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GENERAL INFORMATION

The PROCEEDINGS of the Institute is published monthly and contains papers and discussions thereon
submitted for publication or for presentation before meetings of the Institute or its Sections.
Payment of the annual dues by a member entitles him to one copy of each number of the PRO-
czEmNas issued during the period of his membership.

Subscription rates to the PROCEEDINGS for the current year are received from non-members at the
rate of $1.00 per copy or $10.00 per year. To foreign countries the rates are $1.10 per copy
or $11.00 per year.

Back issues are available in unbound form for the years 1918, 1920, 1921, 1922, 1923, and 1926 at
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connection or title irrespective of change in their mailing address, for the purpose of keeping the
Year Book membership catalog up to date.

The right to reprint limited portions or abstracts of the papers, discussions, or editorial notes in the
PROCEEDINGS is granted on the express condition that specific reference shall be made to the
source of such material. Diagrams and photographs published in the PROCEEDINGS may not be
reproduced without making special arrangements with the Institute through the Secretary

It is understood that the statements and opinions given in the PROCEEDINGS are views of the individual
members to whom they are credited, and are not binding on the membership of the Institute as
a whole

All correspondence should be addressed to the Institute of Radio Engineers, 33 West 39th Street,
New York, N. Y., U. S. A.

Entered as second class matter at the Poet Office at Menasha, Wisconsin.
Acceptance for mailing at special rate of postage provided for in the Act of February 28, 1925, embodied

in paragraph 4, Section 412, P. L. and R. Authorised October 28, 1927.
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SUGGESTIONS FOR CONTRIBUTORS TO THE
PROCEEDINGS

Preparation of Paper

Form-Manuscripts may be submitted by member and non-member contributors from any country.
To be acceptable for publication manuscripts should be in English, in final form for publication.
and accompanied by a summary of from 100 to 300 words. Papers should be typed double space
with consecutive numbering of pages. Footnote references should be consecutively numbered
and should appear at the foot of their respective pages. Each reference should contain author's
name, title of article, name of journal, volume. page, month, and year. Generally, the sequence
of presentation should be as follows: statement of problem; review of the subject in which the
scope, object, and conclusions of previous investigations in the same field are covered; main body
describing the apparatus, experiments, theoretical work, and results used in reaching the con-
clusions and their relation to present theory and practice; bibliography. The above pertains to
the usual type of paper. To whatever type a contribution may belong, a close conformity to
the spirit of these suggestions is recommended.

Illustrations-Use only jet black ink on white paper or tracing cloth. Cross-section paper used for
graphs should not have more than four lines per inch. If finer ruled paper is used, the major divi-
sion lines should be drawn in with black ink, omitting the finer divisions. In the latter case, only
blue -lined paper can be accepted. Photographs must be very distinct, and must be printed on
glossy white paper. Blueprinted illustrations of any kind cannot be used. AU lettering should be
311, in. high for an 8 x 10 in. figure. Legends for figures should be tabulated on a separate sheet,
not lettered on the illustrations.

Mathematics-Fractions should be indicated by a slanting line. Use standard symbols. Decimals
not preceded by whole numbers should be preceded by sero, as 0.016. Equations may be written
in ink with subscript numbers, radicals, etc., in the desired proportion.

Abbreviations-Write a.c. and d.c., ke, of, oof, emf, mh, ph, henries, abscissas, antennas. Refer to
figures as Fig. 1, Figs. 3 and 4, and to equations as (5). Number equations on the right in
parentheses.

Summary-The summary should contain a statement of major conclusions reached, since summaries
in many cases constitute the only source of information used in compiling scientific reference
indexes. Abstracts printed in other journals, especially foreign, in most cases consist of summaries
from published papers. The summary should explain as adequately as possible the major con-
clusions to a non -specialist in the subject. The summary should contain from 100 to 300 words,
depending on the length of the paper.

Publication of Paper

Disposition-All manuscripts should be addressed to the Institute of Radio Engineers, 33 West 39th
Street, New York City. They will be examined by the Committee on Meetings and Papers and
by the Editor. Authors are advised as promptly as possible of the action taken, usually within
one month.

Proofs-Galley proof is sent to the author. Only necessary corrections in typography should be made.
No new material is to bs added. Corrected proofs should be returned promptly to the Institute of
Radio Engineers, 33 West 39th Street, New York City.

Reprints-With the galley proof a reprint order form is sent to the author. Orders for reprints must
be forwarded promptly as type is not held after publication.
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LEWIS M. HULL
Member of the Board of Direction, 1929

Lewis M. Hull was born on February 27th, 1899 at Great Bend, Kansas.
He graduated from the University of Kansas in 1917 and immediately entered
the Radio Section of the Bureau of Standards. He was associated with the
Bureau as assistant physicist, and later as associate and consulting physicist,
at intervals until 1922. In 1922 he received the degree of Ph.D. in physics from
Harvard University.

In 1922 Dr. Hull joined the Radio Frequency Laboratories of Boonton, N. J.
as director of research. He is now vice president of that company.

Dr. Hull has served on a number of committees of the Institute, and was
appointed Chairman of the Committee on Broadcasting in 1928. He was ap-
pointed to membership on the Board of Direction for 1929.

He became a Junior member of the Institute in 1917; Associate in 1919;
Member in 1927; and Fellow in 1928. He is a Member of the American Institute
of Electrical Engineers and the American Physical Society.



INSTITUTE NEWS AND RADIO NOTES

May Meeting of the Board of Direction
The May meeting of the Board of Direction was held on the first

of the month in the office of the Institute in New York City. The
following were present: A. Hoyt Taylor, John M. Clayton, Arthur
Batcheller, Alfred N. Goldsmith, C. M. Jansky, Jr., R. H. Marriott,
and L. E. Whittemore.

The following were transferred or elected to higher grades of
membership in the Institute: elected to the Fellow grade: John A.
Slee ; transferred to the Member grade: James D. Durkee, Edwin
B. Dallin, S. S. MacKeown, E. E. Cordrey, Edwin L. Powell, Paul
D. Andrews, Leslie F. Curtis, E. G. Shalkhauser, F. L. Schoenwolf,
0. W. Pike, John B. Brady; elected to the Member grade: Loy E.
Barton, Lloyd A. Briggs, Mortimer Frankel, T. Kono, H. W. Dreyer,
Frank N. Calver, E. J. Emery, James K. Nicholson, Alan G. Dryland,
J. G. A. Sutherland.

One hundred and sixty-one Associate members and ten Junior
members were elected.

The Board appointed C. W. Latimer as alternate to Captain Guy
Hill as delegate to the World Engineering Congress to be held in
Tokio in October. Captain Hill and Mr. Latimer will present the
symposium paper prepared by six members of the Institute.

New York Meetings Suspended During
July and August

Carrying out the usual custom there will be no New York meetings
during the months of July and August. The Institute office will,
however, be open for the transaction of business.

Most of the sections also will suspend their meeting activities
during these two months.

Institute Meetings
ATLANTA SECTION

Dr. W. G. Cady presented a paper, "Piezo-electric Crystals as
Frequency Standards," before the Atlanta section on April 22nd.
The meeting was held in the Physics Laboratory, Georgia Institute
of Technology, Atlanta, Georgia, presided over by P. C. Bangs,
acting chairman. There were in attendance thirty-four members
and guests.
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This paper dealt with the crystal itself, classified as to different
types and crystal structure, and stressed the point that the symmetry
and non -symmetry of the crystal structure was important.

The crystalline structure of Rochelle Salts was explained for
the purpose of showing why Rochelle Salts crystals were not used
as frequency standards. While such crystals oscillate freely, the
structure itself is not adaptable to any great amount of pressure or
voltage.

A detailed description was given in regard to the vibration of
quartz plates. The important point brought out here was that a
vibrating quartz plate takes the shape of a parallelogram when oscil-
lating. This change of shape takes place with each cycle.

Different methods of cutting crystals were explained in detail.
Differentiation was made between the Curie type crystal which has
a wavelength of about 105 m per mm and the later type thirty -degree
crystal which has a wavelength of about 150 m per mm. The later
type oscillates more rapidly.

A general discussion followed the presentation of the paper.

CLEVELAND SECTION

Dr. M. Luckiesh, director of lighting research, National Lamp
Works of General Electric Company, was the speaker at the Cleveland

-section meeting, which was held April 26th in the Physics Building,
Case School of Applied Science, Cleveland, Ohio, and presided over by
Bruce W. David, chairman of the section. There were forty-two mem-
bers and guests in attendance. The paper presented by Dr. Luckiesh
was entitled, "Radio Messages of Men, Atoms, and Stars." The
speaker stressed the similarity of man's radio messages and the mes-
sages sent out in the form of radiated energy by everything in the
universe from atoms to stars. The receiving set for these radiated
messages is the spectroscope and the message is received through
the eye and not the ear. Man's vision limits the number of wave-
lengths he receives to a relatively narrow band. Perhaps some day
man will be able to see life on other planets and even see images from
the earth reflected by some other planet but delayed by hours, days,
or years, depending upon the distance the reflected light has travelled.
A general discussion followed the presentation of this paper.

The Cleveland section held a meeting at the Ohio Insulator Co.,
Barberton, Ohio, on May 3, 1929. D. Schregardus, chairman, pre-
sided. Fifty-three members attended the meeting.

A. 0. Austin, chief engineer of the Ohio Insulator Co., presented
a paper, "High Voltage." A high voltage demonstration was made
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whereby high voltage testing methods were demonstrated in a million-
volt indoor laboratory and a number of fundamental principles of
high voltage discharges were discussed. In the outdoor laboratory
demonstrations were made of actual power line construction using
voltages as high as two or three million, as artificial lightning. The
demonstrations were extremely impressive and represented the highest
development in designing and testing high voltage equipment. A
general discussion followed the presentation of the paper.

DETROIT SECTION

F. A. Firestone, of the Physics Department of the University
of Michigan, was the speaker at the January 19th meeting of the
Detroit section. E. D. Glatzel, chairman, presided, and forty mem-
bers and guests attended the meeting.

The paper, "Technique of Sound Measurements," by F. A. Fire-
stone, explained the classical experiments of Prof. D. C. Miller. The
recording of the wave form of sounds was explained with reference
to the methods used for analysing the records into harmonic com-
ponents and of synthesizing the components into the original wave
form. The ability of the ear to distinguish intensities of tones of
the same and different frequencies was discussed. Apparatus used in
connection with the detection of undesirable noises in automobiles in
motion was shown and demonstrated. This apparatus indicated the
intensity of the total noise. It can be adjusted so as to indicate the
intensity of a sound of a certain pitch separately from other pitches
which may be present.

The annual election of officers was held with the following results:
A. B. Buchanan, chairman; Lewis N. Holland, vice-chairman; Walter
R. Hoffman, secretary -treasurer.

The Detroit section held a meeting February 15th in the auditorium
of the Michigan Bell Telephone Building, Detroit, Michigan, presided
over by A. B. Buchanan, chairman. Two hundred and seventy-five
members and guests attended.

C. L. Carrington, division superintendent of Installation of
Electrical Research Products, Inc., presented a paper, "Sound and
Talking Picture Problems and Equipment." The two systems of
recording and reproducing the sound of talking motion pictures
developed by the company employing him were described, as well
as some of the means of eliminating or minimizing bad acoustical
conditions encountered in some of the theatres in which the equip-
ment is being installed. A motion picture and a number of the units
of equipment comprising the reproducing apparatus were exhibited.
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PROPOSED LEHIGH VALLEY SECTION

The third organization meeting of the proposed Lehigh Valley
section was held April 12th in the Science Bldg., Muhlenberg College,
Allentown, Pa. Carlton F. Maylott, temporary chairman, presided.
Thirty one members and guests attended the meeting.

Carlton F. Maylott presented a paper, "The Electrical Repro-
duction of Speech and Music." The history of the talking machine
and other recorded sound reproducing mediums and the various
steps in their development were treated. A detailed description of
the several commercial systems of sound motion pictures was pre-
sented and illustrated with blackboard diagrams. By means of an
electrically driven turntable and a power amplifier a group of special
disk recordings of the Bell Telephone Laboratories were reproduced
through an auditorium type of moving -coil speaker, demonstrating
the effect on speech and music of successively suppressing various
frequencies in both the upper and lower tonal ranges. The committee
was fortunate in obtaining for this meeting practically every dis-
tinctive type of loudspeaker marketed and this afforded a very inter-
esting demonstration of the evolution of the radio reproducer, from
the original crude horn type to the latest and most modern develop-
ment of the reproducer used in conjunction with sound motion picture
presentation.

LOS ANGELES SECTION

On April 15th the Los Angeles section held their meeting in the
Elite Cafe, Los Angeles, Cal., presided over by T. C. Bowles, vice
chairman. There were forty members and guests in attendance.

E. H. Butler presented a paper on "Vacuum Tubes and Their
Applications to Radio." The paper covered especially the use of
the new 45 -type power tube as well as the use of the four -electrode
tube as an r -f amplifier and power detector feeding directly into the
power tube. The various merits of power tubes and also detectors
of various types were discussed. There was quite a discussion regarding
the merits of more r -f amplification with only one audio stage or the
more common type of two -stage audio amplifier with conventional
detector and r -f amplifier.

PHILADELPHIA SECTION

The Philadelphia section held a meeting on April 25th at the
Franklin Institute, Philadelphia, Pa. J. C. Van Horn, chairman,
presided. One hundred and sixty members attended the meeting.

C. Francis Jenkins presented a paper, "Latest Phases of Tele-
vision."



Institute News and Radio Notes 917

Messrs. Synder, Miller, Arnold, Van Horn, and others partici-
pated in the discussion which followed.

PITTSBURGH SECTION

The Pittsburgh section held their regular meeting in the Fort
Pitt Hotel, Pittsburgh, Pa. on March 19th. L. A. Terven, vice-chair-
man of the section, presided. The paper, "Recent Developments in
Super Heterodyne Receivers," was presented by G. L. Beers. This
paper was published in the March issue of the PROCEEDINGS.

Messrs. Allen, Wallace, Terven, Mag, Bricker, Sunnergren, and
McKinley participated in the discussion which followed.

The Pittsburgh section held a meeting April 16th in the Fort
Pitt Hotel, Pittsburgh, Pa: W. K. Thomas, chairman, presided.
There were present twenty-nine members and guests.

Dr. G. A. Scott, of the University of Pittsburgh, presented a
paper, "Mechanical Analogies of Electrical Conditions." This paper
deals entirely with electro-mechanics. A comparison of the funda-
mental units of mechanical engineering was made to the fundamental
units of electrical engineering through a demonstration of their direct
similarity. A derivation of fundamental circuit formulas of electrical
engineering was made by a substitution method of well known me-
chanical formulas.

Messrs. Terven, Hallie, Boardman, McKinley, Smith, Bordini,
and Sunnergren participated in the discussion which followed.

The election of officers was held with the following results: L. A.
Terven, chairman; A. J. Buzzard, vice-chairman; T. D. Cunningham,
secretary; A. Mag, treasurer.

SAN FRANCISCO SECTION

The San Francisco section held a joint meeting with the local
section of the American Institute of Electrical Engineers, April
10th, at the Engineers' Club, San Francisco, Calif. D. B. Dexter,
chairman of the San Francisco section of the American Institute of
Electrical Engineers, presided. There were one hundred and sixty
members and guests in attendance.

Harry R. Lubcke presented a paper, "Design Equations for
Vacuum -Tube Voltmeters." This very interesting paper gave
formulas for calculating rapidly the plate external resistor value, the
C bias value and plate voltage value for a vacuum -tube voltmeter of
any given scale range.

Elmer H. Fisher presented a paper, "Voltage Surges in Audio -
Frequency Apparatus." It was shown by means of an oscillograph
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and an inverted vacuum -tube voltmeter that voltages up to seven
hundred volts were developed on the secondary, and up to five hundred
in the primary. Mr. Fisher measured the voltages developed in both
the secondary and primary audio -frequency transformers when the
plate circuit is opened.

F. J. Somers presented a paper, "Characteristics of Electrostatic
Loud Speaker." The paper described the construction of a type of
electrostatic loud speaker and the method of testing its frequency
response in comparison to a standard Jensen Dynamic Cone Speaker.
Curves of response of both speakers and a comparison curve of the
electrostatic speaker were shown. A model was exhibited.

WASHINGTON SECTION

On April 11th, in the Continental Hotel, Washington, D. C., the
Washington section held their regular meeting. F. P. Guthrie, chair-
man of the section, presided. Eighty-two members and guests at-
tended the meeting.

A paper, "Recent Developments in Radio in Application to Air-
craft," by J. H. Dellinger and H. Diamond, was presented by H.
Diamond. The paper discussed the radio aids to air navigation being
developed and installed on the civil airways of the Department of
Commerce. These aids are: communication, course navigation, and
fog landing. The paper dealt chiefly with recent progress effected in
the double -modulation type directive radio beacon. Methods are
given for making this beacon serve four independent courses at variable
angles to each other. A new triple -modulation beacon is described
whereby twelve beacon courses are obtained making it possible to
provide beacon service in every desired direction simultaneously.
Special adaptations of the beacon system are described which give
promise of facilitating landing in fog.

Messrs. Guthrie, Mirick, Robinson, Worrall, and Dorsey partici-
pated in the discussion which followed.

The election of officers was held with the following results: C. B.
Jolliffe, chairman; T. McL. Davis, vice-chairman; John B. Brady,
secretary -treasurer.
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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED
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England

Arkansas
California
Dist. of Columbia

lllinois

Massachusetts
New York

Arkansas
Diet. of Columbia

Illinois
New Jersey
New York
England

Straits Settlements

Arkansas

California

Connecticut
Diet. of Columbia

Florida
Georgia
Illinois

Elected to the Fellow Grade
London, SW7, 15 Rutland Mews ....... ..;10.r..1,1) A

Transferred to the Member Grade
Conway, State Teachers' College Cordrey, E. E.
Pasadena, California Institute of Technology. Mackeown, S. S.
Bellevue, Naval Research Laboratory Dallin, Edwin B.
Washington, Ouray Bldg Brady, John B.
Washington, 6310 5th St. N. W Durkee, James D.
Washington, 3100 Connecticut Ave., Apt. 105 Powell, Edwin L.
Chicago, 1917 Warner Ave. Schoenwolf, F. L.
Peoria, 147 Cooper Ave. Shalkhauser, Eric George
Springfield, 162 Springfield St. Curtis, Leslie F.
Schenectady, 9 N. Ferry St. Andrews, Paul D.
Schenectady, River Road Pike, 0. W.

Elected to the Member Grade
Fayetteville, 143 8. Hill St. Barton, Loy E.
Washington, ti/o Japanese Military Attache, Portland

Hotel Kono, T.
Chicago, 430 S. Green St Frankel, Mortimer
Cranford, 31 Spruce St Briggs, Loyd A.
Brooklyn, 1244 East 35th St Dreyer, Harry W.
Hull, 0/0 British Broadcasting Corp., 26 Bishop Lane Calver, Frank N.
London WI, Marconiphone Co., Ltd., 210 Totenham

Court Road Emery, E. J.
Newcastle -on -Tyne, 5, Selborne Gardens, Jeemond Nicholson, James K. A.
Surrey, Windycot, Sugden Road, Long Ditton Dryland, Alan G.
Singapore, c/o United Engineers, Ltd., Battery

Road Sutherland, J. G. A.

Elected to the Associate Grade
Little Rock, 224 Vernon St Boone, Virgil
Little Rock, 2510 West 16th St Bracken, Ben
Berkeley, 1645 Capistrano Ave. Taylor, G. Wesley
El Cajon, R. No. 1 Gruenwald. Harold C.
Fullerton, 125 Ellis Place, Apt. 2 Hardison, Arthur A., Jr.
Hemet, 311 E. Florida Ave Sorknese, Hardus
La Habra, 480 East First St Inns, Stephen Henry
Long Beach, 22 E. 4th St Howell, Roger'A.
Los Angeles, 3176 Verdugo Road Arnold, Harry
Los Angeles, 3433 La Clede Borden, Charles
Los Angeles, Western Air Express, 117 W. 9th St Hoover, Herbert, Jr.
Los Angeles, 1619 N. Benton Way Stolle, R. A.
Marshall, c/o R. C. A. Case, Myron 13.
San Francisco, National Broadcasting Co., 111 Sutter

St Saxton, Alfred H.
Santa Ana 300 N. ',roadway Clark, William Moran
Stanford University, Box 2287 Fisher, E. H.
Venice, 650 California Ave Gleason, Sterling
New haven, 66 Norton St Serig, Howard W
Bellevue, Naval Research Laboratory Bence, Clarence E.
Bellevue, Naval Research Laboratory Booth, H. A.
Bellevue, Naval Research Laboratory Ferree, John E.
Bellevue, Naval Research Laboratory Meyer, R. B.
Bellevue, Naval Research Laboratory Moore, Adam H.
Bellevue, Naval Research Laboratory Taylor, Samuel
Bellevue, Naval Research Laboratory Walker. Guy P.
Washington, 502 Trenton St Curtis, Weetley F.
Washington, 1821 Riggs Place N. W Dent, Wm. U.
Washington, 618 Morris St. N. E Doremus, Cornelius W.
Washington, 508 Rittenhouse St Jett, Ewell K.
Washington, 933 K St. N. W Johnson, R. Stanley
Washington, 2842 Vista St. N. E Luke, E. L.
Washington, 2316 -32nd St. S. E MacGregor, John J.
Washington, 226 -8th St. S. E Noyes, Robert H ,
Washington, 1901 K St. N. W Stahl, Barton E.
Washington, 1738 Mass. Ave. S. E. Talty, William B.
Washington, 5125 -8th St. N. W. Ullman, Mervia .1.
Washington, 1608 -28th St. S. E Wiseman, William W.
Miami, Pan American Airways, Inc. &Ringer, Ferris W.
Atlanta, 585 Blvd. Place N. E. Apt. 8 Russell,
Champaign, 804 South Prospect Ave. Duncan, Don C.
Chicago, 1247 So. Kedvale Ave Bank, Maurice
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Illinois (cont'd) Chicago, 3030 N. Halstead St. . Fitsgerald, T. C.
Chicago, 1145 Bryn Mawr Ave Lotter, John G.
Chicago, 2416 Bryn Mawr Ave Moore, James S.
Chicago, 216 N. Michigan Ave. Paradise, Maurice E.
Evanston, 1634 Chicago Ave Lund, Russell 0.
Pekin, Box 233 McGarvey, Harold R.
Rockford, 130 No. Madison St Westlund, J. V.
Urbana, 212 West Vermont St Hayden, Gilbert
Wilmette, 530 Laurel Ave Shabino, Clarke L.

Indiana Marion, c/o Y. M. C. A Detrick, Harold M.
West Lafayette, 330 N. Grant St. Brown, Wilfred E.

Kansas Hamlin Herold, Joe. L.Kentucky Louisville, Argonne Hotel Tillett, JesseMaryland Baltimore, 333 S. Gilmar St. Ault, Arthur K.
Baltimoie, 2811 Chelsea Terrace Krebs, William N.
Brentwood, 4424 Charles St. Dennary, James E.
Mount Rainier, P. 0. Box 86 Eisenhauer, Harry D.
Mount Rainier, 3900 -31st St Russell, Philip T.Massachusetts Boston, 7 Goodwin Place Crawford, John D.
Brockton, 93 Pleasant St Costello, John J.
Cambridge, 382 Harvard St Stark, L. P.
Holyoke, 49 Cleveland St Clemm, Robert Carl, Jr.
Roxbury, 64 Brunswick St Salowitts, Louis W.
Stoneham, 1 Franklin Road Brown, Ronald W.
Worcester, 45 Benefit St. Gleason, Albert E.Michigan Ann Arbor, 715 Church St. Byram, F. Cameron
Battle Creek, o/o American Steam Pump Co Kinch, Oscar A.
Detroit, 4217 McClellan Ave. Carson, Walter E.
Detroit, 1550 Elmhurst Green, Walter M.
Detroit, 1753 West Philadelphia Ave. Sturman, George G.
East Lansing, Box 611 Richards, A. R.
Jackson, Spanks-Withington Co. Bowmaster, J. M.
Lakeside, Berrien County Meier, H. G.Missouri Kearney Thomason, Marvin
St. Louis, 2551 W. Florissant Ave . Cassens Fred Benjamin
St. Louis, e/o Moloney Elec. Co., 5390 Kingshighway

N. W Wooley, W. C.Montana Bozeman, 301 North Grand St Woodhouse, Geoffrey ArthurNebraska Falls City, 2012 Abbott St Quigley, James H.New Jersey Camden, 633 Linden St Heiser, Albert E.
Hoboken. 406 Jefferson St Hohenstein, Jac.
Newark, 149 Mt. Pleasant Ave Shea, Richard T.
Newark, 218 Broad St Wasservogel, Gunther
North Bergen, 1041 Bergen Line Ave Nickless, William H.New York Bayside, L. I., 201-14 50th Ave Loren, Albert
Brooklyn, 360 Bridge St., Room 712 Johnson, Richard M.
Brooklyn, 220 Lincoln Place Hammer, Robert 11.
Brooklyn, 87 Harrison Ave Seidman, Charles
Brooklyn, 5509 13th Ave Seligson'', Max
Brooklyn, 683 Lincoln Place Torrell, Roy Verner
Croton -on -Hudson, Hamilton Ave. Osborn, William R.
Ellenville, 16 Hillcrest Ave Saylor, W. Edwin
Elmhurst, L. I., 4910 -94th St Kinsella, Christopher T.
Garden City Howe, Willard C.
New York, 538 West 143rd St. Donals, Alfred
New York, 195 Broadway Eller, Keith B.
New York, 463 West St Koerner, Lawrence F.
New York, 463 West St Penick, D. B.
New York, 70 Van Cortlandt Park South Volkmann, John E.
New York, 371 Wadsworth Ave Welsh, Fred E.
New York, WABC Columbia System, 113 West 57th

St Whittaker, Edmund
New York , 120 Broadway, Room 2235 . Rosencranse, Charles R.
Rochester, 6 Nothingham Circle Bedford, Donald D.
Schenectady, 129 South Country Club Drive,

R. F. D. 1 Moles, Frank J.
Ohio Cincinnati, 2535 Hemlock St. W. H Rouse, Louis

Cleveland, 3033 Barber Ave. Vasko, Albert James
Cleveland Heights, 3927 Orchard Road Glover, Gerald W.
Columbus, 694 Carpenter St Storck, Howard C.
Lakewood, 1299 Cove Ave. La Ganke, H. C.
Toledo. 1752 Pilgrim Road Skeels, Dudley K.

Oklahoma Tulsa, 1111 So. Denver St. Jones, Burle R.Oregon Corvallis, Buxton Hall Klein, William S.Pennsylvania Allentown, 617 No. St. Elmo St Dreisbach, Blair
Allentown, 717 N. Ott St. Peters, Arthur A.
Allentown, Muhlenberg College Wissler, Benjamin F.
Bethlehem, 648 Highland Ave Bertolet, Benneville 8.
Catasaugua, 1122 N. 3rd St. Urban, Paul Anthony
Honesdale, 818 Court St. Burlein, Lester F.
Philadelphia, 3922 Pine St. Lo, Tsu Zui
Pittston, 105 So. Main St. Ross, Stewart C.
Slatington, 639 Main St Newhard, Stanley C.

Tennessee Sparta Heston, Claude William
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Texas Fort Worth, P. 0. Box 495 Noakes, G. A.
San Antonio, Dodd Field, Fort Sam Houston Marriner, Alfred W.

Virginia Alexandria, 1006 Cameron St Harrison, Edgar
Cherrydale, 7 Mackey St. Jacobs, Edward N.

Washington Spokane, E. 408 Sinto Ave Dunnigan, Frank A.
Spokane, 4611 N. Jefferson St Storms, Henry J.

West Virginia Cameron, Maple Avenue Chambers, Albert V.
Williamson, P. 0. Box 323 Pirotte, Pete

Wisconsin Milwaukee, 419 -27th St. Nathness, Semore T.
St. Croix Falls, Box 414 Powell, Wm. A.

Alaska Ketchikan Quist, Jasper S. M.
Seward, Box 395 Dumarce, Herman
Seward Urie, Sol .1.

Canada Brandon, Manitoba, 627 -13th St Varcoe, H. R.
Montreal, Que., c/o Northern Electric Co., 121

Shearer St. Gagnon, Elmore G.
Montreal, Que., Canadian Nat. Ry., Radio Dept Olive, Gordon William
Montreal, Que., Northern Electric Co., Ltd., Tech

Dept Peachey, C. Arthur
Montreal, Que., 7 Lafayette Ave., Montreal South Platt, J. E.
Montreal, Que., 3529 Bordeaux St. Walker, H. S.
Montreal, Que., McGill University, Engineering

Bldg. Wallace, G. A.
Seaforth, Ont., Box 515 Daly, Edmund
Toronto, Ont., 37 Lowther Ave Bowers, E. J.

England Yorks, Skipton, Spring Bank House Slater, Wilfred
Japan Sendai, No. 52, Kita-2-Bancho Nagai, Kenso
Scotland Edinburgh, 11th Royal Crescent Campbell, William

Elected to the Junior Grade
California Merced, 861 -20th St. Shaffer, Frank

San Pedro, c/o Postmaster, USS W Ca Virginia, USN.Mocdonald, H. J.
Connecticut Bridgeport, 165 Elm St Harrington, Carlton E.
Michigan Mt. Clemens, 175 Rathbone Ave. Wendler, Erwin, Jr.
Minnesota Kenyon Hjermatad, Haas U.
New Jersey Trenton, 243 Warren St Shaw, Elmer B
New York New York, 1064 Woodycrest Ave. Flythe, Thomas Y.
Ohio Toledo, 1357 Elmwood Ave Dupuis, Ernest F.
Pennsylvania Coudersport, 730 N. Main St Buchanan, Gurney Alfred
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APPLICATIONS FOR MEMBERSHIP
Applications for transfer or election to the various grades of membershiphave been received from the persons listed below, and have been approved bythe Committee on Admissions. Members objecting to transfer or election of anyof these applicants should communicate with the Secretary on or before June29th.

For Election to the Associate Grade
California Bolinas

Baker, Thomas S.Bolinas, Radio Corporation of America Clark. Robert W.Bolinas
Riddle, Elmer R.Hollywood, 1719 N. Gardner St. Blackburn, John F.Huntington Park, 66081 Rugby St Hudson, T. L. W.Jackson, 115 Court St. Snyder, W. Gilman, Jr.Los Angeles, 425 S. Bonnie Brae Dixon, A. L.Los Angeles, 5533 Hollywood Blvd Wright, James L., Jr.Menlo Park, Box 163 Seal, H. RobertPalo Alto, Federal Telegraph Co Beatty, W. E.Palo Alto, 515 Oberlin Ave
Lawrence, Robert B.Palo Alto Federal Telegraph Co Suydam, C. H.Rosemead, 1223 S. Earl St Turner, 'W. E. H.San Pedro, USS New Mexico Ruble, W. J.Colorado Denver, 2041 S. Josephine
Scheneroan, Henry W.Delaware Wilmington, 418 S. Grant Ave Smyth, EarleDiet. of Columbia Washington, 621 G Street, S. W Appich, Wm. H.Washington, 3541 Holmead Pl., N. W Bradford, Henry K.Washington, 4637 Brewer Pl., N. W Burke, James W.Washington, Navy Department Luckel, FrankWashington, Bureau of Standards Mcllwraitb, Charles G.Washington, 1123 East Capitol St. Simon, Isaac B.Washington, 1814 Jackson St Stevens, Waldo W.Georgia Columbus, Box 69 Kirkland, A. H.Columbus, Sta. WRBL Shaffer, C. RobertFort Benning, Headquarters Battery Tate, Robert L.Illinois Chicago, 6429 S. May St Ellis, Robert M.Chicago, 1900 Mohawk St Fritsel, JosephChicago, 7614 Essex Ave Levy, Samuel L.Chicago, 1728 N. Luna Ave. Owens, Robert F.Evanston, 139 Custer Ave Stein, Harold A.Indiana Anderson, 1219 Home Ave. Miller, LouisAshley Urey, George M.Sweetser Myers, DelbertVernon, Box 24 Dausch, Elmer F.Louisiana New Orleans, 3111 Louisiana Ave. P'kway Chateau, ArthurNew Orleans, 512 St. Peter Elkins, W. P.New Orleans, 1716 Painter St. Peters, C. W.Massachusetts Cambridge, 7 Kirkland St -Batchelder, L.Lexington, 16 Cliff Ave Chute, Dudley H.Lowell, 722 E. Merrimack St Coburn, E. D.New Bedford, 373 Pleasant St Meredith, W. B.Roxbury, 25 Fernboro St. Rats, Louis S.Michigan Detroit, 9125 Avis Ave Anderson, Donald T.Detroit, 8881 Lauder Ave Jackson, PaulDetroit, 2923 Kirby W. Kirby, Otto I.Detroit, 5842 Vernor Hgy West Pennebaker, R. T.Laming, 325 Smith Ave. Wells, Lawrence V.Sault Ste Marie, SS M. A. Bradley George, Edward M.Minnesota St. Paul, KSTP, St. Paul Hotel Strout, Everett M.Missouri Kansas City, 3315 Holmes St. Coates, B. FranklinSpringfield, 906 East Grand Mose, Terry L.St. Louis, 3328 Louisiana Ave Althoff, Frederick E.St. Louis, 5468 N. Kingehighway Blvd. Cook, Jesse A.St. Louis, 3631 Bamberger Ave Proehl, Robert 0.Montana Butte, 1120 West Gold St Walker, Raymond E.New Jersey Bloomfield, 18 Austin Place Weaver, Karl S.Boonton, 302 Dawson Ave. Cordell, Peter C.Collingswood, 106 Fern Ave. Richards, Horace J.Deal, Box 122 Kerwien, Arthur E., Jr.Irvington, 41-42 St Comm, George E.Long Branch, 58 Washington St Emerson, Kenneth H.Merchantville, 606 W. Maple Ave. Closson, Luke E.Newark, 820 Mt. Prospect Ave Canfield, Wilson R.Newmark, 180 Runyon St Dauber, Arthur 0. F.Roselle, 133 Vine St Boeler, Gustave A.Trenton, Glen Cairn Arms Apte. Miles, Lester F.
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New York Brooklyn, 225 -88th St Marra, Anthony
Brooklyn, 8 Bay 23rd St Rosin, Arthur
Brooklyn, 90 N. 9th St Stromeyer, Charles F.
Brooklyn, 60 Clinton Ave Wood, Wilbert C.
Buffalo, 158 Linden Ave Karelake, James S.
Buffalo, 298 Hoyt St. Parker, Arthur Z.
Elmira, 52 Harmon St Cushman, Henry S.
Elmira, 314 Sly St Taylor, Dale L.
Lockport, 115 Main St. Connette, T. W.
New York, Lexington Ave. & 43rd St. Alverecn, George S.
New York, 333 -8th St Brady, Leslie R.
New York, 91st St. & Broadway Cassell, Joseph L.
New York, 414 W. 120th St Charton, Paul W.
New York, 333 W. 52nd St. Dean, C. E.
New York, Sub Treasury Building Jensen, George L.
New York, 207 East 19th St. Pavlow, Nicholas
New York, 370 Seventh Ave. Randolph, L. F.
New York, 24 W. 59th St Theremin, Leon
New York, 45 Grove St. Victoria, Joseph L.
New York, RCA Photophone, Inc., 438 W. 37 St Wisegarver, Orton H.
Poughkeepsie, 42 Cannon St. Boyle, Frank A.
Riverhead, L. I., Radio Corp. of America Michael, David F.
Rochester, 64 Grafton St. Eaten, Perry W.
Rochester, 17 Avenue D Sylvester, Arthur
Scotia, 223 James St. Bergeron, Rosalie
Scotia, 102 James St Steiner, Harry C.
Schenectady, 1132 Baker Ave. Acheson, Marcus A.
Schenectady, 1307 Parkwood Blvd. Eveleth, Lawrence N.
Schenectady, General Electric Co. Hansen, John C.
Schenectady, General Electric Co. Larson, Robert W.
Schenectady, 111 Park Place Maser, Harold 7.
Schenectady, 1061 Glenwood Blvd More, Clifton C
Schenectady, General Electric Co Newton, Raymond A.
Schenectady, Y. M. C. A. Westendorp, W. F.
Valley Stream, 83 South Drive Kleine, William

Ohio Canton, 1030 Clarendon, S. W Ellis, Walter R.
Cleveland, 4350 Pearl Rd. Daymude, John F.

HCleveland, 1369 W. 112th St Okeson, ugh B.
Columbus, 1130 Westwood Ave Ryder, Jack D.
Cuyahoga Falls, 576 N. 4th ' Reeder, Nelson R.
Dayton, 53 Stratford Ave Cotter, Edwin M.
Dayton, 121'Frank St. Smith, Howard L.
Dover, 313 Factory St Weber, H. S.
East Sparta Walker, Nolan S.
Hudson, Box 124 Lower, R. W.
Mt. Healthy, R. 11 Lockwood, Edward C.
Wooster, 446 N. Buckeye St. Taggart, Samuel E.

Oklahoma Oklahoma City, 124 W. 6th St. Kramer V. J.
Oklahoma City, 1926 West 22nd St Moore, Paul J.
Oklahoma City, 10 East 8th St. Prell, George Ray

Pennsylvania Allentown, 725 New St. Sauerwine, Charles A.
Carrolltown Brophy, Francis J., Jr.
Harrisburg, 218 Chestnut St. Hall, Thomas, Jr.
Penbrook, 2845 Canby St Ameden, Frank P.
Philadelphia, C & Ontario Sts Snyder, Christopher L.
Pottstown, 130 Walnut St. Bets, C. Leonard
Scranton, 413 South Main Ave Bean, Clemens C.

Texas Dallas, 4537 Elk Drive Sides, J. L.
Houston, 5 N. Milam St Harrison, U. M.

Washington Seattle, 4225 Tenth, N. E Durkee, K. M.
Seattle, 5212 18th Ave. N. E Maynard, J. E.
Seattle, 735 N. 67th St. Botta, Allen E.

Wisconsin Milwaukee, 1707 Wisconsin Ave Hilton, Waldo R.
Canada Saint John, N. B. 16 Wall St. Megarity, E. A.
England Chelmaford, 20 Hill Rd Tompsett, F. J.

Cheshire, 13 Ben Nevis Rd., Birkenhead Johnson, Arthur G.
Cornwall, P. O. Radio Beam Ste., Bodmin Thomeett, H. S.
Kent, 23 Fairfield Rd., Bromley Allen, Leslie
Kent, Powder Mill Lane, Dartford Mullholland, William
Leigh -on -Sea, 1337 London Rd. Uphill, Sydney G.
London, 23 Elmwood Gdns. Biltcliffe, Thomas
York's 33 Wayland Rd., Sheffield Andrewartha, H. C.

India Bombay, Y. M. C. A., Woodhouse Rd., Fort Cornfield, M.
Italy Milano, Corso Italia 1. Banff, Aleesandro

Roma, Minister() della Marina Matteucci, Aldo
Japan Tokyo, 2 Mita Shikokumachi Shiba Hijikata, S.
Mexico Charcas, S. L. P., Jardin Hidalgo No. 10 Torres, Willehado
New Zealand Auckland, Dallinghoe Crescent, Milford Pinder, A.

/Tor Election to the Junior Grade
Alabama Auburn Brake, Paul
California Los Angeles, 1231 E. 74th St Heather, Harold

Pasadena, 1091 Wesley Ave Poorrnan, Edwin H.
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Connecticut Bridgeport, 119 James St. Cousins, Maurice N.
Georgia Atlanta, 1599 Langston St Jones, Albert L.
Illinois East Peoria, 130 Esst Washington St. Hoffman, John L.
Massachusetts Adams, 171 Summer St Barschdort, Harry 0.
Michigan Detroit, 10800 Devine St Steinhauser, C. J.
Nebraska Omaha, 4328 Erskine St Stratman, Fred W.
New Jersey Bloomfield, 26 Fairview P1. Otterbein, Milton H.
New York Huntington, L. I., 15 Wall St. Fleseel, Frank B., Jr.

Rochester, 96 Martin St Driscoll, George
Ohio Columbus, 341 West 9th Ave Goddard, John B.
England Yorks, 10 Northolme Villas, Hessle Hewetson, Geoffrey B.



OFFICERS AND BOARD OF DIRECTION, 1929
(Terms expire January 1, 1930, except as otherwise noted)

President
A. HOYT TAYLOR

Vice -President

ALEXANDER MEISSNER

Treasurer Secretary Editor
MELVILLE EASTHAM JOHN M. CLAYTON WALTER G. CADY

Managers
R. A. HEISING L. M. HULL
J. V. L. HOGAN R. H. MARRIOTT

L. E. WHITTEMORE
J. H. DELLINGER

(Serving until Jan. 1, 1931)
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STUART BALLANTINE G. W. PICKARD
RALPH BATCHER L. E. WHITTEMORE
CARL DREHER W. WILSON
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Committee on Meetings and Papers

K. S. VAN DYKE, Chairman
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STUART BALLANTINE
R. R. BATCHER
M. C. BATSEL
ZEH BOUCK
RALPH BOWN
H. H. BUTTNER
W. G. CADY
L. M. CLEMENT
E. T. DICKEY
CARL DREHER
EDGAR FELIX
V. M. GRAHAM
0. B. HANSON
L. C. F. HORLE
J. W. HORTON
L. M. HULL
S. M. KINTNER
S. S. KIRBY
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F. H. KROGER
D. G. LITTLE
WM. H. MURPHY
E. L. NELSON
H. F. OLsoN
G. W. PICKARD
R. H. RANGER
B. E. SHACKELFORD
N. H. SLAUGHTER
H. M. TURNER
PAUL T. WEEKS
JULIUS WEINBERGER
HAROLD A. WHEELER
L. P. WHEELER
W. C. WHITE
L. E. WHITTEMORE
W. WILSON
R. M. WISE
IRVING WOLFF

All chairmen of Meetings and
Papers Committees of Institute sec-
tions, ex officio.



Committees of the
Committee on Admissions

R. A. HERRN°, Chairman
ARTHUR BATCHELLER
H. F. DART
C. P. EDWARDS
C. M. JANSKY, JR.
F. H. KROGER
A. G. LEE
GEORGE LEWIS
ALEXANDER M EISSNER
E. R. SHUTE
J. S. SMITH
A. F. VAN DYCK

All chairmen of Institute sections,
ex officio.

Committee on Awards
MELVILLE EASTHAM, Chairman
L. W. AUSTIN
RALPH BOWN
W. G. CADY
A. HOYT TAYLOR

Committee on Broadcasting
L. M. HULL, Chairman
ARTHUR BATCHELLER
CARL DREHER
PAUL A. GREENE
J. V. L. HOGAN
C. W. HORN
R. H. MARRIOTT
E. L. NELSON

Committee on Constitution
and Laws

R. H. MARRIOTT, Chairman
RALPH BOWN
E. N. CURTIS
W. G. H. FINCH
H. E. HALLBORG
J. V. L. HOGAN
G. W. PICKARD
HAROLD ZEAMANS

Committee on Membership
I. S. COGGESHALL, Chairman
F. R. BRICK
W. W. BROWN
H. B. COXHEAD
H. C. GAWLER
R. S. KRUSE
PENDLETON E. LEHDE
H. P. MAXIM
S. R. MONTCALM
A. F. MURRAY
M. E. PACKMAN
J. E. SMITH
JOHN C. STROEBEL, JR.

All secretaries of Institute sections,
ex officio.

Committee on Nominations
MELVILLE EASTHAM, Chairman
ALFRED N. GOLDSMITH
DONALD McNicoL
R. H. MANSON
G. W. PICKARD

Institute --(Ca ntinued)
Committee on Publicity

W. G. H. FINCH, Chairman
H. W. BAUKAT
ZEH BOUCK
C. E. BUTTERFIELD
ORRIN E. DUNLAP
FRED EHLERT
A. H. HALLORAN
R. D. HEINL
LLOYD JACQUET
ARTHUR H. LYNCH
J. F. J. MAHER
A. H. MORSE
U. B. Ross
J. G. UZMANN
WILLIS K. WING

Committee on Institute Sections
E. R. SHUTE, Chairman
AUSTIN BAILEY
M. BERGER
L. A. BRIGGS
F. E. ELDREDGE
D. H. GAGE
F. P. GUTHRIE
A. F. MURRAY
B. E. SHACKELFORD

All chairmen of Institute sec-
tions, ex officio.

Committee on Standardization
J. H. DELLINGER, Chairman
M. C. BATSEL
W. R. BLAIR
C. E. BRIGHAM
E. L. CHAFFEE
T. A. M. CRAVEN
T. McL. DAVIS
E. T. DICKEY
H. W. DREHER
C. P. EDWARDS
S. W. EDWARDS
GENERAL FERRIS
ALFRED N. GOLDSMITH
0. B. HANSON
J. V. L. HOGAN
W. E. HOLLAND
C. B. JOLLIFFE
R. S. KRUSE
GEORGE LEWIS
R. H. MANSON
ALEXANDER M EISSNER
C. B. MIRICK
GINO MONTEFINALE
E. L. NELSON
L. G. PACENT
HARADEN PRATT
H. B. RICHMOND
C. E. RICKARD
A. F. ROSE
H. M. TURNER
K. B. WARNER
C. E. WILLIAMS
HIDETSUGU YAM
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RECIPROCITY IN ELECTROMAGNETIC, MECHANICAL,
ACOUSTICAL, AND INTERCONNECTED SYSTEMS*

BY

STUART BALLANTINE

(Radio Frequency Laboratories, Inc., Boonton, New Jersey)

Summary-Recent criticism by Carson of the statement of the reciprocal
relations in a radio communication system given by Sommerfeld is supported by a
simple example showing the incorrectness of this statement.

Carson's proof of the extention of Rayleigh's reciprocity theorem to a general
electromagnetic system was limited to µ =1 and to sources consisting of pondero-
motive forces on the electricity. A new proof is given under more general conditions,
e, Ai, a being merely restricted to be scalars and the impressed forces are of the electric
type introduced by Heaviside and Abraham. These may be regarded as impressed
charges and currents, including ether displacement current. The theorem is
finally stated in terms of volume and surface integrals, and thus combines the view-

points of both Lorentz and Carson.
The reciprocity relations in a mechanical system are reviewed.
The interconnection of electrical and mechanical systems is next considered and

a "transduction coefficient" is defined. This concept is useful in formulating
mechanical problems in electric -circuit form. An example of symmetrical trans -
duct ince (copper coil in steady magnetic field) is given. The subject of units is
taken up and it is proposed that in order to bring the mechanical quantities into
agreement with the electrical ones when the latter are expressed in "practical" units,
the mechanical quantities be expressed in "mechanical -volts," amperes, etc., i.e., in
"practical -electric units of the mechanical quantities." A table for converting the

principal mechanical quantities from c.g.s. to practical -electrical units iv given.
Reciprocity is shown to exist in interconnected electro-mechanical systems with

reversible transduction.
The equations of sound propagation in a gas are developed, regarding the

velocity and excess pressure as the fundamental quantities. An acoustical reci-
procity theorem involving these quantities is then proved.

Interconnections of mechanical and acoustical systems are then discussed and
reciprocal relations are shown to exist in the composite system. Such relations are
also valid for a system comprising electrical, mechanical and acoustical systems in

series connection.
The reciprocity relations in a reversible electrophone are applied in a method of

determining the frequency characteristic of an electrophone or microphone. This is
called the "method of three electrophones." The overall transmission curves of the
devices taken two at a time are measured and from these data the frequency charac-
teristic of any one of them can be calculated. Only one of the electro phones is required

to be reversible.

Dewey decimal classification: 8510. Original manuscript received by the
Institute, February 26 1929. Presented before joint meeting of the Institute
and the International Union of Scientific Radiotelegraphy, American Section,
at Fourth Annual Convention, Washington, D. C., May 15, 1929.
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930 Ballantine: Reciprocity in Electromagnetic and Other Systems

AT this meeting there has been presented a criticism by Mr. J. R.
Carson of the Sommerfeld-Pfrang reciprocity theorem for radio
communication, which had been reviewed by me.t Mr. Carson

seems entirely justified in emphasizing the superior generality and
fundamental character of his generalization of Rayleigh's theorem, andin challenging the scope and validity of the Sommerfeld-Pfrangtheorem in the form stated by Sommerfeld. The incorrectness of the
Sommerfeld statement in terms of radiated power and received electricforce in the case of an antenna which does not act as a dipol may beillustrated by a simple example, privately communicated by Mr.Lester Hochgraf.

Consider two equal antennas A and B some distance apart, orientedas shown in Fig. 1, and excited at such a frequency that there arecomplete positive and negative current loops. These antennas radiateequal power. Sommerfeld's theorem states that the "received field-strength" (empfangene Feldstarke) at B due to the radiation of a certain

A

Fig. 1

average power from A will be equal to that at A with radiation of thesame power from B. It will be seen, however, that the electric force
produced at B by A is finite, whereas that produced at A by B is zerobecause A is in the equatorial plane of B and in this plane the radiationvanishes (at large distance).2 This reductio ad absurdum seems suf-
ficiently convincing and illustrates in a simple way the purport of Mr.Carson's criticism.

In passing it may be pointed out that the application of the theorem
which was made in my review (loc. cit.) to the derivation of the trans-
mitting properties of certain antennas over imperfect earth from their
calculated receiving properties is in no way affected by this criticism.The only use to which the theorem was put there was to indicate the
reciprocity existing between dipols or current elements, an applicationfor which it is perfectly suitable. The theoretical conclusions of the

I PROC. I. R. E. 16, 513; April, 1928.Cf. Fig. 3, Ballantine: Paoc. I. It. E., 12, 838; December, 1924.
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review concerning aircraft communication have since been verified
experimentally.

2. Carson's Proof of Theorem II. The generalization of Rayleigh's
theorem to extended electromagnetic systems given by Carson'
(Theorem II) is of considerable importance. Carson points out that
his proof is restricted to a medium in which At =1. We may also note
that his impressed forces are ponderomotive forces on the electricity
and do not act to produce a displacement current in the ether.

The µ =1 restriction resulted from Carson's feeling that the current
u should be a linear function of E. This does not appear to be necessary,
however, and the restriction may be removed by adding to G a term
1A  curl M. The justification for this step follows from the fact that
the added term, combined with u, vanishes when integrated over all
space.

3. Proof of the Reciprocity Relations in an Electromagnetic System.
An alternative proof of slightly more general reciprocity relations in an
extended electromagnetic system may be constructed along the follow-
ing lines.

In the first place all the constitutive quantities e, o are allowed
to differ from unity and may vary from point to point. In the second
place the impressed forces will be regarded as purely electrical forces
acting upon the total current; that is, upon the etheric displacement
current as well as upon the current due to the motion of electricity.
In other words the impressed forces will not be restricted, as in Car-
son's discussion, to ponderomotive or mechanical forces on the elec-
tricity. Generalized impressed forces of this type were included by
Heaviside' and by Abraham.6 A force acting only on the electricity
can be replaced by an impressed current; a generalized force of the
type now postulated, acting also on the ether, is equivalent to im-
pressed electric and ether displacement currents combined with an
impressed charge distribution. Impressed forces of the Heaviside -
Abraham type may be objected to as artificial. It is true that in certain
simple cases, as for example that of a generator winding revolving in a
steady magnetic field, the seat of the impressed emf may be definitely
localized, but in many other cases such forces are useful as a cloak for
our ignorance of the exact mechanism of generation. In still other
cases we may have sufficient knowledge of the generating mechanism
but may wish to avoid unnecessary discussion by including only the

J. R. Carson, Bell System Tech. Jour., 3, 393, 1924.
Heaviside, "Electromagnetic Theory," Vol. I, p. 36, (London).
Abraham Foeppl, "Theorie der Electrizitaet," 6th ed., Vol. I, p. 216,

(Berlin: 1921).
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terminals of the generator in the system. A shielded vacuum -tube
generator would constitute an example of this. In such cases the idea
of an impressed charge, with its attendant electric and ether displace-
ment currents is perhaps more useful than the ponderomotive F forces
acting directly upon the electricity.

Heaviside also introduced impressed magnetic forces and inductiOn.
The utility of these seems really questionable and they will be dis-
pensed with here.

The medium is assumed to be linear and isotropic, that is, the
constitutive quantities e, 12 and a are scalars independent of the vectors,
and the vectors which they connect are always in the same direction
and linear vector functions of one another. No attempt will be made
to prove that the reciprocity relations fail in the general case where
these quantities are second -order tensors. Sommerfeld states, however,
that in the case of propagation in a Faraday medium (e.g., ions in the
earth's magnetic field) the reciprocal theorem is no longer valid. In
this case the e -tensor has the structure :

Ell - is 0

(E)= is en 0 eu =22 /e3a

0 0 E33

which is skew -symmetric. Leaving aside intuitive suspicions, so far as
I know it has not been definitely shown by Sommerfeld or anyone
else that in this case, or in the case where (e) is symmetric (i.e.,
eik=ek,), or in the still simpler case when all components except en,
22, E33 are zero, the reciprocal relations fail or cannot be properly
formulated.

Denoting the impressed electric force by Eo, the field equations for
the quasi -stationary state (i.e., a/at =ico) may be written in Gaussian
units

E0=- H-E (1)curl
4 zX

curl E= -24H/c (2)

div µH=0 (3)

div eE=0 (4)

X =cr+iwel4r. (5)

Consider two independent distributions of impressed forces E01, Eo",
and corresponding total currents C' and C" (C=X(E-1-E0)). Multiply
(1) by C=c curl H/ 4r of the other distribution and subtract; then
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Eo' C" - Eo"C' =-(E" curl H' - E' curl H"). (6)
47r

Remembering that

E" curl H' = div (H' X E")+ H' curl E"
(7)-E' curl H"= -div (H" X E') - H" curl E'.

Substituting values of curl E frogs (2) we have after some cancellation:

E 0' C" - Eo" C' = -[div (Es' X II" ) - div (E" X H')] . (8)

This is is a point relation. Upon integrating over a region of space and
using the divergence theorem, the result may be formally summarized
in the following theorem.

ELECTROMAGNETIC RECIPROCITY THEOREM

If E0' and E0" are two independent distributions of impressed
electric force which act on the total current (convection, conduction,
polarization, and displacement current in the ether), and C' and C"
represent the total currents I= (a -hicoe/4r)(E-FE0)] resulting re-
spectively from the action of E0' and E0"; if all quantities vary as
ei", and if the properties of the medium e, A, u are scalars and inde-
pendent of the field vectors, then:

fff [Eo'C"- Eo"Cldv-f- ff [E' X H"- E"XH'] yids (9)
4r

where the surface integral extends over the boundary of the region of
the volume integration.

It may be inferred that the surface integral represents the effect of
sources (i.e., E0C) beyond it, so that if there are no sources outside the

Fig. 2

region of integration the surface integral vanishes. For example, in
Fig. 2 the region is shown bounded by a surface S1 at infinity and a



934 Ballantine: Reciprocity in Electromagnetic and Other Systems

closed surface 82. It is demonstrated in Note 1 that the Si -integral
vanishes. Hence

J f fR( )dv = -f ( ),els (outward normal) (10)

but fffR+R,( )dv= 0, hence Nip( )dv=ffs,( )n,ds. This may be ex-
pressed in the following corollary:

Corollary I: If under the conditions of the above theorem, the
volume integration extends over all space and µ-1, e-1, a, and E0
are finitely distributed, then

f f [Eo' C" - Eon Clelv

=- [E'XH"-E"XH']nds=0, (11)47

that is, the surface integral vanishes.
That this is true is almost evident by inspection when it is remem-

bered that at a sufficient distance from a source the field vectors E and H
become conjugate, that is, equal inmagnitude and normal to each other
and to the direction of propagation. To avoid interruption the detailed
proof of this proposition is appended as Note 1 at the end of the paper.

The theorem in the form (9) involving both volume and surface
integrals is more eloquent than the expressions of either Lorentz or
Carson. Lorentz surrounded all sources with a surface integral; Carson
used the volume integral over all space, assuming that all external
influences could be accounted for by ponderomotive forces on the
electricity. Theorem (9) combines both viewpoints. The surface
integral is often useful in avoiding inquiries into complicated sources;
it is simply necessary to surround the source by a surface and calculate
E x H through it.

Equation (6) leads to another form. Since curl H=4rC/c, C being
as before the total current;

Eo'C"- Eo"C' = Eo"C' -E'C", (12)and

iff (13)

This does not involve the impressed forces E0 and is a general relation.
Considering for a moment the case contemplated in Carson's

theorem, in which the impressed forces are of the nature of pondero-
motive forces on the electricity and do not act on the displacement



Ballantine: Reciprocity in Electromagnetic and Other Systems 935

current (which is equivalent to saying that there are no impressed
charges), equation (1) would be written

E0= -c curl H-(X' +-)E (14)
4r 47r

where X' = cr-Fico(e - 1)/c. We should then have Carson's result
(Theorem II)

fff[Eo'u"-Eo"tildv= O. (15)

Here u represents the current due to the motion of electricity. When
we have to deal with impressed currents u0 due to the motion of
electricity (1) may be written

curl H=41-XE/c+4ruo, (16)

and the following reciprocal relations obtain

Jf f [E"uoi- ruo"]dv= 0 (17)

note that at the field vector E replaces E0 in this expression. An
example of such an impressed current would be furnished by electrons
acted upon by mechanical force.

If in (11) we substitute C =X (E+ Eo) then:

ff [Eo' - Eon Cldv = f ff X[E0'E" - Eo"E' ]dv , (18)

which furnishes another useful relation involving only the E's.
4. Example of the Application of the Electromagnetic Theorem.

Calculation of the Effective Height of a Receiving Antenna. The
physical significance of the reciprocity relations expressed by equation
(11) may be brought out by means of a practical example. The follow-
ing application to the calculation of the effective height of a receiving
antenna is due to R. M. Wilmotte° and is simple and instructive.

The impressed voltage acting upon an element dx of the antenna
(Fig. 3) is the component along the wire of the electric vector in the
wave. Identify this with E0 in (11) and call it E(x) where x is the
distance along the antenna wire. Our problem is to find the value of a
localized emf E, which when inserted in some branch of the electric

6 R. M. Wilmotte, Jour. I. E. E 66, 966 1928. Communication from the
National Physical Laboratory, Teddington, England.
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circuit connected to the antenna terminals AB will produce in this
branch the same current which is produced by the action of the dis-
tributed force from the wave. The reciprocity theorem states that in
any element dx the current 1(x) produced by E will be equal to the

etc E.,1,

5

..,1X / /
-E

Fig. 3

current at the point of application of E due to an equal voltage E(x)
impressed at dx. Stated mathematically, for each element dx, EI
=E(x)I(x). This is true for each element of the antenna and is there-
fore true for the whole structure. Applying it to the whole antenna

Eol= f E(x)1(x)dx. (19)

We define the "effective height" as usual as h=E/E'; where E' is the
electric force in the wave. If E(x) is uniformly distributed along the
antenna, E(x)/E' =1. The possibility of this calculation rests upon
knowing I(x). Wilmotte,7 in an important piece of experimental work,
has verified in the case of an -antenna of simple geometry, the approxi-
mate correctness of the old assumptions (Abraham, Pierce, etc.) of a
sinusoidal distribution of current along the antenna.

In the case of a vertical antenna with E at the base, 1(x)=I sin
2rx/X/ sin 2r//X, and

1 2rx 4no sins rn/ 4noh- in dx =1-(20)
sin 2r//X f so X rn sin rn/2

where no is the fundamental frequency and n the operating frequency.
At the fundamental n=no and h=21/r.

An interesting case is that of the short rod antenna proposed by
F. H. Drakes for reception on airplanes in connection with a highly
sensitive receiver. When the airplane is in horizontal flight the hori-
zontal fusilage members contribute nothing, so that since n = no the
effective height is equal to half the actual height.

7 R. M. Wilmotte, Jour. I. E. E., 66, 617 1928.
7 F. H. Drake, Contributions from the Radio Frequency Laboratories No.

8, October 1928; PROC. I. R. E., 17, 306; February, 1929; Aero Digest, October,
1928.
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5. Mechanical Systems. By a mechanical system is meant a sys-
tem composed of moving parts having mass, compliance, and resistance
(dissipation), these parts being usually amenable to direct physical
observation. Elastic solids, fluids and gases are really also mechanical
systems, but for convenience will be treated as acoustical. The re-
ciprocal relations in a mechanical or dynamical system which can be
described by means of linear equations have been discussed by the late
Lord Rayleigh .9 Reciprocity exists between the displacements and
forces, although it is often convenient, especially when employing
electric -circuit analogies of the mechanical system, to replace the dis-
placements by the velocities.

If a set of impressed forces F1', F2', Fa'  produce displace-
ments x1', x2', x3' , and another independent set of forces Fi",
F2", F3"  produce displacements x1", x2", x3" , then

F2'x2" +  = Finxi'd-F2"x21-1- , (21)

or generally

E(F'x" -Fnux')=0 . (22)

If we are dealing with velocities the x's in (22) are simply replaced by
v's.

The circumstances of validity in the mechanical system are the
same as those for an electrical system as discussed in Sect. 3, viz.
quasi -stationary state with quantities varying as ei", linearity in the
relations between forces and displacements, and complete reversibility.
Reversibility should not be confused with friction. Failure of rec-
iprocity would follow if elastic hysteresis or an equivalent phenome-
non were present. Friction will also introduce non -linearity when
the velocity is small. All these practical limitations must be taken
into consideration in making applications of the theoretical theorems.

6. Electro-Mechanical Systems. Since there are reciprocal rela-
tions between impressed electric forces and currents in an electric
system, and between impressed forces and velocities in a mechanical
system, they can be shown to hold in an interconnected electro-
mechanical system, provided that the interconnections are linear and
reversible.

In considering such composite systems I have found the use of an
interaction, or transduction coefficient convenient. This may be defined
as follows: let F be the mechanical force acting upon an element of a
mechanical system as the result of a current I flowing in an element of

9 Rayleigh, "Theory of Sound," Art. 108, (London: 1877).
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an electrical system. Then the eledro-mechanical transduction T.m be-
tween these elements is defined as

Fo = Tem/ .

Similarly if E0 represents the electromotive force due to an element of
a mechanical system moving with velocity v, then the mechano-
electrical transduction T.. is defined by

E0= T..v.

If the transformation is reversible T..,=T,.; and if the interaction is
linear T is independent of I or v. The dimensions of T are [Mli2L-1/2].
The "mutual energy" is equal to 1/2 TIv.

This concept is of considerable utility. Recent years have seen an
increasing use of electrical analogues of mechanical systems. By this
means we can bring to bear upon mechanical problems a great deal of
knowledge concerning electrical networks which has resulted from the
economic necessity for studies of electrical problems. In such formu-
lations the role of the transduction coefficient is something like that of
a mutual inductance between the real electrical circuit and the electri-
cal analogue of the mechanical system.

11355  rn, -

InduclanCe .1.

Fig. 4

As a simple example of this point of view consider the electro-
mechanical system shown in Fig. 4. The coil is situated in a uniform
magnetic field, Ho. We shall neglect eddy currents. The ponderomo-
tive force in each element of volume is, generally,

1

F0=-[/X/3]--1W grad µ. (23)87

In the above case if the coil is of copper B =11, µ =1, so that
1

F0= -[/X110] (24)
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on each element of the coil. Hence Tem =Ho/c. In the mechano-
electrical process the induced emf due to a motion of an element of the
wire with velocity v is

E0= = [vXH0] (25)

so that T,.=Ho/c. The processes are thus reversible and the trans-
ductance is symmetrical, T..= T...

The subject of units deserves some attention. If E0 is expressed in
volts, I in amperes, F in dynes, and v in cm per sec., then

Fo =10-1IHo dynes amp

E0 = 10-8vHo volts, cm/sec

therefore Tem= 10-4; T..= 10-8. T.. can be adjusted to have the same
numerical value as T.. when E and I are expressed in practical units
by expressing F and v in appropriate units. We shall call these units
in this particular case mechanical volts and mechanical amperes, re-
spectively, or alternatively, practical electric units of mechanical force
and velocity. A collection of the principal electro-mechanical analogues
and of conversion factors from c.g.s. mechanical units to "practical
electric" mechanical units is given in Table I.

(26)

TABLE I
Table for conversion of mechanical quantities expressed in c.g.s. units to units based upon the

practical electrical system as may be required in the formulation of electrical analogues of mechanical
systems.

MECHANICAL
QUANTITY SYMBOL DEFINITION

ELECTRICAL
ANALOGUE c.g.s. UNIT

VALUE IN PRACTICAL
ELECTRICAL UNITS

displacement
x x

charge 1 cm 10-9 mech. coulombs
force F F voltage 91 dyne 10 mech. volts
velocity v dr Idt current 1 cm/sec 10-s mech. amps.
energy W Fx energy 1 erg 10-9 joules.
power P Fe power 1 erg/sec 10-9 watts
resistance R F /v resistance 1 dyne/cm/sec 109 mech. ohms.
mass m F/ivo inductance 1 gram 109 mech. henrys.
compliance C x IF capacitance 1 cm/dyne 10-9 mech. farads
stiffness a F /x 1 dyne/cm

According to this point of view the sytem in Fig. 4 may be repre-
sented as shown in Fig. 5. The transduction is represented by T, and
symbolically as a mutual inductance. In this "mutual inductance"
representation only the inductance directly concerned with the inter-
action is included in the primary coil and only the masses of the
mechanical elements associated with the transfer are included in the
secondary "coil." The so-called motional impedance of the system is
easily seen to be the impedance between the electrical terminals AB,
and the damped impedance that between AB with the secondary open.
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This representation in familiar electric form enables us to see at a
glance what reactions the mechanical system will have upon the elec-
trical system, and conversely the effect of the electrical circuit upon
the motion of the mechanical system when an impressed mechanical
force is acting. The latter effect is usually neglected by writers on this
subject but obviously becomes of importance when the transfer is
high. The conditions for maximum transfer between the systems can
also be immediately formulated.

Fig. 5

The demonstration of the reciprocal relations in the interconnected
system now proceeds along the usual lines. Let a set of impressed
electric forces El', E2'  E' act in the electrical system, and a set
of mechanical forces F1', F2', , Fk' act in the mechanical system; let
the corresponding currents in the electrical system be /2', , /'
and the velocities in the mechanical system be vi', v2', ; let also
F", E", I", v" represent a second set of such forces, currents and
velocities. All quantities vary as ei".

= /2z1+/2m124-/ami3+  v1T11+ v2T12+ 

E2 = /1M12 /2Z24-1- /3M23 " V1 T21 + V2 T22 + 

F1 = /1T111+/2T12'+/3T13' +  " VIZI+ V23/12 4- '

F2 = /171211 +/2 T221+ /3T23I+  V1M21+ V2Z2+ 

(27)

Here TA represents the electric force in mesh j due to velocity vk of
mechanical mesh k, and TA' represents the mechanical force in mechan-
ical mesh j due to the electric current in mesh k; z and m represent
electrical self and mutual impedances, and Z and M represent corre-
sponding mechanical impedances.

Set up another system of equations for the other set of forces E"
and F". Multiply line 1 of (27) by /2", line 2 by /2" and so on, and line
1 of the second set by /2', etc., and subtract. Then if the connections
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are perfectly reversible, that is Mjk=Mkj; Mjk=lnkj, and T T' ,k, we
obtain the following general reciprocal relations

EE."I.'+F."v.i. (28)

Considering the simple case in which all the forces except two are zero

E'I"=F"G' , (29)

which is an expression of simple reciprocity. In words this states that:
if in an interconnected electro-mechanical system a unit electric force
impressed in an electrical mesh produces a certain velocity in a mechan-
ical mesh, then an equal mechanical force acting in the mechanical
mesh will produce a current in the electrical mesh which is numerically
the same as the velocity previously produced in the mechanical mesh.

Equation (28) is correct as it stands if F is expressed in dynes, v in
cm per sec., and E and I are expressed in electromagnetic c.g.s. units,
or electrostatic c.g.s. units. In order to be correct when E and I are
expressed in volts and amperes, F must be expressed in mechanical
volts and v in mechanical amperes as above. If E and I are in volts and
amperes, and F and v are in dynes and cm per sec., then a factor of
107 will occur, that is

E' I" =107F"v' (30)

In the more general expression (28) this factor will also precede Ft)
whenever they occur.

A word may be said as to the linearity and reversibility in practical
interconnections between electrical and mechanical systems. In
the example of Fig. 4 reversibility may be safely assumed,
but in general when the system contains ferro-magnetic materials,
hysteresis and the non -linearity of the B -H relation demand some
caution. When the amplitudes are small the higher order effects can
generally be ignored. Eddy currents not depending upon magnetic
behavior will not disturb the reversibility or linearity.

7. Acoustical Systems. Turning now to the propagation of sound
of small amplitude in air, it will be convenient for reference purposes to
preface the discussion of the reciprocal relations by a brief statement of
the principal equations. These will be given in modern vector form and
the excess pressure p and velocity v will be regarded as the fundamental
quantities, analogous to E and H of the electromagnetic field and F
and v of the mechanical system.

If we ignore viscosity and have a ponderomotive force Fo per unit
mass acting upon the body of the gas, the motion may be described by
Euler's equation



942 Ballantine: Reciprocity in Electromagnetic and Other Systems

av 1 1
grad v' -v X curl v+- grad P.at 2

In addition we have the equation of continuity
a p

atp div v+ v grad p=0.

(31)

(32)

If the motion is irrotational, curl v =0, and if the amplitudes are small
we may neglect the terms grad (v v) in (31) and v  grad p in (32);
so that

Fo = av/at -1- grad P/p;

ap/at+p div v = .

(33)

(34)
A further relation between p and P is furnished by considering the
adiabatic expansion and compression of the gas

P/Po = (P/Pc)', (35)
where for air -y=1.4, and Po and Po represent the steady values of
these quantities. Now eliminate P from (31) and (32) by means of (35)
and let the excess pressure p =P - Po; then

Fo = a v/at-F grad p/po, (36)
ap

div v = -
1- - 

7P0 at

These equations and the boundary conditions are sufficient to deter-
mine p and v. Take theilivergence of (36)

a 1 1 a2p 1div Fo= - div =at Po yPo ais Po

from (37) so that p satisfies the wave -equation

(37)

(38)

Po a2p
V2P

-yPo at'
=po div Fo (37)

Similarly, taking the gradient of (37)

1 a Po (a2v aFograd div v = v2v - - - grad p = - - --), (40)7p. at 7P0 at2 a.
so that v also satisfies the wave -equation

Po 021, Po aF.
v2v -= -- .

'Y 0 at' 7P0 at (41)
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The energy relations involving these quantities are interesting. Multi-
ply (36) by vpo to get the rate at which work is done by the impressed
force Fo per unit volume:

PoFov=povaviat+v grad p. (42)

But v  grad p = div (v  p) -p div v. Substituting the value of div v from
(37) and integrating over a region of space

Iill 1 1poFovdv=t f ff [-2p0v24-2 p2]dv
(1) (2) (2)7P°

+ ffp.v.ds. (43)
(4)

This states that the rate at which work is done by the impressed forces
(1) is equal to the rate of increase of the kinetic energy (2) plus the
rate of increase of the energy of compression (3) plus the rate at which
energy is escaping across the boundary (4). The flow of acoustic power
is represented by the vector Pv, which is therefore analogous to the
Poynting-vector E X H of the electromagnetic theory.

Reciprocal relations in acoustics have been stated by Helmholtz."
We shall, however, derive the relations anew and in somewhat greater
generality in terms of the quantities F, p, and v which are here re-
garded as fundamental, rather than in terms of the "sources" and
velocity -potential of the historical treatment.

Consider two independent sets of impressed forces F0', Fo", pres-
sures p', p" and velocities v', v". Multiply (36) by the v of the other
set and subtract

Fo'v"-Fo"v'=-1 (v" grad p'- v' grad p"),
Po

in the quasi -stationary state (all quantities varying as ei"). But

v grad p = div (vp) -p div v;

hence, substituting the value of div v from (37),

po(Fo'v"-Fo"v')= div (v"p' -v 'p").

(44)

(45)

This is a point relation. The result of integration over a region of space
with the employment of the divergence theorem may be expressed in
the following theorem.

1° Lord Rayleigh, "Theory of Sound"; Vol. 2, p. 132, (London: 1878).
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ACOUSTICAL RECIPROCITY THEOREM

If in an acoustical system comprising a medium of uniform den-
sity po propagating irrotational vibrations of small amplitude, a dis-
tribution of impressed ponderomotive force F0' per unit mass per
unit volume varying as e" produces a velocity v' and pressure p',
and a second distribution of impressed force F" produces velocity v"
and pressure p", then

P0 fff (Fo'v" -F"v')dv= f f (v"p' - v'p")ds , (46)

where the surface integral is to be taken over the boundaries of the
region of volume integration.

Corollary I: If the volume integral extends over all space and
the distributions are finite:

f f f (F0 'v " - )d v = 0 . (47)

The surface integral, as in the electrical theorem, represents the
effect of impressed forces or other sources outside the region of volume
integration, or those introduced at the boundaries. If there are no
such sources the surface integral vanishes. This proposition is demon-
strated in Note 2 at the end of the paper. Either the volume or the
surface integral may be used, the surface integral being then taken over
surfaces enclosing all sources.

The irrotational waves considered above are of a simple "compres-
sional" type.

Body forces of the type F0 postulated above are conceivable but
are seldom encountered in practical acoustical problems. What we are
generally concerned with are boundary forces arising from the motion
of a mechanical boundary or discontinuity. The transfer of energy to
the acoustical system may also be achieved by a thermodynamic pro-
cess, as in the thermophone. An example of the Fo type of body force
would be the direct electrical excitation of an ionized gas; an example
of the boundary type of force would be provided by a moving dia-
phragm, or piston. In this case the reciprocal relations are exhibited by
the surface integral, that is

ff (p'v"-p"v')ds=0 (48)

Either p or v may be regarded as "impressed." In the case of the radi-
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ation of sound from a vibrating piston, for example, either the impressed
mechanical force on the piston or its velocity may be specified.

The above demonstration relates to sound propagation in a gas and
should be supplemented by a similar demonstration for elastic solid
and liquid media since the gas system may have such boundaries. The
equations and the proof for irrotational vibrations in these media are
the same as those given if the compressibility of the gas (1/7P0) is re-
placed by the reciprocal of the bulk modulus 1/k for the solid or liquid,
or 1/(X+2µ) for the solid.

It may be remarked in passing that a special type of force is re-
quired to set up pure rotational waves (transverse or shear waves) in
an isotropic elastic solid, and in general this type of vibration will not
be excited in the solid by an incident irrotational wave from the gas.

8. Mechano-Acoustical Systems. Let us now consider the reci-
procal relations in interconnected mechanical and acoustical systems.
A mechanically driven piston is an example of such interconnection.
This sort of transduction differs from that between an electrical circuit
and a mechanical system in that the mechanical and acoustic systems
are really both mechanical. It is, in fact, more nearly analogous to the
interconnection of an electrical network and an electrical space -

Fig. 6

radiation or receiving system, both of these processes being electrical.
The forces in the acoustic system are mechanical forces, and the veloc-
ities are physical velocities, and both are measured in the same sys-
tem of units which is used for the corresponding mechanical quantities.
An extended argument is therefore not necessary to establish reci-
procity in the connected system, and it is merely necessary to identify
p and v of (46) with the force and velocity of the mechanical system.
The acoustic pressure is the force per unit area of the mechanical sys-
tem, and the velocities must be the same.

As an example of reciprocity in such a system consider two dia-
phragms A and B (Fig. 6). If we impress on a unit area at Pi a force
F0' the velocity v' produced at a point P2 of the other diaphragm will be
equal to the velocity v" which would be produced at Pi if an equal force
F" were impressed on unit area at P2. An important use of this theorem
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is the deduction of the receiving properties of a sound transducer from
its transmitting properties, and vice versa.

9. Interconnected Electrical, Mechanical and Acoustical Systems.
Reciprocal relations have been shown to hold in an electro-mechanical
system and in a mediano-acoustical system, therefore they hold in a
composite system involving all three systems in interconnection in

U 11
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Fig. 7

this order. (Reversible transduction directly between electric and
acoustical systems is rare and a mechanical system will usually inter-
vene between them.) The reciprocity in such a composite electric-
mechanic -acoustic system as shown in Fig. 7 may be expressed as
follows, Fo being an acoustical body -force

J PoFouvf w= (49)

If we deal with pressure in the sound field, p" will replacepo Fo". In
words: if a generator of emf E' (in em or es c.g.s. units) operates in an
electrophone circuit and produces at a point P in the sound field a
velocity v', then a numerically equal force in dynes exerted at P on the
gas material per unit volume, or communicated as a pressure, will

rm,\AmmivVVVAAJV

Fig. 8

produce a current I" in the electrical mesh equal to the previously
produced velocity v' at P.

The transduction must of course be reversible. An electromagnetic
or electrostatic device (e.g., condenser microphone) would probably be
sufficiently reversible, but a thermophone would certainly violate the
requirements because of the irreversibility of the Joulean effect.

As a further extension of the composite system we may set up two
reversible electrophones, as shown in Fig. 8, and state that in the
terminating electrical circuits
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E'l" = E"I' (50)
The reciprocal relations are then the same as if the system were entirely
electrical.

10. Example of the Application of the Extended Reciprocity Rela-
tions. Frequency Calibration of an Electrophone. The above extended
reciprocity relations between two reversible electrophones has an
interesting and useful application in a method for determining the
frequency response characteristics of an emitting electrophone or a
receiving microphone. This may be called the "method of three electro-
phones" and is analogous to the method of measuring the resistance
of a ground by the method of three grounds, or of the effective height
of an antenna by using two additional antennas. The frequency
characteristic of the electrophone usually desired is that in a certain
direction, say normal to the sound -emitting area. (Characteristics in
other directions may obviously be obtained in the same way.)

©-o

0-0 Fig.). taf,

Ca.) f,(..)

Fig. 9

The electrophones are used two at a time (Fig. 9) and are situated
so far apart that the wave -front is substantially plane and the inter-
action between them is negligible. The purpose of this is to obtain
data which will be fundamentally related to plane waves; investiga-
tions based on divergent waves may be carried out by proper adjust-
ments of separation. One unit is excited by a generator E' of variable
frequency and the current (or equivalent) in the other is measured.
Let the frequency characteristics of the individual electrophones with
respect to plane waves be denoted by fi (w), f2(w) and f3(w), respectively.
Then for transmission from No. 1 to No. 2, for example, the measure-
ment will give F il(w)=-Mo.9f2(co). The transmission characteristic of
No. 2 to No. 3 (F23) is next obtained, and then that from No. 1 to
No. 3 (F13). This experimental information suffices to determine

f2, or f3. For
F12 (CO fl (4)/2 (W)

F23 (0) = f2 (6)f3 )

Fla (CO =h(w)fa(w) ,

(51)
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which is a set of simultaneous functional equations to be solved for the
fs. The solutions are

fl = (F12F13/F23) 112

.12(w) = (F12F23/F13)1I2 (52)
fs(w) = (FJ8F23/F12)112

If absolute values for the f s are desired care must be taken to
measure properly the F's for each pair. For most purposes, however,
all that is required is a curve of the relative variations of f(w) with
frequency; in this case absolute values of the F's are of no importance.

It may be noted that in the special case of two electrophones
having identical frequency characteristics it is merely necessary to
measure the frequency -transmission F for this pair since F12(co) =112
(0)f21(w) and j1 = (F12)"2. This match will rarely be sufficiently exact
in practical apparatus, except perhaps with precision microphones of
the air -damped variety which have been accurately made and ad-
justed as to membrane tension.

It is also worth noticing that this method of calibration is equivalent
to a Rayleigh -disk calibration in that it also takes into account the
effect of reflection by the microphone."

As will be seen from Fig. 9 this application of reciprocity requires
only one of the electrophones (No. 2) to be reversible. Also note that
one of them, No. 1, is always used as a source, and that the other, No.
3, is always used as a receiver. Thus a thermophone (irreversible)
might be used at No. 1 as a source, with a reversible electrophone No.
2 as a compaistor, to calibrate a carbon microphone, No. 3 (irre-
versible). It is needless to say that in order to obtain fundamental data
the work should be performed in the open air and at a sufficient
height to avoid disturbance due to reflection from the earth.

Note 1

It is required to evaluate the integral

ff .1.[Eo'C"-Eo"Cldv. (1)

To do this we shall make use of the electromagnetic potentials A and
4, between which and the field vectors the following well-known
relations exist

11 For an account of this effect and of another method for evaluating it, see
Stuart Ballantine, Contributions from the Radio Frequency Laboratories, No. 9,
December 1928; Whys. Rev., 32, 988, 1928; PROC. I. R. E., 16, 1639; December,
1928.
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B = curl A; E= -grad 4,- icuAlc. (2)

also A2.4- (- A =dal A= -icoEo/c-471-u/c- curl H (3)
c

dal (1) = - 47rp (4)

div A= -icock/c (5)

M=(µ-1)11; B= PH (6)

u is the current due to the motion of electricity; p is the charge (ex-
clusive of impressed charge, po=div E0/47r). Equation (6) of Sect. 3
may be written, since curl H=curl B- curl M:

Eo'C"- Eo"C' =(E" curl B' -E' curl B"
47r

-E" curl M'+E' curl M"). (7)

Substituting for E and B their values (2) in terms of the potentials,
we have

Eo'C"-E0"C'=

(1) grad 4," dal A' -grad 4,' dal A"

(2) +-(A"A'A'-A'02.4")

(3) +grad 0" curl M'-grad 41' curl M"

2.4)
(4) -F-(A" curl M' - A' curl M").

(8)

We will consider these terms in order. Substitute in (1) the value of
dal A from eq. (3), then

((1) = - grad (1)" -+-) +grad ¢'(--F-
c c

47rui uoE0'

c c

4ru' iwEo'

-grade" curl M'+grad 4,' curl M". (b)

(a)

Note that term (lb) cancels term (3). Transform (a) by means of
the theorem

filD grad Iiidv= f ff div (0)dv- f ff tk div D  dv
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and since div C=0

(la)
= iff .:(p" div Et - (p' div E")dv

+- f ki(47run-l-icao")-4)"(47ru'-ko)E0')].ds.

If the integration embraces all space the integral over the infinitely
distant surface vanishes for a finite distribution of E0 and u. As to
the volume integral, note that div E = 42-p, the value of which is
given by (4) above. Making this substitution and applying Green's
theorem

(la)
iCO fff (4) itA4) - ")dv

=11') f (080' _0,a0")
cf \ an an/

If the surface is at infinity, a/an= -iw/c so that this term also
vanishes. Terms (1)-1-(3) are therefore =0.

Term (2) vanishes for similar reasons. Applying Green's theorem

(2)
iw f (A"A2A'-A'A24,1")dv

ds .

aA' aA'
= f f ds

Aan an)
This can be regarded as a scalar equation for each component of A.
As before, Van= -io.)/c for the infinitely distant surface so that the
integral over all space is zero.

The remaining term (4) may be transformed by means of the
theorem

so that

iffP curl QrIv= -f f (P X g),48

+ fff g curl Pdv

(4) =Zc fff (M' curl A" - M" curl A')dv

- f f (A" XM' - XM").ds



Ballantine: Reciprocity in Blectromagnetio and Other Systems 951

If, as before, the distribution of ;I -1 is finite the surface integral
vanishes. As to the volume integral, since curl A= B and M= (µ-1)
BAL

(4) = I -B"Bi)d1)=0CJJJ 1.1

This completes the demonstration that the integral (1) vanishes when
taken over all space.

Note 2

It is required to show that in the acoustical case

120 ff f
(Fo'v" -Fo"v')dv= f f (v p' -v'p")ds (1)

generally, and if the integration is over all space the result is equal to
zero. Let there be two distributions of impressed force Fo' and Fo"
of the type ea*. Then according to equaticn (49)

4,2s/' -1c2v'=AF0' (2)

A2v"-k2v"=AFo" (3)

where k2 = -Pow2hP0 and A = -icupolyPo. Multiply (2) by v" and (3)
by v' and subtract

A(FoIv" -Fo"vI)=v"A2v'-/A2v". (4)

Integrate this over a region of space and transform the right-hand side
by means of Green's theorem

av' ,av''III (v"A2V - viti2v")dv = v"- -v ds.
an an . (5)

If we consider an integral over all space and take the surface to be that
of a sphere, 8/0n= -iw/c, and the surface integral vanishes, giving

ff f (Fo'v"-F)"vi)dv=0. (6)

The properties of the medium Po and po have been assumed to be uni-
form. The theorem can also be proved for the case where they vary
from point to point, but this paper is already long and this work will
not be reproduced.
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RECIPROCAL THEOREMS IN RADIO COMMUNICATION*

BY
JOHN R. CARSON

(American Telephone and Telegraph Company, New York, N. Y.)

Summary-Two reciprocal theorems, the generalized Rayleigh theorem and
the Sommerfeld-Pfrang theorem are of great theoretical importance in radio-
communication. A careful analysis of these theorems and their mathematical deriva-
tions shows that thiy are quite distinct and their practical fields of application
different. In particular it shows that the Sommerfeld-Pfrang theorem labors under
restrictions, implicit in its mathematical derivation, which seriously limit its field of
practical applicability.

IN his "Theory of Sound", Rayleigh states and proves the following
reciprocal theorem:
I. Let there be two circuits of insulated wire A and B and in their

neighborhood any combination of wire circuits or solid conductors in com-
munication with condensers. A periodic electromotive force in the circuit
A will give rise to the same current in B as would be excited in A if the
electromotive force operated in B.

This theorem is of the greatest usefulness in electric circuit theory
and in communication engineering, and is employed extensively. One
of its principal uses is to deduce the transmitting properties of a trans-
mitter from its receiving properties, and vice versa.

In 1923 I was asked to look into the question as to whether the
theorem is valid in radio -transmission. A brief examination showed
that the proof of the theorem, as given by Rayleigh, is valid for quasi-
stationary systems only, and is, in fact, deduced from the equations of
rigid mechanics. It proved, however, not too difficult a matter to
deduce the following generalized reciprocal theorem.'

IIa. Let a distribution of impressed periodic electric intensity
F'ei"= F' (x, y, z)ei" produce a corresponding distribution of current
density u' ei" = u' (x, y, z)ei", and let a second distribution F"ei" produce
a second distribution u"ei" of current density; then

f(F'  u")dv = f (F"  u')dv

* Dewey decimal classification: RI90. Original manuscript received by the
Institute December 27 1928. Presented before joint meeting of the Institute
and the International Union of Scientific Radiotelegraphy, American Section, at
Fourth Annual Convention, Washington, D. C., May 15, 1929.

IA Generalization of the Reciprocal Theorem, BeU Sys. Tech. Jour., July, 1924.
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the volume integration being extended over all conducting and dielectric
media. F and u are vectors and the expression (F u) denotes their scalar
product.

In 1925 Sommerfeld published the following reciprocal theorem2
III. If Al and A2 are two antennas located at 01 and 02 respectively,

and have arbitrary orientations, and signals are first sent from Al and
received by A2 and then sent with the same average power from A2 and
received by A1, then the intensity and phase of the electric field at the re-
ceiver Al will be equal to that previously produced at A2, regardless of the
electrical properties and geometry of the intervening media and the form of
the antennas.

In order to bring out the distinction between theorems Ha and III
and to state the former in a form more suited for immediate application
theorem Ha may be stated more concretely as follows:

II. If an electromotive force is inserted in the transmitting branch of
antenna Al and the current measured in the receiving branch of A2, then
an equal current (both as regards amplitude and phase) will be received in
the transmitting branch of Al if the same electromotive force is inserted in
the receiving branch of A2.

Just as theorem II is based on the more general theorem Ha, so
the Sommerfeld-Pfrang theorem III is based on the following recir
procal theorem due to Lorentz.

Ma. If E' ei", H'e" are the field vectors due to a periodic disturbance
from a source Al located at 01 and En Ow', e"." the corresponding field
vectors due to a disturbance originating in A, from a source located at 02,
then

[E"  H' ]do- = [E'  H" ]dcr
J :+2 1+2

the surface integrals as -indicated by the subscripts 1 + 2 being taken over
closed surfaces 1 and 2 surrounding the sources Al and A2 respectively.

It now remains to discuss the utility and significance of these
theorems in radio transmission problems and to point out the essential
distinctions between them, concerning which there appears to be con-
siderable confusion. Before doing so, however, it seems desirable, and
even necessary, to discuss explicitly the restriction imposed on the

2 Zeit. far Hochfrequenztechnik, 26, 93, 1925. In this paper Sommerfeld gives
credit to H. Pfrang for the original statement of this theorem (Munchen Dia-
set4ation, 1925) and at the same time points out that it is deduced from a
reciprocal theorem due to Lorentz. The Sommerfeld paper is reviewed by Stuart
Ballantine in the April 1928 issue of these PROCEEDINGS. In that review Ballan-
tine mentions in passing that I have generalized Rayleigh's theorem for electric
circuits. This would hardly seem an adequate description of the generality and
scope of theorem Ha.
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generality of the theorems; restrictions which, as regards the Sommer-
feld-Pfrang theorem III, seriously limit its applicability to radio trans-
mission problems.

As regards the generalized Rayleigh reciprocal theorem, the only
restriction is that the current (conduction plus polarization) must be
linear in the electric intensity. Otherwise the medium may vary
arbitrarily from point to point. In particular the transmitting and
receiving antennas are absolutely unrestricted in their geometrical
form, electrical constants, arid disposition with respect to other con-
ductors and conducting bodies, such as the earth. Both theorems fail
when the waves are propagated in an ionized medium in which the
earth's magnetic field has an appreciable effect on the conduction
currents.'

In my original proof of the theorem the permeability 1.4 of the
medium was restricted to unity. Very recently Pleijel* has stated the
theorem without this restriction. This theorem is not, however, the
same as mine because the applied forces are not defined in exactly the
same way and do not agree exactly with the physical definition of
applied forces. The question as to whether the theorem holds when
/.4 1 seems to me still open. ill

In Sommerfeld's paper' and in Ballantine's review' thereof, certain
restrictions on theorem III are carefully pointed out. For example, the
relations D=eE, B=µ11 and I =crE, must be linear. On the other
hand, other and in practice more serious restrictions are not stated but
are implicit in Sommerfeld's mathematical proof. For this reason an
analysis of his proof was made, which showed that the following re-
strictions limit the generality of the Sommerfeld-Pfrang reciprocal
theorem III:

(1) The transmitting and receiving antennas, instead of being
arbitrary geometrical forms, must both behave like simple electric or
magnetic dipoles, as regards their radiation fields.

(2) The transmitting and receiving antennas must both be so far
removed and isolated from other conducting bodies (including the earth)
as to make the reflected field due to induced currents and charges in
such bodies negligible in the neighborhood of the antenna which is
regarded as the transmitter.

3 This fact makes the application of the Reciprocal theorems to short wave
transmission somewhat doubtful but does not seriously affect their application
to long waves.

4 Ingeniors Vetenskaps Akademien, No. 68, 1927. There are two small
errors in Pleijel's proof, which, however, are easily remedied.

6 See footnote 2.



Carson: Reciprocal Theorems 955

These restrictions are so serious and so limit the applicability of the
theorem in practical engineering problems as to call for the detailed
analysis of the proof which follows:

Let Eei" and Heim' be the electric and magnetic vectors, respec-
tively; ueiwg the current density; and let it be assumed that the linear
relations

D=eE; B=µ11; u=aE (1)

hold everywhere in the medium.
Now suppose that E', H' denote the electric vectors due to a source

A1 located at point 01; and E", H", the corresponding field vectors
due to a source A2, located at point 02. The Lorentz reciprocal theorem
then states that

div [E'  H" ]= div [E"  H'] (2)

the square brackets denoting vector product. It follows immediately
that

[E'  H''[.da 1+ f [E'  H'' ]adas
2

= f [En  H']ndcri+ f [E''  111.4-2 (3)
2

the integrals 1 and 2 being taken over closed surfaces enclosing the
sources A1 and A2, respectively. Subject to the linear relations (1),
formulas (2) and (3), which I infer from Sommerfeld's paper are due
to Lorentz, are perfectly general.

In applying these formulas, however, to deriving the reciprocal
theorem III, the following approximations and restrictions are intro-
duced:

(1) Over the surface of integration E, enclosing source A1, the
vectors E", H" are taken as constant. Similarly, over the surface of
integration E2 enclosing the source As, the vectors E', H' are taken as
constant.

(2) In effecting the integration called for in formula (3), the
vectors E', H' are assumed to be derivable from the Hertzian vector for
either a simple electric or magnetic dipole; a corresponding restriction
applies to the vectors E", H" on the surface E2 enclosing the source As.

It is immediately evident that assumption (2) imposes very serious
restrictions on the applicability of theorem III. These restrictions are
that (1) the antennas Al and A2 are simple linear oscillators, and (2)
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they are so far removed and isolated from other conducting bodies,
(including the earth), that the secondary field due to currents and
charges induced in such bodies is negligible in the neighborhood of the
antenna which is regarded as the transmitter. In addition assumption
(1) excludes the theorem from application to extended antenna arrays
and the wave antenna. In view of these restrictions it seems to the
writer that Sommerfeld's statement of the theorem is much too broad;
in fact so broad as to be misleading.

Irrespective, however, of these restrictions, it seems to me that the
generalized Rayleigh theorem II is of greater practical utility than the
Sommerfeld-Pfrang theorem III. The former enables the engineer to
deduce at once the transmitting properties of an antenna system from
the receiving properties, and vice -versa. For example, the receiving
properties of the wave antenna are quite simply deducible, to a good
approximation, whereas a direct theoretical determination of its trans-
mitting properties is extremely difficult. The generalized Rayleigh
theorem furnishes an immediate answer to the problem.

On the other hand, in applying the Sommerfeld-Pfrang theorem, we
require an adjustment of the two antennas for the same radiated power;
a difficult matter whether by calculation or experiment. Furthermore
in correlating the theorem with experimental results, the electric in-
tensity is deducible only in terms of a detailed knowledge of the re-
ceiving properties of the antennas for reception from any direction or
angle.

The generalized Rayleigh theorem says nothing explicitly about
power and efficiency. For the very important case, however, where
the impedances of transmitter and receiver are adjusted for maximum
output amd maximum absorption of energy it can be shown that the
ratio of the power output of the generator to the power absorbed by
the receiver is the same for transmission in either direction. Thus, in
the case of transmission between two entirely dissimilar antennas the
transmission efficiency is the same in the two directions provided the
terminal impedances are properly adjusted. This proposition is not
immediately obvious but is very simply deducible from the Rayleigh
theorem.
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THE MEASUREMENT OF DIRECT INTERELECTRODE
CAPACITANCE OF VACUUM TUBES*

BY
A. V. LOUGHREN AND H. W. PARKER

(General Electric Company, Schenectady, N. Y.)

,Summary-A method of measuring direct capacitance in the range 10-10
to 10-15 farads by a charging current at radio frequencies is described. A low resis-
tance current indicator is shunted across one of the direct capacitances. The charging
current I = wEC is a measure of the direct capacitance provided that wE is main-
tained constant. A simple circuit arrangement provides an apparatus giving reliable
results measured visually by substitution with a standard.

The method has been practically applied in the measurement of direct capaci-
tances present in vacuum tubes providing data for design purposes and for control
of product uniformity. The method is specially advantageous in its ability to
measure exceedingly small direct capacitances present in screen -grid tubes.

ANY ITH the development of more efficient electric circuits employ-
ing the vacuum tube, the determination of the magnitude of
the individual or direct interelectrode capacitances became of

engineering importance. The input impedance of a vacuum tube is
calculable only when the direct capacitances, the "constants" of the
tube, and the associated circuit dimensions are known.'

A three -electrode tube forms a simple network of three direct
capacitances. Where there are n electrodes, the number of direct
capacitances N is

N=---(n-l)

Maxwell,' in determining the direct capacitances present in a
guard ring capacitor, used an absolute charging current method and an
electrometer indicator. More recently, in a general discussion of direct
impedances, Campbell,' has described a simple ammeter method.
This method has been used by Hull' for the measurement of the ex-
tremely small direct capacitances present in screen -grid tubes. With
modifications, it forms the basis of the method used by the present
authors.

In order to obtain data for purposes of tube design and for purposes
* Dewey decimal classification: R220. Original manuscript received by the

Institute, March 6, 1929.
1 Nichols, Phys. Rev., 13, 404-419, 1919. Miller, Bul. Bur. Std. Scientific

Paper No. 351. Hartshorn, Proc. Phys. Soc., 39, 108, 1926.
2 Maxwell, Electricity and Magnetism, 1, 350, ed. 1892.
3 Campbell, Bell Sys. Tech. Jour., 1, 18-38, 1922.
4 Hull, Phys. Rev., 27, 437, 1926.
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of quality control of product uniformity, it is necessary to measure
direct capacitance with a high degree of precision in a reasonably
rapid manner. In consideration of the anomalous frequency behavior
of the dielectric of the tube and the high resistance metal film, called
"getter," on the inside walls of the glass bulb, and in consideration
of leakances of a very high order but comparable with the capacitive
reactance of the small direct interelectrode capacitances at audio fre-
quencies, the optimum of accuracy of capacitance measurement of
receiving tubes was found to occur with measurements obtained by a
charging current method at about one-half megacycle. Practically,
the effective direct capacitance at radio frequencies is principally de-
sired although it is about five per cent lower than the capacitance
measured at audio frequencies due to the above mentioned effects.

In complex capacitance networks, as exemplified by the screen -grid
tube, the errors of the Schering direct capacitance bridge or the
Campbell-Colpitts bridge may exceed the capacitance sought. For
information regarding the Schering bridge see the reference to Hart-
shorn.

The charging current method is flexible in permitting extremely
small capacitances in the range 10-" to 10-" farads to be measured
with known accuracy. The method can be made simple and visual
and provides easily obtained results that are reliable.

THE THEORY OF THE METHOD

The fundamental circuit arrangement for the charging current
method is shown in Fig. 1.

Fig. 1-Showing the Fundamental Circuit Arrangement for the Charging
Current Method for Measuring Small Direct Capacitance.

The high -frequency generator supplies voltage sufficient to cause
a measurable current to flow in the branch C1 and the thermocouple.
This current is not affected by C2 if the voltage is held constant, nor
by the shunting effect of C3 and the capacitance of the leads to the
shield since the reactance of these capacitances is high compared with
a low resistance thermocouple. The error introduced by the shunting
effect is easily calculable and by choice of thermocouple resistance
this error may be made vanishingly small for capacitance dimensions
encountered in vacuum tubes up to the 100 -kw size. In order to have
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the current indicator at ground potential it is connected to the thermo-
couple through a filter in the manner shown.

It is evident that the precision of the measurement depends on the
accuracy of the determination of the three quantities-voltage,
current, and frequency. To measure the three quantities independent-
ly would require excessively refined technique and apparatus to obtain
precise results. However, in practically applying the fundamental
method a simple solution has been developed.

THE PRACTICAL CIRCUIT ARRANGEMENT

The application of this fundamental method requires some altera-
tion of circuit arrangement to make it direct reading. Fig. 2 shows
the circuit.

;-gualb-

3*C 0.5C114010it
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Fig. 2-Showing the Practical Circuit Arrangement for the Charging Current
Method for Measuring Direct Capacitance of Receiving Tubes.

In the above figure the network at the left represents an oscillator
which is so adjusted that when the frequency is lowered by the addi-
tion of capacitance across the oscillating circuit, the terminal voltage
rises sufficiently to maintain constant the product wE. This con-
stancy is indicated by a pilot consisting of a very small fixed capaci-
tor C. and an indicator of its charging current I,.
The current charging a capacitance is

I =coEC
Where w = angular velocity of fundamental frequency

E =0 .707A /E21.-F4E22.-1-9E2s.+

in which series Eli., E2 E3 m, etc., express the maximum value
of the voltage of the fundamental frequency, the second harmonic,
the third harmonic, etc., respectively. A square law symmetrical
indicator of current, like the vacuum thermocouple used, obeys the
law of superposition of vector quantities, very exactly in this case
where the harmonics present are small compared with the fundamen-
tal.

In the above equation, if C. is constant and the current indicator,
I., shows a constant deflection, obviously wE must be constant also.
The use of a special oscillator is obligatory only when special accuracy
is required in rapid measurement as otherwise wE may be held con-
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stant manually. The method thus escapes from the difficulties en-
countered in measuring frequency and voltage independently.

A likewise simple use of a standard substitution capacitoreliminates
the need of measuring the absolute value of the current and thus there
is no need for calibration of the current indicator. The constancy of

Fig. 3-Showing a Standard Capacitor Having a Capacitance Increment of 2.00
X 10-12 farad per inch of cylinder length.

the calibration of the standard capacitor is all that is required and the
use of coaxial cylinders makes this easily possible.

METHOD OF MEASURING THREE-ELECTRODE RECEIVING TUBES

With the standard capacitor set at any convenient arbitrary zero,
the tube, represented in the figure by C1, C2, and C3, is inserted in a

Fig. 4-Showing a Standard Capacitor Having a Capacitance Increment of
1.00 X 10-m farad per turn of the micrometer head.

shielded socket fixture and the reading of the meter Il is noted. On
removal of the tube, the standard capacitor is increased until Il reads
the same as noted. Then the increment of the standard capacitor is
equal to the direct capacitance of the tube, C1 in the figure. This is
true only, if meanwhile, the pilot circuit indicator /, has shown no
change in deflection.
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It is feasible to provide a circuit arrangement which will allow the
meter, I,, to be scaled off in micromicrofarads, thus providing a
"direct capacitance meter."

THE STANDARD CAPACITORS

The standard substitution capacitors are of the calculable incre-
ment coaxial cylinder type calibrated linearly in micromicrofarads.
Physicists have used this type of capacitor for many years. The
calculation is given in Bul. Bur. Std. Circular No. 74, p. 236. An
interesting work on the determination of errors in coaxial cylinder
standards has been published.'

3rwahotiorardrap 1

. 74 / ''TT
-5,0,10

10000
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Fig. 5-Showing a Sensitive Current Indicator and Small Increment Standard
Capacitor Arranged for Measurement of 0.0005 to 0.100 /Aid of directcapaci-
tance.

Fig. 3 shows the photograph of a standard capacitor most
generally used in vacuum -tube measurements. It consists of three parts,

a movable inner cylinder having a well insulated handle and con-
nected to the oscillator by a flexible lead, a fixed outer cylinder con-
nected to the thermocouple, and a grounded outer shield which also
provides mechanical support for the two insulated cylinders.

Fig. 4 shows a photograph of a similar standard capacitor having a
capacitance increment of 1.00x 10-" farad per turn of the micrometer
head. It is especially used to measure the extremely small feed -back
capacitance of the screen -grid type of tube.

SPECIAL MEASUREMENT TECHNIQUE FOR SCREEN -GRID TUBES

The measurement of the screen -grid tube feed -back capacitance
C, requires a more sensitive current indicator than the thermocouple.
A carborundum fixed detector is used to indicate the small charging
current. A filtered balanced circuit permits the use of a microammeter
and provides a sensitivity of about 11.4a, per 1/100 pig of direct capaci-
tance. Due to the resistance of the detector, the shunting effect
of the direct capacitances is not negligible, and the tube is not removed
from its measuring position but the oscillator lead is broken instead
when the standard substitution is made.

The network shown in Fig. 5 represents the circuit used for the
measurement of extremely small direct capacitances.

6 M. Bedeau, L'Onde Electrique, 5, 613, 1926.
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Fig. 6-Showing a Screen -grid Power Amplifier Being Measured for Plate to
Control Grid Direct Capacitance.

Fig. 7-Showing a Power Tube Being Measured for Direct Capacitance.
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As has been pointed out by Moullin', an asymmetrical non-linear
circuit element, like a crystal detector, is not a rigorous indicator of
the current flowing in the circuit, as it is affected by wave form and
does not indicate true effective current. However, the crystal has such
an advantage in simplicity over any equally sensitive instrument whose
indication is independent of wave form that it is used here in spite of
its somewhat lesser accuracy. For this reason it is preferable in accu-
rate measuring practice to employ the measuring circuit itself (Fig. 5)
as the pilot in the following manner. Without the tube in the measur-
ing position, let the residual capacitance of the standard capacitor and

Fig. 8-Showing the Shielded Fixture Used for Measuring Con, C,1, and Cpf by a
Simple Rotation of the Fixture on the Instrument Panel.

the crystal detector serve the same function as C. and I. in Fig. 2.
If connecting the tube to be measured across the oscillator terminals
results in no change in the current indicator I in Fig. 5, then it is
evident that the oscillator is properly adjusted and the measurement
may proceed.

POWER TUBE CAPACITANCE MEASUREMENTS

The general class of power tubes are measured on a large metal
sheet which is the ground plane. Two shielded flexible low capacitance
cables make the necessary oscillator and thermocouple connections
to the elements of the tube being measured. Heavy flexible ground
connection is made to the elements that are grounded and care is

Moullin, Jour. I. E. E., 298, 1926.
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taken to provide contacts to the elements that are of negligibly small
resistance. A low resistance shunt is provided across the thermocouple
of the measuring circuit for limiting the thermocouple current when
measuring large direct capacitance. In other respects the measure-
ment procedure is the same as for capacitances of smaller dimensions.
Fig. 7 shows a photograph of a power tube on the apparatus used for
general direct capacitance measurements.

SHIELDED FIXTURE
(SINE WITH UY PM SWING)

Fig. 9

FIXTURES USED

The measurement of the direct capacitance of receiving tubes can
be made independent of the leads to the tube and the external disposi-
tion of the wiring only by the use of a special shielded standardizable
fixture. Ordinary sockets are out of the question due to expanding
prongs and errors involving 0.1 i.tpf in stray coupling capacitance to
parts of the tube being measured. A fixture devised to insure inde-
pendence of the geometry of the leads and to insure reproducibility
of the measurement is shown in Figs. 8 and 9. A simple rotation of the
shielded fixture on the instrument panel permits the measurement of
C, C,1, CO. The UX and UY types of fixtures differ only in their
pin spacing.
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APPARATUS FOR RECEIVING TUBE CAPACITANCE MEASUREMENTS

The ensemble of apparatus used for receiving tube measurements
is shown in Fig. 10. One side of the apparatus is provided for the
measurement of feed -back 'capacitance of the screen -grid type of tube

Fig. 10-Showing the Ensemble of Apparatus Used for Receiving Tube Capaci-
tance Measurements.

and the other side for the measurement of the direct interelectrode
capacitance of the ordinary standard type of receiving tube. The
figure shows the handles of the standard capacitors which are operated
from the front of the metal case and shows two tubes mounted n the
measuring position, one a screen -grid tube in a shield cup and the other
a three -electrode tube in the shielded socket fixture previously de-
scribed.
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PHOTORADIO DEVELOPMENTS*

BY

R. H. RANGER
(Radio Corporation of America, New York, N. Y.)

GENERAL PICTURE DEVELOPMENTS, 1926-1928

OUTSTANDING in this period has been the work of the
American Telephone and Telegraph Company in the extension
of their commercial picture network throughout the United

States. A fine example of the work they are able to perform is given
herewith. (Fig. 1) It is interesting to note that the telephone service
has been used extensively for the transmission of printed matter-
bond circulars in particular.

The other wire line method that continues to be used commercially
is the Bartlane System handled between the Daily Mirror in London,
and the Pacific and Atlantic Photo Service in this country. The method
consists in reducing a picture to a perforated tape of the same sort as
is used for cable messages, and then this tape is transmitted over the
Western Union System across the water. The picture is then reformed
from the holes punched in a duplicate tape on the other side of the
Atlantic.

On December 1st, 1927, wire picture service was inaugurated be-
tween Berlin and Vienna by the Karolus-Telefunken System. Two
novel features of this system must be mentioned. The first is the use of
the Kerr cell. The Kerr effect has been hidden in the archives of science
for forty years, and it remained for Dr. Karolus to bring it to prac-
tical use in the transmission of pictures. The Kerr cell consists of a
gap between two oppositely charged electrodes with a solution of ni-
trobenzol covering them. Such a combination has the ability to change
the speed of light passing through the cell depending upon the plane
of polarization of that light. Specifically, if the light is vertically
polarized with respect to the surface of the electrodes, the light train
will pass through quicker when potential is applied between the
electrodes; if the light is in the same plane as the electrodes it will be
retarded.

To make use of this phenomenon, a nicol prism is turned to give
a beam of light at 45 deg. with the electrode surfaces on entering the

 Dewey decimal classification: 11582. Original manuscript received by the
Institute, March 6, 1929. Presented before New York section of the Institute,
January 10, 1928; before Los Angeles section, August 27, 1928; before San Fran-
cisco section, September 4, 1928.

966



Ranger: Photoradio Developments 967

cell. A second nicol prism is then used on the side from which the light
leaves the cell, but it is turned to allow only light at 90 deg. with re-
spect to the first prism to pass. The effect of this optical system is to
allow no light to pass when there is no electrostatic distortion produced
in the cell. Now, however, when voltage is applied to the electrodes,
the distortion will take place. A vector diagram shows that if the
horizontal component is slowed down half a wavelength with respect
to the vertical in passing through the cell, the emerging light will
be plane polarized at 90 deg. from the direction in which it entered, and
will therefore then be able to pass through the second or analyzing

Fig. 1
(original) (received)

nicol prism perfectly. This means that with the right amount of volt-
age applied to the electrodes, we will get a change from no light to
full light, and the outfit therefore works as a simple light valve. It
has the great advantage of being practically inertialess. The prac-
tical voltage range for operation is of the order of 500 to 1000 v. The
slight disadvantages of the method are due to the fact that nitrobenzol
is not a perfect dielectric and allows some current to flow, which causes
some deterioration, and secondly the response is linear only over a
restricted part of the curve, but its speed action is a tremendous asset.

The other outstanding development of this system is the photocell
construction for which Dr. Schriever of the Telefunken Company is
responsible. Instead of being in the more usual Christmas tree ball



968 Ranger: Photoraelio Developments

form, this photocell is much like a very flat doughnut. (Fig. 2) The
purpose is two -fold; first to simplify the light system, and second and
most important, to increase the available light change in the pick-up
at the transmitter some fifty -fold.

To accomplish this, at the picture transmitter, this doughnut cell
is placed directly in front of the picture transmitting cylinder. A
very intense beam of light is then focused down to a very fine point
through the hole of the doughnut at the picture. This fine little spot
of light which seems to be a little glowing fire then reflects back on to
the solid part of the glass photocell, and acts on the light sensitive

Fig. 2

chemicals placed there. Due to the fact that the active part includes
such a large angle from the little spot of light, practically all the avail-
able light is used. In this sense it corresponds to having a lense aper-
ture of F0.5, and all camera enthusiasts know what that would do in
the way of speed and intensity of action.

Another entrant into the picture transmission work is the Marconi
Company, with Mr. Wright heading their activities in this direction.
He is working on the principle of reversing the usual method of analysis
at the transmitter and receiver-he uses a stationary cylinder at each
end. The picture is slid forward in a curved form along the length of
the cylinder. Half way around the cylinder there is a fine slit corres-
ponding to a line of the picture, and as the picture is moved forward, a
fine light spot is rapidly revolved inside the cylinder to cross the pic-
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ture from one side to the other, one line at a time through this slit,
as the picture advances. He is working at quite high speeds, planning
to take full advantage of the higher speed capabilities of the Marconi
radio beam.
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MAP WORK

Two of the regular workers in picture radio, C. Francis Jenkins
of Washington, and Dr. Max Dieckmann of Munich, Germany, have
modified their equipment to simplify the recording of weathermaps
at sea. (See Figs. 3 and 4, respectively.)

AMATEUR RECEPTION

Several workers have tried to interest the amateur in picture re-
ception. They are-T. Thorne -Baker of London, one of the long
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standing workers in the field, Mr. Jenkins, and, more recently, Aus-
tin G. Cooley, in connection with Radio Broadcast of Garden City,
Long Island. Mr. Cooley makes use of the old phonograph that may
have been otherwise discarded in the amateur's home, and specializes
in a "corona" discharge at the end of a fine needle point resting on
photographic paper. The variations in the intensity of the incoming
radio signal vary the amount of the corona, thus giving the nec-
essary modulations for the picture.

Fig. -4

Such developments are very much to the point, as surely many
contributions to radio pictures will come from this stimulation; but
the ease with which results will come will be with nothing like the
simplicity of the broadcast reception as we know it today, where a
crystal and a telephone receiver start a novice on the road to nine
tube sets ,-later reduced to four.

TELEVISION

Great strides have been made in the even more complicated art
of television-complicated by the element of vastly greater speed. In
closing this all too brief summary of the outstanding workers in these
fields during the past two years, acknowledgment must again be given,
as was done two years ago,' to the continued painstaking work of
Professor A. Korn of Germany. It was he who first began to get real
pictures over wire lines twenty years ago.

R. H. Ranger, PROC. I. R. E., 14, 161; April, 1926.
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PHOTORADIO AIMS

As all engineers know, no particular features of their work may
ever be considered as ideal solutions,-as in practical politics, it is
necessary to be satisfied with compromises which conform to the gen-
eral advance of the art. However, it is well to have stars on which
we attempt to hang our pictures. In photoradio they have been the
following: -

1. Economical operation
2. Continuous operation
3. Daylight operation
4. Visible operation
5. Finished operation

Economical operation is of course the foundation of everything
worth while in the design. Naturally this economy must be in accord-
ance with the use to which the equipment is to be put. If a larger num-
ber of sets were required, the cost of the sets themselves becomes the
controlling factor as in equipment for amateurs; in photoradio to date,
the prime consideration has been economy of operation-the best pos-
sible results with the least effort. Simplicity of operation is a great
contributor to economy, of course, and that is where the other fators
enumerated above become important. Nothing is so disastrous to
production as discontinuous operation. That explains why the rotating
cylinder type of equipment has been shunned in photoradio.

Daylight operation is far more satisfactory from the operator's
point of view. Photography is a wonderful aid in many operations,
and in much picture transmission is the obvious answer. It is certainly
one of the places where compromise must be considered most care-
fully. The finesse of photographic recording cannot be rivalled. How-
ever, it may be said in no uncertain terms that there are many vari-
able factors in the chemistry and physics of ordinary photography,
such that its operation has become an empiric art rather than a fixed
operation where definite rules will ensure a good picture in the hands
of the average operator. For this reason, to add to it the furth er vari-
ables of a communication system increases the chances of failure
tremendously. Therefore, certainly in all the original work over great
radio distances, the greater certainty of visible and daylight opera-
tion has been depended upon. When the complete system so consti-
tuted has been operated sufficiently to reduce the uncertainties of the
newer elements in the picture, it may well be that it will be advanta-
geous to return to the use of photography with greater assurance. The
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entire matter is of course still in a state of fluctuation, working to-
wards the best commercial method.

Furthermore, the exact requirements of photoradio on a radio
circuit have brought about a tightening of the performance of that
radio circuit. The ability to key a transmitter speedily and accurately
is a striking example.
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Fig. 5

It is of course advantageous that the operation be complete when
the transmission has stopped. This promotes speed of delivery,
which is one of the battle cries of a communication system.

DESIGN TECHNIQUE

If there is one rallying point for all of the photoradio technique, it
is the use of the dot -dash method of representing picture values. This
becomes at once the central feature around which all the simplifica-
tion of equipment and operation is based. Variation in radio signal
intensity is all too well known to require mention here. A system which
is based on signal intensity to represent the picture values is placing
itself under a severe handicap at the start. The dot -dash method
changes light intensity variations into time variations. An isolated
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dot represents a light part of the picture, close dots represent gray, and
heavy dots becoming solid dashes represent black. A scale showing
this relationship is given. (Fig. 5) Such solid characters may be
handled over involved links of wire lines to radio without material
difficulty. It is only necessary that the radio transmitter trigger -on
when a character is starting and trigger -off neatly at its termination.
This simplification of operation has led to our realization of another
important principle of design which we have called "inherent ac-
curacy." It means the elimination of troublesome adjustment and
compensating for large variables by making their effect nil on the
result.

Another example of inherent accuracy came to light in the choice
of gears in the driving mechanism. In some of the early apparatus,
it was found that there was an occasional tendency to have errors in
sequence in synchronizing-keeping the machines in step. The trouble
was found to be in the fact that the gear ratios were such that they
came out unevenly, such that the teeth would mesh in a given sequence
for one line, and in an entirely different sequence for the next; and
would then go back to the first sequence for the third line, and so on.
In consequence, if the shaft carrying one of the gears was out slightly,
the regular error would show up. The answer has proved to be to
make the gear ratios even.

PUSH-PULL RELAY

Everyone is familiar with the famous combination of "push-pull,"
but we have made use of the general principle in a unique way. In-
ertia is present in both mechanical and electrical devices. If the im-
pulse to be conveyed is constant in frequency, such as a 60 -cycle
wave, the inertia factor is constant and therefore may be disregarded
as far as obtaining correctly spaced impulses at the receiving end, but
the whole idea of picture transmission is that there shall be change-
change conveying thought in one form or another from the sender to
the receiver.

The "reading condenser" has been a well known means for reduc-
ing the effect of electric inertia in d -c telegraphy. The time involved
in producing a desired effect at a distance is determined by the time
it takes to build up the current to a sufficient intensity. Very often,
however, it is possible that the final current value may be much greater
than that required to produce the start of the signaling effect. Under
these conditions it is possible to dispense with some of this final cur-
rent strength and use it to speed up the start and finish of the signal.
A simple plan for this purpose is to include a condenser with a shunting
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resistance in series with the main signaling circuit. This will give a
large current impulse on the start and finish of the signals, and only
a moderate value for the steady state.

The vacuum tube gives another simple way to reduce the inertia
of inductance. By tripling the voltage on the magnetic amplifiers in
connection with the long -wave stations of the RCA, and introducing
twice the straight resistance of the coils, practically three times the
speed of keying was obtained, with consequent improvement in the
picture reproduction.

As a means of improving the quality of the impulses a broad res-
onance has been introduced into these inertia reducers. The particu-
lar set-up is shown in Fig. 6. Double current is used in practically all

DC.PW.1,DWL RE LAY

Fig. 6

of our d -c signaling work. Let it be assumed for the moment that a
spacing current from the distant point is flowing in such a direction as
to make point A positive with respect to point B. Under these con-
ditions, grid G1 will be positive and grid G2 negative. Under these
conditions, plate P1 will be passing current in a direction through the
relay to hold it to spacing. The plate current will carry through re-
sistance R6 and R4. The current through R4 will act to make the grid
G2 even more negative. Likewise the reduction in the plate current
of P2 due to the negative value of its grid G2 will reduce the current
through Rb and R1 so that the grid G1 will be even more positive. The
effect of such a hook-up is that now when the current through A -B
is reduced to zero, the charge on the condensers C1 and C2 will be such
as to cause current to flow through R1, R2, R3, and R4, which will
swing the grids oppositely to their previous condition and give a
marking impulse. If the current from the line should still remain at
zero, the charge on the condensers would quickly dissipate itself
through the resistances and the inductance of the relay coils included
in the plate circuits. As soon as it did, it would swing back to the ori-

w - 11 I
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ginal condition, and as a result a series of dots would be produced. The
frequency of these dots may be set at will by proper choice of the
value of the capacities C1 and C2 with respect to the resistances and
the inductances of the relay coils.

The net effect of the action is to be ready for any change, and im-
mediately work with it to a maximum. It accomplishes much the
same effect as the famous Gulstadt relay of cable technique, but does
not depend on the less reliable contacts of mechanical relays for its
reversing action. The speed of the reversals of the push-pull relay is
set to correspond to the fastest dots that the complete communication
setup will allow. Such a push-pull relay is included both at the trans-
mitting station and at the receiving station where the signals are
finally delivered to the recording equipment.

It is hard to estimate accurately the improvement such equipment
gives, due to the fact that every improvement brings out the fact
that there are weaknesses elsewhere, so that it may be better said that
photoradio operation throughout the past three years has been a case
of gradual improvement of all the contributing factors, always hit-
ting the weakest spots as they develop when the other factors pass them
by. D. G. Ward and J. L. Finch are particularly responsible for the
increased speeds that have been accomplished at the transmitting
stations during this period.

REVERSE LEAD SCREW

In order to meet the requirements of continuous operation, many
plans have been proposed. Naturally the one that is most desirable
is one that is continuously acting with no reversing clutches or con-
necting parts. On the early photoradio equipment, this was accom-
plished by means of a mangle rack with gear-a small ordinary gear
engaging with a gear in the form of a race track. While this device
has operated satisfactorily, it is not rugged and is far from inherently
accurate.

In its place a reverse lead screw has been laid out. (Fig. 7) While
the making of the first one was a very involved proposition, it has
proved a fairly simple matter to duplicate them, as is now being reg-
ularly done in the excellent machine shop of H. 0. Boehme, of New
York, under the direction of Frank Kunc of our staff.

This reverse screw is cut in a solid shaft which is placed lengthwise
at the base of the photoradio transmitter or receiver. A follower en-
gages with this thread and conveys moving force to the analyzing head
of the machine. The movement is uniform through 95 per cent of the
travel-the remaining 5 per cent of the stroke is occupied in reversing
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the act. This does not mean that this entire 5 per cent is unserviceable
for picture work, however; in fact the analyzing and recording is con-
tinuous up to the immediate end of the stroke when the overlapping
interferes.

The curve for the reversing cut was first made in a very much en-
larged form in steel as a master, and then by a pantograph arrange-
ment this master was used to get the smaller cutting of the reversing
section of the screw.

11
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Fig. 7

Very satisfactory results from the point of service and constancy
have been obtained with this screw. It is to be noted that we are still
using the action of making the analyzing head work in both directions.
At both transmitter and receiver, the picture making goes on while
the analyzing. is proceeding either from left to right or from right
to left. This is inherently more difficult to do from the point of view
of synchronizing, but the fact that we have done it means that we have
found means of synchronizing of a fairly simple sort. If it were not
for the fact that the recording is visible, however, it is certain that
we would never have dared to use this back -and -forth method. As it
is, we are able to correct the synchronizing very easily during the
actual reception of a picture. The fact that this two -and -fro analyzing
requires such rigorous synchronizing and "framing" has of course
strengthened our will power in the development of synchronizing
generally. Another form of speed control, which is of course the basis
for synchronizing, has been developed.

AIR SPEED CONTROL

Wherever radio engineers engage with problems their first solution
is naturally by the use of electricity. And there is no question but that
electricity is a mighty useful agent, particularly as we gain familiarity
with its uses. However, with the excessive amplifications that we in-
dulge in, we have to be very careful not to have other electric forces
present which may give interference in such amplification. Speed
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control is a very good instance. In central office installation, there is
not much difficulty in obtaining the necessary shielding from ordinary
audio amplifications, but if it is desired to place a photoradio receiver
directly next to a short-wave radio receiver for example, the problem
becomes a little more involved. Of course one answer is to take the
bull by the horns and provide the proper shielding and reduce the inter-
ference as much as possible. But it is well to inquire sometimes into
other possibilities which inherently eliminate such interference.

Fig. 8

As this section and the next will show, we have recently undertaken
an extensive study of the uses of air. In line with this we have devel-
oped an air speed control. One form makes use of an air driven tuning
fork. (Fig. 8) It is very easy to drive an air fork; all that it is necessary
to do is to have an air chamber with a slightly constrained intake.
This air chamber is broadly resonant to the frequency of the fork. The
fork tines then have plungers on their ends which work in and out of
openings in the air chamber. The action involves the filling up of the
air chamber and then giving pressure to the two plungers which drive
out the fork tines. In so doing they release the air pressure in the cham-
ber quickly; the fork tines then return into the chamber, and this allows
an even higher pressure to be built up in the chamber before the fork
tines are again driven out to release the constrained pressure. The
fork is self-starting. The frequency is modified by pressure but it is
not difficult to get quite constant air pressure by the use of reduction
valves, and the very fact that the frequency may be varied within
narrow limits provides a means of fine adjustment. Now that we have
the fork vibrating, the next question is to apply this vibration to motor
speed control.

To control the motor speed, the air chamber has a small valve in
it which communicates to an air brake on the motor, but the valve
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is opened by the motor once each revolution of the motor. If the valve
is opened by the motor at a time when the pressure is at a maximum,
a good bit of air will push through the valve to enter the brake. This
will of course lend to reduce the motor speed below the point where the
valve will open at a high pressure time. When it does so, the motor will
again speed up and will find a position between the maximum and
minimum air pressure periods where its speed will hold quite truly to
the fork speed. Obviously there is nothing very electric about this
to cause interference, and in fact an air motor could be used if necessary
but it seems to be very easy to overcome brush trouble from motors
of small size so that this has not proved necessary.
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Another air drive has been worked up from this by Mr. Braman and
Mr. Nelson. We are all quite familiar with the use of resonance in
mechahical as well as electric arrangements to effect control of one
type or another. We are also quite well aware of the fact that phase
differences exist, but there are not many instances where both phase
and amplitude of resonance are used to effect the control. This is
here accomplished. The setup consists of a cam on the motor shaft
which gives the slight impulse necessary to set a vibrating arm in mo-
tion. The fact that this cam is reduced by levers to give an impulse
of the order of one thousandth of an inch shows what good resonance
it is possible to have in the arm. Plotting the displacement of the arm
from a given reference point in the position of the motor as it revolves,
Mr. Braman has developed this most interesting curve of response
of the vibrator with respect to the speed of rotation of the motor.
(Fig. 9) It will be appreciated that it is a combination of phase dis-
placement and amplitude of resonance of the vibrator. It will be noted
that it has a very steep portion.
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To make use of this curve, air was then driven from a nozzle through
a sector carried by the vibrating arm. This air was then carried on to
brake the motor. The result is a very fine setting of the speed on this
frequency curve of the vibrator.

HOT AIR RECORDING

In the search for visible, daylight, finished recording, it is believed
a new departure has been realized.

We are all familiar with the sensitive gas flame of Dr. Koenig of
Germany. It was this which started the development of the hot air

Fig. 10

recording, but as a matter of fact when the obvious attempt was made
to make incoming radio signals control the sensitive flame, it was found
that a much too powerful agent was at hand; it was very difficult to
keep the gas from eating up everything as well as the recording paper.
Then it was that Mr. Hansen worked up the use of plain hot air to do
the job. Likewise, an electric spark was used, but the wear and tear
on the point did not prove feasible from the operating position

By all odds the heavy part of this new development is in the sen-
sitive paper. We are all so familiar with extreme sensitivity of photo-
graphic paper. We have tried to duplicate this where heat rather than
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Fig. 11

Fig. 12
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light is the sensitizing agent. Likewise we have imposed the additional
restriction that the product shall be finished without further treat-
ment.

In beginning the chemical investigation of this we had the good
fortune to be able to start with R. S. Bicknell as consulting chemist.
He has been seconded by Mr. Morehouse who joined our staff for
this specific investigation. Mr. Morehouse gives the following general
outline of his problem.

HEAT -SENSITIVE PAPER

"Photoradiograms are recorded by means of a fine jet of heated air
directed against heat -sensitive paper. When the incoming radio sig-
nal calls for a dot or a dash, the hot air stream is permitted to flow
against the paper; when a space is required, the hot air stream is
automatically prevented from striking the sensitized paper surface.
This effect is accomplished by means of an electrically operated valve,
the action of which is governed by the incoming radio signal.

"The character of the record left on the paper depends on the nature
of the sensitizing agent, and also on the physical character of the paper
base itself. The sensitizing agent in use at the present time consists
of a practically colorless mixture of chemical salts, which are capable
of undergoing what is known as an endothermic double decomposition
reaction, with the formation of brownish black products. In other
words, until heat is applied to these salts they remain in contact with
each other on the surface of the paper in a comparatively inert condi-
tion, retaining their colorless appearance. But when heat is applied
they absorb it rapidly, become mutually interactive, and form the
black products which we see as a dot or dash on the picture.

"The importance of the physical character of the paper stock is
best brought out with the aid of photomicrographs. Fig. 10 shows a
few dots made by the hot air stream on an ordinary uncoated book
paper made sensitive to heat. It will be noticed that the dots have a
very pronounced fibrous or stringy character. The same fibrous appear-
ance is noticeable in Fig. 11 which shows dashes made on this same type
of paper. Fig. 12, on the other hand, shows the type of dot obtained
with a clay -coated paper similarly sensitized. In this case the dots
have a much softer and smoother appearance because of the fact that
the paper fibres are completely covered by the thin layer of clay. Fig.
13 shows dashes made on the same clay -coated stock. In all four cases
the chemical compOsition of the sensitizing agent is the same; the differ-
ence between the first two and the last two is entirely due to the differ-
ence in the physical character of the paper surface. In cases three and
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four the effect is very similar to that obtained by using photographic
paper in the process of recording with the aid of light instead of heat."

OPERATION

We now come to the question of operating the equipment. Com-
mercial picture transmission was inaugurated on May 1st, 1926,
between London and New York, and likewise it was established on the
West Coast between San Francisco and Honolulu. There was con-

.Fig. 13

siderable excitement incident to the inauguration of the service, espe-
cially from London to New York. It was finally determined that one
picture only to each newspaper and commercial concern would be sent
in the sequence that they were received for the inception of the service.
After the novelty had worn off, the photoradio service came into ex-
tensive use on a business basis.

Besides the news service, however, there has been a gradual but
general extension of the service first into the style and fashion field
and then into banking and commercial operations.

A few months ago for example, a bank came to us with the request
to transmit the three signatures necessary to authorize a certain com-
mercial transaction involving one million dollars. They advised that
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there were but three days remaining to get these signatures into Lon-
don, and as there was no Lindbergh expedition scheduled for that par-
ticular day, it would be impossible to get these signatures across by
any other means. However, we were told to take our time in the three
days, and get a good facsimile of the signatures across.

We advised London of the situation and asked them to work with
us until a satisfactory facsimile had been transmitted. The equipment
at each end was set in motion; in twenty-five minutes (it was a half-
size picture) transmission was put through once. London was asked
for a report on this first transmission with the idea that the reply would
indicate that it should be made darker or lighter or something else
on the second trial. Back came the laconic reply "O.K.," and that
was all that was necessary of the three days' grace to complete the
million dollar transaction, as far as photarodio was concerned.

DEPARTMENT STORE DEMONSTRATIONS

At the request of Kauffman's of Pittsburgh we embarked on what
might be termed barn storming expeditions. It might seem at first
that such excursions would be far afield from a technical develop--
ment, but there is little question but that these demonstrations have
speeded up the development of photoradio to commercial reality in
great degree. The cost of these demonstrations was met by the de-
partment stores. It therefore became imperative that a very worth
while and useful service be given which would be capitalized by the
department store.

The basis of these demonstrations was to bring the latest styles
from Paris and London directly into the department store. The trans-
mission to New York from Europe was easy-the problem came in
relaying this on to the stores: Short waves were used for the relaying.
WIZ at New Brunswick and WAQ of the Westinghouse Company at
Newark were used for this relaying service; they were connected with
Broad Street, New York by land lines; the picture reception comes in
over land lines from Riverhead, Long Island and Belfast, Maine,
to Broad Street, which therefore may be termed photoradio central.
The well known fading propensity of short waves became of less
importance to the photoradio signals on the dot -dash plan. Added to
this, limiting was used with great success. Further demonstrations
were then held at Strawbridge and Clothiers in Philadelphia, Jordan
Marsh in Boston, Marshall Field in Chicago, and lately at L. S. Ayres.
Further barn storming could have been developed, but it was felt
that with successful termination of these demonstrations the purpose
and usefulness as far as advancing the art is concerned was sufficient.
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NAVY DEVELOPMENT

As the request of the Navy Department, successful transmissions
were accomplished of navy manoeuvers in Honolulu direct to New
York. Subsequent to this, the Navy Department has installed photo-
radio equipment at the Bureau at Washington. Transmission and re-
ception has been successfuly accomplished between the photoradio
station and the Radio Corporation stations. Likewise, condensed
equipment has been installed on board the USS Seattle, later trans-
ferred to the Texas, when the latter became the flagship. Perhaps the
most successful transmission with this equipment has been an entire
page of printed matter from New York to the Texas when she was lying
off San Diego something like three thousand miles from New York.
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GRID LOSSES IN POWER AMPLIFIERS*

BY

E. E. SPITZER
(Research Laboratory, General Electric Company, Schenectady, N. Y.)

Summary-In spite of the widespread use of radio -frequency power amplifiers,
apparently no measurements of the power required to drive such amplifiers have
ever been made. In this paper, a study of drivipl power is made at 80 cycles. It is
found that the power input to the grid is proportional to the d -c grid current raised
to the 1.34 power. The proportionality factor depends on the type of tube and the
plate circuit conditions. With constant grid current the grid power input is found
to be practically independent of grid bias voltage. .4 simple theory, based on an
assumed relation between grid current and voltage, agrees quite well with the experi-
mental results. Data are then given on six types of commercial air cooled trans-
mitting tubes showing driving power, a -c driving voltage, gross power output and
efficiency as functions of the d -c grid current. Finally, the effects of primary and
secondary electron emission by the grid on the driving power are considered.

1. INTRODUCTION

HIGH -VACUUM electron tubes of the transmitting type have
taken on a steadily increasing significance ever since their
introduction into the art of radio communication about a

decade and a half ago. During this period, numerous technical investi-
gations into the operation of such tubes as radio -frequency power
amplifiers and oscillators have been published. These have dealt
largely with the conditions under which optimum conversion of plate
supply power to radio -frequency power is obtained. Thus the plate
circuit has received careful consideration. The grid circuit, on the other
hand, has been almost completely neglected. The object of this paper
is to present measurements of grid circuit losses on a series of typical
air cooled transmitting tubes. A knowledge of such losses is particu-
larly useful for the design of multistage amplifiers, where the plate
circuit of one tube must supply the grid circuit losses of the succeeding
tube.

2. OPERATION OF RADIO -FREQUENCY POWER AMPLIFIERS

The elementary radio -frequency power amplifier circuit is shown
in Fig. 1. A voltage E which generally approaches a sine wave (and
is so assumed throughout this paper), is impressed upon the amplifier
in series with a bias voltage Ec. Since maximum power output is
desired, no particular attention is paid to the wave shape of plate

Dewey decimal classification: R342.5. Original manuscript received by
the Institute, March 21, 1929.
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current, a tank circuit L,C,R being relied upon to filter harmonics out
of the output. This circuit is tuned to the frequency of E. and presents
a load impedance of very nearly L/RC ohms at unity power factor
to the fundamental component of plate current. The impedance of
this circuit for harmonics is usually quite small in comparison with
L/RC, hence, in spite of badly distorted plate current wave shapes,
the voltage across the tank circuit is practically sinusoidal and 180 deg.
out of phase with E.. The lower the decrement (or ratio of resistance
to reactance) of the tank circuit, the more nearly a sinusoidal wave
shape is obtained.

1111011 00011011

c 6
Fig. 1-Elementary Radio -Frequency Power Amplifier Circuit

Now it is well known that for high plate circuit efficiency, plate
current should flow during less than half a cycle of the exciting vol-
tage.t.2.3.4 This is accomplished by making E, sufficiently negative so
that if E. were reduced to zero, no plate current would flow. For
proper excitation, E. must now have an amplitude sufficient to drive
the grid positive, at the instant of maximum grid potential, by an
amount which varies between 50 per cent and 100 per cent of the
instantaneous plate potential at that moment. Unless this condition
obtains, an inefficient transfer of plate current results. This maximum
positive grid potential may lie between 5 per cent and 15 per cent of
the plate supply voltage. During the time that the grid is positive
with respect to the filament, an electron flow to the grid takes place.
This flow causes a twofold loss of power; first, a loss due to electron
bombardment of the grid and second, a charging of the bias battery&
These are the losses which form the subject of this investigation. Any
losses caused by the grid current in transformers, condensers, or other
apparatus associated with the grid circuit will not be considered here
because they are primarily a matter of circuit design.

3. APPARATUS

Measurements at radio frequencies are rather difficult, and one of
the most useful of all electrical instruments, the commercial low -fre-
quency oscillograph, cannot be applied. Except for extremely high

H. Rukop, Jahr. d. Draht. Tel. u. Tel., 14, 110, 1919.
2 J. H. Morecroft, Jour. A. I. E. E., 38, October, 1919.
3 Marius Latour and H. Chireix, PROC. I. R. E., 11, 551; October, 1923.4 H. G. Moller, "Die Elektronenrohren," Vieweg and Sohn, 1922.



Spitzer: Grid Losses in Power Amplifiers 987

frequencies, i.e. of the order of 3 X 108 cycles, electron tubes show no
time lag; consequently, for the present purpose, the same results can
be obtained at commercial power frequencies as at radio frequencies.
For these reasons, all experiments reported here were made at 60
cycles.

The circuit arrangement employed is shown in Fig. 2. Instead of
tuning the tank circuit, L -C2, which would have been rather difficult
at the low frequency and high plate voltages used, the tank was
constructed of a fixed inductance and capacitance and the frequency
of the sine wave alternator varied until the plate current was a mini -

Fig. 2-Test Circuit

mum. Experiments showed that when the plate current is a minimum,
the plate efficiency is maximum. The voltage at V1 was maintained at
110 volts for supplying the frequency meter and grid bias rectifier.
The grid exciting voltage was supplied by a 5 -kw transformer so that
the asymmetrical grid current would not distort the actual grid voltage.
Oscillograms showed that the instantaneous grid voltage was for all
practical purposes the sum of a pure sine wave and a constant voltage.

The tank circuit consisted of an air core inductance (L) of 0.674
+ 0.001 henries and 5.30 ohms d -c resistance, and a bank of high
voltage oil condensers (C2) whose capacity and series resistance at 60
cycles were 10.23 pf and 1.95 ohms, respectively. The constants of the
condensers were determined by taking a series resonance curve. In
this manner the frequency for equal inductive and capacitative react-
ances was found to be 60.56 cycles per second.

For varying the load on the tube, additional resistance R, could be
connected into the tank circuit. If the frequency is adjusted until
w2LC2 = 1, the effective resistance of the tank circuit is

L
R,(Ri-FRO-F-

C

Since in the case under consideration Rc= 1.95 ohms, R1=5.3 ohms, .

L/C = 65,900 (ohms)2, the first term of this expression is negligible ex-
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cept for values of R, of the order of hundreds of ohms. The largest
value of R, used here was 61 ohms. Hence, the effective resistance of
the tank circuit is simply L/RC ohms, where R is the total resistance
of the tank circuit, or R1=Ri

The gross output of the tube is 1,2R. For the larger values of R,
this expression gives output figures which are higher than the true
output, because harmonics of the plate current flow largely through
the capacity branch of the tank circuit. This was avoided by switch-
ing the I, meter from the capacity to the inductance branch of the
tank circuit (see Fig. 2). Corrections for the plate current were then
necessary.
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Fig. 3

The filament was supplied from the same source as the grid excita-
tion voltage. The effect of this was to increase or decrease the grid
excitation by an amount equal to about half the filament voltage. In
all cases the filament voltage was adjusted to the rated value. On
account of the excess emission available in thoriated filament trans-
mitting tubes, variations in filament voltage up to + 10 per cent have
practically no effect on the output. This was convenient as it made
accurate adjustment of filament voltage unnecessary.

Grid driving power was measured by a wattmeter connected to the
grid circuit as shown in Fig. 2. A special meter with a current coil
resistance of 0.9 ohm was selected. Low current coil resistance is
essential if distortion of the grid voltage wave form is to be avoided.

The arrangement for supplying the voltage Ed in Fig. 2 was only
used when four -element tubes were being tested.

_Do

t..
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4. EXPERIMENTAL RESULTS

The power required to drive the grid of a power amplifier can be
divided into two distinct components. With sinusoidal grid excitation
as soon as E.> E grid current flows during the portion of each
cycle when the grid is positive with respect to the filament. This
current must overcome two voltages-the voltage from grid to fila-
ment and the bias voltage E, The average power loss in the bias
source is simply E.  l assuming that C1 by passes the radio -frequency
components of grid current and has negligible series resistance. If we
call the average driving power Wd and the average grid loss W,, we get

Wd=W.+EcIc. (1)

Now W, is a function of E. and E but since ./e is a function of these
same variables, we can eliminate E. and consider W, -f(E It).
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The first measurement of Wa was made with a UV211 operated
under "full load" plate circuit conditions. The method of determining
these conditions will be described later. E, and E, were varied in such
a manner as to keep I, constant. The result is shown in Fig. 3.
These curves show that for lc= 0.100 and I,=0.050

aWd
= IC.

aEc
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For Ic=0.010 ampere aw daEc= 0.91 Ic. However, this last value
of Ic is considerably below the normal operating value for the UV211.
In the normal operating region we can say af v amE,=Ic. From (1)
it is evident that this can only be true provided awgiaEc= 0; that is,
the grid loss is independent of the grid bias for constant Ic. Equation
(1) thus becomes

Wa =f(lc)-FEcle. (2)

This independence between W. and Ec was also observed in the
case of other tubes. It is only necessary, therefore, to show W as a
function of I,.

/0

gr -51f
- 03-A

1/1/104-A
e/Y-114,9
W-85/
0V-861

ILI PERE
/00

rig. 5

EA

/000
/000
5000
2000
000

5000

860

0350

00

50

$

300 /00

The upper curve on Fig. 4 shows W. =f(I,) for a UV211, taken with
several values of Ec. The points are all on or close to one straight line.
Deviations were found by repeated measurements to be due mostly
to experimental error resulting from variations in supply frequency
and voltages. From this curve we get

W. =0 .039/." watts (3)

where Ic is expressed in milliamperes.
So far, full load plate circuit conditions were maintained. These

are the most common conditions. The effect of a change in the plate
load can be seen from the lower curve of Fig. 4 which shows W, for
a light load curve. The coefficient in (3) is now reduced to 0.03, which
is a reduction of 23 per cent. It is easy to see why the grid loss should
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be less for light loads than for heavy loads with a given value of L.
As the plate load resistance L/RC is increased, the minimum instanta-
neous plate voltage decreases steadily and may even go negative. Thig;
means that the maximum positive grid voltage may be considerably
above the plate voltage. Under these conditions the grid collects most
of the electrons emitted from the filament. Thus other conditions
remaining the same, as the plate load resistance is increased I.
will increase. Eg must now be decreased to obtain the same value of

Fig. 6

I, as at full load. After this change has been made, the wave shape
of grid current is not much different from what it was originally. Con-
sequently, since the decrease in E. decreased the positive grid voltage,
the grid loss is less.

=f(1,) was now taken for a series of seven different types of
transmitting tubes' under full load conditions. These results are shown
on Fig. 5. For every tube the function W. =NO is expressible as

W. =AI,''34 watts (4)

where is again in milliamperes. The value of A is given in Table 1.
5 Technical information on these tubes is given in Appendix III.
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TABLE 1
Tube L/RC A

ohms
UV845 3100 0.0467
UV211 3100 0.0390
UV203A 3100 0 .0356
UV204A 4030 0 .0531
UV849 2860 0 .0293
UV851 979 0.0244
UV861 (Ea = 500 v) 4300 0.107

No quantitative relation connecting the coefficients A and the di-
mensions of the tubes could be found. However, a little consideration
will show that the following qualitative statements must be true.
Other conditions remaining the same, as the grid mesh is increased,
(thus increasing theµ of the tube) A must decrease. This agrees with
the experimental results in the case of the UV815, the UV211 and
the UV203A which differ only in the grid mesh and have values of µ of 5,
12, and 25, respectively. As the µ is increased by moving the grid
toward the cathode, A must decrease.
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5. THEORY OF GRID Loss

The maximum error in the exponent 1.34 was estimated to be about
± 0.04. Thus the extreme values of the exponent are 1.30 and 1.38. It
is now of interest to see if this exponent can be justified theoretically.
To do this it is necessary to know the function connecting instantaneous
grid voltage and grid current. Analysis of oscillograms showed that
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this function is quite complicated under normal power amplifier con-
ditions. Among other things, it is affected by secondary electron emis-
sion, which is generally present. Assuming

= Bega (5)

the exponent a varied from a value 1 at the lowest grid currents to
a value 4 at the highest currents.

From (5) expressions for Ic and W, can be obtained. These are

B f c°° -`'`:"(°E° cos x-iydx (6)
o \ Ec

104
wg = -Eca+1 cos dz.. (7)

7

If E, is eliminated from these equations, W, can be expressed as a
function of Ec and Taking Ec =1, B=7,log W, =f(log 10 was calcu-
lated for a = 1, 1.5, 2, and 3 for the practical range 1.5 5 V2E0/E, 4.
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These results are shown in Fig. 6. For a =1 a slightly curved line is ob-
tained, but for the remaining values of a the line is straight for all
practical purposes. These curves are exactly like the ones found
experimentally. The slope of the experimental curves is 1.34 ± 0.04.
The slope of the theoretical curves is seen from the following:
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a(log W
a Slope

a(log /g)
1 1 .73
1 .5 1 .57
2 1 .46
3 1 .30

Experiment 1 .34 ±0.04

Thus even though the simple relation (5) does not hold exactly, the ex-
ponent a can vary over a considerable range and still result in a type of
grid power characteristic very nearly the same as the experimentally
observed characteristics.

It now remains to explain the observed fact that W, is practically
independent of E, as long as is constant. The effects of variations
in E, can be seen from (6) and (7) if E,/E, is held constant.

log /, =a log Ec+Ki

log W, = (a +1) log Ec-F K2

Now if E, is increased from E, to m E the corresponding increments
in log /, and log W, are

A log /, =a log m

A log W, = (a +1) log m

From these equations it is clear that if

Slope of [log W, =f(log Is)]=
a(log W,) a+1

(8)
a(log /,) a

any increase in E, will merely move a point up along the characteristic.
Thus for all values of E, only one characteristic will be obtained. The
degree with which condition (8) is satisfied by the theoretical curves of
Fig. 6 can be seen from the following:

a
a(log a +1

a(log I0 a
1 1.73 2
1.5 1.57 1.67
2 1.46 1.50
3 1.30 1.33

Condition (8) is thus nearly satisfied for a = 2 and a = 3. Hence,
for both these values of a, Wa is practically independent of E for
constant I. Again, there is a satisfactory agreement between theory
and experiment.
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6. RELATION BETWEEN DRIVING POWER AND PLATE
CIRCUIT OUTPUT

The measurements of grid losses given in the preceding section
are most useful when accompanied by plate circuit output and effi-
ciency. The purpose of this section is to give these additional data
and to show how advantageous operating conditions can be chosen.

For economic reasons, transmitting tubes are usually operated
under maximum rated conditions. All the tubes used here have d -c
plate current and plate voltage limits for r -f power amplifier or oscil-
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lator services.' Thus the maximum plate input is fixed in each case.
If a tube is operated at its maximum plate voltage, the input can be
controlled by means of the plate load resistance L/ RC, the excitation
current lc, and the grid bias Ec. The problem of finding advantageous
operating conditions then consists of determining values of these three
variables which will give low driving power and high plate efficiency.

It is well known that for a fixed plate current, the more negative
Ec the greater the efficiency of the plate circuit. In the practical range
of values of E, the rate of increase of efficiency with Ec is quite low. Ex-
periment shows that as Ec ismade more negative, lc must also be in-
creased to hold constant plate current. From the preceding sections it
is obvious that the driving power will therefore increase more than
proportionally to Ec. The best value of Ec will therefore depend largely

 See Appendix III.



996 Spitzer: Grid Losses in Power Amplifiers

on the driving power available. It was sufficient for the present pur-
pose to choose values of Ec which gave within a few per cent of the
maximum full load efficiency that could be obtained with very large
values of Ee.
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Now with Ec fixed, only one value of will give the desired plate
input for any given value of L/RC. In this manner curves of power
output against L/RC can be obtained. Two typical curves for the
UV211 and UV203A are shown on Fig. 7. These curves show that
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maximum output can be obtained at about L/RC = 3100 ohms. For
higher values ofL/RC the grid currents, and hence the driving power,
increase very rapidly. The reason for the increased grid currents is as
follows: When L/RC is large the minimum plate voltage is small.This
produces a deep saddle in the plate current wave form, which loss in
current must be made up by spreading the plate current over a large
portion of each cycle (since we are holding a constant lb). This can
only be done by a large increase in E so that increases rapidly
too. Thus for low driving power, L/RC should be chosen as low as
possible. At the lower values of L/RC the output decreases rapidly
because in this case the minimum plate voltage is high, which results
in high plate loss and therefore a lower output. So when the optimum
of output is broad, it is best to choose the lower values of L/RC.

The operating conditions chosen for several types of tubes are
shown in Table II.

TABLE II

Tube

type

Et

v

lb
a

Eg

v

Ig

ma

Es

v

L/RC

ohms

Grose
Output
watts

v
Per
cent

Wa

watt'.

Re/21 b

ohms

UV -211 1000 0.175 -100 19 180 3100 122 89.7 3.9 2880
UV -203A 1000 0.175 -75 35 145 3100 123 70.3 6.7 2860
UV -204A 2000 0.275 -175 131 328 4030 405 73.8 58. 3640
UV -849 2000 0.350 -200 57 240 2880 562 80.2 29. 3500
UV -851 2000 0.900 -200 300 274 979 1420 78.5 111. 1110
UV -881 3000 0.350 -200 40 455 4300 885 83.5 22.5 4290

 Rd =500 v

The approximate value of L/RC for any case can be obtained in
the following manner:

Let K = E4/Eb. Then

or

(KEW
nEbh, =

RC

L K2 \'1,
RC k

Assuming K=0.60, n = 0.70 as average values

L

RC 2Ib

This approximation is especially convenient when tubes are to be
operated at unusual plate voltage and current. Values of E b/2/ b
are tabulated in Table II for comparison with L/RC.

(9)
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The first two tubes in Table II differ only in grid mesh, the UV211
having an amplification factor of 12 and the UV203A, 25. For the
chosen conditions the UV211 requires somewhat less grid power. No
absolute conclusions can be drawn from these data, however, as a slight
change in L/RC can easily make the UV211 take more driving power.

The same things are true to a certain extent of the other tubes
listed in Table II. The UV204A, for example, requires 56 watts driv-
ing power. If the L/RC is lowered from 4030 to 3810 ohms, the driving
power is reduced to about 30 watts, with an attendant decrease in
plate efficiency. In a similar manner, the driving power for the other
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tubes can be decreased. This brings out the fact which has already
been explained and must be emphasized again, namely, that the operat-
ating conditions of Table II are not the optimum conditions for
all cases. These tubes can be operated very satisfactorily under
conditions differing considerably from those set down in Table II.
The latter are simply representative conditions which have been chosen
in an endeavor to keep the driving power as low as possible without
too great a loss in plate efficiency. If in any particular installation
more driving power is available, it is advantageous to increase L/RC
and Ec thereby increasing the plate efficiency.

Using the values of L/RC and Ec given in Tablell curves of power
output, efficiency, driving power and a -c grid voltage were taken as
functions of Ic. These are shown in Figs. 8 to 14 inclusive. It might be
argued that these curves would be more properly shown as functions
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of E, since E, is a true independent variable. E, is difficult to measure
at high frequency and the provision for its measurement in actual
installations, such as radio transmitters, is unheard of. I on the other
hand, is easy to measure and meters for its measurement are generally
provided in practice.

There is nothing new or unusual about the curves of Figs. 8 to 14
with the exception that they show driving power. The reasons for the
various forms of the curves are so obvious that they will not be recited
here. These curves show clearly what happens when the excitation
current (I c) is varied, other conditions (L / RC , Eb, .E remaining con -
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stant. The output curves have a shape similar to magnetic satura-
tion curves for iron. For this reason the value of lc which gives an
output just above the knee of the curve is sometimes called the "sa-
turation grid current." This is generally a rather indefinite value.
Furthermore, it is different for every plate load (L / RC). For large
values of L/RC the saturation grid current is low and vice versa.
Thus, unless L/RC is specified, the term "saturation grid current" has
little significance.

Figs. 10 and 11 give an interesting comparison between the UV204A
and the UV849. The latter tube is of later design and is definitely
superior to the UV204A as far as excitation voltage and efficiency are
concerned, when both are operated at their maximum rated plate
inputs. If now the input to the UV849 were reduced to the same value
as that of the UV204A by increasing L/RC its efficiency would increase
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while the driving power and a -c grid voltage required would decrease,
thus still further increasing the superiority of the UV849.

Figs. 13 and 14 are some curves on the UV861 screen -grid tube as
an r -f power amplifier. These were taken with the screen maintained
at filament a -c potential by a 115-4 condenser. Frcim these curves
a comparison can be made when the tube is operating under various
screen voltages, Ed. These are given in Table III.

TABLE III
E b =3000v & -200 v 4=0.350 a

Ed r, E, Wa Output s

v ma v watts watts Percent
400 54 460 30.5 678 84.8
500 40 453 22.5 885 63.5
600 27.5 440 15.0 632 80.5

Oscillograms7 showed that under each of these conditions the minimum
plate voltage was very close to the screen potential. This caused a

4, 8000
UV RE/

0301) f16041

400
I.

400

400

Odreur

300

Zoo

/00

66

0 W 40 60 NX)

Fig. 14

deep valley in the plate current wave form. As the screen potential
is lowered this valley is made less deep. Hence, for constant plate
current the wave can be narrowed, thus increasing the plate efficiency.
At the same time the grid must be driven more positive to get the re-
quired plate current through the screen grid. Thus for decreasing
Ed, Wa increases.

7. EFFECT OF PRIMARY AND SECONDARY ELECTRON
EMISSION FROM THE GRID

The fact that conditions are favorable for the emission of second-
ary electrons by the grid, during the portion of each cycle when the

7 See Appendix II.
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grid is positive, has already been mentioned. Suppose a certain tube
does not show secondary emission in the operating range of grid
voltage. Let the grid current be represented by wave c in Fig. 15(a).
Wd is the product of the fundamental component of this wave which
is in phase with E, by E9. If, as in Fig. 15(a), e,= -0E, sin ud-E,
then,

Eco 2r/to

Wd=-f 40) sin cot  cit. (10)
o

If, in some manner, the grid can be activated to emit secondary
electrons, so that the wave c is changed to d, the value of the integral
in (10) will obviously be diminished, thus reducing Wd, the driving
power. At the same time, the plate current and power output will be
increased to some extent. Therefore, the introduction of secondary
emission will reduce the driving power without reduction of plate
circuit output. Ample confirmation of this was found in several cases.
One tube in particular, when not excited to full output, actually showed
negative driving power and grid current. In other words, the grid
was delivering rather than absorbing power.

A limited amount of secondary grid emission is desirable in r -f
power amplifiers provided it can be controlled, but when the emission
reaches such magnitude as to produce a reversal of grid current as
the grid voltage passes a certain positive value, other disturbing fac-
tors appear. If a grid leak is used for bias, the grid may suddenly

a

Fig. 15
b

assume a high positive potential which produces a destructive flow
of plate current. This has for many years been termed "blocking."

Sometimes a small amount of primary (thermionic) emission from
the grid is encountered. Since the grid temperature can hardly follow
radio -frequency variations of E, the primary emission current is a
continuous one provided the grid is always sufficiently negative with
respect to the other electrodes to allow this current to be drawn away
from the grid. From (10) it is evident that the addition of a continuous
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current to i, (t) has no effect on the value of the integral and hence
on IV,. If the grid potential is more positive than the plate during
a fraction of a cycle, the primary emission current cannot leave the
grid during this period. This is shown in Fig. 15(b), where the normal
grid current and primary emission current are drawn separately as

Eb = 3000 v
1e, =0.240 a
Input =720 watts
Output =352 watts
Efficiency =49 per cent

Fig. 16-UV861 under -excited.
E e= -200 v
/. =10.4 ma
E, =335 v
Ed= 500 v
Id= -18.0 ma

curves c and e respectively. Both have the same general phase. Hence,
if variations in the primary emission current are taken into account,
Wd will be increased by (10). Therefore, if primary grid emission is
introduced into a tube, all other conditions remaining the same, either
the driving power is not affected at all, or it is increased.

Appendix I

SYMBOLS

E b-d-c plate voltage
en-instantaneous plate voltage
I b-d-c plate current
in-instantaneous plate current
E r-r.m.s. voltage across tank circuit
Eg-r.m.s. grid driving voltage
es-instantaneous grid voltage

E,-d-c grid bias voltage
Ic-d-c grid current or "excitation" current
i9-instantaneous grid current
/d--d-c screen current
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id-instantaneous screen current
w = 271-angular velocity
f-frequency, cycles per second
L-inductance in tank curcuit j
C-capacity in tank circuit PO

R-total resistance in tank circuit
n-plate efficiency

Wd-average grid driving power in watts
W-average grid loss in watts

Appendix II

Since screen -grid transmitting tubes have been developed rather
recently," a few oscillograms illustrating their action may net be out
of place here. These oscillograms were taken in the circuit of Fig. 2,
using a UV861.

E8 = 3000 v
/b =.0.358 a
Input =1074 watts
Output = 685 watts
Efficiency = 63.7 per cent

Fig. 17-UV861 fully excited.
Ec= -200 v
.1,=48.0 ma

E,=496 v
Ed= 500 v
Id = +49.0 ma

The oscillogram of Fig. 16 was taken with the tube under -excited.
As a result, the plate voltage swing was not very large, ep min being
1280 v. This caused the low efficiency shown. The screen potential
was 500; this condition was favorable for an excess of secondary
emission over the number of primary electrons captured by the screen
and the screen current was negative as the oscillogram shows. On

8 J. C. Warner, "Some Characteristics and Applications of Four -Electrode
Tubes," PROC. I. R. E., 16, 424; April, 1928.
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account of the screening effect, plate current wave shape was de-termined almost entirely by the positive grid voltage loop, the varia-tion in plate voltage having very little effect. Since the positive gridvoltage loop was not noticeably distorted from sinusoidal shape, theplate current looks like a section of a sine wave. The plate currentleads the plate voltage slightly. This is because the frequency wasalways adjusted for minimum plate current. Under this conditionthe tank circuit has a capacitative reactance, but nevertheless, maxi-mum efficiency is obtained.

Fig. 18-Tubes Used in This Work.Left to right: UV211, UV203A, UV845, UV204A, UV849, UV851, UV861.
Fig. 17 shows the conditions which obtained at full load and fullexcitation. ep min was now 630 volts, which was sufficient to pass only1 ampere plate current. Hence, there is a saddle in the plate current

wave. The plate was also robbed of current to some extent by thescreen grid and control grid. As long as e, was well above screenpotential the screen current was negative, but as e, approached the
screen voltage, conditions became unfavorable for secondary emissionfrom the screen so the screen current reversed.



A
pp

en
di

x 
II

I
A

IR
 C

O
O

L
E

D
 T

R
A

N
SM

IT
T

IN
G

 T
U

B
E

S;
 T

H
O

R
IA

T
E

D
 T

C
N

G
ST

E
N

 F
IL

A
M

E
N

T
S

Fi
la

m
en

t D
at

a
U

V
84

5
U

V
21

1
U

V
20

3A
U

V
20

4A
U

V
84

9
U

V
85

1
U

V
88

1

V
ol

ta
10

.
10

.
10

.
11

.
11

.
11

.
11

.
A

m
pe

re
s

3.
25

3.
25

3.
25

3.
85

5.
00

15
.5

10
.0

E
le

ct
ro

n 
E

m
is

si
on

 (
am

pe
re

s)
A

pp
ro

x.
3.

2
3.

2
3.

2
4.

9
5.

5
20

.
11

.

R
 -

F 
Po

w
er

 A
m

pl
if

ie
r 

U
se

M
ax

im
um

 o
pe

ra
tin

g 
pl

at
e 

vo
lts

M
od

ul
at

ed
 d

 -
c

10
00

10
00

10
00

20
00

20
00

20
00

30
00

U
nm

od
ul

at
ed

 d
 -

c
12

50
12

50
12

50
25

00
25

00
25

00
40

00
M

ax
im

um
 p

la
te

 d
is

si
pa

tio
n

(w
at

ts
)

10
0

10
0

10
0

25
0

40
0

75
0

40
0

M
ax

im
um

 d
 -

c 
pl

at
e

C
ur

re
nt

 (
am

pe
re

s)
0.

17
5

0.
17

5
0.

17
5

0.
27

5
0.

35
0

1.
00

0.
35

0
O

ut
pu

t w
at

ts
 (

N
om

in
al

)
75

75
75

25
0

35
0

10
00

50
0



Proceedings of the Institute of Eadio Engineers
Volume 17, Number 6 June, 19e9

MATHEMATICAL THEORY OF THE FOUR -ELECTRODE TUBE*

BY
J. G. BRAINERD

(Moore School of Electrical Engineering, University of Pennsylvania, Philadelphia, Penna.)

Summary-This paper gives the mathematics of the four -electrode tube,
including in the most general case expressions for the plate and two grid currents
in terms of applied voltages in the two grid circuits and the impedances of all three
circuits. The results are exact, variation in the amplification factors being included.
Because of the complexity of the general equations, these expressions for the currents
have been developed: I, in terms of one grid -filament voltage and external impedances
in plate and other grid circuit, assuming no voltage in latter; II, in terms of grid -
filament voltages of both grid circuits and external impedance in plate circuit;

terms of applied voltages in both grid circuits and external impedances in
plate and two grid circuits.

The results of I show the effect of an external impedance in the non -control
grid of a "screen -grid" or "space -charge -grid" tube; II covers the approximate theory
of a "double -function" tube; III gives a more exact and comprehensive theory of
the tube in any use.

THE purpose of this paper is to develop general equations for
the plate and grid currents of a four -electrode tube. The work
is essentially an extension to the four -electrode tube of Carson

and Llewellyn's work on the three -electrode tube.'
Let the subscript a refer to one of the two grids, b to the other;

let E,, E., Eb be the total instantaneous voltages between the plate,
first and second grids, and the filament, respectively; and let In, Ia,
and Ib be corresponding currents. Then if the subscript o denote
steady d.c. values obtaining before the application of any a.c. voltage
to the tube, and small letters indicate changes resulting from applied
a.c. voltages,

E,=Epo+e,
E5=E00-1-e

 Eb=4Ebo+eb

I p =- I po+ip

Ia = I ao+ia

lb= Ibo+ib
 Dewey decimal classification: R132. Original manuscript received by the

Institute, October 24, 1928.
Carson, "A Theoretical Study of the Three Element Vacuum Tube, 'Pam.

I R.E. 7, 187; April, !919.
Llewellyn, "Operation of Thermionic Vacuum Tube Circuits," Bell System

Tech. Jour. V, 433-462; July, 1926.
Since much of the interpretation of the results of this paper is similar to that

of the latter paper, it will not be entered into in detail here.
1006

(1)
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The amplification factors µa and Alb, the plate resistance r,, and the
mutual conductances ga and ge are defined as follows:

a/,, a/

whence

Note that

a E.
Ata= alp

aE,
1 al,
r, aE,

al, i.la--=ga
aEa rp

ago agb

aE. - aE.

aEb
12a-

81,

aE,

Ab
= fib

aE. r (4)

It should be recalled that a partial derivative of a function of
several independent variables with respect to one of them is the
ordinary derivative of the function with respect to that variable when
all the other variables are held constant. Hence 12a, as defined, is to be
determined for a fixed value of Eb. In addition to the above, define
six analogous quantities for the grid circuits thus:

ale alb
aE, aE,

Pa- Pb =
ale alb

aE.
1 al.e

rya aE.
Ha pa--=guaaE, rg

and

aE.
1 Mb

rob - aE,
al. Pb

=----=gub
aE, r,b

(5)

(6)

(7)

The mutual conductances go and gr, defined by (4) and the reflex
mutual conductances g. and gob defined by (7) stand for ratios
µa/r, etc., which often enter into the mathematical expressions.
By Taylor's series,

= Plea+ Pee+ Pep+ P ea2 Pbeb2 Pee,2 Fre,"

1-1)8eae,A -P9ebe,+ 

143=Alea+A2eb+443ep+A4ea2 f Abee2 -A6e,2 + A leueb

(8)
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-FAseaep+Agebep+ (9)

ib=Blea+B2eb+B3e,d-B4e02±B5eb2+ B6ep2+ B7eaeb

+Bseaep-I-Bbebep+ (10)

where

al, 1 au, 1 agb

Pi =---ila.-ga P°=-2 aEb2=-2 aEb

ar 1 au, 1 ar,
P2=

aEb- go PI = 2 aE,2 2r, 8E,
al, 1 au, aga agb

3 8E, P'=r, ()Limb aEb aEa

1 au, 1 aga au, aga

P'2 aEa2= =T aEa P8
aEpaEa aE,

au, agb
Pg -

aE,aEb aE,
ala 1 1 a 21,3 1 aGaAi=----=-
aEa rga 216 = 2 = -aEb2-2 aEb
ala 1 a2ra 1 agga

2 = = Ga
aEb 216 =-2 aE,2--- 0E,
ala

213--71:,- gm'

a2ia 1 area
A =

aE 2r9a2 aEa

a2la 1
A7=

aEbaE. r9a2

aga agaa
A8 azdE,

area

49E8

821a aqua
A9 - =

aEbaE, .aEb
alb 1 aqb 1 argaBi-----Gb

14
-

aEa =-2 -8E82 2r082 aEb

ail, 1 1 aub 1 aggbBg= --- --
B6 = -2 aE,2 8E,aEb rab

aIb
B3 - - gub

1 aub 1 aGb

2 aEa2 2 aEa

aub 1 arabB7--
aEaaEb rab2 aEa

(92.4 agab
Ba=

aEaap,', 8E.
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09218 age,Bp-
aEbaE, aEb

In (11), all the P's, A's and B's are constants, each derivative being
evaluated at the point Ep= E,a, E0= -E., and Eb = Ek. Throughout
this article this is to be understood for each derivative. The quantities
G. and Gb defined above might be termed the "cross mutual conduct-
ances."

Notation: If z is an impedance, its value at a frequency pm/22r
may be denoted z(p ,.).

It will be necessary to deal with each component of a voltage or
current of the form

cal = sot) (12)
2

(where a=base nat. logs) and the corresponding impedance z(p1).
The conjugate component

Eat (12a)

has a corresponding impedance i(p1) which is the conjugate of z(p1).

I. EFFECT OF AN IMPEDANCE IN THE CIRCUIT OF THE SECOND
GRID OF A FOUR -ELECTRODE TUBE

Let us first consider a restricted problem, that in which there is
an applied voltage and no external impedance in one grid circuit,
say the "a" grid circuit, while there are external impedances but no
applied voltages in the. "b" grid circuit and the plate circuit. This
would correspond to the case of a signal impressed on the "a" grid
circuit, the latter having negligible external impedance, while the
"b" grid circuit has an appreciable impedance.

Let the generalized impedance in the plate circuit be z and let zb
be the generalized impedance of the "b" grid circuit.

Let ea= EE.. cos (pa+ O.)
Ems

2
(13)

Edbgean+ Edum+.) (ea2)(m+r,) + (13a)

ib= Efilnean+ E132(m-Fn)(ea2)(m±n) ± (13b)

where any term, say Edum+n) (e.2)(.+.) represents a sum of terms,
each one of the form Eei[cp.-f-pot+0.+001 (or conjugate form) multi-
plied by a d coefficient.
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Then e,= - zip = - Ed iff(ze) - Ed2(n+n)(ze2)(m+n)-F (14)
eb = Ezbib = - Efiln(zbe.). - ES2(n+n)(zben2)(m+n)-f-  (14a)

where each set of brackets 0 represents a voltage of the form Etiu404-20
multiplied by the appropriate impedance z(p.). Substitute in (8) and
(10) and equate coefficients of terms of like order and periodicity.Then

[reb+zb(Pn)] - librgbzb(Pn)Gbdln =
[rp+z(Pn)][rgb-Ezb(Pn)]-libybz(Pn)zb(Pn)

roGb-dinvg(Pn)
fin =

rgb+Zb(Pn)

d2(m+n)

dbrp[rob+ ze(pm-Fp.)]-0tibroab(pm+P.)
2 bp F z(pm+ pn) I [r ob- F za(P.+Ps)] -tibvbz(P.-1- pn)za(P +PO

where

aga agb 1 or,,
42= -+-- [flinflimZe(Pn)zb(pm)j--

r aE-[dindimgPm1Z(Pn)laz, aEb ,
aga agg

--foinzbcp0+13

2

,,zbcp.)1--
aE pi.z(po+cli,z(p.)]aEb ,

gb,
+-idi.si,z(pn)zb(p,)+di,nsinz(p.)zb(pn)1aE,

and

aGb 1 Grob ag.b r , ab(PO IZb(Pmi tainai,zkp,oz(p,)az, r,b2 aEb aE,
1 aro ago

[Oinzb(p.) +th
,

.zb(P.) tdinz(P.) di,z(p,n)r.b2 az, az,
aggb+ [dlnalna(Prs)Zb(P.) alnatlinZ(P b1)Zb(Pn)] I.OG b

(15c)

The d and $ coefficients are complex quantities, and i is given
as a sum of complex quantities when the d's are given by (15a) and
(15c).

The coefficient ds(n+a) represents the general coefficient of thedetection or modulation terms, for it is to be understood that the term
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(e.2)(,.+.) in (13a) represents a double sum including positive
and negative values of m and n, thus giving modulation terms of the
sum of the impressed periodicities (p,+p), detection terms of the
differences of the impressed periodicities (p,,,-p.), and including
double frequency and d.c. terms as special cases. Of course for, say, a
modulation term of periodicity pm-ps, the p. already appearing in the
equations must be replaced by -p. for a d. c. term p. must be
replaced by -p. etc.

Resistance Case. If the load in the plate circuit be a resistance
r, and the impedance in the second or "b" grid circuit be a resistance
rb, then (15a) reduces to

ga(ro-Frgb)-12brbrgbGbdi=
(r-Frp)(rb-Ergb)-1-loyerre

and (15b) and (15c) reduce to

re,Gb(r +rp)--Atobr
F+1=

(r+rp)(ro-Freb)-1411brrb

1 Ogg 1 agb r2d12 ar,, aga
r(rb+rob)[- --F-ro2012---- -- rbi3i-2 az, 2 aEb 2r92 aE, aEb

aga agb 1 acb 1 421312 aro
2

-rai - -r rrbati-11----1-Atbrbrub
aE, aE, 2 az, rgb2 aEb

d2 =

--- aipi-,
+ rdi + rrb

r2d12 ago rbrii aro ago, aggb]

2 aE,+rub' az, aEa aEb

(r-Fri,)(rb±rgb)-Atbliorrb

It is evident that i,, depends in a complicated way on rb,. From
d1, conditions for maximum amplification current can be obtained
by differentiation. For all cases the amplification voltage is maximum
for r = 00

The coefficients reduce, when there is no second grid, to d1=µ./r -Fry
and

(16a)

(166)

[1.1.2r" -arP 2-r2)aga ±(r-Fr9)281--ja-]
aE, aEi, aEa

d2=
2(r -Fri,) 3

(16c)

(16d)

II. EXPRESSIONS IN TERMS OF GRID -FILAMENT VOLTAGES

To get the currents in terms of grid -filament voltages ea and eb
and the external impedance z in the plate circuit, assume
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iP= Edinean+ Ed2 keb A + Ed3(m+n) (ea2)(m+n)

+ 22 doh+ k)(eb2)(h+ k)-1- Ed5(n+ h)(eaeb)(n+ A) + (17)

The subscripts n and m will be used to indicate components of ea
with periodicities pa and pm, respectively, while h and k will be used
for components eb, with periodicities qh and q k. Thus a subscript
dh(a+h) goes with a term of frequency (p.- F qk) /22r.

-ep= Edin(ze.)n Ed2 h(ze a) h+ Ed3(m+n) (2e2) ( m -l -n)

+Ed 4(b+k)(zeb2)(k+k)+Eds(n+h)(Zeneb)(n+h)-1- " (17a)

Proceeding as before,

d3(m+n) =

Likewise

d1.= (18a)
rp+z(pa) r F z(p.)

gkrp Po
d2k - (18b)

rp -1-z(q h) rp+z(q k)

garp

rp{g

aE
-[rp-Fz(p.)][rp-Fz(p.)] -ga2z(pm)z(p.)aE,191-}

aga,
-g or p2

a E
1z(p.)[rz(p.,)]+z(p..)[rp-1-z(p.)]}

p
-F

d4( h+ k) =

dii(w+h) -

2 [I.,- F z(p.)] [rp+ z(p.)][rp+ z(pm- F p .) ]

ago
rp{

aE-b[rp-
F z(q k)][rp- F z(qk)] - gotz(q k)z(q k)aE7-3

,
agb

fJ
z-gkr,2oE (q k)[rp-Fz(q k)] z(q k)[rp-l-z(qh)]1

P

2 [rp-Fz(qh) [rp-Fz(qh)] [rp-1-z(q +D)]

or ag.
rp{g.gkz(p.)z(q k)---Fgkr,,z(qh)[rp-Fz(p.)]

aEaE, ,

-F gar pz(p.) [r- F z(g
agb ag.

aEP alc,[rP+z(P")][rP+z(qh)]}
[rp-1-z(pp)][rp+z(qh)][rid-z(pd-qh)]

Each d is a complex quantity, and is the coefficient of a voltage of the
form Ee1(04-0, for example, c/5(.4..) is the coefficient of Ea mEaa/2
el-ito"ni-P104-0m-Fhol. To change this to an expression in terms of co-
sines, this must be combined with its conjugate

(73(m n) (ea2) (m+n)

(18c)

(18d)

(18e)
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The first two terms in ip give

µa cos pni+0,-tan-i(x(Pn)\1[ kr,-Fr,L1

V(r+r,)2+(x(p))2

i-Lb cos [pit +13 h -tan-' (z(qh))]
r,

+ E (19)
NAr-Frp)2+(x(qA))2

where jx(p.) is the reactance component of z(p) etc.
If there is negligible external impedance in the two grid circuits,

so that e, and eb may be taken as applied voltages and no allowance
must be made for impedance drops in either external grid circuit,
then the expression for i, in terms of e, and eb is a complete expression
for the plate current in terms of the independent variables e and eb.
In this case, the terms in e, eb, ea2, and Eb2 represent the action of each
grid acting as though the other were absent; the term in eaeb represents
a joint effect of the two grids. Thus if single frequency voltages were
impressed on both grids, the modulated or detected output would ap-
pear in this term.

The modulus of d3(.4-.) is given by a fraction, the numerator of
which is

r

{aga ar,
aEaRr +r,)2- x(p,)x(p)]- g,2--c[r2- x(p,)x(p)]

aga aga
-2gar,-[r(r, r,,) -x(p.)x(p)]}-1- -(r+r,)[x(p.)+x(p)]aE,aEa

ar aga
-rgal-21 [z(p.,)-1-x(p.)]-gor,--(2r-Frp) [Z (Pin) z(Pn) }2

aE, -aE,

and the denominator of which is

[(r±,)2±x(p.s+p.)21[(r+1.,)2+x(p.)21[(r.0.2)2±g(p.)21 (20)

The phase angle of clu,,,+,0 is the inverse tangent of the second
{ } over the first{ }minus

[ tan-' x(1). -FP.) + tan-lz(P.) + tan-lx ( P. )1

r+ r, r+ r, r + r,

In the case of a pure resistance load, (20) reduces to
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r, r ag.
+ r9)2 for2 Or,

2 LaE,OE,
Four -Electrode Tube

o
2garr,(r+r,)

aE
(r+r,)3

Here g. = tia/r, and if it is assumed that aa is constant and
aridaE,,:-.-µ(Ord8E,), then this reduces to

1 arp

µarp2 aE,

(20a)

(r-Frp)3

which is the familiar coefficient for the ea' term in the three -electrode
tube plate current expression. (20a) and (16d) are equal.

The coefficient of eh2(a4(h+h)) is similar to c/3(.+a), with a, n, m,
and p, replaced by b, h, k, qh and qh, respectively. The coefficient
db(n+h) is of more interest, since the Gee term represents the joint
effect of the two grids on the plate current. The modulus of d6(,+h) is
given by a fraction, the numerator of which is

r,4/{ -aga [(r+r,) 2 -x(p)x(qA)1-gagh --arP[r2-x(por(q.))
aEb aE,

r,a(gagb) [r(r+r,)-x(p.)x(qh)] / 2+ {aEb-aria (r+r,)[x(p,)+x(qh)]aE,
ar ag-rgagh-'1[x(p,,)+x(qh)] rr,a(g

aE
b)

[x(p,)+x(qh), -
]aE,

ag.

-rix(MgbaE+x(P")g°aa-Eal2},
and the denominator of which is

4/ [(r+r,)2+x(p,+qh)2][(r+r,)2+x(p)21[(r+r,)2+x(qh)2)

The phase angle of db(+h) is given by the inverse tangent of the sec-
ond { } over the first minus

[tan-1
x(p,+qh) x(pn) (qh)

1.+ tan -1- + tan -1xr -Fr r+r r + rp

For a pure resistance load, (21) reduces to

aga ar, (a gagb)1r,[-- (r +r,,) 2 - r2g,gb
a E

rrp(r+rp)
aEb aE JD ,

(r-Frp)'

(21)

(21a)
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and if it is further assumed that µg and Alb are constants, (21a) reduces
to

ar,
ttattbrp

aE,

(r +r,)'
Since aga/aEb=agb/aZ, (see (4) ), equations (21) and (21a) do not
actually lack symmetry in the a's and b's.

To get is and 4 in terms of ea and eb, assume 4, and 4 are repre-
sented by series similar to (17) with d replaced by a and $, respec-
tively.

Evaluate coefficients as before. There results

(21b)

r,-Fz(p.)(1-µ0.)al
rpa[f + 40]

r Go+ z(g (G - µbg ..)
a2 =

[rp+z(P.)]

a30,1-0= ggaZ(Pm +Pn)d3(ni+n)-2r..2 aE.
1 ar

agog &fig.
1.1.2z(p)z(p,.)-

aE,
- µa

aEa
tz(PO[rp-F z(Pm)]+Z(Pm)[rp-Fz(p.)]I

(22)

2 [rp+Z(Pn) ][rv+Z(Pot)]
1 aca

cr4( k) = g VIZ (q h k) d4(k+ + aEb

1.162z(qh)z(qh)ag. 1.1bago. {z(qh)[rp-Fgqic)]-1-gqh)[rp-Fz(qh)]}aE aEb

2 [r,-1-z(qh)][r.- z(g b)]

ab(N+ h) = gpaZ(Pn q Odb(91+ h)
rg.2 aEb

ag.. ag... ago.

2 aE
A.Atbz(p.)z(g b)-- - Atb- z(q [rp+z(P.) 1.4-u,Eb 1-z(p.)[r, z(gb') J

, aE

1 ar,,

[rp-1-z(p)] [r-Fz(qh) ]

For a pure resistance load these become

r r(1 -µv)
r(r-Frp)

=
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a2
rGa-Fr(Ga-tibriga)

a3 =

(22a)

Ogg. Ogg
µ.2r2-- -21.tor(r +r,,)

1 arg.
+ aE, aE.

2r2 3E0 2(r-Fr)2
Og

gurr,,[(r + 7-9)28E-- - r2g2-or, - 2µr(r + r,)-
a aE 3E,
2(r-Fr,)3

Ogg, a gg a
Ab2ri--2µbr(r-Fry)

1 aGa aE, aE,
a4 -

2 Mb+ 2(r+r,)2

E or
ggarr,[(r + r,) 2- - r2gb2-2- - 2µbr(r -Fr,)--gl' ]

aE, aE, aE,

ab -

2(r -l -r)3

ago.

1 area
ticiAbr2aE -r (r + rpk agg,

+
taaE,- +14-

aE
rga2 aEb (r+r,)2

aga ar, (a gagb)1ggarr,[(r+r,)2- - r2gagbaE--rr,(r-l-r,)
aEb aE _I, ,

(r+r,)2
The 13 coefficients are similar, 02h corresponding to ain, 131, to av
133 ( rn+ n) tO al(24-2), 14(6i -p to- «30+) and 136(n+e) to abot+h)

III. EXPRESSIONS IN TERMS OF APPLIED VOLTAGES
So far the plate and grid currents have been obtained in terms

of the instantaneous voltages between the grids and filament (e.,
If there is an external impedance drop in either grid circuit (or both),
then it is desirable to determine the currents in terms of the applied
voltages ea' and eb'. Such a solution for i, in terms of e01, eb' and the
impedances should account for the action of a four -electrode tube when
used as a double function tube. It should also account for the action
of the tube when used as a "screen -grid" or a "space -charge -grid"
tube, if current flows in the non -control grid, for only insofar as the
impedance of the non -control grid circuit may be neglected may the
customary equations of the three -electrode tube be used.
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To return then to the original problem, let there be an external
resistance r and reactance x in the plate circuit; and let ra and rb and
xa and xb be corresponding quantities in the "a" and "b" grid circuits,
respectively.

Let ea' = E E. cos (pat -Fen)

be the applied voltage in the a grid circuit, and let

eb' = EE IA cos (qbt-H3b)

be the applied voltage in the "b" grid circuit. Then

ea = ;al- Ezaia
eb= eb' - Ezbib

Let i,= Ehlnean'+ Eh2hebA'± Eh3(m-i-n)(eal2)(m-1-n)

Eh4(k+ k)(ebi2)( k+ k) Ehb(n-1-0(ealebi)(n+h)±

and let is and 4 be similar series with h replaced by a
tively.
Then

ea = ea' - Eatn(zaea')n- Eat h (zaeb') h- Ea3(.+.)(zaeh'2)ttni-n)

- Ea4(h fk)(Zaeb'2)(h-l-k) -
eb is similar, and e= zip.

Hence

(23a)

(23b)

(23c)

(23d)

(24)

and b respec-

E,,,(n+h)(zaeze,,')(n+h)-

hb,=db,[1- ainza(pn) j -dlobbizh(p.)

h2h = do, [1- b2hzh(qh) ] - d,ha2hZa,qh,

kin +.) duni-m)Za(Pm+Pri)a3(a+01)

d2(a-1-nt)Zb(Pn+Pm)b3(m-Fit) +d3(m+a)

[1- ainZa(Pa) I [1 - ellniZa(Pme) +d4(a-Fas)

blab' atZb(Pr)Zb(Pag) d5(m+n) [1-ai.z.(p,n)]bbab(p.)

-4(.4.,)[1-ctinza(p.)]bi,zb(p,,,)
14(.4.10 = - di(s+ h)(15(.4. pz.(p.-Fqb)- dun+ mbs(n+ozb(pa q

-24(.44) [1 -ainZa(pn) ]a2hz.(qh) -24(,44) [1- b2hzb(qh)lbinzb(p.)

i-dio+,02,6,4(0,)zb(p.)-1-4(n+,)[1-abiz.(73)][1-b2hzb(o)]

Here the d's have already been given in (18) and the a's are given

(24a)

by
1

ain =- kin -Fze(pn)(al nO2n -a241.)

(25)

(26a)
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a2h = a2h/Oh

1
a3(,,,+n)= 163(n4 [1-al.z.(p.)] [1- ai,z.(1).)]

41950( n }-m)

+ 64(n+ 'obi nbimzb(P n)zb(P.) - 156( n m) [1 nZ a(p 0]1)1 InZ D(P In)

+ [1 - al,zo(p.) ]binza(Pn) J (26c)

(26b)

1
a 4(h t k) = 1153(h -l- .0a2haskza(DOza(q k)

(t) (h+ k)

+ 4( hi -k )[1 b2hZ b(q 10][1 -b2kZb(q k)]- 86(h+ k) I b2hZ 1..(q k)]

u2kzo(q 0+ [1 -b2 kza(q k) ]avaa(q0) (26d)

abc. h) = 1263( h) [1 - a(P n)]ashz a(4h)
(I

-1
)(h+h)

+2134(n+h)[1 b2114(q h)]blnZb(P h)

- 66(n+ [1 -ainzo(pn)][1-b2hzb(qh)]

a2bbinz.(qb)z b(p.)I (26e)
where

Oa= [1 -1-132zb(p.)][1-Fainza(P.)]-asnthaa(Pn)zb(Pft)

53(usi-n) =a3(m÷n) (03(a+m)a2(n+m) a3(m+n)i32(n+us))4(Pms+ Pa)

64(m+ n) =a4(ns+n) (134(m+n)a2(m+n) a4(m+n)/32(n-i-.))zb(p.-Fpn) etc.

The corresponding b's may be written down by comparison with the
a's, by, corresponding to al., etc.

The coefficient lib, may be reduced to

dlni
zb(p- ainzekThque

rob
h
" rea+Za(Pn) rgb+Zb (PO

GoGiza(p.)zb(P.)
rya rgb

- ,,Z(p)z(p.)[figa+Ze(Pft)(22-g -Gagab)1
rob

- d,z (p.)z b(palg,b+zo(p.)(-g-b-g - Gbg o a)1
rea

(27a)

For za=zb=o, this reduces to dla of course, while for za=o, it reduces
to

iLe[rab+ze(PO]-Aibrabzb(pa)Gb which is (15a).
[rgb+zb(P*)] [rp-Ez(Pa)]-Abvez(POzb(P0
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For zb=o, za0o, which is the general three -electrode tube case, h1n
reduces to

r,
r+ z(pn) (r.-Fz.(p.) 1 PavagP"))1\ r,d-z(p)/

(27b)

which is the general form of the coefficient of the amplification term
of the plate current of a three -electrode tube when grid current and
external grid impedance are considered. This further reduces to the
customary pt/r-Fz(p) when rg tna -a s, n, 

The coefficient hv, is similar.

For z =zb =0, 1130.4_0 reduces to d8(m+n) while for zb =0, za#0, the

case of the three -electrode tube

hu,+a) = -6/10.4.,)za(p.,+Pn)a3(nt+n)

Clum+a) [ 1 al nZa (AO [1 - aimz.(pm) J.

In this case, a1,, is given by

ain =

tiava(P.)
1

trp+z(Pn)

Ato oz(P
r c-1- za(p

(27c)

Llewellyn has used the coefficient (27c) to explain grid -leak detec-
tion in a three -electrode tube. Not all the terms depend on curvature
of the plate characteristic, so that there appears in ii among others,
a frequency (p ,a-pa)/27r, which is a detection term when pm is a side -
band and pa the carrier periodicity, when the curvature of the plate
characteristic is neglected. This detection term may be made appre-
ciable by properly choosing za.

In the case of the four -electrode tube it can be seen from (25),
without going into detail, that if the impedance zb is appreciable at
either radio or audio frequencies, the coefficient of the detection term
will be dependent upon zb as well as za when the signal (carrier and
sidebands) is impressed on the "a" grid. If two signals be detected
at the same time, one on each grid, there will be in addition to the
usual components, others due to the term ea'eb' which may be of the
same order of magnitude as the desired detection terms.

The conditions for oscillation may be obtained from (27b) for the
three -electrode tube; from (27a) for the four -electrode tube. It is
desired that a current of frequency p./2r appear in the plate circuit
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when there is no applied voltage in the grid circuits. In this case,
since h1 and ha will be multiplied by zero, the denominators must
be zero, and the equating of the denominators to zero will give the
conditions which must be fulfilled for the tube to produce oscillations.
The tube may produce oscillations of two arbitrarily different fre-
quencies, provided the denominator of h1h can be made zero for one
frequency, say p,, while the denominator of h2h, which is of exactly
the same form as the denominator of h1h, is made zero for the other
frequency, say qh. If this be achieved, then due to the term in e:eit,
there should be a beat frequency-the tube will act as a beat -frequency
oscillator.

The complexity of the coefficients does not warrant writing out
the others here; for any specific application approximations can usually
be made simplifying them considerably.

+--.0111111)-11<01.-+
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DESIGN METHODS FOR SOFT MAGNETIC
MATERIALS IN RADIO*
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Summary-The present paper is concerned with a study of design methods for
soft magnetic materials such as those used in radio broadcast receivers and similar
apparatus. The design of such devices as interstaged transformers calls for more
than choosing points on curves in a standard handbook and computing mechanical
or electrical details by ordinary power transformer theory. Radio transformer
design is usually complicated by the effect of passing d -c space current through
the winding or by the use of an air -gap to prevent saturation of the core by uni-
directional current. The procedure to follow when one of these disturbing effects
is present is not very difficult, but it becomes somewhat involved if an efficient
design is wanted when both are present. In this paper an attempt is made to present
a workable method of taking account of these disturbing effects. The method involves
the determination of the apparent and maximum obtainable permeabilities of the
magnetic materials so that a proper conclusion may be arrived at by an application
of simple engineering methods.

Introduction
HE present paper is concerned with a study of design methods
for soft magnetic materials such as those used in radio broadcast
receivers and similar apparatus. Such a study involves the de-

termination of the apparent and maximum obtainable permeabilities
of soft magnetic materials, then showing the application of these re-
sults to definite engineering problems.

APPARENT PERMEABILITY-AIR GAP IN IRON PATH

When there is no air gap in an iron circuit, as for example in an
ordinary ring sample, we can calculate the a -c permeability from
measurments of the inductance of the coil by means of the following
formula:

7.95/4.0./107
th.e.

k1N2A
Where:

(1)

=a -c inductance of reactor in henries
1 = length of magnetic path in cm
k = stacking factor of core

N = number of turns of coil
A = cross sectional area of core in sq. cm.

 Dewey decimal classification: R283. Original manuscript received by the
Institute, September 5, 1928. Presented by Dr. Minton before the Toronto
section of the Institute, April 18, 1928.
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For direct measurements of pa... it is best to place two identical
windings on the ring sample and measure simultaneously currents in
one and voltage in the other, using an r.m.s. vacuum -tube voltmeter.
The tests should best be made at 60 cycles.

As apparatus, using soft magnetic materials, usually have a super-
posed direct current in radio circuits, it becomes important to measure
the a -c permeability for various values of d -c magnetizing forces or flux
densities in the core. Accordingly, if a third winding of a few turns is
wound on the ring sample and a direct current passed through it in
series with an external air core inductance of high value, it is possible
to calculate the d -c magnetizing force, H., from the following formula

where

1.256/N- (2)

I = current in amperes flowing in d -c winding
N = number of turns of d -c winding

1= length of iron path

Then one is able to measure the a -c permeability under various values
for the d -c magnetizing force. Also, if one has before him the magnet-
ization curves, he will be able to determine the d -c flux density for the
various values of H. used in determining the a -c permeability.

1 3

Gelloarts few em.

Fig. 1-Sample Soft Magnetic Alloy Magnetization Curve Used in Sample
Calculations.

It will be found that the a -c permeability decreases rapidly with
increasing d -c flux density. Consequently, in design work we are in-
terested in the effective permeability of the alloys as used in actual
devices. Hence, we haye to consider the apparent permeability of the
material where use is made of an air gap.

The introduction of the air gap in the magnetic circuit causes a de-
crease in the d -c flux density and a consequent rise in the apparent
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permeability. However, too large a gap cannot be used for it will tend
to introduce too much reluctance to the a -c flux with a consequent
lowering of the apparent permeability. In dealing with apparent per-
meability, then, there is a maximum obtainable value which corresponds
to a definite condition with relation to the d -c magnetizing force, the
air gap, and a -c flux density. If the air gap is reduced to zero, then the
apparent and a -c permeabilities become identical. It becomes a matter
of considerable importance, therefore, to study the introduction of an
air gap in a magnetic device of the types we are considering, in order
to obtain at a minimum cost the maximum effects desired. It is felt
that this problem has not been given the attention it deserves, and it
is hoped the following treatment will be useful.

Consider the magnetic circuit of a device, such as a transformer
consisting of an iron path with a gap in it. Let ll and /2 be the lengths
of the iron and air paths, respectively. The magnetomotive force is
consumed by the drop across the reluctance of the iron path and that
across the air gap. Let H1 and H2 be the magnetic potential gradients
along the iron and air paths respectively. The total magnetomotive
force is given by:

(m.m.f.) =11111+11212 (3)

In the air gap the flux density is equal to the magnetizing force in
the gap. If the former is represented by B., then H2 =B, and
when this result is substituted in (3), we get:

(m.m.f.) =H1/1+B.12 (4)

The two unknown quantities in (4) are H1, the magnetizing force
in the iron, and B., the flux density corresponding to this force. The
relation between them is given by the magnetization curve. Equation
(4) represents a straight line expressing the relation between Hi and B..
This straight line intersects the vertical axis of B at:

(m.m.f.)
B.= when H1=0 (5)

12

and the horizontal axis of H at

(m.m.f.)
H1= when B.=0 . (6)

11

When we plot this straight line on the magnetization curve sheet,
the former intersects the latter curve at some definite point. The
coordinates (B. and H1) of this point satisfy both the magnetization
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curves and (4), and enable us to determine graphically the d -c flux
density in the core under the given conditions.

If we take the derivative of H1 with respect to B. in (4), we get:

dH1 12=
dB. /1

That is, the slope of the straight line represented by (4) enables us
to determine the ratio of the air gap to the iron path. So, when the
latter is selected, the magnitude of the air gap is determined immedi-
ately.

Considering the iron path, the a -c reluctivity is the reciprocal of the
a -c permeability; that is:

1
Pa .e. =

Alt .o.

The reluctance RI of the iron path is:
11

Ri= v....-A

(7)

(8)

(9)

and since the reluctivity of air is unity, the reluctance, R2, of the air
path is:

(10)

Hence the reluctance of the whole path is:

Ri -FR2-
P..0.4+4

A

The apparent reluctivity is then obtained by dividing (11) by the
total length of the path and making A equal to unity. Hence:

Pa.e.11 12

Pa - 1--
11+12 11+4

In practical work the length of the gap is sufficiently small compared
with the iron path to enable one to neglect /2 in comparison with /1 so
that (12) becomes approximately:

/2
v. =v....+

/1
(13)

Hence, the apparent reluctivity is equal to the a -c reluctivity plus the
ratio of the air gap to the iron path. The apparent permeability is the
reciprocal of the apparent reluctivity, that is,

(12)
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1
11,,=-

Va

4P..e.+4

(14)

(15)

In order, therefore, to determine the apparent permeability of a
soft magnetic material, it is necessary to determine beforehand the a -c
reluctivity and the ratio of the air gap to the iron path. From curves
it is possible to determine the a -c permeability for the alloys under any
given conditions of a -c flux density, d -c flux density, and d -c magnet-
izing force. The reciprocal of this gives the a -c reluctivity.

I

E
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400

000

.00

200

..0

400

0 10 100

A -C Floz DensiArGovosses

Fig. 2-Sample Soft Magnetic Alloy. A -C Permeability
Various Values of D -C Flux Densities.

Curve 1-R, (D.C.) =0 gilberts per cm; B, (D.C.)
" 2- g =0.5 a " a a
a 3_ a =1.0 "
" 4- a =2.0 "
a 5__ I =4.0 a

a a
a a

a

SOO

vs. A -C Flux Density at

=0 gausses
= 5500 a

14 = 8400 a
=10300 "

a =11600 a

The ratio of the air gap to the iron path can be determined graph-
ically by means of (7), as already discussed. When this ratio and the
a -c reluctivity are determined, insertion of these values in (15) [or by
use of (13) and (14)] enables one to calculate the apparent perme-
ability under the given conditions.

MAXIMUM OBTAINABLE APPARENT PERMEABILITY.

In the beginning of this discussion we referred to the maximum
obtainable apparent permeability. Ordinarily, in any particular prob-
lem we have a definite direct current flowing in a winding of a definite
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number of turns. This determines the d -c magnetizing force. The air
gap will have its influence on the d -c and a -c flux density, as already
explained, so that there is a maximum point, so to speak, where the
gap can be set to secure this maximum obtainable apparent perme-
ability under any given set of conditions.

4000

SAM

4000

300

1.00

1000

0
0 0.0 2 4 0 K it 04 lee

$

't
.r..

10

..,. .. .., . v.....

lk -44 I. 4t.

"-
.....

"----..,....,

Fig. 3-Sample Soft Magnetic Alloy. Curves from which are determined the
various air gaps for flux density of 5500 gausses at the various average
d -c magnetizing forces.

In order to make this matter more clear, we have incorporated
here the complete procedure of calculation for an alloy. The results
of solutions for other alloys are given, but the details of the procedure
are omitted. The procedure in all cases, however, is identical.

CALCULATION OF MAXIMUM OBTAINABLE APPARENT PERMEABILITY

Ordinarily we deal in practical devices with low a -c flux densities;
consequently, an a -c flux density of 10 gausses has been chosen. The
d -c magnetizing forces range from very small values up to perhaps 100

11000

10000

0000

4 000

4000

2000

0

11111
MEW

(A1Illel\Mitil
AIIIMILNWSWI

m IIKIIMMUSI
1 4 0 10 31 04 160

Fig. 4-Sample Soft Magnetic Alloy. Curves from which are determined the
various air gaps for a flux density of 8400 gausses at the various average
d -c magnetizing forces.
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gilberts or more per cm for some chokes, where an ampere or so of
direct current may flow in windings of a few hundred turns. Hence,
the results of our calculations extend up to a d -c magnetizing force of
100 gilberts per cm.

Our curves shown in Fig. 2 on a -c permeability are for d -c flux de-
sities of 5500, 8400, 10,300 and 11,600 gausses. In Table I the apparent
permeabilities are calculated for these d -c flux densities at various
average d -c magnetizing forces up to 100 gilberts per cm. In column I
of the table are found the d -c magnetizing forces. In 2 is the ratio of
the air gap to the iron path 12/11 at a d -c flux density of 5500 gausses.

as

IMO

o 0 OW

SOH

6 000

4

on
on

4114

01i

0. u

4: L. 4.'......
1.1 61.

'4

.... I. .06

\\,.....,,,.........

64 102 4 8 Ii 32
Averscio D-CMoinetilioi Force -G %efts pc. cm

Fig. 5-Sample Soft Magnetic Alloy. Curves from which are determined the
various air gaps for a flux density of 10,300 gausses at the various average
d -c magnetizing forces.

These ratios are obtained by taking the slopes, in absolute value of the
straight lines connecting the point, Ho -0.5, Bo = 5500, on the mag-
netization curve to the various points on the d -c magnetizing force
axis. These lines are drawn in Fig. 3. On rectangular coordinate paper
the lines are straight; for convenience they are plotted on the coordinate
paper with a logarithmic horizontal d -c magnetizing force axis. On
this paper the lines are actually curved, so one must take the extreme
ends of the lines to calculate the slopes and hence secure the ratio de-
sired. These slopes are recorded in the 2nd, 5th, 8th, and 11th columns
for the various d -c flux densities, with the corresponding curves shown
in Figs. 3, 4, 5, and 6.

In accordance with (13) there must be added to these slopes the
a -c reluctivity, v...., which is the reciprocal of the a -c permeability,
corresponding to the various d -c flux densities for an a -c flux density
of 10 gausses. From curves shown in Fig. 2, the a -c permeabilities at
10 gausses a -c flux density and 5500, 8400, 10,300, and 11,600 gausses
d -c flux densities are respectively 1020, 760, 520, and 325. The re-
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ciprocal of these values give the a -c reluctivities and are equal to
0.00098, 0.001316, 0.001925 and 0.00308. These values head the
columns 3, 6, 9, and 12, Table I, corresponding to the zero air gap.
The values for the apparent reluctivities are obtained by adding these
a -c reluctivities to the ratio of the air gap to the iron path. These
values for apparent reluctivities are given in columns 3, 6, 9, and 12.
The reciprocals of these apparent reluctivities give the apparent
permeabilities, as shown in columns 4, 7, 10, and 13.

We now desire the maximum obtainable apparent permeabilities
corresponding to the various d -c magnetizing forces shown in the first
column of Table I. For example, consider the apparent permeabilities
shown in the table for 8 gilberts per cm, d -c magnetizing force. The

WOO

we

co'l

°p,
441'

'4'
`.

"si_

IN\\
4 44 KO

Fig. 6-Sample Soft Magnetic Alloy. Curves from which are determined the
various air gaps for a flux density of 11,600 gausses at the various average
d -c magnetizing forces.

values are 427, 466, 400, and 292. There is thus a maximum obtainable
value of apparent permeability for 8 gilberts. The d -c flux density and
the ratio of the air gap to iron path will be of some definite values
to permit the attainment of this maximum value of apparent perme-
ability.

Curves are, therefore, plotted as shown in Fig. 7. The curves are
apparent permeability vs. the d -c flux density. The maximum obtain-
able permeability value for each curve is easily determined, and the
corresponding d -c flux density is determined also. These maximum
values are then plotted against the d -c magnetizing force and the re-
sulting curve is shown in Fig. 9 curve 2.

Now, similarly, the air gap ratios shown in Table I are plotted
against the apparent permeability and the air gap ratio, corresponding
to the maximum obtainable apparent permeabilities, is determined
graphically. See Fig. 8. These ratios corresponding to the maxi-
mum obtainable permeabilities at the various d -c magnetizing forces
are plotted also in Fig. 9, curve 2.
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In an exactly similar manner the curves for other soft magnetic
alloys were calculated and determined graphically. The results of this
work are plotted in Fig. 9, also, so that the comparative results may
be seen at once.

APPLICATION OF RESULTS

As an illustrative example of the foregoing results, let us calculate
the primary inductance of an audio interstage transformer having a
closed core of the various alloys discussed above. Suppose it is a second
stage transformer with 0.002 ampere flowing in a primary winding
consisting of 4500 turns. Let the cross section be 3/4 in. or 0.562 sq. in.

1..0
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4-0 sow
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8, 0.0

a
,_,8 000
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t
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t
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.--

00 SOO 400 SCO IN reo ON NO ION

Appowe.t Permee.1.143 it.

Fig. 7-Sample Alloy. Determination of maximum obtainable apparent per-
meability at the various d -c magnetizing forces.

Let the mean length of the iron path be 5 in. The core is to be stacked
with the joints alternating side to side, so that the gap is negligible.

From (1) the a -c inductance

1 . 256A KiN2µ.....L....- X10-8 henries. (16)
/

The cross sectional area of the iron circuit is 0.562 X6.45 = 3.62 sq.
cm = A. K1= 0.875. N = 4500. / = 5 X 2.54 = 12.7 cm

By means of (2) the magnetizing force in gilberts per cm is

1.256 X0 . 002 X4500H.- = 0 . 89 .
12.7
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The a -c permeabilities for this value of d -c magnetizing force can
be obtained for the various alloys by interpolating between curves
nearest to this value of the magnetizing force for an a -c flux density of
10 gausses. For four different magnetic alloys these a -c permeabilities
are 278, 602, 810, 1088. Substitution of these data in formula (16)
gives the following results for the a -c inductance and for the reactance
at 60 cycles.

Alloy
1

Inductance
17 .7 henries

Reactance at
6,680 ohms

2 38.5 14,500
3 51 .7 19,500
4 69.5 26,200

Since it is desirable to have as much voltage as possible across the
primary of the transformer compared with that across the plate of the
tube (say a 201A, or a 226), then the importance of selecting materials
giving higher a -c permeabilities is apparent, if low frequencies are to
be reproduced efficiently. This calls for using alloy No. 4.

0
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PeRrh,/, ",

."
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APP...,!P4rmobill I it 3 IL,
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Fig. 8-Sample Alloy. Determination of air gap. corresponding to maximum
obtainable apparent permeability for the various d -c magnetizing forces.

As a second example let us consider an output transformer, say for
a 171 tube having 0.018 ampere plate current. Let the cross sectional
area of the core be 0.766 sq. in., and the mean length of the magnetic
path be 6 in. Let the air gap be 0.005 in. Let us calculate the apparent
inductance of the primary winding when 0.018 ampere is flowing in
the primary winding and use is made of various alloys.
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The length of the magnetic path is 1=15.2 cm
The area of the cross section is A =4.95 sq. cm
The total d -c magnetomotive force is (m.m.f.) =1.256 I N =90.9

gilberts.
The average d -c magnetizing force is Ho - m.m.f./L = 5.95 gilberts

per cm.
The problem reduces itself to applying (13) to determine the appar-

ent reluctivity from which we can calculate the apparent permeability.
This result can be substituted in the following equation to calculate the
apparent inductance

1 . 256K1NM
La- (17)

/ X108

This equation corresponds to (16). In (13) the second term is
/2/4 and this is equal to 0.0008 as given by the statement of the prob-
lem. To get µ o.o. and therefore v o.c., we must calculate the d -c flux
density corresponding to the given conditions. This flux is obtained

1
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 I
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Fig. 9-Maximum obtainable apparent d -c permeability and the necessary air

gap vs. d -c magnetizing force for various kinds of soft magnetic alloys.

by the intersection of the straight line, given by (4), with the mag-
netization curves for various alloys. The intersection of this line
with the Bo axis is, according to (5),

m.m.m.f. 90.6 -
12 0.0127

7 .140 gausses. (18)

The lines continue to the right with a negative slope correspond-
ing to
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/I 15.2
1200 gausses.

12 0.0127

1033

(19)

per gilbert per cm.

This line intersects the magnetization curves for the various
alloys at the following d -c flux densities:

Alloy
1

2
3
4

D -C Flux Density
6200 gausses
5600 "
6550
5950 g

Interpolating between curves for a -c permeabilities corresponding
to a low a -c flux density of 10 gausses, we obtained the following
a -c permeabilities corresponding to the various d -c flux densities
given above. The reciprocals of these give the a -c reluctivity.

Alloy A -C Permeability A -C Reluctivity
1 280 0 .00357
2 525 0.001905
3 925 0 .001081
4 750 0 .001330

The results of the calculations for the apparent
are included in the following table:

Alloy A -C Reluctivity

permeabilities

Ratio of Apparent Apparent
Air Gap Reluctivity Permeability

1 0 .00357 0 .0008 0 .00437 229
2 0.001905 0.0008 0.00271 369
3 0 .001081 0.0008 0.00188 531
4 0 .001330 0.0008 0.00213 469

From this table it is evident that the highest apparent per-
meability is given by using alloy No. 3, which is the best material if
highest amplification is desired. These illustrations indicate how the
method described in the paper is applied to particular problems
and how the best solution in one case may be different from that in
another.
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A NEW METHOD OF DETERMINING HEIGHT OF THE
KENNELLY-HEAVISIDE LAYER*

BY
C. B. MIRICKt AND E. R. HENTSCHELt

(f Radio Engineer, U. S. Naval Research Laboratory; tAeaietant Radio Engineer,
U. S. Naval Research Laboratory, Washington, D. C.)

Summary-Graphic records of radio signals transmitted from high frequency
aircraft radio transmitters are observed to show periodic variations of fairly con-
stant frequency over considerable time intervals. A theory is evolved connecting this
frequency with the transmitting distance, the ground speed of the plane and the
effective height of the Kennelly -Heaviside Layer. Records of such periodic fading
are reproduced from which, in accordance with this theory, the height of the layer
is computed. A short discussion is given of the results obtained.

ANUMBER of measurements have been made at the Naval
Research Laboratory during the past year of field strength re-
sulting from signals transmitted by airplanes in flight. These

measurements have been taken with measuring equipment supplied
by courtesy of the Bell Telephone Laboratories, which makes a gra-
phic record on a moving chart laid off to a logarithmic scale of trans -

11.41 11:47.

le Havre de Grace 14 V

Dec. 20, 192f

Key locked.
s.gnal

2725 1406
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Fig. 1

mission units or TU. All of these measurements have been confined
to frequencies between 2500 and 6000 kc at distances up to 130 miles
(209 km). In most of them marked fading has been observed at dis-
tances beyond fifteen or twenty miles.

From data obtained during such flights which include the velocity
of the plane over the ground, distance from recording station, and die-

 Dewey decimal classification: R113.4. Original manuscript received by the
Institute, February 4, 1929. Revised manuscript received April 9, 1929.
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Lance between peaks of fading record, a determination of the effective
height of the Kennelly -Heaviside layer has been attempted. The

11.55 11.5. 11.55

My
M. Flight from Havre de Grace

Dec ao. 1920
lu

97Z.

1l l

-C. ----
ill.

Key 1.416CNed Socinale Nolte Level

171 s Kcs
can

Fig. 2

method used is based upon the theory that as the plane transmitter
moves from or toward the receiver, the ratio of the length of the ground
path to the length of the sky path is changing, and the phase relation

a ---,a
Fig. 3

between the two components is also progressively changing. When
the plane has traveled the distance V/F in Fig. 3, or p-pl in Fig. 4,
the graphic record has gone from one peak to the next and the phase of

;,

-
/

Fig. 4

I -

one component has changed 360 deg. with respect to the other. That
is, the difference between the optical lengths of the two paths has
changed by a distance equal to the length of the transmitted wave.
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It is assumed that we are dealing with simple reflection from a hori-
zontal plane at the effective height of the layer.

Let V= velocity at which transmitting plane travels over the
ground in a direction to or from recording station.

12'02 12:04

Wf FI1htfrom Navy. de Grace

Du -10 1924

577.

Lie
2725 K.

Fig. 5

T = time between successive maxima of signal.
F= frequency of intensity variation.
X= distance from recording station.
X = wavelength of transmission.

Then VT (Fig. 3) = V/F.

1115 II 30 111

Flight to Havre de Grace AO

Dec. Zo. 13

From the geometry of Fig. 3

2725lets

Fig. 6

4/h2+(z_r_F i/h2+(x+/Fy (x+vgyi
2 ) 2 L 2 \ 2 2
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Taking advantage of the fact that V /F is small compared to X,
equation (1) reduces approximately to

xi/2V

X \ F -X)
h=

2(-VF-X)
(2)

Amplifying Fig. 3 somewhat we have Fig. 4. Transmission from
0 reaches p, p', by both direct and reflected path. Recognizing the

"
11.3r

to Havre de Grace

Dec 20. I WI

a a

2.L.

il
at Z.

02

Atv

2-12.3 K"
'aft

Fig. 7

similarity to well-known optical phenomena the figure is extended to
indicate a similar source or image at 0'. Interference patterns will

Fig. 8

then lie along hyperbolic curves with 0-0' as their axis. The path of
an observer along .0-X will cut these lines of maximum or minimum
reception.



1038 Mtrick and Hentschel: Height of Kennelly -Heaviside Layer

Thus far we have considered a fixed transmitter and a moving
observer, whereas in the case of our experiment the transmitter is in
the moving plane and the receiver is on the ground. However, for
purpose of analysis we may consider the ground station as moving

TABLE I

Date Time Freq.
kc

I

Freq. of
fading
cycle
sec.

F

Distance
between
minima
meters

V I FX10-2

Ground
speed
mi/hr.

V

Distance
of trans-
mission
miles

X

Hgt. of
K -H
layer
miles
h

12/20/28 11:35 2725 0.379 160. 135.5 48.25 73.4 To Havre

11:36 2725 0.387 165.0 135.5 50.5 71.5 de Grace

11:41 2725 0.282 215.0 135.5 60.7 53.4

12/20/28 12:04 2725 0.1345 176.5 52.9 48.52 59.8 From
11:53 2725 0.1186 199.0 52.9 65.1 62.0 Havre

de Grace

2/18/29 1:19 3000 0.177 200.0 79.2 96.0 83.4 From
1:14 3000 0.144 246.0 79.2 103.0 70.0 Hampton

Roads

2/25/29 12:17 3000 0.243 180.0 87.8 59.65 74.0 To
12:48 3000 0.162 240.0 87.6 105.50 73.0 Hampton
12:55 3000 0.170 229.0 87.6 115.25 85.0 Roads
1:05 3000 0.121 324.0 87.6 129.85 87.8

relatively toward or away from the plane. With this conception the
figure may correctly represent the conditions of measurement. It is sig-
nificant that by this construction intercept p -p' between fading
lines grows greater as the distance between transmitter and receiver
increases.

FA,

Fli, hi Irom HernyAn FtdS

Feb is. is as

zoo. wcs

Fig. 9

A particularly good record of fading appears on sections of chart
shown in Figs. 1 and 2, which were taken on December 20, 1928 between
11 A.M. and 1 P.M. at a frequency of 2725 kc. This flight was made from
the U. S. Naval Air Station at Anacostia, D. C. to Havre de Grace,
Md. and return over a straight course very nearly north and south.
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The altitude of transmitting plane was kept as nearly constant as
possible at 2000 ft. The transmission was unmodulated CW. From
position reports transmitted from the plane by radio, the ground speed
was estimated at 135.5 miles per hour going and 52.9 miles per hour
returning. This checks approximately with ground observations of
wind velocity at 40 miles per hour. Uniform velocity in each direc-

Flt01 le Hainhlen {Ids.

Feb 25 1929

IIhhIL

r

3000 K t1l.

Fig. 10

tion was assumed and the position and distance of the plane for each
record was computed on this basis. Frequency of fading was deter-
mined by comparing the distance between maximums on the chart
with one -minute timing lines at top. The average of several cycles
was taken in each case, those chosen for average being indicated on
charts.

Converting to centimeters and seconds the values obtained from
records 1 and 2, we have

OUTWARD FLIGHT RETURN FLIGHT
X =9,770,000 cm
F =0.282 cycles per sec.
V =6065 cm per sec.
X =11000 cm

10,150,000 cm
0.1186 cycles per sec.
2360 cm per sec.
11000 cm

Substituting these values in (2) gives the height of the reflecting
layer as

OUTWARD FLIGHT
h = 54.2 miles (87.1 km)

RETURN FLIGHT
h=03.1 miles (101.7 km)

By a similar procedure several subsequent determinations were made
as indicated by records Nos. 5 to 13 inclusive for which results are
tabulated. It may be noted that in practically every case the distance
between maxima of fading increases with the distance of transmission
which is taken to support the theory as outlined in Fig. 4.
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The results here obtained seem in fair agreement with daytime
determinations by other observers. Breit and Tuve' at Washington,
D. C., working at a wavelength of 70 m, found a height of from 90 to

b 11:47 it itt

Flight to Hampton Ras

Feb. 25 1929

2octo Kcs

Fig. 11

220 km for the reflecting layer in daytime in summer and autumn.
Taylor and Hulburt2 calculated from observed skip distances averaged
over the year for daylight conditions for waves below forty meters in
length, that these waves reach heights between 120 and 240 km. Hol-

IL I it St. ttlif
1

Flight to Hampton Rde.

Fe b. 25 lets

001114

3000 Kt.&

Fig. 12

lingsworths in England finds 75 km in summer and 90 km in winter as
the apparent daytime height reached by waves 6000 to 14,000 m long.

Observations at night show much greater heights. Appleton' finds
indications that 400-m waves near midnight in midwinter reach
heights of 300 to 400 km.

Breit and Tuve, Phys. Rev., 28, 554, 1926.
2 Taylor and Hulburt, Phys. Rev., 27, 189, 1926.

Hollingsworth, Jour. A. I. E. E., 64, 579, 1926.
4 Appleton, Nature, 120, 330, 1927.
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The method of this paper may be contrasted with the inter-
ference fringe or beat note method used by Appleton, Barnett, Heising
and others, in that the frequency is kept constant and the distance from
transmitting station is varied instead of varying the frequency and

i OS 1 06

Flight to komplon Rds

tee 25 1929

-1.,,\AAA(avRAN-,4P
10

No SC

3 000 Itrs.

Fig. 13

observing at a constant distance from the transmitter. For this reason
the observations are confined strictly to a single frequency. It is
believed that these observations add one more method to those by
which the effective height of the reflecting layer have been deter-
mined, and therefore contribute that much toward filling out the gen-
eral theory.
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SOME OBSERVATIONS OF SHORT
PERIOD RADIO FADING*

BY
T. PARKINSON

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

1111r, 19E.9

Summary-The data presented are the product of an investigation started at
the beginning of 1928 with the object of studying the short -period fading of radio
broadcast transmissions. Particular attention was paid to those intensity changes
which take place during periods ranging from a few seconds to several minutes.
Various antenna combinations were used in making simultaneous records in order
to separate the effects of various causes of fading.

The data secured partly confirm the conclusions of previous investigations,
partly point to other sources of fading. Varying intensity of the indirect ray and
interference between indirect and ground rays are evidenced as in earlier experiments,
but rotation of the plane of polarization of the indirect ray is also shown to be a
considerable factor and there are suggestions of lateral direction shifts of the indirect
rays and of their arrival by multiple paths.

THE data presented in this paper are the product of an investiga-
tion started by the Bureau of Standards at the beginning of
1928 with the object of studying the short -period fading of

radio broadcast transmissions. This study was directed particularly to
those intensity changes in the receiving antenna which range, in
period, from a few seconds to several minutes between peaks. These
variations have been variously ascribed by previous investigators to
one or more of the following causes: (1) intensity changes undergone
by the indirect or atmospheric ray, namely, that portion of the radia-
tion which, at night especially, travels to the upper atmosphere and is
returned to earth at the receiving antenna by refraction; (2) interfer-
ence, due to varying phase relationships of two or more indirect rays
or of an indirect ray and the ground ray, which follows a direct path
along the surface of the earth from transmitting to receiving antenna;
(3) direction shifts, this expression being used to connote deviations of
the indirect ray from the great -circle plane passing through transmit-
ting and receiving points; (4) changes in the angle of incidence, that
is, in the vertical plane of arrival of the indirect ray; (5) rotation of the
plane of polarization of the atmospheric ray, this rotation being
considered as a continuous process rather than in the optical sense of a

 Dewey decimal classification: R113. Original manuscript received by the
Institute. Presented at meeting of International Scientific Radio Union, Brus-
sels, Belgium, Sept. 13, 1928. Reprinted from forthcoming issue of Bureau of
Standards Journal of Research. Publication approved by the Director of the
Bureau of Standards of the Department of Commerce, Washington, D. C.
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definite displacement of the plane at completion of the process. The
aim of the present investigation was to separate the effects due to the
above -mentioned causes with a view to determining to what extent
each might be a fictor in fading.

METHOD AND APPARATUS

The method consisted in selecting a particular broadcasting
station and making simultaneous graphic records of its carrier wave as
received by different types of antennas attached to duplicate receiving
sets. The antennas used were (1) a vertical single -wire, 15 meters high,
with a 2 -meter horizontal lead-in; (2) a vertical coil having its turns in
a great -circle plane common to transmitting and receiving points,
which coil will hereafter be referred to as "at naximum," or "in the
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Fig. 1-WIOD (1210 kc), Miami Beach, Florida, received at Kensington, Md.,
1500 km, March 15, 1928. Upper record with vertical single -wire antenna;
lower record coil antenna at maximum.

maximum position;" (3) a vertical coil perpendicular to the great -
circle plane, and hereafter to be designated as "at minimum," or "in
the minimum position;" (4) a so-called barrage antenna, consisting of
the single -wire antenna so coupled to a coil antenna in the maximum
position as to introduce an out -of -phase current and thus neutralize
the effect of the ground ray as well as of the vertical component of the
indirect ray. The coil antennas were so balanced by a center tap
arrangement as to eliminate any appreciable "antenna effect." For
all tests the various antennas were located from three to five meters
apart. Carefully conducted tests proved that these distances were
sufficiently small so that records obtained simultaneously with similar
antennas were alike, and that the distances were sufficiently large to
prevent interaction between the separate receiving circuits. Al
observations were made at the Bureau of Standards field station
located at Kensington, Maryland. 8 kilometers north of the Bureau and
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in a position practically free from "man-made" interference and dis-
torting influences.

Other apparatus employed was essentially that described by G. W.
Pickard' in 1923 and used later in the cooperative investigation con-
ducted by the Bureau of Standards in 1925.2 The receiving sets were
superheterodynes of the same make and were capable of adjustment
to practically the same amplification. The driving motors of the Shaw

Fig. 2-WJZ (660 kc), Bound Brook, N. J., received at Kensington, Md., 300
km, May 15, 1928. Upper record, coil antenna at maximum; lower record,
vertical single -wire antenna.

manual recorders were automatically synchronized every second, thus
making it possible to compare two records by superposition.

Observations were concentrated largely upon two stations, but
less frequent records were made on transmissions from other stations
involving frequencies of 550 to 1480 kc and direct transmission paths
of 13 to 1500 km. The greater number of records were made upon WJZ,
Bound Brook, N. J., and upon WBAL, Baltimore, Md., because of
the regularity with which each could be received, day or night, and

Fig. 3-WRVA (1180 kc), Richmond, Va., received at Kensington, Md., 155
km, June 1, 1928. Upper record, coil antenna at maximum; lower record,
vertical single -wire antenna.

because of what appeared to be characteristic features. Many of the
observations started during daylight when there was no appreciable
indication of an indirect ray, and when, consequently, the most ac-
curate bearings could be secured with the coil antennas. At this time,

1 G. W. Pickard, "Short period variations in radio reception," PROC. 1. R. E.,
12, 119-158; April, 1924.

3 J. H. Dellinger, C. B. Jolliffe, and T. Parkinson, "Cooperative measure-
ments of radio fading in 1925," Bureau of Standards Scientific Paper No. 561,
pp. 423-425.
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also, the two receiving systems could be so adjusted that the ground
wave produced the same deflection on the recorder galvanometers of
the two receiving systems. When records were started after dark no
attempt was made to have them on an accurately comparable intensity
basis, the chief aim being to study the simultaneous changes on two
records rather than their exact magnitudes.

The arrangement of the pairs of simultaneous records in the
illustrations will be found somewhat inconsistent since the character
of the records made it easier to compare them by placing the one made
with a given type of antenna sometimes above, sometimes below, the
record made with another type.

RESULTS

Simultaneous Coil and Vertical Single -Wire Antenna Records.
The first method of analysis in the present investigation was by means
of simultaneous fading records made with coil antenna in maximum

Fig. 4-WBAL (1050 kc), Baltimore, Md., received at Kensington, Md., 50
km, May 9, 1928. Upper record, coil antenna at maximum; lower record,
vertical single -wire antenna.

position and with vertical single -wire antenna, respectively. Assuming
both ground and reflected rays to be in the great circle plane which
passes through transmitting and receiving points, certain effects were
anticipated. The ground ray presumably remains normally polarized
at night as during daylight; therefore, so long as there is a normally
polarized component of the indirect ray any changes in the path length
of the latter should result in changing phase relations between the two
rays and consequently in similar and simultaneous intensity variations
in the two types of antenna. Since the total electric vector in the
vertical plane is effective on the coil antenna the signal strength in it
should range between the sum and the difference of the two fields
produced by direct and indirect rays, respectively. On the vertical
single -wire antenna similar variations should be of less absolute magni-
tude since only the vertical component of the electric vector is effective
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and this component decreases with the angle of incidence. With either
antenna the night intensity, for non -local stations at least, will some-
times exceed, sometimes fall below, the relatively constant daylight
level, and similar variations should occur simultaneously on both
records.

Turning now to the data and examining some fifty records involv-
ing transmission frequencies of 660 to 1480 kc and distances of 13 to
1500 km, what do we find? For stations more than about 150 km
distant from the receiving antennas the results were practically as
anticipated, as the typical graphic records of Figs. 1 to 3 indicate.
There is a slight shifting of phase at one point in the WIOD record
shown in Fig. 1 which may be real or may have been caused by chang-
ing speed of one recording drum at a time when there was difficulty
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Fig. 5-W TFF (1480 kc), Mt. Vernon Hills, Va., received at Kensington, Md.,
31 km, March 19, 1928. Upper record, vertical single -wire antenna; lower
record, coil antenna at maximum.

with the synchronization of the two drums. Conditions prevented
making another record on this station. With this single exception the
intensity changes are in phase on the two antennas. An anomaly
appears, however, in the records for the nearer group of stations, 13 to
53 km distant, in that the intensity changes are at times as much as
180 deg. out of phase on the two records. This holds true for variations
of a few seconds duration as well as for those having periods of a
minute or two. Figs. 4 to 7 show typical illustrations. Here we have
the same out -of -phase effect that Appleton and Ratcliffe' found in
simultaneous records made respectively with vertical single -wire
antenna and with a loop in the maximum position, the effect of the
ground ray being suppressed in the loop by means of the so-called
barrage system. They accounted for the recorded differences by an
interference between indirect and ground rays which was effective in

3 E. V. Appleton and J. A. Ratcliffe, "On the nature of wireless signal varia-
tions." Proc. Royal Society, 115A, pp. 291-317, June 1927. See especially
pp. 311-312 and Fig. 9.
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the vertical antenna but was eliminated from the loop. This explana-
tion is not applicable to the present data since with the ground ray
effective in both antennas there is still a lack of synchronism in the
intensity changes of the two records. Appleton and Ratcliffe, on the
other hand, found the two records varying together when the ground
ray was not suppressed.'

Fig. 6-WTFF (1480 kc), Mt. Vernon Hills, Va., received at Kensington, Md.,
31 km, May 17, 1928. Upper record, coil antenna at maximum; lower record,
vertical single -wire antenna.

A possible explanation of this anomaly may be reached by the
process of elimination. Making the usual assumption that the indirect
ray remains in the plane of the great circle connecting transmitter and
receiver, the combined effect of ground and downcoming rays should
be to cause similar changes in both vertical single -wire and coil anten-
nas. The only exception would be when the atmospheric ray arrived

Fig. 7-W M AL, (1240 kc), Washington, D. C., received at Kensington, Md.,
13 km, May 7, 1928. Upper record, coil antenna at maximum; lower record,
vertical single -wire antenna.

with zero angle of incidence, in which case only the ground ray should
be effective in the vertical antenna and the intensity should remain at
the daylight level, while in the coil antenna the combined effect of the
two rays should continue to produce fading changes. This explanation
does not fit the data, since fluctuations continue on both records.
It is the variation in phase relation between the two that must be ac -

6 Reference 3, p. 300, Figs. 4 and 5.
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counted for. Rotation of the plane of polarization of the incident ray
also should produce like effects in the two receiving systems; therefore,
by itself, this offers no solution.

The answer is presumably associated, directly or indirectly, with
the nearness of the transmitting and receiving stations. For the dis-
tances concerned, 13 to 53 km, it is perfectly possible to have direction
shifts of the incident ray as great as 90 deg., due to irregularities in the
refracting or reflecting upper atmosphere. This could account for
changes on the vertical antenna not occurring on the coil antenna, but
not for the considerable time lag between similar changes produced in
the two receiving systems. If, however, there should be a lateral
direction shift combined with a rotation of the plane of polarization
for the downcoming ray, we should expect just such differences in the
pairs of records as appear. Suppose, for purposes of illustration, that
the reflected ray is arriving with constant intensity and normally

Fig. 8-WJZ (660 kc), Bound Brook, N. J., received at Kensington, Md., 300
km, April 2, 1928. Upper record, coil antenna at maximum; lower record,
coil antenna at minimum position.

polarized. If, now, the lateral angle of arrival shifts until it becomes
90 deg. the signal intensity in the vertical antenna will remain constant
while that in the coil antenna will decrease to a minimum, in fact, to
zero, if there should be no ground wave present.

If, next, the plane of polarization rotates, the vertical component
of the electric field will decrease until, with the electric field horizontal,
the ray ceases to produce a current in the vertical antenna. Simultane-
ously, the component of the magnetic field in the vertical plane will
have increased from zero to a maximum, thereby producing maximum
current in the coil antenna for the given angle of incidence. Thus we
have similar fading characteristics 180 deg. out of phase in the two
antennas. If the direction of arrival of the incident ray gradually
returns to the plane of the maximum coil antenna and the rotation of
the plane of polarization continues, whether at regular or irregular
speed, the phase difference between the two records will gradually
decrease until it disappears. With the direction shifts more or less
erratic we should have just the sort of changing phase relations shown
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on the records of Figs. 4 to 7. When rotation of the plane of polariza-
tion is absent we should find the two records in phase, as in the early
part of Fig. 5 or the latter part of Fig. 6.

The existence of the direction shifts necessary to the above explana-
tion requires proof. Bearings on stations were taken at night by means
of a coil antenna, and revealed apparent direction shifts which were
considerable. A convincing test, however, can only be made with an

Fig. 9-WJZ (660 kc), Bound Brook, N. J., received at Kensington, Md., April
5, 1928. Local sunset at 6:36. Upper record, coil antenna at maximum;
lower record, coil antenna at minimum.

antenna of the Adcock type' if true directions of arrival of the reflected
ray are to be found. Such a test awaits the construction of further
apparatus.

Interference between the indirect ray and the ground ray is evi-
denced on many of the records made with the coil antenna in maximum
position, and to a lesser degree by those made with the vertical single -
wire antenna. Wherever the intensity of one of these records falls below
the daylight level the indirect ray must be to some extent out of phase

Fig. 10-WBAL (1050 kc), Baltimore, Md., received at Kensington, Md., 50
km, April 17, 1928. Upper record, coil antenna at maximum; lower record,
coil antenna at minimum.

with the waves arriving along the surface of the earth. Figs. 4 to 7
give clear indications of this. Note particularly that even for stations
as near as 13 km from the observing point, as shown by Fig. 7, the
intensity of the downcoming ray is sometimes nearly as great as that
of the ground wave, so that when the two are opposite in phase the
intensity of the ground ray is largely neutralized and the record drops

6 Improvement in means for determining the direction of a distant source
of electromagnetic radiation. British Patent 130490, 1919. For actual applica-
tions see reference 14 in Appendix.
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almost to zero. Presumably in these same records the peaks are due
to the addition of the reception by direct and indirect paths. It will
later be shown, however, that peaks may be due to other causes,
whether the ground wave be present or not.

Simultaneous Fading Records with Two Coil Antennas, at Maximum
and Minimum Positions, Respectively. The second method of analysis
was by simultaneous fading records of the same transmission as re-
ceived by two coil antennas one in the maximum and the other in the
minimum position. The purpose of this arrangement was to secure
some data as to fading caused by rotation of the plane of polarization of
the indirect ray; for such a phenomenon, if present, should cause an in-
crease of intensity in either coil antenna to be accompanied by a de-
crease in the other. So far as possible the minimum bearing was found
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Fig. 11-WMAL (1240 kc), Washington, D. C., received at Kensington, Md.,
13 km, June 5, 1928. Upper record, coil antenna at minimum; lower record,
coil antenna at maximum.

for the various stations during daylight when there was no evidence
of an indirect ray, and these bearings checked satisfactorily on differ-
ent days. For the more distant stations, however, no ground wave
could be received in daylight and it was necessary to trust to approxi-
mate bearings, which were sufficient for the project in hand.

The data secured offers considerable striking evidence of the
above -mentioned phenomenon. Fig. 86 is a typical section cut from a
pair of simultaneous records. Here it is possible to see at a glance that
the two are practically 180 deg. out of phase most of the time. The
minima do not always fall to zero as would be expected with the ground
wave practically negligible as it is with the stage of amplification used
in this case, and it therefore becomes necessary to postulate more than
one indirect ray. It may be that in this record we have the effect of
two rays rotating at different speeds so that their minima do not
synchronize most of the time. Interference between the two is also

6 Figs. 8 and 9 and other data indicating rotation of the plane of polarization
of radio waves were shown by the author at the meeting of the American
Section, U. R. S. I., in Washington, D. C., April 19, 1928.
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probably present but the effect cannot be isolated in the record. Fig. 9
is another record made on reception from the same station as Fig. 8,
and is typical of what occurs during the sunset period. For approxi-
mately one-half hour after sunset the weak ray from the upper
atmosphere appears to remain normally polarized and so produces
intensity changes only in the coil at maximum position, possibly
through a combination of interference effects and varying absorption.
Evidence then gradually appears that an indirect ray somewhat ab-
normally polarized is producing a current in the minimum coil. With
no further rotation of the plane of polarization any variations in the
intensity of the indirect ray may now result in parallel changes such as
appear in the first large intensity peak at 7:12. Here, due probably to
the combined effects of very abnormal polarization and of small angle

6....  u..

Fig. 12-WMAL (1240 kc), Washington, D. C., received at Kensington, Md.,
13 km, June 6, 1928. Upper record, coil antenna at minimum; lower re-
cord, coil antenna at maximum.

of incidence accompanying increased height of the ionized layer, the
intensity in the coil at minimum is practically the same as in that at
maximum. From this peak on, nearly to the end of the record, the
average trend of the maximum coil antenna record is 180 deg. out of
phase with the minimum, indicating that the rotation of the plane of
polarization of the indirect ray has gotten under way. Starting at
about 7: 04 P. M. on this same record there is a superposed rapid varia-
tion having a period of from 3 to 30 seconds. This characteristic is
also exactly out of phase on the two records and so suggestive of a
second and relatively much weaker ray with plane of polarization
rotating rapidly. Assuming the polarization to be plane, a complete
rotation would have to occur in six seconds to produce the most rapid
of these changes.

While these and other data seemed to be consistent with rotation
of the plane of polarization of the indirect rays, there were times when
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the phase difference between the two records varied widely, sometimes
becoming almost zero, as shown in Figs. 10 to 12. The ground ray could
in no way be held responsible, for its effect had been eliminated by the
coil antenna in minimum position, and yet variations in one antenna
led or lagged behind similar variations in the other. In a recent article
Eckersley7 reports that records of high -frequency transmissions re-
ceived simultaneously with vertical and horizontal antennas are
opposite in phase. It is interesting to note that the illustration given
in that paper, however, shows clearly the same sort of phase shifts
between the two records as appear in the data of the present paper.
To account for this phenomenon by an interference effect, at least two
elliptically polarized indirect rays would be necessary, with their ver-
tically polarized components undergoing changes in phase relationship
similar to but lagging or leading those of the horizontally polarized
components.

?11?OSP.

Fig. 13-WBAL (1050 kc), Baltimore, Md., received at Kensington, Md., 50
km, April 27, 1928. Local sunset at 6:58. Upper record, coil antenna at
maximum; lower record, barrage minimum.

A more plausible explanation is that suggested for similar out -of -
phase relations which occurred in the records made simultaneously on
coil and vertical -wire antennas. If an indirect ray with rotating plane
of polarization were arriving with an angle of incidence of nearly 90
deg. and the plane of its arrival should gradually shift laterally from 0
deg. to 45 deg. with respect to the maximum position of the coil antenna
the records made simultaneously by coil antennas in maximum and
minimum positions would gradually shift from the 180 deg. out -of -
phase relationship to a nearly in -phase relationship. If the angle of
incidence were considerably less than 90 deg. similar changes in phase
relationships would take place as the direction of arrival shifted to the
45 deg. position, except that the two records would never come com-
pletely into phase. As the angle of incidence decreased still further
the two records would be more and more out of phase. If the indirect
rays always arrive by means of a single reflection the angle of incidence
at the receiving end would increase with the distance between trans-
mitting and receiving points and a direction shift of given angle would
produce a greater phase shift in the pair of fading records for a
distant than in the pair for a nearer station because the incident ray

7 T. L. Eckersley, "Polarization and fading of short wireless waves," Nature,
121, 707; May, 1928.
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for the former is more nearly horizontal. On the other hand, it should
be possible for the ray from a nearer station to arrive at larger angles
with the plane of the coil antenna in maximum position since lateral
radiation from the distant station would have to go to improbable
distances to be reflected back at large angles. Very distant transmis-
sions, furthermore, would presumably be received almost entirely in
the great circle plane passing through transmitting and receiving
stations. In the case of possible multiple reflections of the same ray or
of an inverted U-shaped path the situation would be altogether differ-
ent. Further measurements of the apparent effective height of the
ionized region according to the method of Appleton and Ratcliffe,
providing a sufficient variety of distances be covered, may give some
useful information, since this method should prove most accurate and
consistent for the distant stations if there are actual lateral reflections
present.

Fig. 14-WBAL (1050 kc), Baltimore, Md., received at Kensington, Md.,50 km, April 26, 1928. Local sunset at 6:57. Upper record, barrage mini-mum; lower record, coil antenna at maximum.

As a partial check of the possible shifts in the direction of arrival
of the indirect ray, observations were made simultaneously with three
receiving systems utilizing, respectively, a coil antenna in maximum
position, a second in the minimum position, and a third in a vertical
plane at an angle of 45 deg. with the other two. Comparisons were
made vocally by the three observers as changes occurred in the indica-
ting galvanometers, since the third recorder for securing graphic
records was lacking. Observing was done at a time when the phase
relation between changes in the perpendicular coils was varying. The
triple observations showed that for periods of a number of minutes at
a time the variations in the 45 deg. coil were more nearly in phase with
those in the coil at maximum, for similar periods were more nearly in
phase with changes in the coil at minimum position, and at other times
were considerably out of phase with both. Such effects do not prove
direction shifts to exist but are similar to what would be expected if
such shifts were real.

Simultaneous Fading Records Made with Barrage Antenna and with
Vertical Single -Wire or Coil Antennas. Using the barrage combination
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of antennas to eliminate effects due to the ground wave, and the coil
antenna in the maximum position to receive both ground and indirect
rays, it was hoped that differences in records would indicate the a-
mount of fading due to interference between these two rays. With the
indirect ray remaining in the plane of the great circle connecting the
two stations, changes other than those due to interference should have
similar effects on the two receiving systems, though the magnitude of
changes should differ.

Figs. 13 and 14 show typical pairs of records. The earlier portion
of the records of Fig. 13 occurs during sunset before the angle of inci-
dence of the indirect ray has decreased sufficiently to produce more
than a feeble horizontal component of the electric field. Consequently
the intensity changes are quite feeble at first but increase as the ionized
layer moves upward. During the first half of the records the intensity

Fig. 15-WBAL (1050 kc), Baltimore, Md., received at Kensington, Md., 50 km,
July 6, 1928. Upper record, barrage minimum; lower record, vertical
single -wire antenna.

variations are in phase in the two antenna systems, indicating that
these changes are produced farther back in the transmission path.
The later portions of the records, however, show some changes in one
antenna to be lagging similar changes in the other. Fig. 14 shows
similar lagging effects at approximately 6:44 to 6:53, 8:25 to 8:30 and
8:47 P.M. At other times this pair of records is usually in phase or
180 deg. out. The latter condition is well explained by the fact that as
the horizontal electrical component of the indirect ray increases, as
shown by the barrage record, the vertical component presumably
increases also, and being out of phase with the ground ray, whether
partially or completely at these particular times, causes a reduction of
intensity in the coil antenna set at maximum position.

Fig. 15 shows records made by a method similar to that last de-
scribed except that a vertical single -wire antenna was substituted for
the coil in maximum position. This method was used by Appleton and
Ratcliffe.s Though the fading is more rapid in Fig. 15, the phase
relations between the records are similar to those of Figs. 13 and 14,
with less positive indications of the lagging effect because of the rapid-
ity of variations. This effect does appear on a record' shown by Apple-

s Reference 3, pp. 311-312, and Fig. 9.
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ton and Ratcliffe, however. The explanation given by them, that the
difference in records is due to the interference between indirect and
ground rays which can affect only one of the two receiving systems, is
a possible one for all of these pairs of records. Two facts, however,
cast some question upon this as a complete solution: (1) it is doubtful
if interference can account for the slight phase displacements in similar
portions of the two records as it may well account for the 180 deg.
out -of -phase relationships; (2) similar varying phase relationships
appear in records already discussed, those made with the vertical an-
tenna and with the coil antenna in maximum position with no elimina-
tion of the ground ray. Shifts in the direction of arrival of the down -
coming ray would make the latter more effective on the vertical
antenna portion of the barrage system than on either coil.

If rotating plane of polarization be combined with a direction shift
in this ray the phase relationships appearing in the pairs of simultane-

Fig. 16-WBAL (1050 kc), Baltimore, at Kensington, Md.,
March 30, 1928. Local sunset at 6:30. Upper _record, coil antenna at mini-
mum; lower record, barrage minimum.

ous records become explicable. Three simultaneous records utilizing
the vertical antenna, the barrage system, and the coil antenna, should
throw further light on the problem.

Again, the barrage system was used simultaneously with the coil
antenna in minimum position. This provided a method of eliminating
results of the ground wave from both coils so that remaining effects
should be due to indirect rays only and to the angles which the coils
made with that indirect reception. The effect of the entire vertical
electric component of this ray should, of course, be eliminated in the
barrage system. Fig. 16 shows the type of record secured on trans-
mission during the sunset period from a station only 53 km distant.
The changes, both large and small, are very nearly of the same magni-
tude and the larger variations are usually in phase on the two records.
The phase relationships of the smaller periodic variations change
considerably but are most often 180 deg. out. In other words, this pair
of records has much the same characteristics as appeared on the WJZ
records, made with coils in maximum and minimum positions, in
which the effect of the ground wave was practically absent because of
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great attenuation due to distance. There is in the early part of the
records a superposed periodic variation suggestive of an indirect ray
of small intensity with rotating plane of polarization and some shift
in the lateral angle of arrival to cause changing phase relationships in
the two fading records. The major variations would appear to be
caused by a much stronger indirect ray of varying intensity with its
plane of polarization unchanging at first but later rotating slowly, thus
causing changes in one record to lag behind similar changes in the other.
This rotation effect was not found in the records made by Appleton
and Ratcliffe9 with similar antennas. The intensity variations shown
by their simultaneous records were so largely in phase that most of the
fading could be explained by intensity variations occurring at some
distance from the receiving antennas.

Short Period Fading. The rapid periodic fading previously men-
tioned and illustrated in Figs. 9 and 16 should have some significance
since there is a considerable degree of regularity in its appearance, at
least in reception from the two stations upon which observations have
been most consistently made. During the cooperative investigation
of fading conducted by the Bureau of Standards in 1925 this same
phenomenon was noted,'°though less consistently, in observations made
at several different localities on transmissions from WGY (790 kc),
Schenectady, N. Y. In the earlier case the phenomenon occurred for a
few days at the spring equinox and was not found again. The newer
cases were first noted at the same season, but have continued for sever-
al months with very few exceptions whenever records were made. On
the WJZ records this type of fading starts from 15 to 30 minutes after
the Washington sunset and lasts in the vicinity of a half hour. On the
WBAL records, which were made much less frequently, the start is
likely to be practically at sunset, though there is some variation both
ways.

The explanation of this phenomenon suggested in the earlier paper
as an interference effect between ground and reflected rays is now
proved unsatisfactory by the fact that this periodic fading is present
even when the ground ray is absent. As previously stated, the fact that
such fading is out of phase on records made with coils at maximum
and minimum positions, respectively, makes any interference explana-
tion difficult and suggests a relatively weak indirect ray with rapid
rotation of its plane of polarization. No explanation is given at this
time for the rotation itself.

 Reference 3, p. 313, and Fig. 10.
10 Reference 2, pp. 437-439 and Fig. 5, opposite p. 427.
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CONCLUSIONS

1057

1. Considerable fading is caused by the fact that the indirect ray
from a radio broadcasting station undergoes variations of intensity
before arriving at the receiving antenna. This is proved by the fact
that at times similar intensity changes occur simultaneously in coil
antennas at maximum and minimum positions as well as in barrage
antenna and coil at minimum.

2. Much evidence of fading caused by interference between ground
and indirect rays is found in records of reception from transmitting
stations sufficiently near to produce a ground wave at the receiving
point. The night-time intensity is often less than the daytime intensity
which is due to the constant ground ray. The out -of -phase indirect
ray often neutralizes the effect of the ground ray partially and some-
times completely, even for short transmission paths.

3. Direction shifts are apparently necessary to the explanation of
phase displacements of less than 180 deg. between otherwise similar
records made simultaneously: (1) with coil antenna at maximum and
with vertical single -wire antenna; (2) with coil antenna at maximum
and with barrage antenna; (3) with barrage and vertical single -wire
antennas; (4) with coil antennas at maximum and minimum positions;
(5) with barrage and with coil antenna at minimum.

4. No proof of fading caused by fluctuating height of the ionized
layer is found, but evidence of refraction of the indirect ray from a
rising layer is found in the fact that the signal intensity in the coil
antenna at minimum position starts at zero in daylight and gradually
increases during sunset.

5. Rotation of plane of polarization of radiation refracted from
the upper atmosphere is shown to be the cause of much fading, partic-
ularly, though by no means wholly, during the sunset period. The
180 deg. out -of -phase relationship between records made simultane-
ously with coil antennas in maximum and minimum positions seems to
demand this explanation. The cause of such rotation is not explained.

6. Refractions arriving by multiple paths are evidenced in records
showing a periodic type of fading superposed on the main intensity
variations and yet 180 deg. out of phase on simultaneous records made
with coil antennas in maximum and minimum positions. This fact
makes the calculation of the effective height of the ionized layer by
means of the sine of the angle of incidence, as determined by the meth-
od of Appleton and Ratcliffe," somewhat doubtful, especially when
measuring on other than distant stations.

11 Reference 3, pp. 297-305.
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7. The rapid periodic type of fading noted in a previous paper as
occurring in signals from one station during the sunset period has been
found to be quite common in the reception from two other stations.
The newer data point toward rotation of plane of polarization rather
than interference as the cause.

As stated in the introduction, this investigation is far from com-
plete. It is planned to make similar measurements over a much longer
period of time to observe possible seasonal effects; to make simultane-
ous measurements by more than two receiving systems over a wider
range of frequencies; to compare results of transmissions perpendicular
to the earth's magnetic field with those parallel to it; to make direction
and oscillographic observations simultaneously with the fading
records; to make more quantitative measurements of these observa-
tions and compare calculated heights of the refracting layer, as
determined by the angle of incidence method, on transmissions involv-
ing a wide range of distances, in order to note whether there is greater
consistency in measurements on the more distant stations.
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Appendix

SUMMARY OF CONCLUSIONS OF PREVIOUS INVESTIGATIONS

Both Pickard, in his 1923 investigation," and Appleton and Rat-
cliffe in their recent work" have given the chief credit for fading to
intensity changes undergone in the path of the indirect ray. Pickard
ascribes these changes to varying absorption and suggests a possible
explanation, while Appleton and Ratcliffe find reason to suspect that
interferences between rays travelling by multiple paths are the cause.
These authors agree also in crediting interference between ground and
indirect rays with a minor role in causing fading; and practically
eliminate direction shifts as a factor. Appleton and Barnett," as

12 Reference 1, pp. 152-158.
1 Reference 3, pp. 314-315.
14 E. V. Appleton and M. A. Barnett, "On some direct evidence for down-

ward atmospheric reflection of electric rays," Proc. Royal Society, A, 109, 1925,
621-641. See specially 623 and 635-636.



Parkinson: Observations of Short -Period Fading 1059

well as Smith -Rose and Barfield," had previously satisfied themselves
that apparent direction shifts were due chiefly to elliptical polarization
of the atmospheric ray, and very little, if at all, to actual changes
in lateral angle with the great circle plane through transmitting and
receiving points. Pickard did not discuss changing angle of incidence
nor rotation of the plane of polarization of the downcoming ray in
connection with his fading data. Appleton and Ratcliffe were unable
to detect any evidence that these factors were affecting fading,"
in spite of the fact that rotation of the plane of polarization of the
incident ray had been accepted as explanation for apparent direction
shifts. The Bureau of Standards report" on cooperative measure-
ments in 1925, while accepting varying absorption as the more general
cause of fading, gave considerable weight to interference effects so
far as fading of nearer stations was concerned, but no data upon the
other factors were then secured.

While the present paper deals only with observations in the broad-
cast range of frequencies and with limited methods of analysis it is
well to have in mind the conclusions reached by investigations at
other frequencies and by other methods. Working particularly
with frequencies above 3000 kc Breit and Tuve18 found fading occur-
ring independently of interference between ground and indirect rays
and suggested multiple reflections and flickering effect due to wavy
character of surface of the ionized region. Heising" as well as Taylor
and Young," using an oscillographic method similar to that of Breit
and Tuve found proof of a multiplicity of paths of different lengths.
Heising found these regularly accompanied by fading and simul-
taneous with an apparent rising of the ionized layer. Rukop" in
working with transmission of pictures at high frequency had earlier
secured evidences of multiple paths which were accompanied by fading
which, however, was not necessarily associated with the multiplicity
of paths. The path length changed at times as rapidly as 50 km a
second giving the Doppler effect of a change in frequency at the

" R. L. Smith -Rose and R. H. Barfield, "The cause and elimination of night
errors in radio direction -finding," Jour. I. E. E., 64, 831-837, 1926.

3 Reference 3, pp. 312-315.
17 Reference 2, pp. 447-448.
" G. Breit and M. A. Tuve, "A test of the existence of the conducting

layer," Phys. Rev., 28, 554-575, September, 1926. See especially p. 564.
" R. A. Heising, "Experiments and observations concerning the ionized

regions of the atmosphere,' PROC. I. R. E., 16, 75; January, 1928.
" A. Hoyt Taylor and L. C. Young, "Studies of high -frequency radio wave

propagation, PROC. I. R. E., 16, 561; May, 1928.
" Von H. Rukop, "Die Bildtelegraphie als Untersuchungsmethode fur die

Ausbreitung der kurzen Wellen," Elektrische Nachrichten-Technik, 3, 316-318,
1926.
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receiving system. From theoretical considerations Pedersen" con-
cluded that there should be an infinite number of downcoming rays
at a given point on the earth's surface.

Fading produced by interference was found by Bown, Martin
and Potter" in an oscillographic study of the distortion in broadcast
reception within a given area, and oscillographic observations by
Friis24 of reception on 18.75 megacycles proved consistent with the
belief that fading is mainly caused by wave interference.

Very good evidence of real direction shifts was found by Friis24
using a cathode-ray oscillograph to observe the phase difference of
signal waves as received by antenna systems located a fraction of a
wavelength apart.

Changes in angle of incidence were found by Friis24 to be much
more frequent and of greater magnitude than direction shifts of the
received signals. Heising, by his observations of signal retardation,
had previously computed changes in angle of incidence sufficient to
indicate rapid variations in the height of the ionized layer, some-
times as great as 72 km (45 miles) in two minutes.

Rotation of the plane of polarization of the indirect ray was
suggested from theoretical considerations of the earth's magnetic
field and varying ionization in the upper atmosphere by Appleton
and Barnett" and by Nichols and Schelleng," who indicated that
this phenomenon might be expected in transmissions largely along
the line of a magnetic meridian. Evidences of abnormal polarization
causing apparent direction shifts were pointed out by Eckersley,2'
and Pickard" found by many observations made on high frequencies
with an analyzer that the plane of polarization under certain con-
ditions rotated 90 deg. in transit. Alexanderson's investigation,"
also on the high frequencies, seemed to indicate a continuous rotation

22 P. 0. Pedersen, "The propagation of radio waves along the surface of
the earth and in the atmosphere, p. 230. Copenhagen, 1927.

23 R. Bown, De L. K. Martin, and R. K. Potter, "Some studies in radio
broadcast transmission," Pnoc. I. R. E., 14, 57; February, 1926.

24 H. T. Friis, "Oscillographic observations on the direction of propagation
and fading of short waves, PROC. I. R. E., 16, 658; May, 1928.

26 E. V. Appleton and M. A. F. Barnett, "Wireless wave propagation,"
Electrician,; 94, 398, April 3, 1925.

26 H. W. Nichols and J. C. Schelleng, "The propagation of radio waves over
the earth," Nature, 115, 334; March 7, 1925. Also Bell Sys. Tech. Jour., IV,
215-234; April, 1925.

27 T. L. Eckersley, "The effect of the Heaviside layer on the apparent direc-
tion of electromagnetic waves," Radio Review, 2, 60-65, and 231-248; February
and May, 1921.

23 G. W. Pickard, "The polarization of radio waves," PROC. I. R. E., 14,
205-212; April, 1926.

" E. F. W. Alexanderson, "Polarization of radio waves," Jour. A. I. E. E.,
45, 636-640; July, 1926.



Parkinson: Observations of Short -Period Fading 1061

of the plane of polarization with alternate points of plane and circular
polarization along the transmission path. Hollingworth" recently
made measurements to determine the state of polarization of the
indirect ray which produces apparent progressive direction shifts
during the sunset period, and on the basis of several assumptions
calculated that the plane of polarization of an indirect ray received
from a selected transmission of 21 kc (14350 m) rotated 90 deg. during
sunset and remained thus abnormally polarized during the night.
Eckersley7 working with the high frequencies, made simultaneous
fading records with horizontal and vertical antennas, and reports
that under some conditions the fading changes in the two records
were so nearly opposite in phase as to indicate rotation of the plane
of polarization of the indirect ray.

'° J. Hollingworth, "The polarisation of radio waves," Proc. Royal Society,
A, 119, 444-464, 1928.
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Discussion on
DETECTION CHARACTERISTICS OF THREE -ELEMENT

VACUUM TUBES*

BY
F. E. 'FERMAN AND T. M. GOODIN

J. C. Warner:' The detection characteristics given in this interesting paper
have been derived mainly from the static characteristics of the various tubes.
This method is accurate when applied to the ordinary type of three -element tube,
but in the alkali vapor tube (UX200A) the effect of the positive ion movements,
which greatly influence the detector action, is not indicated by the static curves.
The mechanism of rectification which takes place in the alkali vapor tube de-
pends upon the amplitude and frequency of the impressed signal voltage. If
the frequency is low, for example, 60 cycles, the rectification can be predicted
from an examination of the static characteristics. But if a small radio -fre-
quency voltage is applied, of the order of 50 millivolts, the behavior of the tube
is quite different. Rectification takes place in such a way as to decrease the
plate current even when no grid leak and condenser are used. The static mutual
characteristic would, of course, indicate just the opposite. Also, the grid leak
and condenser have little effect on the magnitude of detection, and the chief
function of the grid leak seems to be in fixing a proper bias.

As the signal voltage is increased the positive ion effects reach saturation
and the action then becomes much the same as in the ordinary tube. The
conclusions of the paper are therefore justifiable for relatively strong signals
but do not apply to the region where the UX200A shows its greatest relative
sensitivity in comparison with other tubes, i.e., on weak signals.

F. E. Terman:2 Mr. Warner is correct in his inference that the results of
our paper depend upon static curves. The question with gas tubes is then as
to the extent to which the detection in these tubes departs from that given by
the static characteristic. I have made some rough measurements at 50 kc which
indicate that on an unmodulated voltage at least 50 per cent to 75 per cent of
the detector output can be determined by the static characteristic. Just what
would happen at 1000 kc I do not know. It will be remembered that the gas
tube is used on no commercial sets and, in fact, the Radiola battery sets have
always used the 201A tube as a detector in preference to the 200A. In view of
these facts I feel that our statement in regard to the 200A tube was not quanti-
tatively justified by the data we had at hand, but that qualitatively it is not
very much in error. The unimportance of grid -leak resistance in detection with
the 200A is not significant as our static curves indicate that over the entire
range of grid leak resistance ordinarily used the detection is equally sensitive.

 Pam. I. R. E., 17, 149; January, 1929.
Research Laboratory, General Electric Co., Schenectady, N. Y.
Stanford University, California.
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MONTHLY LIST OF
REFERENCES TO CURRENT RADIO LITERATURE

ril HIS is a monthly list of references prepared by the Bureau of
Standards and is intended to cover the more important papers
of interest to professional radio engineers which have recently

appeared in periodicals, books, etc. The number at the left of each
reference classifies the reference by subject, in accordance with the
scheme presented in "A Decimal Classification of Radio Subjects-An
Extension of the Dewey System," Bureau of Standards Circular No.
138, a copy of which may be obtained for 10 cents from the Superin-
tendent of Documents, Government Printing Office, Washington,
D. C. The various articles listed below are not obtainable from the
Government. The periodicals can be secured from their publishers and
can be consulted at large public libraries.

R100. RADIO PRINCIPLES

R113 Stormer, C. Sur un echo d'ondes electromagnetiques courtes
arrivant plusieurs seconds apres le signal emis et son explication
d'apres la theorie des Auroras Borealis. (On an echo of short electro-
magnetic waves arriving several seconds after the main signal and
explanation by means of the theory of the Aurora Borealis). L'Onde
Electrique, 7, pp. 531-33; Dec., 1928.
(Same work reported in abstract in Comptes Rendus. 187, p. 811, Nov. 5, 1921, and in

Nature (London), Nov. 3, 1921).

R113 Van der Pol, B. Les echos des ondes courtes et les Auroras Borealis.
(Short wave echoes and the Auroras Borealis). L'Onde Electrique,
7, pp. 534-37; Dec., 1928.
(Does not agree with Stormer's explanation since rays will never pass through the upper
region of the Heaviside layer, but where short waves pass into the layer at a large angle
they may go into electron densities where the phase velocity becomes almost infinity,
that is, the group velocity almost zero. The reflected wave can then come back to earth
after a considerable time has elapsed).

R113 Jelstrup, H. S. J. Easel d'explication de l'echo StOrmer-Hals sur lea
ondes de 31.4 metres de PCJJ. (Analysis of the explanation of
the echo of Stormer-Hals on waves of 31.4 meters from PCJJ).
L'Onde Electrique, 7, pp. 538-40; Dec., 1928.
(Attributes the long interval echoes to many reflections between the Heaviside layer and
the earth and calculates the time lapse between the original signal and the eche by means
of Howe's equivalent transmission line formula for the Heaviside layer).

R113 Clapp, J. K. Some experiments in short distance short wave radio
transmission. PROC. I. R. E., 17, pp. 479-93; March, 1929.
(Some experiments in short-wave radio transmission over a distance of 55 mile* are
described).

R113 Fassbender, H. and Kurlbaum, G. Abhangigkeit der Reichweite
sehr kurzer Wellen von der HOhe des Senders Ober der Erde. (De -
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pendence of the range of very short waves on the height of the
transmitter above the earth). Zeits. far Hochfreguenztechnik, 33,
pp. 52-55; Feb., 1929.
(Experiments on range of transmission on wavelength of 3.7 m. This work was carried
out on an airplane, the transmitter being on the plane and the receiver on the ground.)

R113 Gerth, F. and Scheppman, W. Untersuchungen fiber die Aus-
breitungsvorglinge ultra-kurzer Wellen: (Experiments on the
radiation of ultra -short waves). Zeits. far Hochfreguenztechnik,
33, pp. 23-27; January, 1929.
(An investigation of radiation for waves shorter than 2S megacycles. It is shown that
the waves spread out like light and that objects larger than a wavelength produce shadow
effects. It is assumed that only direct waves play a part and calculations are given for
the distance range).

R113.4 Guyot. Etude sur la propagation des ondes courtes. (Study of
the propagation of short waves). L'Onde Electrique, 7, pp. 509-
530; Dec., 1928.
(Review of the propagation of short waves assuming that the Heaviside layer is defined by
the position of the earth's surface with respect to the sun. Based on this, the height of the
layer depends on the time during the 24 hours, the latitude of the station and the declina-
tion of the sun. Experimental curves are given based on simplified formulas for the
calculation of the height of the layer).

RI13.5 Maria, H. B. and Hulburt, E. 0. Wireless telegraphy and magnetic
storms. PROC. I. R. E., 17, pp. 494-500; March, 1929.
(A recent theory of auroras and magnetic storms attributes these phenomena to the
action of a flash of ultraviolet light from the sun; this flash causing an unusual ionisation
in the Kennelly -Heaviside layer. This theory is found to be borne out in a detailed
discussion of data of high -frequency (7500 to 20000 kc) circuits of the U. S. Navy during
the magnetic storms of May 28, July 7, Oct. 18 and Oct. 24, 1928).

R125.1 Smith -Rose, R. L. Radio direction finding by transmission and
reception (with particular reference to its application to marine
navigation). PROC. I. R. E., 17, pp. 425-478; March, 1929.
(A resun of the performance of apparatus employed for radio direction finding deter-
mination either by transmission or by reception is given. Investigations made in Eng-
land on this subject and results obtained are reviewed. Application of direction finding
to navigation and possible effect of coastal and night errors in connection therewith are
discussed).

R125.6 Pistolkors, A. A. The radiation resistance of beam antennas.
PROC. I. R. E., 17, pp. 562-79; March, 1929.
(A method proposed by Brillouin for the calculation of radiation resistance applied to
several types of beam antennas is described.)

R130 Kingdon, K. H. and Mott -Smith, H. M. The operation of radio
receiving tube filaments on alternating currents. General Electric
Rev., 32, pp. 139-148; March, 1929.
(It is shown that three disturbances may occur in amplifiers using a -c feed for the fila-
ment supply, namely, the primary potential ripple, the primary magnetic ripple and the
primary temperature ripple. In this part of the paper (part I) the case of the amplifiers
is treated and methods given for reducing these effects.)

R132 Brain, B. C. Output characteristics of thermionic amplifiers. Experi-
mental Wireless and W. Engr. (London, 6, pp. 119-127; March, 1929.
(Analytical treatment of the output amplifier for optimum undistorted energy transfer.
It is shown that the maximum output is obtained by making the load resistance about
1.6 times the a -o resistance of the tube.)

R133 Lazaref, W. tiler die Instabilitat der Frequenz von Rohren genera-
toren and deren Stabilisierung. (On the instability of the frequency
of electron tube generators and their stabilization). Zeits. Jar
Hochfreguenztechnik, 33, pp. 55-63; Feb., 1929.
(The effect of filament excitation, voltage and feedback on the frequency is studied.
The cause is due to the grid current which increases the decrement).



References to Current Radio Literature 1065

R133 Hollmann, H. E. Zusammenfassender Bericht: Die Erzeugung
kiirzester elektrischer Wellen mit Elektronenrohren. (Compilation
on the production of ultra short waves). Zeits. fur Hochfreguenztech-
nik, 33, pp. 27-30, January; pp. 66-74, Feb., 1929.
(Lists the methods for the production of ultra short waves).

R134 Nelson, J. R. Notes on grid circuit detection. PROC. I. R. E., 17,
pp. 551-561; March, 1929.
(Shows that the value of the second derivative of grid current with respect to grid voltage
the main term in grid rectification, may be found by the change in direct current in
the grid circuit with any desired value of input voltage. An experimentally determined
curve is given showing the detector frequency distortion of a commercial set for a
2-megohm grid leak and for a 1/2-megohm grid leak.)

RI34.7 Aigner, F. Das Problem der okonomischten Vielfachtransponierung.
(The problem of economic multi -heterodyning). Zeits. fur Hoch-
freguenztechnik, 33, pp. 9-15, January; pp. 47-52, February, 1929.
(Methods are investigated by means of which the incoming frequency can be changed
with minimum number of local oscillators. Two heterodyne oscillators suffice to produce
almost any multiple frequency changes.)

R149 Kryter, R. J. Alternating current rectification as applied to radio-
Part I. QST, 13, pp. 33-37; Apr., 1929.
(Discussion of tube and chemical rectifiers.)

R200. RADIO MEASUREMENTS AND STANDARDIZATION

R230 Harris, S. An extension of the method of measuring inductances and
capacities. PROC. I. R. E., 17, pp. 516-20; March, 1929.
(Substitution method commonly employed for measuring small capacities is here shown
to be a special case of a more general principle.)

R300. RADIO APPARATUS AND EQUIPMENT

R334 Pike, 0. W. and Spitzer, E. E. A new low power screen grid trans-
mitting tube-UX 865. QST, 13, pp. 43-45; April, 1929.
(Uses of tube as amplifier and characteristics of tube given.)

R343 Beeri, G. L. and Carbon, W. L. Recent developments in super-
heterodyne receivers. PROC. I. R. E., 17, pp. 501-515; March, 1929.
(Major electrical elements of a modern superheterodyne receiver discussed briefly, and
practical volume control is described.)

R357 Freese, H. Beseitigung der Nebenfrequenzen beim statischen Fre-
quenzwandler. (Elimination of side frequencies for the static
frequency changer). Zeits. far Hochfrequenztechnik, 33, pp. 1-8,
January; pp. 41-46, Feb., 1929.
(The absorption system due to Lorenz (British patent No. 2638251 and that due to
Zenneck is investigated. As analyser, the cathode-ray oscillograph or an undamped wave
meter was used.)

R376.3 Kyle, C. The Kyle condenser reproducer. Radio Engineering, 9,
pp. 26-29; March, 1929.
(Practical and theoretical discussion of an electrostatic speaker of interesting design.)

R376.3 Hector, L. G. and Kozanowski, H. N. Apparent equality of loud-
speaker output at various frequencies. PROC. I. R. E., 17, pp. 521-
535; March, 1929.
(Describes a type of alternation phonometer which permits rapid switching of power at
two frequencies to the same loud speaker without the distracting effects of the tran-
sients that would result from ordinary types of commutation. This result is obtained by
the use of rotating condensers to provide variable capacitive reactance in the input
circuit of the power amplifier that operates the speaker.)
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R381 Coursey, P. R. On the capacity of dry electrolytic condensers.
Experimental Wireless and Wireless Engr. (London), 6, pp. 128-132;
March, 1929.
(Gives a description of the wet and semi -wet (so called dry) electrolytic condensers and
emphasises that especially for the latter type in alternating current method (not vallistic
method) has to be used for measuring the effective capacity.)

R386 Reed, F. Superheterodyne band pass filters. Radio Listeners' Guide
and Call Book, pp. 45-47, Spring, 1929.
(Design data for band pass filters.)

R400. RADIO COMMUNICATION SYSTEMS

8412 Hull, R. A. Modern practice in high frequency radio telephony.
QST, 13, pp. 8-22; April, 1929.
(Discussion of improved method in amateur phone transmission)

R431 Tanner, R. Wm. Reducing noise in broadcast receivers. Radio
Engineering, 9, pp. 24-25; March, 1929.
(Use of resonance wave coil, band pass filters and power detector tube.)

R500. APPLICATIONS OF RADIO

R520 Marriott, R. H. Electrical aids to navigation (abridgment). Jour.
A. I. E. E., 48, pp. 195-199; March, 1929.
(Electrical and magnetic aids to navigation by water and air are outlined. Discussions
on the earth and inductor compass, radio compass, radio beacon, submarine signals,
height indicators for aircraft, etc. are given. A bibliography is included.)

R526.1 Dellinger, J. H. Directional radio. Aeronautical World, 2, pp. 20-22;
Feb., 1929:
(Description of Bureau of Standard! work on radio beacon).

R582 Zworykin, V. Facsimile picture transmission. PROC. I. R. E., 17,
pp. 536-550; March, 1929.
(A facsimile picture transmitting system is described whose chief object is to produce a

simple rugged apparatus for practical usage without requiring the attention of a skilled
operator).

R800. NON -RADIO SUBJECTS

534 Does a vibrating diaphragm carry a mass of air with it? (editorial).
Exp. Wireless and W. Engr. (London), 6, pp. 117-118; March, 1929.
(Since dealing mostly with divergent waves the velocity of air particles lags behind the
pressure. Hence the force at the surface of a spherical surface will be out of phase with its
velocity just as though the diaphragm bad a certain mass or as if a mass of air were at-
tached to it.)
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ONCE again Thordarson steps Into the
foreground, this time with three new audio
transformers of datitaled performance-
fitting companions for the Famous R-300.

The R -I00 is a quality replacement audio transformer for use by the
service man in improving and repairing old receivers with obsolete or
burned out audio transformers. The universal mounting bracket of
this replacement unit permits mounting on either s de or end, and
is slotted in such a way as tc fit the mounting holes of the old audio
unit without extra drilling. List price $2.25

The R-260 introduces a new standard of performance for small audio
transformers. Wound on a core of Thordarson "DX -Metal" this
audio unit is capable of reproducing plenty of "lows." It is entirely
devoid of resonant peaks and performs with unusua_ brilliance over
the entire audible band. List price $5.00.

The R - 300 needs no introduction to the discriminating set builder.
It is commonly recognized by set manufazturers and individuals
alike as the peer of audio coupling transformers, regardless of price.
The high frequency cut-off at 8,000 cycles confines the amplification
to useful frequencies only. List price $8.00.

The R-400 is the first and only audio transformer built expressly for
use with A. C. tubes. It is similar to the R-300 type in appearance
anO performance but possesses a better inductance characteristic
when working under high primary current conditions such as are
encountered in coupling the first and second stages of audio ampli-
fiers using 226 or 227 type tubes in the first stage. List price $9.00.

For Sale at Good Parts Dealers Everywhere

THORDARSON ELECTRIC
MANUFACTURING Co.

Tread ornoor 5899.81.sto Sm.. 1895
HURON. KINGSBL RY sad LARRABEE STREETS

ORDARSON
TRANSFORMERS

MUSICAL PERFORMANCE

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.



USE
DURHAMS

as
Grid Leaks
DetectorTap
Resistors
Voliade
Dividers
Resistance
Coupling
Battery
Eliminators
TELEVISION

Wherever Non-Capaci-
tative Non -Inductive Pure Path of
Resistance is a Vital Factor!

WHETHER in factory -made or custom-built radio re-
ceivers, whether in battery eliminator circuits, whether

in power amplifiers or in television circuits-DURHAM Re-
sistors, Powerohms and Grid Suppressors are the first choice
of men who seek first quality results. DURHAM Power -
ohms are recommended for use in the sensitive resistance -
coupled amplifiers in the photo -electric cell circuit of Television
apparatus. They are specified in the popular Cooley Rayo-
Photo Equipment. They are used by the U. S. Government and
by such experienced organizations as General Electric, Western
Electric, Westinghouse, Stewart -Warner, Bell Laboratories,
and practically every important radio service station and ex-
perimental laboratory in the country. Made in all ranges for
every practical equipment. Follow the lead of the leaders in
radio and tie-up with DURHAMS-radio's leading resistance
units.

RESISTORS & POWEROHMS
INTERNATIONAL RESISTANCE COMPANY, 2006 Chestnut St., Philadelphia, Pa.

When writing to advertisers mention of the PROCEEDINGS will he mutually helpful.



RADIO -AND THE ORACLE

THE Greeks of
old turned to the

Delphian Oracle for
the solution of their
difficulties and a proph-
ecy of future events.
Out of this "heart of
nature" came the
litanies of nations ;
up with the vol-
cano's tongue of
flame arose the

canticlesof love
and woe which
guided their ac-
tions.

The modern
radio manufacturer
needs no oracle to
tell him that he is
operating in a day of
n e w developments.
Neither has he need
of oracular advice

when he goes to buy equipment that will meet the exacting de-
mands of a highly competitive market.

He knows that Scovill Condensers and radio parts are manu-
factured in accordance with the latest and most efficient scientific
developments-he knows that Scovill service insures satisfaction.

Every step in tile manufacture of Scovill Con-
densers is under strict laboratory supervision.

CO ILL-7
MANUFACTURING COMPANY

 WATERBURY CONNECTICUT 

S
NEW YORK SAN FRANCISCO CHICAGO
PROVIDENCE BOSTON CLEVELAND
Los ANGELES PHILADELPHIA CINCINNATI
ATLANTA DETROIT

/n Europe-THE HAGUE, HOLLAND

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.



GA NEW PACENT
phonograph motor

(Induction Type)

Vibrationless . . . !
and insulated against noise

From the point of view of design, construction, quality of
materials and PERFORMANCE there isn't a finer motor to be
had.

The New Parent Induction Type Motor offers exttz.. reserve
power and starting torque. Dynamically balanced rotor to
eliminate vibration. Phosphor bronze bearings, die-cast main
frame, micrometer -type speed regulator-insulated against noise
throughout. Operates on 110 volts -50 or 60 cycles A.C.
Economical, trouble -free, ideal for combinations.

See your jobber or write direct to-
PACENT ELECTRIC CO., INC., 91 Seventh Ave., New York

Pioneers in Radio and Electrical Reproduction. for Over 20 Years
Manufacturing Licensee for Great Britain and Ireland: Igranic Electric Co.,

Ltd., Bedford, England
Licensee for Canada: White Radio Limited, Hamilton, Ont.

PACEN T
Silent Induction Type

Phonograph Motor
'Chen writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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U.S. Patents 1,419,564;
1,604,122; 1,697,954.
Other patents pending.
Foreign patents.

RIZ SHOP TEST SAMPLES
SHAKEPROOF LOCK WASHER CO
25a1 North Keel. Ave.. Chicago. In.

Pint rend vac samples of
O Shakeproof Lock Washers to At bolt else SHAKEPROOFShakeproof Locking Terminals. site
Firm Name Lock Washer CompanyAddress
Town State I ....a...Alum.. Mok.

By 2551 North Rooter Areas* Chlsogit,111114

Type 11 External Type 12 Internal Type 20 Terminal

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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"ESCO"
Synchronous Motors for Television
In addition to building reliable and satisfactory motor generators,
"Esco" has had many years of experience in building electric
motors for a great variety of applications.

Synchronous motors, small, com-
pact, reliable, self starting are
now offered for Television equip-
ment. They require no direct
current for excitation, are quiet
running and fully guaranteed.

Other types of motors suitable
for Television may also be sup-
plied.

Write us about your requirements.

Machines for operating 60 -cycle
A. C. Radio Recel.vers, Loud
Speakers and Phonographs from
Direct Current Lighting Sockets
Without Objectionable Noises of
any Kind.
The dynamotor' and motor generators
are suitable for radio receivers and for
combination instruments containing
phonographs and receivers. Filters are
usually required. The doiamotors and
motor generators with liters give as
good or better results than are obtained
from ordinary 60 -cycle lighting sockets.
They are furnished completely assem-
bled and connected and are very easily
installed.
These machines are furnished with wool -
packed bearings which require very
little attention, and are very quiet run-
ning.
Write for Bulletin No. 243-C.

How can "ESCO" Serve You?1116 ELECTRIC SPECIALTY COMPANY

TRADE "ESCO" MARK

Dynamotor with Filter for Radio Receivers

300 South Street Stamford, Conn.

IVhen writing to advertisers mention of the PuocrimiNcs will he mutually hel ful.



A. C. Tube Autt matic
Exhaust Machine

EISLER the
independent radio tube

manufacturers' standard
Why do the engineers of the foremost Independent Radio Tube
plants specify Eisler Electric Equipment?
Because they know that Eisler Automatic Radio Tube manufactur-
ing machines are the result of years of research, a thorough knowl-

edge of Radio Tubes and their
requirements. That every machine
is built to endure and render years
of satisfactory service. Embodied
in each machine are best quality of
materials and finest workmanship
human skill can produce.
Surely there is no better recommen-
dation.

Largest and Most Modern Radio Tube
Machinery Manufacturers

Are You Prepared Eisler Electric
To Share

CORPORATION
Successor to the

The 1929 ISLE R LNG. ( 0., INC.

Increased Demand? 772 South 13th Street
Newark, N. J.

nit nen

When writing to advertisers mention of the PROCEEDI YCS will be mutually helpful.
VII



Here's the New OPERADIO
'Dynamic!

Nine
Features
of
Superiority ! See Explanation of Numbut s

Below

Rigidity
1. Cast frame-pole piece in-

tegral-perfect alignment be-
tween cone apex and edge-
highest permeability.

3. Protecting Basket.
6. Brass spacing collar assuring

concentric magnetic gap-
centering not dependent on
bolts-perfect protection in
shipment of all parts.

7. Cast pot-lowest magnetic re-
luctance.

Response
2. Cone -10 -inch one piece

"Acoustex" cone-free edge
- very light-minimum inertia
dampening-greater fre-

quency range-no paper rat-
tle-ample power delivered at
low frequencies.

5. Voice coil clamped to cone
apex by mechanical process
which assures permanent con-
nection and alignment.

Sensitivity
4. Field coil 2500 and 7000 ohms

-field strength 9500 lines
per square cm.

8. Felt retaining rings-under
no pressure but interlocking
with cone edge-no dampen-
ing effect.

9. Centering pin integral with
main frame assuring perfect
alignment of voice coil in air
gap.

MANUFACTURERS: Our Engineering Department is at
your service. Let us hear from you if you are interested.

OPERADIO MFG. CO.
St. Charles, Illinois

When writing to advertisers mention of the PROCEEDINGS wilt be mutually helpful.



MOVING DAY CAME AND WENT . . .

but POLYMET

PRODUCTION

rolled right
along

WITH pardonable pride, Polymet points
to the successful completion of the

Herculean task of maintaining production
schedules while the entire Polymet Plant was
on the move.

Rather than impair in any detail a reputation
for on -time delivery consistently built up over
years, Polymet moved unit by unit so that pro-
duction could flow steadily along.
We are proud of that job, and even prouder
that it was a greatly increased business, built
on a foundation of consistent Quality, Service
and Dependability in Polymet Products, that
necessitated our moving at all.

The Polymet factory is now in full operation
at the new address printed below. Enormously
increased capacity, the very newest in machin-
ery and an augmented technical staff are ready
to fill your orders for Quality electric set
essentials-on time!
/ or I rods . . Condensers... kr,' sr . .1.m melt' Wire...

POI YMET MANUFACTURING CORP.
829 E. 134th St., N.Y.C.

POLYMET PRODUCTS

When writing to advertisers mention of the PROCEEDI NGS will be mutually helpful.



P. 0. Box 86

Piezo Electric Crystals and
Constant Temperature Equipment

Piezo Electric Crystals:
We are at your service to grind for you Piezo Electric Crys-
tals suitable for POWER use, said crystals ground to your
assigned frequency in the 550 to 1500 Kc band accurate to
plus or minus 500 cycles fully mounted for $55.00. Crystals
for use in the Short Wave Broadcast Band (4000 to 6000
Kc) ground for power use accurate to plus or minus .03%
of your desired frequency fully mounted for $85.00. In
ordering please specify type tube, plate voltage, and operat-
ing temperature. All crystals guaranteed in regard to out-
put and accuracy of frequency, and delivery can be made
within three days after receipt of your order.

Constant Temperature Equipment:
In order to maintain the frequency of your crystal controlled
transmitter to a high degree of constancy, a similar high
grade heater unit is required to keep the temperature of
the crystal constant Our unit just announced two months
ago is proving itself to solve the problem of keeping the
frequency within the 50 cycle variation limits. Our thermo-
statically controlled heater unit maintains the temperature
of the crystals to BETTER THAN A TENTH OF ONE
DEGREE CENTIGRADE, is made of the finest materials
known for each specific purpose, and is absolutely guaran-
teed. If interested we urge you to write for more details.

Low Frequency Standards:
We have a limited quantity of material for grinding low
frequency standard crystals. We can grind them as low as
25,000 cycles. These crystals can be ground to your speci-
fied frequency accurate TO ONE HUNDRETH OF ONE
PER -CENT. Prices quoted upon receipt of your specifi-
cations.

Scientific Radio Service
"The crystal specialists"

Dept. R-3 Mount Rainier, Md.

When writing to advertisers mention of the PROCEEDINGS wili be mutually helpful.
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Precision Filament is
produced by a special process

so that it hangs absolutely straight .

/Ot

This quality, in addition to consistent accuracy,
uniform size and resistance, and clean

surface makes this wire

THE PREFERENCE OF THE FOREMOST
TUBE MANUFACTURERS

2c

A product SIGMUND COHN 44 Gold Street
of New York
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Oscillogram showing noiseless performance of
BRADLEY UNIT resistors.

.V\k, .0111 ; ,#/k (4.44' .1%,
d, ' V ,

Oscillogram showing noisy perforn. .1..
other types of resistors.

A New Resistor
that assures noiseless reproduction

CMPARE the extraordinary quietness of the Bradley -
unit Resistor with the noisy performance of other

resistors. Many resistors cause disagreeable hissing
noises in the loudspeaker. For pure, clear reproduc-
tion, use Bradleyunit Solid Molded Resistors. They are

unaffected by tempera-
ture, moisture or age.
Leading set manufactur-
ers are standardizing on
the new Bradleyunits for
grid leaks in detector cir-
cuits and for resistors in
resistance coupled am-
plifiers. The Bradley -
unit is your assurance
that noises in the loud-
speaker cannot originate
in your equipment.

Write for information and prices today
ALLEN -BRADLEY CO., 282 Greenfield Avenue, Milwaukee, Wis.

U.
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Vitreosil
I

1144

li

(Fused Pure Silica and Quartz)
0
I

Pri Insulation for Heater Type AC Tubes .10

Pci

0
Heat.1)Treating Tubes for Metal Parts

0
Pfi

Optical Details for Television

114(1

1144 Obtaining
Pei

Homogeneity Impermeability
b

1

Freedom from Gas Lowest Expansion li

10 High Electrical Resistance Freedom from Impurities
II

(IY

And in Transparent Vitreosil
1)

)
Pei

Best Transmission of Visible, Ultra -Violet and
144

Infra -Red Rays
4114 )
Oti

liti

Available Shapes
114

Transparent Lenses, Prisms, Bulbs, etc. I;

Single and Multiple Bore Tubing from .030"
Rods, Plates and Special Cross Section Strips

Write Stating Problem
.ik

The Thermal Syndicate, Ltd.
1716 Atlantic Avenue Brooklyn, New York

[-Inimio=imee9L-1%tmcemionc=o:w:clowetti-mt ...II
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A Sixteen -Year - Old
Intimacy !

FORMICA is an old friend of American elec-
trical and radio men. For sixteen years the

engineers have steadily increased their use of
Formica.

Many leading organizations-who are wise and
competent technically-have used it continuously
for periods of from 10 to 15 years.

They know that a large equipment and a large and
well trained organization is specialized on just one
product with beneficial results.

Whether you need sheets, tubes and rods to be
fabricated in your own plant or finished parts ready
for assembly-Formica can serve you promptly with
a high quality uniform material.

Send your blue prints for quotations.

THE FORMICA INSULATION COMPANY
4646 Spring Grove Avenue

CINCINNATI, OHIO

ORM ICA.
Made from Anhydrous Bakelite Resins
SHEETS TUBES RODS

wrtting to advertisers mention of the PROCEEDINGS Mil be mutually helpful.
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Volume Controls

Manufactured in three sizes

Standard
Junior
Midget

Also Double Standard
and Double Junior

TO vary the intensity of the faithful
reproduction built into radio receivers

without introducing noise or distortion, can
only be accomplished by a careful and com-
plete consideration of both mechanical and
electrical features of the volume control.
Mechanically-The Centralab exclusive and
patented rocking disc contact precludes any
possibility of wear on the resistance ma-
terial. This feature adds to the smoothness
of operation since the contact shoe rides
only on the disc. The shaft and bushing are
completely insulated from the current carry-
ing parts-eliminating any hand capacity
when volume control is placed in a critical
circuit.

Electrically - Centralab engineers have
evolved tapers of resistance that produce a
smooth and gradual variation of volume.
These tapers have been thoroughly tried and
tested for each specific application for cur-
rent carrying capacity and power dissipation.

Centralab volume controls have been speci-
fied by leading manufacturers because of
their quality and ability to perform a specific
duty-Vary the intensity of faithful repro-
duction-faithfully.

Write for full particulars of
specific application.

CENTRAL RADIO LABORATO ALES

36 Keefe Ave. Milwaukee, Wis.

A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET

It 'hen writing to advertisers wention of the PR, CFFDIN74 7.(171 imam/!p Fe//fut.
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OIL
IMPREGNATED

FILTER
CONDENSERS

REALIZATION THAT THE OIL
IMPREGNATED FILTER CON-
DENSER GUARANTEES FREE-
DOM FROM TROUBLE HAS

INCREASED PROFITS
FOR MANY.

SEND US YOUR SPECIFICA-
TIONS WE WILL BE GLAD TO

PROVE IT TO YOU.

CONDENSER CORPORATION OF AMERICA
259-271 CORNELISON AVE. JERSEY CITY, N. J.

When writing to advertisert mention of the PROCEEDINGS will be mutually helpful.
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giicing the CLAROSTAT

ire -wound
VOLUME CONTROL

AFTER some two years spent on the serious problem of volume
control, the Clarostat Engineering Staff is pleased to present

a unique and perfected device.

The CLAROSTAT WIRE -WOUND VOLUME CONTROL
combines the high resistance and compactness usually demanded,
with maximum reliability and long life. It is a genuine wire -wound
resistor-not to be confused with devices utilizing carbonized paper
or other uncertain resistive materials that become noisy in opera-
tion. An unique form of pressure contact, instead of sliding con-
tact, does away with wear and tear on the finest wire, yet establishes
a silent, positive, and velvety -adjustable contact.

Here is the solution of the volume control problem. Here you will
find the necessary high resistance; constant resistance at any setting;
smooth adjustment; noiseless operation; life-long service if desired;
and total freedom from troublesome and costly servicing. The
CLAROSTAT WIRE -WOUND VOLUME CONTROL is the
hallmark of good engineering in any assembly.

Available in any resistance range. Also supplied in three -terminal
or potentiometer style, two -terminal or rheostat style, and in tan-
dem style or duo -volume control for two resistances with a common
knob.

Wn for complete engineering data regarding the new CLARO-
STAT WIRE -WOUND VOLUME CONTROL. If you

are a radio set design engineer or manufacturer, write on your firm
letterhead for a sample of stated resistance. And remember-there's a
CLAROSTAT for every resistance requirement-fixed, variable and
automatic.

Clarostat Manufacturing Company, Inc.
OAK.

R AA A Specialists in Radio Aids

289 North Sixth Street, Brooklyn, N.Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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AEROVOX
BUILT BETTER

CONDENSERS AND RESISTORS

How Do You Buy
Condensers?

MOST filter condensers, condenser blocks and bypass
units are bought merely on the basis of price, voltage

ratings and their ability to withstand ordinary short -time
tests, without sufficient consideration to the fact that these
are not dependable indicators of the ability of a condenser
to stand up under all conditions of service, during the
entire life of the receiver or power unit.

Nothing is apt to prove as
costly as a cheaply made,
over -rated condenser or re-
sistor. Whether you are a
manufacturer, professional
set builder or experimenter,
you cannot afford the high
cost luxury of a cheap con-
denser or resistor.

Aerovox condensers and
resistors are conservatively
rated and thoroughly tasted.
The Aerovox Wireless Cor-
poration makes no secret of
the Insulation Specifications

of their filter condensers and
filter condenser blocks. This
information is contained in
detail in the 1928-29 catalog.

The next time you are in
the market for filter con-
densers or filter condenser
blocks, make your compari-
son on the basis of Insula-
tion Specifications. Aerovox
condensers are not the most
expensive, nor the cheapest,
but they are the best that can
be had at any price.

Send For Complete Catalog
Complete specifications of all Aerovox units, including

insulation specifications of condensers, carrying capacities of
resistors and all physical dimensions and list prices are
contained in a fully illustrated, 20 -page catalog which will
be sent free of charge on request.

AEROVOX WIRELESS CORP:
80 Washington Street, Brooklyn, N. Y.

PRODUCTS THAT ENDURE

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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NATIONALVULCANIZED
F I 13 RAE
"...the material with a million at**"
SHIRTS : RODS : TUXES : SPI.CIAL SNAFU

Let us answer
the question

"Can you make it of
Vulcanized Fibre?"
If you are unacquainted with tne
physical properties, the machin-
ing qualities and the cost of
vulcanized fibre applicable to
your products, put it up to us to
find out.

Our experimental department has
shown many a busy manufacturer
how the proper application of the
right grade of vulcanized fibre
will overcome serious production
or sales difficulties.

Avail yourself of this set..
vice now ... blue prints or
a detailed description of the
part and its functions will
put us to work at once.

Write today!

NATIONAL VULCANIZED FIBRE CO., Wilmington, Del., U. S.A.
Offices in Principal Cities

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Continental Resistors
Durable dependable, simple in structure and give a

minimum of resistor trouble.

41iiiIMMiliot

QM&

Type A for grid leaks and
light power purposes. Will
dissipate 3/2 watt safely.

Types W and X for greater
power dissipation.

All types furnished in any re-
sistance value desired.

In use continuously for a number of years by the
largest manufacturers.

Types E2 and D2 fur-
nished with wire leads
soldered to coppered
ends, are for soldering
permanently into posi-
tion in apparatus where
they are to be used.

Samples for test sent on receipt
of specifications.

CONTINENTAL CARBON INC.
WEST PARK, CLEVELAND, OHIO

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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The NEW
WESTON EXHIBIT
AT HOTEL STEVENS

RADIO SET TESTER
See it at the R. M. A. Convention

Fr HE radio industry is familiar with the Weston Model
537 Radio Set Tester-for A. C. and D. C. receivers.

Service men hailed it with great acclaim a year ago, noting
its many advantages over the Weston Model 519-for D. C.
only.
And NOW-here is another great advance-the Weston Model 547-
incorporating many additiona: features to meet the service testing re-
quirements of radio's latest developments. And there have been many
since the last R. M. A. Convention. But with this NEW SET TESTER
radio servicing is still further simplified, even taking into account the
number of new tubes, sets and circuits. Space won't permit description
here-nor would words alone do this new set tester justice. You must
see it for yourself-operate it-try to think up some service problem it
can't solve. Try as you will the Model 547 will give you a quick and
accurate answer every time. Convenient-complete-light and rugged.
Handsome in appearance-and it will yield you handsome profits. It
will increase your business and your prestige. YOU CAN BANK
ON IT!
This instrument has many outstanding service features. But first of all
it is a Weston-assuring you exquisite workmanship and complete service
reliability. It is provided with three instruments-all 31/4" diameter and
furnished with bakelite cases. Carrying case, removable cover, panel
and fittings are also made of sturdy bakelite.

WESTON ELECTRICAL INSTRUMENT CORPORATION
589 Frelinghuysen Ave. Newark, N.J.

PIONEERS
SINCE 1888

INSTRUMF, TS
When writing to advertisers mention of the PRCCEEDINGS will be mutually helpful.
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Werformanceinsured
Radio performance can be no
better than the performance of

each component part.

The T -C -A standard of quality

is your best insurance that these

important units, at least, will

function as you would have

them.

Look us up at the Radio Show and

let's talk it over. Booth No. 64D.
Demonstrations at Room 516,

Stevens Hotel.

1.c.t,aok3Tvullg

TRANSFORMER CORPORATION OF AMERICA

II 'hen wmting to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Complete data and
samples avail able.
T -C -A engineers will
gladly assist in your
audio and power sup-
ply developments.

Specialization has enabled us to perfect
our product to a point where a large demand

has developed. This volume has encouraged us to
build and install special machinery, more accurate
and more speedy than human hands.

T -C -A Transformers meet the quality requirements of
your engineers, as well as the price requirements of
your production department.

And the same precision through controlled ctuantity
production that made T -C -A transformers and power
packs standard in the country's finest sets, is securing
a quality in T -C -A Dynamics that is receiving quick
recognition. They are a real contribution to the
industry.

2301-2319 SOUTH KEELER AVE., CHICAGO, ILL.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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FROST -RADIO Volume Controls
supplied in :an. of these curves, as well as

special curves to
meet your exact

requirements
YOU can secure Frost -Radio

Volume Controls in any of
the curves drawn on the charts
shown, as well as in many other
curves to suit your needs. You
can thus obtain from us any re-
sistance gradient you desire
in units from several hundred
ohms up to and including a total
resistance of several megohms.
Frost -Radio Variable Resistors
are made in several sizes, in
single or tandem construction,
and with resistance arranged to
increase with either clockwise
or counter -clockwise knob ro-
tation. These units are smooth -
running, non -inductive, and
absolutely unaffected by tem-
perature or humidity changes.

Tell Us of Your Special Requirements
We supply Frost -Radio Volume
Controls in the following stand- ff-
ard housing dimensions:

Diameter Depth Type
I 61 64 in. 39 64 in. Bakelite
17 8 in. 43 64 in. Metal
17 8 in. 3%4 in. Metal
1 5 8 in. 37 64 in. Bakelite
1 112 in. 43/64 in. Metal

For other than standard units,
piease indicate in your request
for samples any special dimen-
sions, terminal positions, curve
desired, and watt load, and in
requesting tandem unit samples
state maximum permissible
mounting depth. Please note
that bushings, threads per inch,
shaft lengths and diameters
illustrated are standard. Made
in two or three terminal type.

HERBERT H. FROST, Inc.
The Largest Manufacturers in the World of High Grade Variable Resistors

Main Offices and Fartory: ELKHART, INDIANA
160 North La Salle Street

CHICAGO
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ELECTROSTATIC CONDENSERS
FOR ALL PURPOSES

FOR SERVICE

aicE:,acton,

THE
ACCEPTED
STANDARD

WIRELESS SPECIALTY APPARATUS COMPANY
JAMAICA PLAIN, BOSTON EST. 1907
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WITH these new "Bath -Tub" Condensers, DeJur-Amsco
maintain their leadership and reputation as Condenser Head-

quarters. These units are available in single, double, triple, and
quadruple types in all capacities with or without dials.
No matter what your particular specifications, the Engineering
Department of DeJur-Amsco will meet them with a better con-
denser than any other organization and at a price well within
your cost requirements.
Write for Engineering Data and Working Drawings. Send Us Your

Specifications and Let Us Quote. Samples on Request.

1111
411111MB

DOUR-AMSCO CORPORATION
Condenser Headquarters

Broome & Lafayette Sts., New Ycrk City=1- = 1
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This New Elkon Rectifier Eliminates the
Power Transformer in
Dynamic Speakers

AGAIN Elkon leads the field. The
new Elkon D -3o Power Supply

is the outstanding development of the
year in rectifiers for dynamic speakers.
This remarkable rectifier operates
directly from the AC power line

eliminating the Power Trans-
former and reducing the cost of as-
sembly.

Supplied complete, ready to install, or
the rectifier units (two required on
each speaker) can be sold separately.

Wonderfully efficient, quiet in oper-
ation. The units can be replaced when
necessary as easily as a tube is changed
in a socket.

If you have not already sent us a
sample of your new speaker, do so at
once. We will equip it with the new
Elkon rectifier and return it to you
promptly.

ELKON, Inc.
Division of P. R. Mallory & Co., Inc.

3029 E. Washington St.
Indianapolis, Ind. . S.C.AC b4' . . .

C  0+ . . 
.' 1'40 * ..
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Standard or Special
HAMMARLUND

WORKMANSHIP

Assures

Condenser

Perfection

When the standard Hammar-
lund Equalizing and Neutral-
izing Condensers do not fit
into your receiver design, we
are prepared to make special
models, either single or in
gang, to your specifications.

rr HE most advanced radio engineering
produced the Hammarlund "Midline"

Condenser. It has enjoyed more than three
years of leadership because it was born a
leader-the first embodiment of laboratory
precision in a stock condenser model.

Sturdy aluminum alloy frame; soldered brass
plates, carefully aligned and fixed by tie -
bars; cone and ball bearings; phosphor -
bronze pig -tail; removable rotor shaft. In-
dividual and gang models. Also the new
"Battleship Midline"-the master of multiple
tuning units, with sections matched to within
M of one per cent.

All desirable gang sizes and capacity rat-
ings.

[Write us your needs. Hammarlund cooperation and
facilities are yours for the asking. Address Dept. PE6.

HAMMARLUND MANUFACTURING COMPANY
424-438 WEST 33rd STREET, NEW YORK, N. Y.

Radio,

Rammarlund
PREC/SION

PRODUCTS
<CAT isms.
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These EBY Products Are
Already Half Way On the Set

Their Advanced Designs Reduce Assembly Costs

The Eby Company considers assembly cost as part of the cost of the product to
the manufacturer. That's why Eby has specialized in designing products that
take only half the time and expense to assemble-that's why Eby products are
virtually half way on the set when they are finished at our factory.
Another big feature of Eby products is attractive appearance. Every Eby prod-
uct is an asset to the finest rad o set. And finally, and of equal importance, is
Eby service. The Eby Company has been an absolutely dependable supplier of
quality products for six years.

Model 6 Socket is new and
much better. Designed for
manufacturers' use exclu-
sively. Popular Eby features
have been retained and new
ones added.
Five different colors num-
bered-for identification of
tubes.
Long two-sided prongs-for
positive contact.
Guide for tube prongs-a
famous Eby feature.

Rivet assembly-
for economy

New in performance, new in
appearance-and a

new low price

Here's another assembly
shortcut for manufacturers
who want binding posts for
Speaker Field connections.
One nut to tighten - two
soldered connections to make
and they are both assembled
and insulated. No washers!

A pair of tip jacks moulded
as inserts, in a brown Bake.
lite strip marked Speaker,
Phonoor Field. No insulating
washers or nuts! Eby type 11

One nut assembles these two
tip jacks moulded as inserts
in a brown Bakelite strip.
Available marked Speaker,

Phono or Field. No
insulating washers!

Type "S"

Another product which elim-
inates assembly operations.
The Ground post is automat-
ically grounded and the two
Antenna posts insulated with

no washers. Quick,
easy, economical!

The H. H. EBY
4710 Stenton Ave.

Makers of Eby

erts

A new and inexpensive con-
nector plug and receptacle.
Available with six prongs for
connecting set to power sup-
ply, with five prongs for push-
pull dynamic speaker voice
coil and field connections or
with four prongs for dynamic

speaker voice coil and
field connections

There are three assembly
operations on the Combina-
tion Antenna and Ground
post strips - two nuts to
tighten and one soldered con-
nection to make. The groundpost is automatically
grounded to paneland
Antenna post insulated from
it. No washers! Furnished
with soldering lug and nut
as-sembled on Antenna post

MFG. CO., Inc.
Philadelphia

Binding Posts

When writing to advertisers mention of the PIOCESDINGS will be mutually helpful.
XXIX



Jewell
Pattern No. 142

Relay

Weight 3 lbs.
Size 4-15 16- x 6" x 411'

Making accurate tests . . .

with automatic equipment
AUTOMATIC equipment makes

possible the utmost accuracy in
high Speed testing of complicated
electrical apparatus, such as radio
sets.

In automatic testing a sensitive
relay functions on a very small
change in current or voltage, com-
pletely eliminating the inaccuracies
of the human element.

Automatic equipment is now be-
ing used extensively in testing
vacuum tubes, condensers, chokes,
and transformers.

The Jewell Pattern No. 142 Relay
is particularly suitable for automatic

testing. A special pole piece con-
struction in coordination with a
husky cobalt steel magnet gives a
high gap density. This, in turn, re-
sults in a torque many times that
obtained from a commercial instru-
ment, even for the small values of
plate or grid current encountered in
the testing of radio equipment.

Pattern 142 Relays can be supplied to
function on a current as small as 50 micro-
amperes, and with high and low contacts
which are adjustable in service within cer-
tain limits.

All applications of automatic testing are
more or less special, and Jewell Engineers
invite correspondence regarding your prob-
lems.

JEWELL ELECTRICAL INSTRUMENT CO., 1650 Walnut St., Chicago
Manufacturers of a complete line of high grade

switchboard and portable instruments

L29 YEARS MAKING GOOD INSTRUMENTS

111 I 14`'
1111

eP
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Potter
Condensers

Quality - Long Life - Economy
Potter Filter Blocks

Built to meet present day requirements ,insuring long life and
hunt -free eliminators. Each unit in these condenser blocks is
made of the highest grade materiels and must meet the high
standard se-. by Potter. They are carefully and permaiently
assembled and hermetically sealed in metal containers.

All are very conservatively rated, as to voltage breakdown,
insuring a trouble -free condenser so important for complete
consumer satisfaction. Condenser Blocks can be assemb ed in
different capacity combinations to meet requirements.

Every item entering into the manufacture of Potter Condensers
is the very beet that can be secured, assuring a product that
will exceed your highest expectations.

Potter By -Pass Condensers
Designed for by-pass work and their high quality and conservative
rating permit their application to circuits where high "B" voltages are
employed giving satisfactory results.

They are hermetically sealed in metal containers-with the best seal-
ing compound obtainable, creating a condenser that is moisture proof
with uniform capacity.

The condenser mounting lugs have uniformly placed holes for bolting
or riveting to a die -punched panel assuring a rigid and permanent
assembly.

Potter Dynamic Speaker Filter
Will reduce the hum to a minimum when used with the A.C.
operated Dynamic Speaker using the low voltage rectifier.

The constriction allows the use in any position as it is of the
dry type which is a solid mass in texture, permanently sealed,
and in no way should be confueed with electrolytic wit con-
densers using solutions, pastes or jellies, and requites no
servicing attention. The dielectric provides the durability and
minimum feakage current, which, in a unit of this kind, is of
the order of one milliampere at ten volts in the correct sense
according to the polarization.

A Potter Dynamic Speaker Filter is the ideal unit to uee with
a dynamic speaker to correct whatever hum may be tresent
and to give increased operating qualities.

The Potter Co.
North Chicago, Illinois

4 5.1143...1 Orwouselon .4 Tsar &node*
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TEMPERATURE CONTROL UNITS
designed for

PIEZO CRYSTAL OSCILLATORS

Catalogue No. 211

Automatic thermostatically controlled heater compartments, designed to house
from one to three piezo crystals-Jacks are provided to fit any type of crystal
holder (When ordering give dimensions and type of holder employed)-Uniquely
constructed adjustable thermostat units, which are guaranteed to keep the tem-
erature constant to within 0.1 of one degree at the desired setting-Adjustable
working limits 30° to 50° C-Fitted with precision thermometers having large
graduated scales capable of indicating tenths of a degree centigrade-The cases are
constructed along scientifically correct lines, having an inner lining of special
asbestos board; an intermediate non -circulating air chamber and air exterior cover-
ing of heavy sheet aluminum-Supported with aluminum end castings.

Easily adapted to present day transmitters-Operates direct from any
110 volt A.C. or D.C. line-Current consumption only one-half ampere
-Furnished with pilot light which gives instantaneous check on oper-
ation.-Dimensions 7%" x 11%2" fromt x 12" deep.

Broadcasting, commercial, experimental and other stations, which are required to
keep within 100 cycles of a specified frequency, will find these REL Cat. 211 units
very necessary-Quanta), production has enabled us to offer these at a very
reasonable price.

Information and Prices on Application

,or
MANUFACTURES A COMPLETE LINE OF

REL APPARATUS FOR SHORT WAVE TRANS-
MISSION AND RECEPTION.

,or

RADIO ENGINEERING LABORATORIES
100 Wilbur Ave. Long Island City, N.Y., U.S.A.
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RADIO

CONTINUITY
TESTER

The new RADIO CONTINUITY TESTER was designed, and
is now offered, as an ideal instrument for making a wide variety
of tests on radio receiving sets, in particular, and on many other
radio devices and circuits.

One of the largest makers of radio receiving sets in the Country
has found that the Continuity Tester will, without any other in-
struments, perform the majority of the essential tests on its many
types of sets.

Send for Supplement No. 1 to Bulletin No. K-300

"Over thirty years' experience is back of Roller -Smith"

pEctrical. Measuring and Protective A

Main Office: Works:
2134 Woolworth Bldg. Bethlehem,

NEW YORK Pennsylvania

Offices in principal cities in U. S. A. and Canada.
Representatives in Australia, Cuba, Japan and Philippine Islands.
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You can forget the Condensers if they are Dubilier's

JrUST a few of the
thousands of types of

condensers developed by
Dubilier Engineers for
radio and industrial pur-

poses. Ask for
catalog 89.

Dubilier
CONDENSER CORPORATION

342 Madison
Avenue

New York
City

When writing to advertiser: mention of the PROCEEDINGS wil, be mutually helpful.
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Engineering Co-operation
to SOLVE your TRANSFORMER
PROBLEMS

KEEPING step with the progress
of electrical development, Jeffer-

son has maintained a reputation
quality transformers ... for engineer-
ing co-operation in designing and dt-
veloping transformers for special ap-
plication.

With the advent of radio, a larga
and complete engineering depart-
ment, a research laboratory and
staff of sales engineers were added to
render definite assistance in the solu-
tion of electrical problems.

Today, numerous radio manufac-
turers attribute much of the success
of their sets, from an electrical stand-
point, to the help of Jefferson en-
gineers in the design of their audio
and power transformers. Likewise,
they have benefited by Jefferson pro-
duction capacity-which insures
prompt deliveries during peak sea-
sons.

These are the services which Jeffer-
son offers you, too-in addition to
serving as a reliable source of supply
for quality transformers. Our en-
gineering and research departments
are maintained to serve you. Let
us know your problems.

JEFFERSON ELECTRIC
COMPANY

1591 S. Laflin Street Chicago, Ill.

'At New Jefferson Power
Pack for use with
the -new 245 and
224 tubes.

Transformers and Chokes
for New Power Tubes

As specific evidence of Jefferson engineer-
ing progressiveness, we present the new
power transformers, designed for use
witi the new 245 power tube and the
224 shield grid tube. To work with
these new transformers, we have a wide
range of choke units-heavy single duty
chokes-double choke units of conven-
tional design- or staggered chose units,
one heavy and one light choke, an especi-
ally economical method which minimizes
hum and allows maximum voltage on
power tubes without overloading the recti-
fier. Special audio transformers, im-
proved in design, are also available to
make use of all the possibilities of these
new tubes.

Complete electrical specifications and
quotations on these new units will be
furnished on request.

JEAFFEARS N
AUDIO and POWER TRANSFORMERS and CHOKES

When writing to advertiser: mention of the PROCEEDINGS will be mutually aetpfut.
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U. S. Pats.
No. 1034103
-1034104
and Pats.
Pending.

New Five-watt Volume
Control

with Longer
Life

Study this
remarkable

resistance
mechanism-the

resistance
element

fused to an enameled
metal

base-boating
silver contact.

Smoothness,
cur-

rent carrying
capacity

and ENDURANCE
never

before
possible.

Completely
enclosed

in metal

cover
for rapid

heat dissipation.
Sample,

lab-

oratory
graphs

and full information
to estab-

lished manufacturers.

You'll Praise This New and

Better Covered
Resistance

Better
design

and construction
insures

continuous
use

without
breakdown

or overheating.
High

grade re-

fractory
tube, heavier

-than-usual
Nichrome

resistance

wire.
Monel

metal
contacts

and soldering
lugs.

Entire
unit covered

by elastic
insulating

enamel,

baked on
at low temperature.

Tube,
wire, bands

and enamel
expand

and contract
uniformly.

Can be

made in practically
any resistance

value and wattage

desired.
Sample on

manufacturer's
request.

ADJUSTABLE
SLIDING

CLIP

U. S. Pat.
No. 1076869
and Pats.
Pending.

Patents
Pending

TRUVOLT-The
Only

Variable
Fixed Resistance

As outstanding
in quality

today as when
first intro-

duced.
Exclusive

Electrad
wire-wound

construction

-keeps
cool-holds

rated value-lasts
longer.

Ad-

justable
sliding

clip,
ideal for varyiing

resistances
in

laboratory
work.

22 stock
sizes.

Truvolt
Variables

Characteristic
TRUVOLT

construction
with ventil-

ated metal shield
for protection

and convenient
con-

trol knob.
Smoother

variation
and longer

life than

usual,
owing to endwise

travel
of contact.

22 stock

sizes.

ELECTRAD,
INC.,

Dept. P 13 6, 175 Varick
St., New York.

We are interested
in de-

/

tails and sample
0 5 -watt Volume

Control
0 Covered

Resistance
D Truvolt

Resistances.

Manufacturer

(

Address

Excx
When wruing /0 oar'et isers mention Of 'he PRuCEEDINCS , be mutually helpful.

XXXVI
WV

City State



W.C.BRAUN COM ANy
WHOLESALE RADIO

HEADQUARTERS
'isA /

Keep Abreast of the )

New Developments
in Radio

No industry in the world's history has at-
tracted so many inventors and experimenters
as the radio industry. Something new is
always on tap. Contrast the old wireless
days with the modern electrically operated
talking radio. Think of what is still to
come when perfected television, telephony,
short wave control, etc., are fully realized.
In keeping with the policies of Wholesale
Radio Headquarters (W. C. Braun Com-
pany), our service lies in testing out and
determining which of these newest marvels are
practical, salable and usable for the greatest num-
ber. Our task is to study the multitude of new
merchandise, select those items that are thoroughly
proved and reliable, and make it easy for the public
to secure these while they are estill new.
A huge and varied line of standard radio merchan-
dise is carried in stock for quick shipment to all
parts of the country. This service assures the
dealer and set builder of everything he needs, all
obtainable from one house, without shopping around
at dozens of different sources. It saves considerable
time, trouble and money. For example, when you
want a complete radio set or parts for a circuit,
you also will want a cabinet, loud speaker, tubes
and other supplies and accessories. You know that
at Braun's you can get everything complete in one
order, and thus save days and weeks of valuable
time, besides a considerable saving in money.

to
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NEW LINES
FOR THE SUMMER

RADIO SETS, KITS, PARTS
SHORT WAVE, TELEVI-

SION, SPEAKERS,
SUPPLIES, PORTABLE

RADIOS and
PHONOGRAPHS

AUTO TIRES and
ACCESSORIES

ELECTRICAL GOODS
Wiring Fixtures, Etc.

New Lines for the Summer Months SPORTING GOODS
Here, all under one roof, is carried the world's Outing Clothing. Baseball.
largest stocks of radio sets, kits, parts, furniture, Golf Goods, Etc.
speakers and accessories for the radio season, port-
able radios and phonographs for summer trade and
a complete line of auto tires, tubes and supplies, HOUSEHOLD
electrical and wiring material, camping and outing SPECIALTIES
equipment, tents, golf goods, sporting goods; in Vacuum Cleaners. Phony -
fact, a complete merchandise line to keep business graphs, Electrical Toys
humming every day, every week and every month
in the year.

Do You Get Our Catalog?
If you don't receive our catalog, by all means send us a request on your letterhead
to insure getting each new edition as promptly as it comes out. Braun's Big Buyers'
Guide is crammed full of bargains and money -making opportunities that you cannot
afford to pass up.

0'114 Pt,./4

Pion ee.4 rn dio
600 W. Randolph St.

0:1,t 1.610
1.1.1 1401.
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ALUMINUM CASTINGS - -

assure strength, lightness and
a dependable source of supply

UNNECESSARY weight is
responsible for a form of

inertia that has no place in this
alert, fast moving age. Alumi-
num Alloys offer greater
strength with less than half the
weight of other metals. The
trend toward Aluminum for Die
Cast parts is, therefore, in keep-
ing with the Spirit of the Times.

It is natural also that manufac-
turers turn to Aluminum Com-
pany of America as their most
reliable, dependable source of
Aluminum Die Castings.

The Company's supervision
of the material begins with the
reduction of Aluminum from
Bauxite, and extends through
every process that enters into

The many holes in this Impeller Support,
a part used in "Holland Maid" Washing
Machines, are easily and accurately cast.
in by Alumac Die Casting.

the manufacture of Aluminum
Alloys. Its equipment makes
possible the Die-Castingofthese
Alloys into parts of unusual size
and intricacy-with extremely
close tolerances, and with a fin-
ish that eliminates much ma-
chining and costly hand opera..
tions.

Our Die -Casting service to
industry includes a corps of
Die -Casting specialists with a
wide and practical engineering
experience in this subject. They
are available upon call-and
without any obligation.

Aluminum Company ofAmerica
2469 Oliver Building, Pittsburgh, Pa.
Offices in 19 Principal American Cities
Aluminum in Every Commercial Form

This Alumac Al Die Casting, is used in
the Sturtevant Vacuum Cleaner, com-
bines Nozzle. Fan Housing and Regulator.
Note deep undercut Wan housing.

ALUMINUM
ALU MAC

DIE CASTINGS
For Strength, lightness, Economy

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Perform that
"Adenoid Operation'

on Your set!

AmerTran De Luxe- ist
stage turn ratio. 3. 2nd
stake turn ratio, 4.

Price each $10.00

MAKE out the " adenoids ", those inferior trans-
' formers which make your set sound as if it were

afflicted with a bad case of adenoids ... then put in
their place, the standard of excellence in Audio
Transformers-AmerTran De Luxe.

Ever hear a child talk before and after an adenoid
operation? Well, if you have, you will appreciate
the difference AmerTran transformers will make in
any set.

AmerTran products are built exclusively for the
purpose of achieving realism in tone. It cannot be
done cheaply, or haphazardly. AmerTran's 30 odd
radio products all play their definite part in produc.
ing the finest tone known to Radio.

Why not perform that "adenoid operation" today? See your
dealer or write to us. Ask for Bulletin No. 1084.

MEltritAN
TRADEMARK REG.U.S.PAT.QFF.

AMERICAN TRANSFORMER COMPANY
Builders of Transformers for mere than 29 years

85 EMMET ST. NEWARK, N. J.

eil.voiNr+v-INANANANcifv-if.NrifNe+NANcoiNrithe4NA.NANcitvoiNe4heiKrolf r4Nelihr+N
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Tested . . . tested...
tested again,

at every step in manufacturing
nCISION in production
ethods keeps Arcturus

quality at the peak.
Every manufacturing proc-

ess is checked by relent-
less tests, revealing every
defect that might cause
faulty performance.
"Go -and -No -Go" gauges,

sensitive meters, highzpow-
ered microscopes and ac-
curate chemical analysis
replace all human guess-
work in making Arcturus

tubes-insuring uniformity
in materials and construc-
tion, uniformly fine per-
formance throughout Arc-
turus' long life.
Critical engineers and set

manufacturers approve the
correct design and careful
construction of Arcturus
Blue Tubes. They know that
A -C sets give the most satis-
factory service, the best re-
ception, with Arcturus
Tubes in every socket.

Engineering Facts Have a Utility r
Significance to the Broadcast Listener

IIICTURUS
BLUE toNti.IFE TUBES

ARCTURUS RADIO TUBE COMPANY - Newark, N. I.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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RADIO engineers recognize CeCo Tubes as the
product of infinitely exacting technical

standards. This professional judgment is based on
experience with the rare sensitivity, the tone quali-
ty, and the power that CeCo's afford throughout
their long life.

Leading radio engineers recommend the use of
CeCo Tubes in circuits they develop.

An interesting technical discussion of CeCo meth-
ods and materials will be sent on request. Ask for
the booklet, "Radio Vacuum Tubes."

Listen in on the CeCo Couriers-on the air every
Monday evening at 8:30 Eastern daylight saving
time over the Columbia Broadcasting System.

CeCo Manufacturing Co., Inc.
Providence, R.I.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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In this manufacturer's
newest model, Dudlo
coils occupy the stra-
tegic positions in all
audio, power and speaker
units. He is taking no
chances on slipshod
coils again playing
havoc with his reputa-
tion.

ere 's where we need
Your help"

NOT very long ago a prominent radio manufacturer
unrolled a blue -print, and turning to the Dudlo

sales engineer who stood by his desk, said: "Here's
a job for you fellows at the Dudlo plant. We've had
a lot of trouble with this power coil. Can't seem to
get it to deliver the proper "B" voltages for these
new tubes without overheating. Here's where we need
your help . . . what can you do for us?"

The Dudlo man's assurance that this manufacturer's
coil troubles would be overcome proved to be fact.
Now every radio that leaves the factory is equipped
with a specially designed Dudlo power transformer
coil, and all former complaints against voltage loss or
overheating have automatically ceased.

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA
Division of General Cable Corporation

LO
THE COIL'S THE THING IN RADIO

ll'hen 'writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Helping WRNY `to keep
fine reputation

STATION WRNY, Hotel Roosevelt, New York, is known for the
clarity of its recording and transmissions.

The engineers here, as in other large broadcasting stations, depend
upon PYREX Insulators as an essential to long range and protection
of tone quality against retransmission noises from adjacent conductors.

If you want the best transmission or improved reception and one thing
less on the trouble list, equip your antenna and lines with PYREX in-
sulators. The insulating qualities, the mechanical strength, the super-
hard smooth time -and -element -resisting surface, and the resistance to
destruction originate in the molten glass and are imperishable.

PYREX
Radio

Insulators

(

Correct antenna, strain, entering, stand-off, pillar and
bus bar types are easily chosen from our booklet,
"PYREX Radio Insulators."

Write to us for a free copy of the booklet and get
PYREX Insulators from your supply house.

CORNING GLASS WORKS, Dept. 63
Industrial and Laboratory Division

CORNING, N. Y.

T. M. PEG. U. S. PAT. OFF.

PYREX
A MARK OF CONNING GLASS WORKS

J RADIO INSULATORS

Whon writing to advcrtisors locution of the PROCEEDINGS will be mutually helpful.
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1. Rigid frame made of heavy drawn steel.
2. Rotors and stators are precision spaced and soldered.
3. Accuracy and calibratiori in ganging is assured by wide sparing be-

tween plates.
4. Permanent and perfect alignment of rotors .s assured because the

removable shaft is indeleident of bearings.

A
5. Circuit adjustments are facilitated by the gradual curve on the

minimum capacity adjuster.
6. Adjustable smooth acting end thrust and tension fork.
7. The split end rotor plat permits additional acjustment for tl-e entire

wave band.

S:o.nrles now ready for delivery. Write for prices and full information.

UNITED SCIENTIFIC LABORATORIES, Inc.
115-C Fourth Avenue, New Ycrk City

Branch Offices for Your Convenience in
St. Louis Los Angeles
Chicago Philadelphia
Boston San Francisco
Minneapolis London, Ontario

14,

Cincinnati

NocliSe

iZa/Utt\ 7 A) 10i ill
A

Pl.ben' writing to adverti.scr4 menlipn of the PROCEEDINGS will be mutually helpful.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

The J. G. White
Engineering Corporation

Engineers-Constructors
Builders of New York Radio

Central
industrial, Steam Power, and Gas
Plants, Steam and Electric Ra I -

roads, Transmission Systems.

43 Exchange Place New York

Amy, Aceves & King, Inc.
Consulting Engineers

DESIGN-TEST-DEVELOPMENT

Radio Transmitters, Receivers and Sound
Reproducing Apparatus

Research Laboratories
55 West 42nd Street, New York

Longer» 8579

ROBERT S. KRUSE
Consultant for development of

Short-wave Devices

103 Meadowbrook Road

WEST HARTFORD, CONN.

Telephone, Hartford 45327

BRUNSON S. McCUTCHEN

Consulting Radio Engineer

17 State Street

NEW YORK

Electrical Testing
Laboratories

RADIO DEPARTMENT
also

Electrical, Photometric,
Chemical and Mechanical

Laboratories
80th Street and East End Ave.

NEW YORK, N. Y.

PATENTS
WM. G. H. FINCH

Patent Attorney
(Regi d U. S. & Canada)

Mem. I. R. E. Mem. A. I. E. E.
303 Fifth Ave New York

Caledonia 5331

For EXPORT of material
made by:

Allen D. Cardwell Mfg. Corp.
Clarostat Mtg. Co.
Corning Glass Works
Dubilier Condenser Corp.
Elkon, Inc.
Radio Engineering Labs.
Raytheon Mfg. Co.
United Scientific Labe.
Weston Electrical Inst. Corp.

apply to
AD. AURIEMA, INC.

116 Broad Street, New York, N. Y.

JOHN MINTON, Ph.D.
Consulting Engineer

for
Developing - Designing -

Manufacturing
of

Radio Receivers, Amplifiers, Transform-
ers. Rectifiers, Sound Recording and

Reproducing Apparatus.
Radio and Electro-Acoustical

Laboratory
8 Church St. White Plains, N. Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

(Continued)

4th Edition
Thoroughly Revised-Up-to-Date

"RADIO THEORY AND
OPERATING"

992 Pages 800 Illustrations
By MARY TEXANNA LOOMIS
President and Lecturer on Radio

Loomis Radio College
Member Institute of Radio Engineers

Price $3.50-Postage Paid
LOOMIS PUBLISHING CO.

Dept. 6, Washington, D.C.

EDGAR H. FELIX
Broadcast Consultant

Federal Radio Commission cases-Broad-
casting Station sales problems-Special
investigations in visual transmission-
Utilisation of broadcasting by advertisers.

8 Doremus Avenue
Ridgewood, N. J.

Complete Line of
RADIO PANELS, TUBING,
RODS AND INSULATING

MATERIALS
Drilling, Mecknin and Engraving to

Specifigcation,
TELEVISION KITS, DISCS, NEON

TUBES, PHOTO ELECTRIC CELLS
AND ALL PARTS
Write for Catalog

Insuline Corp. of America
78-80 Cortlandt St., N. Y.

Cortlandt 0880

CHI-RAD since 1921 has offered
the experimenter and engineer
the best apparatus that could be
had. Supplies for transmitting
and reception.

Write for Catalog

CHICAGO RADIO
APPARATUS COMPANY

415 South Dearborn St.

Harrison 2276-7

Radio
Engineers

Your card on this new professional card page
will give you a direct introduction to over 6,000

technical men, executives, and others with im-
portant radio interests.

RUE
Per Issue-- $10.00

When writing to advertisers mention of the PROCEEDINGS Will be mutually helpful.
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The public looks for the RCA
mark on the vacuum tubes of
a new radio set. That is one
important test of the quality of

the instrument. RCA Radio-
trons are standard equipment
throughout the radio industry.

RADIOTRON DIVISION OF THE

RADIO -VICTOR CORPORATION OF AMERICA
New York Chicago Atlanta Dallas San Francisco

IIRCA ID II MIRO Al
tDE 111"111E SI A KEIIS 4)1 I II I. It 111411.A

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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THE NEW

"SEVEN SEAS" CONSOLE
A new design by C. R. Leutz
using 3 A/C screen grid
radio frequency stages, all
tuned; power detector; initial
audio stage and push pull
power audio amplifier for
either two 210's or two 250's.
Split, single dial control;
100% scientific shielding;
dynamic loud speaker and
an adjustable selectivity de-
vice.

The result, a night range loud
speaker volume of from 500
to 1,000 miles using an in-
door aerial only a few feet
long, great selectivity and the
very finest quality of repro-
duction.

View of the radio frequency
and detector chassis showing
the efficient shielding arrange-
ment resulting in a minimum
of losses. Condensers also
totally shielded. Power audio
amplifier and power pack are
in separate chassis.

Custom Built By

C. R. LEUTZ, Inc.
LONG ISLAND CITY, NEW YORK

Cables "Experinfor" N.Y.

LITERATURE ON REQUEST

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.



How Your Condensers
Are Tested

THIS picture from the FAST condenser factory shows
the testing equipment at the end of each conveyor belt

system. The completed condensers are progressively con-
veyed by belt system to the testing table, where severe tests
are made by expert operators before the product is ready
for shipment.

The'painstaking care taken in the various processes of pro-
duction insure to you a uniform quality product throughout.
After the testing operation is completed, the condensers are
carefully packed in individually marked cartons, ready for
shipment to the radio factory.

This is but one of the many unit operations to which Fast
condensers are subjected in the process of manufacture.

Put your condenser problems up to the
FAST Organization of condenser specialists.

ejoHNEEter66
41.

R NI A

3982 Barry Avenue, Chicago, Illinois

tfilwn writing to advertisers mentson of the PROCEEDINGS will be mutually helpful:
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W A VEMETER
THE AERO WAVEMETER was designed for the radio amateur and the expeu-

menter. It is of rugged mechanical and good electrical construction and meets
the exacting requirements of the properly conducted amateur station.

Using the principle of the "series gap," and having a definite fixed minimum capacity,
(he amateur wavelength bands are spread over a great many dial divisions. The velvet
cernier dial has 100 divisions, each of which may be read to one -tenth of a division.
The 5 -meter band covers 40 dial divisions; the 10 -meter, 40 divisions; 20 -meter, 17
divisions and the 40 -meter band, 25 divisions. For the 80 -meter band, two coils are
used. One (72 to 82 meters) covers 45 divisions, and the other (80 to 90 meters)
covers 65 divisions..

Each coil, excepting the 5 -meter, uses No. 18 enameled wire tightly wound into
grooves of the bakelite tubing. The tubing has a 14 in. wall and is 2 in. in diameter.
The Aero heavy duty plugs and jacks make positive contact. The heavy brass case
has a black crackle finish. The 3/16 in. black bakelite top is hexagonal shape to pre-
vent rolling. The indicator is a standard neon lamp. Each wavemeter is individually
hand calibrated. Standard coils are 20. 50 and 80 meters. 5. and 10 -meter coils
extra. Furnished with or without neon lamp indicator. Price, without neon $24.00
lamp indicator

Aero Listening Monitor
MOThe Aero Aero Monitor to be absolutely positive.

Listening The Aero Monitor is a completely shielded
Monitor en- unit encased in a black metal cabinet, size
ables any am- 9 x 51/2 x 2t/2 in. Filament and B supply
ateur transmit- is included. It operates with a UX-199
ter to check type of tube and employs a stable circuit,
his own note, delivering a signal intensity of about R-4
t o k n o w or 5. Equipped with automatic filament
whether it is control. The battery supply is thoroughly
pure D.C. or shielded from the R.F. A reliable, scien-

not. It is a safe, sure and accurate way tific instrument. Ship. wt., about 21/2 lbs.
of knowing your station without depending
upon the reports of others. Watching the Model M-29 Aero Monitor. Including Dr
ammeter won't help you-you need the Batteries, but no tube. List Price.$15.00

Send for new Short-wave supplement showing new 1929 products. It is frce.

Apo PotoDUCrIS
INCORPORATED Ft A

4611 E. Ravenswood Ave., Dept. 2369, Chicago,

if /ten writing to advertisers mention of the l'uocEEniNcs will be mutually helpful.
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The Grebe CR-18 Special Short Wave Receiver

Short Ware Quality
inside and out...

EN the tecanically trained man works with
any piece of apparatus, precision and accu-

racy must characterize that equipment. It is a real
tribute to the Grebe CR-18 Special that so many
nationally - known engineers use it constantly.

A. H GREBE & CO., INC.
Richmond Hill, N. Y.

Western Branch:

413 So. San Pedro Street, Los Angeles, Calif.

MAKERS OF QUALITY RADIO SINCE 1909



A Frequency Standard

WE have developed, for use in the precision measurement of fre-
quency, a radically new frequency standard. It is, in fact, a

complete frequency determination system with the following features:
1. It provides the user with a continuously -operated standard that
maintains its frequency with an average deviation of about one part in a
million.
2. It provides means for measuring the average frequency of the stand-
ard by compa-ing it directly with the standard time interval defined by
radio time signals. The time comparisons can be read to within 1/100th
of a second.
3. A large number of frequencies between one kilocycle and 3,000 kilo-
cycles per second are continuously available for making comparisons in
the laboratory. Each of these is known with the:same precision that the
frequency of the standard is known.
4. It is rugged, compact, and reliable, and can to built to meet the re-
quirements of the user.

Please mention the type of service for which the
standard would be used when writing for details.

GENERAL RADIO COMPANY
Manufacturers of Electrical and

Radio Laboratory Apparatus

30 STATE STREET CAMBRIDGE, MASSACHUSETTS

GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN


