1541-42; November 6, 1930.

A description of the electrical equipment carried by the world's largest airplane is
given, including a brief description of its radio installation.

R526 Sibley, E. Aeronautical radio communications. Jour. A.I.E.E.,
49, 918-20; November, 1930.

A brief survey of communication facilities which are being provided along the U. S.
Airways by the Federal Government. These facilities consist of a network of land line
services, airways radio stations, and oradi range stations along the airways, for collect-
ing and broadcasting weather information and for the guidance of aircraft by radio
direction. A system of marker beacons serve to mark the intersection of the radio range
courses and to give the pilot his exact position along the route. The present facilities
are to be extended to include two-way communications between the airport and trans-
port aircraft.

R526.3 Diamond, H. and Dunmore, F. W. A radiobeacon and receiving
system for blind landing of aircraft. Bureau of Standards Jour
of Research, 5, 897-931; October, 1930. Research Paper No. 238.

A radiobeacon and receiving system is described for use at airports to permit the
blind landing of aircraft under conditions of no visibility. The system comprises three
elements (horizontal, lateral, and vertical guidance), indicating to the pilot the positon
of the aircraft as it approaches and reaches the instant of landing. A unique feature is
the ultra high -frequency radio beam, used in such a way as to provide a safe, and con-
venient gliding path for the landing airplane. The receiving equipment on the airplane
consists of a light and compact ultra high -frequency receiving set in addition to the
usual medium frequency receiving set.

R600. RADIO STATIONS
R617 Farnes, G. H. and Hollinghurst, F. Radio directi6n finding at

Post Office Coast Stations. Post Office Elec. Engrs. Jour., 23, 211-
15; October, 1930.

The equipment used for direction finding at British Post Office Coast Radio Stations
is described. A Bellini-Tosi cross -coil antenna is coupled through a goniometer to the
receiving set which uses six stages of aperiodic r.f. and two stages of 1.f. amplification.
By means of a three-point switch the cross -coil antenna may be coupled to the receiving
set in three ways. The first position of the switch connects the antenna to act as a sim-
ple vertical aerial with circular characteristic, in the second position of the switch, the
antenna has a "figure -of -eight" characteristic and in the third position, the directional
characteristic of the antenna is a cardioid. The goniometer scale is calibrated in degrees
from North and it requires about 14 minutes to take a bearing on a distant station.
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R800. NONRADIO SUBJECTS

621.375.1 Laub, H. Die Glimmlampe als Relais. (The glow discharge tube
as a relay). Elek. Nach. Tech. 7, 374-77; October, 1930.

An analysis of the current -voltage characteristic of a glow -discharge tube reveals its
peculiar adaptability to operate as a relay. The effect of series and parallel resistance
on the action of such a tube relay is explained and the results of an oscillographic in-
vestigation of several types of glow -discharge tubes is given.

621.375.1 Ruedy, R. The use of discharge tubes in electric circuits. Jour.
Franklin Institute, 210, 625-44; November, 1930.

After considering the valuable properties of an electric discharge through a gas at
low pressure, the author discusses applications of such a discharge in the problems of
automatic controlling circuits. He further describes the action and necessary charac-
teristics of such a discharge tube when operating as a voltage reducer, voltage tegulator,
rectifier, relay, photo -electric cell, or as a source of light.
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Proceedings of the Institute of Radio Engineers
Volume 19, Number 1 January, 111.11

CONTRIBUTORS TO THIS ISSUE
Aiken, Charles B.: Born October 6, 1902 at New Orleans, Louisiana.

Marine radio operator, summers 1918-1921. Received B.S. degree in physics,
Tulane University, 1923; M.S. degree, Harvard, 1924; M.A. degree, Harvard,
1925. Winner of Harvard Engineering School Prize Scholarship for 1923-1924.
Whiting fellow in physics, 1924-1926. Research engineer, Mason, Slichter and
Hay, Consulting Engineers, 1926-1928. Engineer, radio development depart-
ment, Bell Telephone Laboratories, 1928 to date. Engaged in aircraft communica-
tion development, 1928-1929; broadcast receiver work, 1929 to date; supervisor,
broadcast receiver development, Bell Telephone Laboratories, Associate mem-
ber, Institute of Radio Engineers, 1925.

Armstrong, Ralph W.: Born November 3, 1902 at Urbana, Illinois. Re-
ceived B.S. degree in E.E., University of Illinois, 1925. Research graduate assist-
ant in E.E., University of Illinois Engineering Experiment Station, 1925-1927.
Received M.S. degree in E.E., University of Illinois, 1927. Engineering student
course, 1927-1928; transmitting section, radio engineering department, Westing-
house Electric and Manufacturing Company, 1928-1930; radio development
engineering department, Westinghouse Electric and Manufacturing Company,
1930 to date. Associate member, Institute of Radio Engineers, 1929.

Buttner, Harold H.: Born November 3,1892 at San Francisco, California.
Received B.S. degree in E.E., University of California, 1915. Constructed high
power radio station in Samoa for U. S. Navy department, 1917; war service in
France, 1918-1920; expert radio aide U. S. Navy department, Washington, 1921-
1922; radio engineer, Western Electric Company, San Francisco and New York,
1921-1926; radio engineer and assistant vice president, International Telephone
and Telegraph Corporation, 1926 to date. Joint managing director, International
Marine Radio Company, Ltd., London. Member, Institute of Radio Engineers,
1927.

Curtis, Austen M.: Operator for United Wireless Company on various ships
1907-1910; chief operator of Lloyd-Brasileiro Company radio system in Brazil,
1910-1912; radio engineer, Brazilian Department of Agriculture exploring ex-
pedition in Amazonas, 1912-1913; research department., Bell Telephone Labora-
tories, Western Electric Company, at Paris end of Arlington, Paris, Honolulu,
etc., radiotelephone tests. Signal Corps, Division of Research and Inspection,
Office of Chief Signal Officer, American Expeditionary Forces, in charge of in-
spection at Nevers and later in charge, Inspection Branch of Research and In-
spection. Research Laboratory, Bell Telephone Laboratories, on apparatus for
high speed telegraph and telephone submarine cables; in charge, submarine cable
apparatus development. Member, Institute of Radio Engineers, 1913.

de Mars, Paul A.: Born January 2,1895 at Lawrence, Massachusetts. Re-
ceived B.S. degree in E.E., Massachusetts Institute of Technology, 1917. U. S.

Army, 1917-1919. Engineer, New England Telephone and Telegraph Company,
1920-1922; supervising engineer, New England Telephone and Telegraph Com-
pany, 1922-1927. Professor of electrical engineering, 1927 to date; head of the
Electrical Engineering Department; development of telephone and radio labora-
tories for undergraduate and research work, Tufts College. Consulting engineer,
Doble Engineering Company, 1927-1929; radio consultant, 1929 to date. Mem-
ber, Institute of Radio Engineers, 1930.
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Gilliland, T. R.: Born March 16, 1903 at Danville, Illinois. Received B. S.
degree in E.E., California Institute of Technology, 1927. Commercial radio
operator on board ship for two years between 1923-1927. Radio Section, Bureau
of Standards, 1928-1930; graduate student, Community Engineering, Harvard
University, 1930 to date. Associate member, Institute of Radio Engineers, 1928.

Hall, E. L.: Born April 20, 1893 at Mansfield, Ohio. Received B. S. degree
in E.E., Ohio State University, 1918; E.E. degree, 1929. Radio Section, Bureau
of Standards, 1919 to date, Associate member, Institute of Radio Engineers,
1918.

Hanson, 0. B.: Born 1894 at Huddersfield, England. Attended Royal
Masonic Institute, Bushey, Hertfordshire. Chief Radio operator, S.S. Stephano,
1916. Test department, Marconi Company at Aldene, N. J., 1917-1921, En-
gineer in charge, Station WAAM, 1921-1922. Assistant plant manager, radio
broadcasting department, American Telephone and Telegraph Company, operat-
ing WEAF, 1922-1923; plant manager, 1923-1926. Manager, plant operation
and engineering, National Broadcasting Company, 1926 to date. Member,
Acoustical Society of America. Associate member, Institute of Radio Engineers
1928; Member, 1927.

Kenrick, G. W.: Born May 25, 1901 at Brockton, Massachusetts. Received
B.S. degree in physics, Massachusetts Institute of Technology, 1922; M.S. in
physics, M.I.T., 1922; Sc.D. in mathematics, M.I.T., 1927. Department of
physics, M.I.T., 1920-1922; department of development and research, Ameri-
can Telephone and Telegraph Company, 1922-1923; instructor in electrical
engineering, M.I.T., 1923-1927; Moore School of Electrical Engineering, Uni-
versity of Pennsylvania, 1927-1929; assistant profesw of electrical engineering,
Tufts College, 1929 to date; consulting radio engineer, Bureau of Standards,
1930 to date. Associate member, Institute of Radio Engineers, 1923; Member,
1929.

Kilgour, C. E.: Born March 29, 1896 at Detroit, Michigan. Received C. E.
degree, University of Cincinnati, 1910. Railroad construction, Sante Fe lines,
1910. With C. M. Chace, Industrial Engineer, Cincinnati, 1916-1917. Mechan-
ical and radio design, Crosley Manufacturing Company, 1917-1923. Chief
engineer in charge of research, Crosley Radio Corporation, 1923 to date. Asso-
ciate member, Institute of Radio Engineers, 1925; Member, 1930.

Miner, J. D.: Born October 3, 1903 at East Greenwich, Rhode Island. Re-
ceived B.Sc. degree, Brown University, 1925. Industrial motor engineering de-
partment, Westinghouse Electric and Manufacturing Company, 1925-1927.
Small motor engineering department, rotating machines for radio applications,
Westinghouse electric and Manufacturing Company, 1927 to date. Non member,
Institute of Radio Engineers.

Morris, R. M.: Born 1902 at Washington, D. C. Attended Western Re-
serve University and Case School of Applied Science. Western Electric Com-
pany, 1923. Radio operator, WEAF, American Telephone and Telegraph Com-
pany, 1924-1927. Technical assistant, National Broadcasting Company, 1927-
1928. Development and research engineer, National Broadcasting Company,
1928 to date. Member, Acoustical Society of America. Member, Institute of
Radio Engineers, 1926.

Taylor, A. Hoyt: Born January 1, 1879 at Chicago, Illinois. Received B. S.
degree, Northwestern University; instructor, Michigan State College, 1900;
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instructor, University of Wisconsin, 1903. Received Ph.D. degree, University
of Gottingen, Germany, 1908. Professor and head of physics department,
University of South Dakota until 1917. Lieutenant, Naval Reserve 1917;
lieutenant commander, 1918; in charge of aircraft radio laboratory, Washing-
ton, D. C., 1919; promoted to Commander, in active service until 1922. Upon
organization of the Naval Research Laboratory was made superintendent of
its radio division. In 1927 awarded the Morris Liebmann Memorial Prize by
the Institute. Member, Institute of Radio Engineers, 1916; Fellow, 1920.



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.

COLLEGE GRADUATE (1929) with one year of

varied experience in engineering departments of several

large electrical and radio concerns as student engineer, and

nine months' experience as operating engineer in high
power radio station, desires position with reliable manu-

facturer to work on research and design of radio receiving

sets and equipment. Has done service work on broadcast
receivers. Age 23. Box 41.

COLLEGE STUDENT having experience in the opera-
tion and construction of college broadcasting station de-

sires work with large broadcast station or radio manufac-

turer during the summer. Interbsted in operating and in
the design of radio equipment. Available from June 15
to September 1, 1931. Age 24. Box 42.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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TIME HAS RENDERED
ITS VERDICT

C('(f-c7kJiJAcco"litiL

Time-The Only Real Judge of Con-
denser Quality Has Proved the Elec-
trical and Mechanical Reliability of
the Millions of "Cub" Condensers in

Daily Service.

Write for Sample

High Insulation Resistance
Extraordinary Dielectric Strength

Capacities .00025 to .5 Mid.

ornell
FILTER CONDENSERS

BY-PASS CONDENSERS
RADIO INTERFERENCE FILTERS

POWER FACTOR CORRECTION BANKS
UNIFORMLY HIGH INSULATION RESISTANCE
PAPER DIELECTRIC CONDENSERS (All Types)

Write for Sample "Cub" Condenser and Catalog of
Complete Line of Cornell Products.

Cornell Electric Mfg. Co., Inc.
LONG ISLAND CITY, NEW YORK

When writing to advertisers mention of the PROCEEDINGS will he mutually helpful.
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VARIABLE CONDENSERS
for

TRANSMISSION
CAT. No. 149

Super -Construction

Heavy Brass Plates . . . Substantial Cast Aluminum End
Plates . . . Steel Shaft Projecting Throtigh Both Ends . :. .

Cone Bearings with Locking Device . . . Heavy Isolantite
Insulating Blocks.

The following table gives data on stock condensers:
Max. Plate Overall

Type Breakdown Number of Cap. Spacing Depth Wt.
No. Voltage Plates Mmfd. Inches Inches Lbs. Price

K 3,000 19 200 .250 6.750 4.0 $17.;0
L 3,000 33 350 .250 9.100 8 0 21.00

M 3,000 59 650 .250 13.620 12.5 29.00.
N 5,000 11 60 .500 6.750 3.5 17.25
() 5,000 19 100 .500 9.100 7.0 20.00

P 5,000 33 180 .500 13.620 10.5 28.00
R 10,000 7 25 1.000 6.750 3.0 17.00
S 10,000 11 45 1.000 9.100 6.0 19.00
T 10,000 19 80 1.000 13.620 9.5 27.00

Write for Bulletin 39
r-wat,

MANUFACTURES A COMPLETE LINE OF
APPARATUS FOR SHORT WAVE TRANS-

MISSION AND RECEPTION

Radio Engineering Laboratories, Inc.
100 Wilbur Ave. Long Island City, N.Y., U.S.A.

When writing to advertisers mention of the PROCEEDINGS Will be mutually helpful.
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PRECISION PARTS
Left and below:
Screen Grid (224)
Assemblies. Sold in
completed form
ready for mounting.

FOR USE IN GOOD
Screen Grid
(224) Assem-

blies are obtain-
able in varied
weaves and
widths of mesh.

RADIO VACUUM TUBES
Right: Screen Grid
(224) Plate. Uniform
in all dimensions.

Right For Permanent, Leather Portfolio of Rine -Prints

SIGMUND COHN
44 GOLD STREET NEW YORK

Iiihen writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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AER°V0BUILT BETTER
CONDENSERS AND RESISTORS

The Aerovox Hi -Farad
Dry Electrolytic Condenser

Low Cost
Self -Healing

High Capacity
500 Volts Peak

DRY!

Free!
Universal mounting ring permits
mounting of condensers in any posi-
tion, upright or inverted.

This Book Giving the Latest and
Most Complete Information on
A I 1 Electrolytic Condensers Sent
Free on Request.

Aerovox Wireless Corporation
70 Washington Street
Brooklyn, N. Y.

Please send me, without charge or
obligation, a copy of your book, "The
Hi -Farad DRY Electrolytic Condenser."

Name

Address

City State

1-f-r45rovoX

HI -FARAD
Dry Electrolytic Conden

Low Cost
Self -Healing

High Capacify

500Va1tsPeak

EROVOX WIRELESS CORP
80 Washington Street, Brooklyn, N. Y.

PRODUCTS THAT ENDURE

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.

XVII



Operate Alternating
Current Radios or
Other Apparatus from
Direct Current with
ESCO Dynamotors

Quiet Rugged
Efficient Inexpensive

As Easy to Install as a Flat Iron! This new line comes equipped with
standard attachment plug receptacle. "Plug in" to connect set to dynamotor
or motor-genefator, and another plug to connect to direct current.
Better than the A. C. Line! 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 Them! The new line is built in the same
rugged, trouble proof construction as its predecessors. They are supplied
with wool pack bearings, which are long lived, quiet in operation and require
a minimum of attention. Semi -enclosing prevents damage from objects getting
into the machine, yet permits ventilation, assuring cool operation. Dynamic
balance eliminates vibration. (This is very important in the high speed
machines.) Totally enclosed wiring improves appearance and safety.
Quality Maintained-Price Reduced! True to ESCO reputation, only the
best of material and workmanship is used. The new line of machines and
filters is made in both low and high speed, the high speed being lower priced.
The old line made for the past four years is still carried in stock. New and
lower prices are now being quoted.
Used the World Over! ESCO has supplied many machines to the follow-
ing countries-without a complaint:-China, Chile, Argentine, Brazil, Uru-
guay, Australia, New Zealand, Mexico, Philippine Islands, Hawaiian Islands,
Japan, Ecuador, Venezuela, Belgium, Netherlands, England, France, Switzer-
land, Italy, Greece, Spain, Poland, Portugal, Turkey, Liberia, Canada, Russia,
India, Costa Rica, Alaska, Cuba, Siam and East Indies.
If You Have Direct Current! (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. Manysizes and voltages are carried in stock. Write for bulletins and further
information on your requirements.

fliialPIC ic
culktpxsiv

300 SOUTH ST., STAMFORD, CONN.
Manufacturers of motors, generators, dynamotors and rotary converters.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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12. b
For

S. 4.E.and Standard
Machine Screws

lyric I I. External
For Standard Boll,

and Nuts

Type 1 S. Conntersunk
I or all Countersunk

. Screws

Type, 20
Locking Terminals

For Radio
and Electrical Work

I itties Turnip down on
kakeproof Lock Washer.

MANUFACTURERS are fast learning that
one of their most serious problems is now

solved, forever! The Shakeproof Lock Washer
has provided a positive method for locking nuts
and screws that defies the damaging action of
vibration.
This new Shakeproof principle has definitely
improved the performance of thousands of prod-
ucts. It has been thoroughly tested under the
most extreme conditions and has earned the
praises of designing engineers and production
men, everywhere. The twisted teeth bite into
both the nut and work and only applied
pressure can release their hold. Opce a nut is
tightened down on a Shakeproof Lock Washer
-vibration cannot budge it!
Your product deserves all the protection you can
give it. Why not test Shakeproof Lock Washers
in your own shop and see for yourself how they
improve performance-lower production costs
and save you hours of worry. Free samples will
be gladly furnished -write for a supply, today!

LI. S. Patenit
1,419,564
1,604,122
1,697,954

Other Detente
pendlng.

Faieign patents.

STIAKEPROOF
Lock Washer Company \

''It's the
(Division of Illinois Tool Work+) Twisted

2529 N. Keeler Avenue, Chicago, III. rel<kftt

When writing to advertisers mention of the PROCEEDING, will be Milt itally h.11lul.
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One Million Is
a Lot-But

DURING the past 39 years,
Ward Leonard has made

more than 5 BILLION joints
between resistance wire and
terminal in the manufacture of

W. L. has many VITROHM RESISTORS.
types of 'aims,
each for a spe- Various methods are used inclfic lob. making the joints. Wire size,
refractory base characteristics and duty
dictate the choice of methods.

These 5 BILLION joints are of real value to
our customers. Here is experience already
earned, not to be gained at their expense.
All doubt of satisfactory performance with
any type is eliminated. Using VITROHM
RESISTORS is a guarantee of satisfaction-
Specify them.

WARD LEONARD ELECTRIC CO.
Mount Vernon, New York

resistor specialists for more than 39 years

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Licensed un-
d e r Loftin -
White and
RCA Patents

ELECTRAD
C-250

AMPLIFIER
Provides 10.35
watts undis-
torted output
with input volts
.3. Utilizes one
224, two 250
and two 281
tubes. Com-
pletely assem-
bled only.

High -Quality
AMPLIFICATION

At Low cost!
with the ELECTRAD-
LOFTIN-WHITE Direct -
Coupled AMPLIFIERS
ENGINEERS have long awaited

the perfected advantages of the
revolutionary Loftin -White direct -

coupled system in an amplifier of high
output and wide general adaptability.
The Electrad C-250 Amplifier is the
answer. The C-250 (illustrated above)
and its companions, the A-250 and the
A-245 provide the notably high quality
output, general stability, low initial cost
and operating economies for which
the Loftin -White system is noted.
These Amplifiers are perfected prod-
ucts of typical Electrad high quality
and offer a range of power suitable for
present-day needs.
They are readily adaptable to all usual
requirements of sound amplification
from microphones, phonograph pick-
ups, radio tuners,-in fact, for all types
of amplification of audio frequencies.

Our engineering department will be
glad to show you how these Ampli-
fiers can be used to your advan-
tage. Write them, or mail coupon
for descriptive literature.

175 Nrarick. St.. New York_ N.Y.

ELECTRAD

ELECTRAD A-250
AMPLIFIER

Provides 4.6 watts undistorted
output. Utilizes one 224, one
250 and one 281 tube. Com-
pletely assembled only.

ELECTRAD A-245
AMPLIFIER

Provides 1.6 watts undistorted
output with one 224, one 245
and one 280 tube. Com-
pletely assembled or in kit
form.

r7ECTRAD, INC., Dept. PE-17I
175 Varick St., New York, N. Y.
Please send technical information
about ELECTRAD Amplifiers.

 0 Check here for literature on
I complete Electrad line.
I Name

Address

City State

MON MINN NMI

1111111

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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THE
HOUSE

OF BETTER
CONDENSERS

H

A

A

R

L

U

N

D

For
Every
Purpose

SINCE Radio began, Ham-
marlund has been con-
denser headquarters.

Not by chance has Hammar-
lund leadership been consis-
tently maintained-but simply
by the art of better engineer-
ing, better manufacturing and
better values.
Whether it is for tuning a
single broadcast circuit-mul-
tiple circuits from two to four
-short-wave work-balancing
or trimming-Hammarlund
supplies precisely the type
condenser needed.
And you can rely on that full
measure of superiority which
has always made Hammarlund
the preferred condenser by
radio experts throughout the
world.

Write Dept. PE -1 for
literature on condensers
and other Hammarlund

Precision Products.

HAMMARLUND MFG. CO.
424-438 W. 33rd Street, New York

1acYt, 2a-tbet, Radli3-

-tammarlundPRECIS/ON
PRODUCTS

S

0
N

E

N

S
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NEW STANDARDS OF

ACCURACY AND PERFORMANCE
in these

PRECISION
WIRE WOUND RESISTORS

Types
W. W.3

and
W. W. 4

ON THE SURFACE-wire wound resistors may
all appear alike - but in performance the

difference is marked.
To meet the most exacting requirements for

accurate, dependable resistors for many uses, the
International Resistance Company has developed
a complete range of Precision Wire Wound units.

The same engineering skill and thoroughness
which have placed Metallized Resistors made by
this company in the lead in the radio field, have
given to these new Wire Wound Resistors dis-
tinctive advantages possessed by no others on
the market.

In the winding, in the wire and its treatment, and
in the contact, weaknesses common to the ordinary
wire wound resistor have been positively elimi-
nated. A folder describing these features and quot-
ing prices and ranges will be mailed on request.

INTERNATIONAL RESISTANCE COMPANY
2006 Chestnut Street, Philadelphia

Resistors are acknowl-
edged the best for radio
manufacture. I. R. C.
Wire Wound units set
the same standards of
excellence.

I. It. C.
PRECISION

wire wound
RESISTORS

Types W. W.1
and W. W. 2

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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THE STEADY SCIENTIFIC PROGRESS OF THE BELL LABORATORIES SHOWS IN THE EVER-INCREASING
QUALITY' AND SCOPE OF YOUR TELEPHONE SERVICE

To clear all barriers for the
human voice

fin 1dvertisement of Me ilmerican Telephone and Telegraph Company

BELL TELEPHONE LABORATORIES,
Incorporated, is the scene of a pro-
gressive conquest of natural forces
that aims to let you speak clearly,
quickly and cheaply to any one,
anywhere in the land and even to
distant countries. More than 5000
scientists and assistants are busy
there and elsewhere in the Bell
System studying the problems of
sound transmission. Its work is the
growing foundation of the telephone
art; and it has, besides, helped to
make possible the radio, sound pic-
tures and special apparatus for the
medical profession.

Among its achievements are the
underground cables which make city
telephone service possible, better
and faster long distance ser-
vice, service to ships at sea,
and to millions of tele-
phones beyond the seas. The

steady scientific progress of the
Bell Laboratories shows in the ever-
increasing quality and scope of your
telephone service. Its new develop-
ments in every type of equipment
clarify and speed up your telephone
talks and give you more and better
service at low rates. Every advance
it makes is available throughout the
Bell System.

The Bell System is an Ameri-
can institution owned by more
than 500,000 stockholders. It places
before you the benefits of its
technical achievements and the
co-ordinated efforts of more than
400,000 trained workers. It accepts
its responsibility to further the
development and welfare of the

nation by furnishing the
public the best of telephone
service at the least cost con-
sistent with financial safety.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Continental Resistors
11 AP404.,

5 Watt

IllH5

-------
Milt11100010.111., j6

3 Watt

ZWatt

liAratt

Ili II

I ' 3/4Watt
lwromoil

i

i,Watt

/

F3

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

For Further Particulars Write to
Curtis Continental Corp.

13900 Lorain Ave.,
Cleveland, 0.

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.

Spark Plug
Auto

Suppressor
Shown mounted
on Spark Plug

Universal
Connections
Water proof

Distributor Auto Suppressor
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, 0.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpftl.
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With
Leads

111
Bradleyometer

litratelleynnitresistors
Solid Molded for Permanence

Research, more than a quarter century of
painstaking costly research, is behind Bradley -

unit Resistors.

Years of practical experience in meeting
the demands of radio set manufacturers have
led to the development of these solid molded
resistors, famous for their permanence and
accuracy. A huge plant with exceptional facili-
ties for volume production turns out Bradley -
unit Solid Molded Resistors by the millions.

These are the factors that produce uniformity
in the quality and performance of aradleyunit
Resistors. Get an Allen-Bradley quotation on
your next order.

ALLEN -BRADLEY CO.
116 West Greenfield Ave. Milwaukee, Wisconsin

This remarkoble "stepped" poten-
tiometer has astounded radio
engineers who were skeptical of its
advertised performance. They have
tried the new Bradleyometer and
now know that no other type of
potentiometer can rival it in flex-
ibility and adaptability to every
electronic unit. Any type of

resistance -rotation curve can be arranged to meet
your requirements. Samples will be sent to established
manufacturers of electronic apparatus for test and trial.

These fixed resist-
ance units, known
as Bradley Sup-
pressors, are do-
ing astonishing
things for motor
car radio. By using
them with suitable by-pass con-
densersin other parts of the igni-
tion circuit, shielded ignition cables are no longer neces-
sary. For simplicity, reliability and low cost, these units ore
in a class by themselves. Heat, moisture and age have no
effect upon them.Theyarethe lastword for motorcar radio.

Without
Leads

ALLEN -BRADLEY RESISTORS
Produced by the makers of Allen-Bradley Control Apparatus

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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TECHNICALLY SPEAKING 
"THESE FEATURES MAKE THE

RECORDOVOX SUPERIOR!"

LIST
PRICE

*25.00
less microphone

Microphone as illus-
trated. $10 additional

ELECTRICALLY and mechanically, the
PACENT RECORDOVOX is as fine an

instrument as you could find even in the profes-
sional recording laboratories.

Every possible angle has been taken into con-
sideration in the design of the RECORDOVOX.
Supplied with 3 adjustable weights, it can be
used with motors that lack sufficient torque to
operate the turntable when the head is fully
weighted. Like the well-known PHONOVOX,
the RECORDOVOX, as the result of careful de-
sign, possesses excellent frequency characteristics.

Designed for pre -grooved type of records only.
List Price $25.00. Microphone $10.00 list extra.

Write for information on special types and models
to meet your specifications.

Manufacturers
PACENT ELECTRIC CO., INC., 91 SEVENTH

ELECTRIC
PHONOGRAPH

MOTOR, CATALOG
NO. 140

Meets every require-
ment of radio -phono-
graph use. Has suffi-
cient torque to cut
even 10" records. List
Price $25.00.

AVE., NEW YORK
Pioneer, in Radio and Electric Reproduction for Over 20 Years
Licence for Canada: White Radio, Ltd., Hamilton, Ontario.

NACIEN
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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STATIONS AND SHIPS IN ALASKA
USING NORTHERN ELECTRIC EQUIPMENT

WXY Nome

NS. Nakeen +

Boats6.B. Rudolph +

Tally Scow +

WZE Dillingham +

KYK Karluk+
"1°-"" KNUO-SSMazamao

LEGEND:_ L False Pass0
M S.= Molornhip +-Telephone
o=Telephone and Tel. a Teleiraph
®-US. Signal Corps Station

KNV, torson Bay +

MS Irene L +
MS Ansonia +
MS. Thrasher+

MS. Raven +

o-Chandalor.

ViXE Anchorage a

KTT Drier Bay 0

ZU Uznki 0
MS' leonine +

K615 Chatham 0

KSR Tyee

KPV Bart Waller

KM Pod Armstrong
KRP Port Alexandera
klN Waterfall

KUU Noyes Island

KDP Chomley 0

MS. Yes Boy +
Kilt Cape Neon o

KKA

KI.W

--KPDKXK

Yakutat 0
Port Althorp

Funter
Hawk Inlet 0

-K6P Kake
MS Sally +

-Burnett Inlet
MS Einar Beyer+

r-KON Union Bay 0
I naeorge Inlet°

IMI-Kekkican 0

MS Doris +

MS tianB +
MS Beryl E+

PI.Pkg.@+

o+

KIC Rose Inlet

Par Fee-n-e7
US Frederick C+0010
MS Hazel Robb+ KON)

MS Petrel I 00
US Baron F + K00

K01. Hidden Inlet.

KOR Quadra 0
MS Katherine 0

DeForest in Alaska

I the frozen North where
the Aurora Borealis dances

over the horizon, the safety, the
comfort, and even the lives of
men in far-flung stations and
ships depend on reliable radio
communication. The Northern
Electric Company, which has
equipped the Alaskan stations
shown on the above map, has this
to say of DeForest:
"Referring to the stations shown
on the map on the inside cover
of the catalogue, approximately
twenty-four of these stations
were using DeForest transmit-
ting tubes last season, and this
year we are changing over all sta-
tions to use DeForest transmit-
ting audions with the following

exceptions: Nome, Dillingham,
Anchorage and Ketchikan.
These stations are Government
stations and naturally use what-
ever tubes the Government may
have.

"We are looking forward to a
successful season and are very
pleased to say that the service
from your transmitting audions
as well as the service rendered by
the factory itself has been very
excellent. We anticipate a much
greater volume of business for
the coming year than we have en-
joyed in any of our previous
years, and we assure you that
DeForest audions will be stand-
ard equipment on any apparatus
we manufacture."

After All, There's Nothing Like 25 Years' Experience

DE FOREST RADIO COMPANY, PASSAIC, N. J.
Export Department, 304 E. 45th Street, New York City, N. Y., U. S. A.

(AU DION S)

RECEIVING

TRANSMITTINGAND TUBES

When writing to advertisers mention of the PROCEEDINGS Will be mutually helpful.
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QUALITY
AUDIO PRODUCTS

Recently an authority in the radio industry made the state-
ment that the American Transformer Company had been
more interested in perfecting the equipment developed in
their laboratories than in selling the products of their factory.

Perhaps that is not an unmixed evil. The effect of such con-
centration on technical and engineering problems has made
the name "Amertran" on any electrical equipment synony-
mous with "highest quality". With the result that in appli-
cations requiring exacting performance Amertran parts are
specified.

Keeping pace with the advancement of broadcasting,
reception and amplification, Amertran engineers have devel-
oped the most up-to-date apparatus for every requirement.
Every radio engineer should have our general Bulletin #1000
with complete descriptions of Amertran Audio Products as a
guide in specifying any of the following appliances :
Amplifiers . Choke Coils Filament-Heatin.i Transformers
Audio Transformers Plate -Supply Transformers
Power Transformers Sound Systems
Power Blocks Power Supply Panels

Your request for further information will receive
prompt and courteous reply

AMERICAN TRANSFORMER COMPANY
179 Emmet Street, Newark, N. J.

Representatives in the following cities
Atlanta Boston Chicago Knoxville Minneapolis
Montreal Philadelphia San Francisco St. Louis

AMERTRAN
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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These 15 Features* Have Made

aACRACON))
ELECTROLYTIC CONDENSERS

1.

2.

3.

4.

5.

6.

7.

8.

The Choice of Leading Manufacturers

Capacity
8 mfd.

Peak voltage
440 volts.

One hole
mounting.

Anode connection
under chassis.

Compactly
built.

Neat
appearance.

Rigid internal
construction.

Self
healing.

9 Long
life.

Leakproof
construction.

No surface
corrosion.

Electrode free from
gas accumulation.

Leakage less than .1
milliamperes per
microfarad.

14 Low power
f actor.

c Size 11/2 x 43/8"
I high.

* "Acracon" Features Are Protected by Patents Pending

CONDENSER CORPORATION OF AMERICA
259-271 Cornelison Ave. Jersey City, N. J.

Chicago

Cincinnati

Factory Representatives

St. Louis

San Francisco
and other Principal Cities

in:

Los Angeles

Toronto

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
XXX



Tests
Tests talking picture and
other sound amplifier sys-
te ms.

A New Instrument for Testing and Adjusting
Sound Amplifying Systems

The Jewell Pattern 566 Sound Equipment Analyzer is a complete portable instrument for testing and
adjusting sound amplifying systems. It has four specially calibrated Jewell Instruments, three of which
are mounted on the panel of the analyzer. The fourth is a 0-15-150 microammeter for measuring photo
cell and grid currents.

Checks all socket voltages and control grid, screen grid, and plate currents for all types of tubes,
including the 50 watt power amplifier tube.  

Quality of output and relative gain on various frequencies may be measured by using variable pitch
films or records in conjunction with the thermocouple galvanometer.

The Jewell Pattern 566 Sound Equipment Analyzer provides means for phasing dynamic speakers and
for measuring resistance and continuity.

The following measurements are available with this instrument:
0-4-8-16 volts A.C. for filament

tests

0-125-250 volts A.C. for general

An interesting catalog of Jewell
Instruments for electronic lab-
oratory and production tests.
Save time and money by select.
ing the type of apparatus you
need from this catalog.

use

0-60-120-300 volts D.C. for grid
tests

0-120-300-600-1200 volts D.C. for
plate tests

0-12 ma. for screen grid and
plate tests

0-30-60-20 ma. for plate tests
0.6-60 amp. D.C. available at

binding posts
Continuity tests, with ranges of

0-2000-20000-200,000 ohms with
self-contained battery

Jacks connect the microammeter for testing normal and control
grid currents.

A 24 point selector switch makes the analyzer simple and safe to
operate. Any meter range may be used for special testing through the
binding posts on the panel. Test leads are provided.

Send for the leaflet describing this instrument.

Jewell Electrical Instrument Co.
1642-D Walnut St., Chicago, Ill.

JERS MAKING GOOD INSTRUMENTS

When writing to advertisers mention of the PROCEEDI N GS will be tnulually helpful.
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The plate of this tube, a rigid nickel cylinder, is ribbed to increase its sturdiness. Mica
yokes, clamped at the top and bottom, hold the grid, cathode and plate accurately and
firmly in position. A cathode collar and grid clip, accurately die -stamped, add extra
strength and form the electrical connect:* onbetween the elements. The complete assembly
isasturdy unit, independent of the stem. Die-stamped Partsassureaccurate spacing, and
shipping shocks or similar rough handling cannot alter the position ofany element.

ARCTURUS announces the
New UNITARY STRUCTURE Principle

... a definite forward step in tube design
that insures more uniform characteristics
Accuracy of assembly, rigidity of construction, are two of the

. most important factors in radio tube performance.
To insure rigid elements, accurately spaced, Arcturus engineers

have evolved a principle of design known as "Unitary Structure,"
whereby interrelation of parts is maintained through inter-
dependence. The diagram above shows how this principle is
applied to an a -c detector and amplifier tube.

Such advanced construction insures far more uniform tubes
than ordinary assembly methods. Correct design, plus careful
attention to every structural detail, have given Arcturus Blue
Tubes an enviable reputation throughout the radio industry for
smooth, dependable performance under all operating conditions.

ARCTURUS RADIO TUBE CO., Newark, N. J.

ARCTURUS
"The TUBE with the LIFE -LIKE TONE"

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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1.31

Iniqitute of Rabic' engineer
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 rights 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.

XXXIII



(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 gradeof Associate, give briefly record of radio experience and present employment.
DATES HERE

9 Specialty, if any

Receipt Acknowledged Elected Deferred
Grade Advised of Election This Record Filed
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ROLLER -SMITH @Announces
A new Instrument Type PD

Direct Current VOLT-OHMMETER

Cat. No. 1050. Size 41/2" x 5" x 21/4" 
This instrument is a combination Circuit Tester, four range volt-
meter and direct reading ohmmeter, having ranges of 0-3, 0-30,
0-300 and 0-600 volts and 0-10,000 and 0-100,000 ohms. The
voltage ranges have a resistance of 1000 ohms per volt.

It is recommended particularly for radio testing.

There is a special type of rheostat included to compensate for the
falling off in cell voltage (a 4.5 volt C battery is self-contained),
which occurs after the instrument has been in use for a time.
Scale is 3%6" long.

A pair of special flexible cables with insulated test prods accom-
panies each instrument.

Send for your copy of Supplement No. 3 to Bulletin K-100.

Forty years' instrument experience is back of

-SMMI COMP
Measuring and Protecttve Apparatus

Main Office:
2134 Woolworth Bldg.

NEW YORK

Works:
Bethlehem:

Pennsylvania

Offices in principal cities in U. S. A. and Canada

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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KEEP,
D
0
N

YOUR
COSTS

in manufacturing radio tubes
by using

STUPAKOFF NO. 287
Pure Magnesia Insulators

Too many tube failures occur through
improper insulation. Remember, good
insulators not only reduce manufactur-
ing costs by eliminating "rejects"-but
make satisfied dealers and give con-
sumers better reception and longer life.

If you aren't using Stupakoff No. 287
Pure Magnesia Insulators now, write,
telephone, or wire at once for sufficient
samples to make conclusive tests. Of
course there is no charge for standard
samples.

STUPAKOFF LABORATORIES, Inc.,
Insulators

6619 Hamilton Ave., Pittsburgh (6), Pa.

When writing to advertisers mention of the PROCEEDINGS will be mutually 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. 0. Box 86 Dept. R6 Mount Rainier, Md.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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The Green Flyer Electric
Phonograph Motor. Specially
designed for Radio -Phono-
graphs, with ample power for
heavy electric pick-ups . . . on
all records. Open construc-
tion. Complete ventilation.
No overheating in case or
cabinet. Silent, spiral -cut fibre
gears; long oversize bearings.
Operates on all voltages and
frequencies. Automatic stop
optional. Furnished complete,
ready for installation. Re-
sponsibly guaranteed.

Ontario Hydro - Electric
Power Commission Ap-

proval No. 2685

Because e .

They're built
to do a REAL job

Flyer
Electrics

SUPERIOR performance under all conditions is provided for in
Flyer Electrics by over 25 years of balanced manufacturing

experience and skill. An invaluable combination. Specializing in
electrical manufacturing for a quarter century . . . for fifteen years
concentrating on large-scale production of quality phonograph
motors. Only General Industries has done this.

This distinct engineering advantage . . . so strongly reflected in
co-ordinated simplicity and efficiency of design . . . becomes your
advantage in the unvarying quality, excellent service and unlimited
dependability of Flyer Electrics. Wherever installed, the Green
Flyer or the large Blue Flyer does a real job . . . self-starting, plenty
of power, uniform speed, and uninterrupted service. Abundantly
filling the demands of the most exacting builders of quality Radio-

Phonograph combinations or ensembles, and electric pick-ups. Be-
sides the above two models for A.C. current, now also made for
D.C., either 110 or 220 volts.

711eGIENERAL INDUSTRIES Co.
3146 Taylor Street, Elyria, Ohio

In ordering
samples, please
give voltage
and frequency.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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FROST -RADIO
maintains a

unique service for your benefit
Why not use it?

No. 590-590

No. 2880-2880

No. 890

No. 280-280

No. 1880-1880

Here at Volume Control Headquarters
we maintain a complete department de-
voted to engineering research.

This department is organized to serve
you in solving any problems that may
come up in connection with the fixed
and variable resistors necessary to ex-
actly meet your requirements.

We invite you to get in touch with us
concerning the application of FROST -
RADIO Volume Controls to your prod-
uct, or the application of other controls
involving precise regulation by means of
fixed or variable resistors of the several
types manufactured by Herbert H.
Frost, Inc.

Why not use this service, just as a
considerable number of others are doing?
You will find the resources of our En-
gineers of great value in working out
your problems. You will discover, as
many others have done, that this depart-
ment fully understands the requirements
of present-day radio manufacturing. And
you will like the speed, service and co-
operation that is directed toward the
solution of your problems.

An inquiry on your letterhead will
bring full particulars of this unique
service to the radio industry.

HERBERT H. FROST, Inc.
Main Offices and Factory: ELKHART, IND.
160 North La Salle Street, Chicago

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Straining GNATS

and Swallowing
CAMELS

What's the Big Idea?
SPECIFICATIONS for the new set are complete. Condensers

measure up to the micro -mike. Resistors are Ohmed to perfec-
tion. Coils are Henried to the quarter turn. Parts are carefully

matched. Everything is Jake, EXCEPT-

What about the line -voltage on which the set is to operate?

What provision has been made against upsetting these precise measure-
ments and engineering details by line voltage fluctuations common in
every community where the set will sell?

AMPERITE insures maximum set efficiency by regulating line voltage
variations, up or down, between 100 and 140 volts. Delivers at all times
the correct set input voltage for best operation.

AMPERITE prolongs tube life, and reduces set up -keep costs and service
expenses. It is an important sales feature in any A. C. radio. Smoothes
out volume and insures the uniformly perfect quality the set is designed

to give wherever it operates.

AMPERITE is easily included in chassis
design without increasing chassis cost. Or
it can be installed in five minutes in any
electric radio, not originally equipped for
it.

No electric radio can be modern without
AMPERITE Line Voltage Control.

Mail COUPON for
Installation Instructions

and AMPERITE SET CHART

AMPERITE Corporation
IDept. PE -1, 661 BROADWAY. NEW YORK I

I Please send Amperite Set Chart, in I

AMPERITE I Name
stallation instructions and technical data to

I
Self Adjusting I Address

LINE VOLTAGE CONTROL L
VIM =I OM MI 1E11

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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FANSTEEL

TUNGSTEN
Adjustment of former patent restrictions
now permits Fansteel to offer 99.95%
pure Tungsten, in rod, sheet, wire and
ribbon. Several Tungsten alloys are also
available.

Fansteel, of course, has been refining pure
Tungsten since 1914, but only for use in
electric contact points. Now manufac-
turers using other forms of tungsten are
to have the benefit of Fansteel's experi-
ence, and equipment for working rare
metals. Unusual purity, uniformity, and
workability are characteristic of Fansteel
Tungsten.

Send for a sample in the form in which
you wish to use it. Note its accuracy of
dimension. Give it a fair trial and note
its performance. You'll like it-and the
price is right! Tungsten, like other
Fansteel Metals and Alloys, is stocked in
all standard sizes and shapes to insure
prompt deliveries.

tWrite for samples and prices.

Fansteel is your best source of
supply also for pure Molybdenum,
Tantalum, hardened Molybdenum
alloys, photo -cell metals and salts.
Ample stocks for immediate de-
livery. Information and prices on
request.

FANSTEEL PRODUCTS COMPANY, INC.
NORTH CHICAGO, ILLINOIS

TANTALUM  TUNGSTEN  MOLYBDENUM CAESIUM* RUBIDIUM AND ALLOYS

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.

XLI



1 YEA RS
OF SPECIALIZATION

kW/4i
HIGH

FORMICA is entering its eight-
eenth year of service to the elec-
trical and radio industries. Dur-

ing all
tion has been concentrated on the
problems of making just one material.

During the year a large increase in
floor space and in equipment has been
provided to give better, more varied,
more accurate service.

Formica concentrates the finest re-
sources that exist in its industry on
the problem of supplying you with bet-
ter insulation, more promptly.

Send your blue prints for quotations

THE FORMICA INSULATION COMPANY
4646 Spring Grove Avenue

Cincinnati, Ohio

ORM I CA.
Made from Anhydrous Bakelite Pesias
SHEETS TUBES RODS

When writing to advertisers mention of the rion.-EEDINGs mutually heltfal.



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 is not my mailing
address:

(Title)

(Company Name)

(Address: Street, City and State)

PLEASE FILL IN, DETACH, AND POST TO THE
INSTITUTE PROMPTLY
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Back Numbers 01 the Proceedings,

Indexes, and Year Books Available
MEMBERS 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) my and December
June

Vol.
2 (1914)

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. 16 (1928) January, February, March, April, May, June, July, Au-

gust, September, October, and November.
Vol. 17 (1929) January, February, March, April, May, June, July, August,

September, November 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.

MEMBERS 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.

YEAR BOOK
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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Engineers Designers - Constructors

CARDWELL Announces the

"MIDWAY"
Featherweight Condenser

COMPARE!

STANDARD
Transmitting

Condenser
Weight, 15

ounces
Panel space re-
quired 4"x4"

"MIDWAY"
Transmitting

Condenser
Weight 5 ounces
Panel space re-

quired
23/4"x21,14"

LIGHT-COMPACT-STRONG
For Transmitters and Receivers

Although fully adequate for replacing full size transmitting condensers of capacities up

to 150 mmfds. in transmitters using up to 75 watt tubes, the "Midway" transmitting
condensers are only slightly larger and heavier than many so called "Midget" con-
densers, at the same time having the same well known solid and substantial construc-
tion found in the full size CARDWELL transmitting and receiving condenser.

The "Midway" has many applications-as a neutralizing capacity for intermediate stages
of a vacuum tube transmitter, in aircraft transmitters and receivers, for portable sets;
in fact, for any purpose where compactness and light weight are desirable.

Extreme lightness of weight is made possible because with a few minor exceptions
aluminum is used throughout. The voltage breakdown is materially increased in the
transmitting models by reason of the use of highly polished plates with rounded edges.

The following models are available-
For receiving, in seven sizes -26 to 365 mmfds.
For transmitting, in six sizes -22 to 150 mmfds.
Weight from 4 to a maximum of 7 ounces.
Panel space required 234"x2%".
Full particulars will be sent upon request.

'THE

CARDWELL CONDENSERS
Receiving and Transmitting

THE ALLEN D. CARDWELL MFG. CORP'N
81 Prospect Street, Brooklyn, N.Y.

Since Broadcasting Began

STANDARD OF COMPARISON"

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Volume

New T Type
Volume C o n-
trols are ready.
Write for spe-
cial Bulletin
portraying
curves and
graphs of per-
formance of
these controls
in sound pro-
jection.

controls
"Turn that music down"
Paterfamilias isn't a bit interested in those lively
dance tunes that set the toes of the junior members
of the family tingling. He's reading an interesting
detective story.

So Mary turns the volume control and that same
music comes in, undistorted, but less loud.
Here at CENTRALAB our engineers have spent
years in perfecting a control that enables a million
"Marys" to tune their radio receivers from a mere
scarcely audible whisper to volume sufficient to fill
a hall. It's a delicate, exacting business, this build-
ing of volume controls to suit the definite require-
ments of scores of set manufacturers.

That we have been successful is evidenced by the
fact that we have built more than twenty million
CENTRALAB controls within a few short years.
The world's leading manufacturers still unhesitat-
ingly recommend and specify "CENTRALAB".

If you have a resistance problem our
engineering staff is at your service.

Send 25c for volume control guide showing
circuits for old and new sets.

CENTRAL RADIO
36 Keefe Ave.

LABORATORIES
Milwaukee, Wis.

A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.

XLVI



PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

THE MAGNAVOX
COMPANY

155 East Ohio Street, Chicago, Ill.

PIONEERS AND SPECIALISTS
IN THE ART OF

SOUND REPRODUCTION.
DYNAMIC SPEAKERS SINCE

1911.

FLECTRICAL TESTI NG
L LABORATORIES

Tests of Inductances_
Condensers_Transfor m-
ers etc. Life and charac-
teristics of Radio Tubes

80th. Street and East End Ave.
NEW YORK, N.Y.

WANTED RADIO ENGINEER
Loud speaker manufacturer of national
prominence located in middle west re-
quires the services of an experienced
engineer capable of assuming full charge
of all development work. Must have
excellent references. State age, educa-
tion, and salary required.

Address reply IRE Box 835

SALES ENGINEER-Wanted by re-
putable resistor manufacturer. Man with
sales experience and with a fundamental
knowledge of electrical and radio engi-
neering. Only man with the proper
experience will be considered. In re-
plying to this Box number, outline com-
pletely your past experience, education,
references, salary expected, etc.

Address reply IRE Box 800

The J. G. White
Engineering Corporation

Engineers-Constructors

Builders of New York Radio
Central

43 Exchange Place New York

Radio, Television and Sound Picture
Patents bought and sold. Applications,
searches and reports for Inventors and
Manufacturers.

Over twenty five years practical ex-
perience as an Engineer and Manufac-
turer in Radio and kindred fields.

H. R. VAN DEVENTER
Consulting Engineer and Patent Attorney

342 Madison Ave., New York City

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 writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Alphabetical Index to Advertisements
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Aerovox Wireless Corp. XVII
Allen-Bradley Co. XXVI
American Tel. & Tel. Co. XXIV
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For your
guidance

HUNDREDS of engineers already have availed them-
selves of the information contained in the RCA
Radiotron Technical Data Bulletins, prepared by
RCA Radiotron Engineers.

Covering all operating phases of RCA Radiotrons
UX-245, UY-227, UY-224, UX-226, UX-222, UX-
-171-A, UX-280 and UX-281, these bulletins have
proved of value to those interested in vacuum tubes.

We invite you to send for your copies of the Tech-
nical Bulletins if you have not already done so. There
is no charge.

RCA RADIOTRON COMPANY, INC.
HARRISON, NEW JERSEY

A Radio Corporation of America Subsidiary

RCA RADIOTRONS
THE HEART OF YOUR RAD/0

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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FOR A BETTER YEAR USE

DOltalimsco
PRODUCTS DURING 1931

CONDENSERS

For All Type Radios
For standard and midget receivers, auto-
mobile radios and portable sets, you will
find no better or more efficient variable
condensers than those from the house of
DeJur-Amsco.

Compactness, ruggedness, mechanical and
electrical accuracy of design, distinguish
this new series of bath -tub variables from
all others.

Each size made in one capacity. Avail-
able in 2, 3, 4 and 5 gang units.

Write for engineering data and work-
ing drawings. Send us your specifica-
tions and let us quote.

RHEOSTATS
For Power Control

DeJur-Amsco power rheostats and
potentiometers are engineered me-
chanically and electrically to fill
the exacting requirements of talk-
ing movies and other photo sound
reproducing systems where the ap-
paratus must be designed to con-
trol consistently and unvaryingly
the currents in a modulated light
and associated circuits.

Write us your requirements.
Our engineers are ready to
assist you in the development
of special apparatus' to fit
your particular needs. Litera-
ture on request.

DOUR-RMSCO cOkPORATION
95 MORTON ST., NEW YORK CITY

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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LEADERSHIP Since 1913
WORLD'S largest manufacturers of mica and paper di-

electric capacitors. There is a DUBILIER condenser

available to meet any electrical requirement.

Type 850-1-2-3 series of mica dielectric capacitors

have been developed for transmitting circuits requiring

a uniformity of design, ease of mounting, etc. A wide

range of capacities suitable for practically any voltage

and current requirement is available.

A new catalogue No. 171, describing the DUBILIER line of Mica

Dielectric Transmitting Condensers and High Voltage Filter Capacitors

will be gladly forwarded.

Dubilier
CONDENSER
CORPORATION

4377 Bronx Blvd.
New York, N. Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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AVOID
the Headaches

HARDSHIPS may make the
youth the man, overnight.

193o did just that to Radio.
As suppliers of essential parts to

nearly the entire industry, we have
followed radio's growth and problems
intimately.We see the follies of youth
being replaced by the fruits of experi-
ence. There is real hope in the new
tempo, which relentlessly beats out
an Eleventh Commandment: "Thou
shalt gear Production to Demand!"

This modern creed thrives on
Action. It requires almost instant
manufacturing from minimum inven-
tories. Hand to mouth buying;-:hard
fisted hands, determined mouths.

Many headaches, much perspiring,
no excuses. But it is succesfull

Our own extensive facilities, radiat-
ing from three large plants, have been
of no small assistance to many urgent
production programs of this New Day.

We are prepared, in 193 t, to render
even more extensively the service this
Eleventh Commandment requires:
immediate and substantial shipments
of paper, electrolytic and mica con-
densers, resistors, volume controls,
transformers, chokes, coils and mag-
net wire.

Follow other Leaders in eliminat-
ing many of the headaches! Standard-
ize on Polymet Products,

POLYMET
MANUFACTURING CORPORATION

829 EAST 134TH STREET NEW YORK CITY

Canadian Representative

WHITE RADIO, Ltd.
41 West Avenue North Hamilton, Canada

Representative for the British Isles

A. H. HUNT, Ltd.
Tunstal Road, Croydon, Surrey, England

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Condenser Blocks
combining

Paper and
Electrolytic Sections

in One Unit
111111111111111111111111111111

1111111111111111111111111

Potter Electrolytic Units

500 volts working po-
tential with low leakage
current. A gum electro-
lyte, completely sealed in,
makes them proof against
spilling, freezing and
eliminates special mount-
ings that complicate the

use of wet electrolytic condensers.
Available as separate units or, because

of their unusual features, incorporated in
blocks with paper by-pass units. Thus
one unit only is needed in a power sup-
ply which lowers cost of construction and
saves space.

You can cut costs and achieve more com-
pact design with Potter Condenser Blocks
that combine electrolytic filter and by-

pass sections in one container.

The exclusive features of the Edelman
Dry Electrolytic Condenser make possible
this important advance in condenser con-
struction.

These economical and dependable con-
denser blocks are available in designs to
meet the voltage, capacity, and space re-
quirements for any power pack assembly.

Potter Paper Condenser

Potter Paper Condens-
ers, both inductive and
non -inductive types are
available in all capacities
and case shapes to meet
every manufacturing need.

The Potter record proves
that rigid inspection of
materials and careful workmanship guar-
antee dependable condenser performance.

Potter Manufacturing facilities cover
every operation. The container plant al-
lows rapid production of any special de-
sign needed. Any design capacity unit
may he quickly supplied in any quantity
needed.

THE POTTER COMPANY



MEASURING
FIELD STRENGTH

llspe 103-C .Standard-Sie,nal Generainr. Price $b(n).0:)

SENSITII ITY measurements on radio- receivers
and measurements of radio field intensity by the

comparison method require the same basic instru-
ment, a General Radio TYPE 403-C Standard -Signal
Generator. Several are now be i n g used successfull
in field -strength surveys, the information obtained
being a valuable asset to the engineer responsible for
obtaining good coverage from Ins broadcast trans-
mitter.

Field -strength measurements are described in the
January, 1931, issue of the General Radio Experi-
menter. Extra copies are available on request. Please
address Section 11, Engineering Department.

GENERAL RADIO COMPANY
OFFICES I LABORATORIES f FACTORY

CAMBRIDGE A, MASSACHUSETTS
PACIFIC COAST WAREHOUSE: 274 BRANNAN STREET, SAN FRANCISCO, t ALIFORNIA

GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN


