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ThHe Institute of Radio Engineers

GENERAL INFORMATION

InstiTuTE. The Institute of Radio Engineers was formed in 1912 through the
amalgamation of the Society of Wireless Telegraph Engineers of Boston,
Massachusetts, and the Wireless Institute of America of New York City.
Its headquarters were established in New York City and the membership
has grown from less than fifty members at the start to almost seven thou-
sand by the end of 1931.

Aims anND Omiects. The Institute functions solely to advance the theory and
practice of radio and allied branches of engineering and of the related arts
and sciences, their application to human needs, and the maintenance of a
high professional standing among its members. Among the methods of ac-
complishing this need is the publication of papers, discussions, and com-
munications of interest to the membership.

ProcreepiNGgs. The ProcrEDINGS is the official publication of the Institute and
in it are published all of the papers, discussions, and communications re-
ceived from the membership which are accepted for publication by the
Board of Editors. Copies are sent without additional charge to all members
of the Institute. The subscription price to nonmembers is $10.00 per year,
with an additional charge for postage where such is necessary.

RespoxsiBiLiTy. 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 asa whole.
Papers submitted to the Institute for publication shall be regarded as no
longer confidential.

RrepriNnTING PROCEEDINGS MATERIAL. The right to reprint portions or abstracts
of the papers, discussions, or editorial notes in the PRocEEDINGS i3 granted
on the express condition that specific reference shall be made to the source
of such material. Diagrams and photographs published in the PRoOCEEDINGS
may not be reproduced without making specific arrangements with the
Institute through the Secretary.

MaNvscriprs. All manuseripts should be addressed to the Institute of Radio
Engineers, 33 West 39th Street, New York City. They will be examined by
the Papers Committee and the Board of Editors to determine their suita-
bility for publication in the ProcEEDINGS. Authors are advised as promptly
as possible of the action taken, usually within two or three months. Manu-
scripts and illustrations will be destroyed immediately after publication of
the paper unless the author requests their return. Information on the
mechanical form in which manuseripts should be prepared may be obtained
by addressing the secretary.

MarminG, Entered as second-class matter at the post office at Menasha, Wis-
consin. Acceptance for mailing at special rate of postage is provided for in
the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L.
and R., and authorization was granted on October 26, 1927.

Published monthly by
THE INSTITUTE OF RADIO ENGINEERS, INC.
Publication office, 450-454 Ahnaip St., Menasha, Wis.

BusiNess, EDITORIAL, AND ADVERTISING OFFICES
Harold P. Westman, Secretary
33 West 39th Strect, New York, N. Y.
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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED

California
Michigan

Pennsylvania
England

California
New Jersey
New York

California
Indiana

Missouri

New Jersey
New York

Pennsylvania
Virginia
Argentina
England

South Africa

Indiana
Massachusetts

Idaho |
Missouri

NOVEMBER 2, 1932

Transferred to the Member Grade

Los Angeles, 740 S. Olive Sto....ov it Schreiber, E. H.
Los Gatos, 134 Hernandez Ave........................ Cole, B. R.
Detroit, 5104 Balfour. ......coooiiiiiiiiiiaa e, Byerlay, H. L.
Philadelphia, 1321 Areh St.. . ... ..ol Leitch, J. G.
London N.W. 9, Standard Telephones & Cables, The

Hyde, Hendon. ....ovvvnieeniieeneiineeana.n, Mirk, D. B.

Elected to the Member Grade

San Diego, U.S.S. Wright, ¢/o Postmaster.............. Pitts, H. L.
East Orange, 28 Madison Ave.................o oo Smith, J. P., Jr.
New York City, American Tel. & Tel. Co., 195 Broadway . . Wise, W. H

Elected to the Associate Grade

Los Angeles, 2911 Estara Ave.. ....oovvueernninnnnnenn Beal, G. M.,
Qakland, 441-28th St.......cooivti i Aldritt, K.
Palo Alto, 168 Webster St................. ... oot Whunderlich, G. F.
Hartford City, 121 E, Washington St................... Huffman, F. E.
St. Louis, 3115 Washington Blvd.. . ................ ... Napper, M.
Springfield, 847 Kingshighway........................ Anderson, V, F.
Ridgewood, 51 Sherman Pl..... ... .. ... .. ... ... ..., Hodges, A. R.
Brooklyn, 1096 Ocean Ave...............coiviemnnnnnn Hutchinson, H. P.
Brooklyn, 2110 Westbury Ct.......................... Prensky, S. D.
Corning, Corning Glass Works. .. ..................... Guyer, E. M.
New York City, 395 Hudson St.............. ... ... Downing, H. L.
Reading, 341 N. Front St............................. Landis, H. O.
Yeadon, 910 Dunean Ave..............ouerunnaiiiannne Crapp, G. L.
Langleyfield, Post Radio Station WYC................. Murr, V. E.
Buenos Aires, Calle Pasteur 177,-Dto “A”.............. Casanova, R.
Edmonton, London, 45 St. Edmunds Rd................ Emsley, W. T
London S.W. 20, 16 Abbott Ave., Wimbledon........... Dalton, J. W.
Stoke-on-Trent, Stafis, “Glenville” Garden Pl., Harpfields . Hughes, C. F. C.
Watford, Herts, 317 St. Albans Rd..................... Gray, G. A.
Johannesburg, 74 Smal St............ ..o i David, M.
Elected to the Junior Grade
Indianapolis, 1653 N. Talbot Ave...................... Brockway, R. M.
Mattapan, 48 Idaho St.......... ... ... il Bradshaw, D. B.
Elected to the Student Grade
Idaho City, ¢/o United States BP.R................... Wrathall, G.
Butler. ..ot e Henry, R. E.
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APPLICATIONS FOR MEMBERSHIP

Applications for transfer or election to the various grades of membership
have been received from the persons listed below, and have been approved by

to transfe

r or election of any

of these ngﬁ)licants should communicate with the Secretary on or before January

2, 1933.

meeting on January 4, 1933.

Massachuactts

Illinois

New Jorsey
Now York

California

Dist. of Columbia

Illinoie

Indiana
Michigan
Missouri

New Jersey
New York

Ohio
Pennsylvania

Texas

Utah
Washington
Wisconsin

Australia
England

New Zealand

North Wales

Kansas

California
Indiana

For Transfer to the Fellow Grade

Arlington Heights, 72 Oakland Ave.. . .................
Auburndale, 21 Lasell St..............

For Transfer to the Member Grade
La Grange, 220 N. Kensington Ave.. ..................

For Election to the Member Grade

Deal, ¢/o Bell Telephone Laboratorics. . .........
Buffalo, 978 Amherst St.. .............. ... . .

For Election to the Associate Grade

L.ong Beach, Marine Detachment, U.S.8. Arkansas. .. ...
Los Angeles, 353 E. 74th St...........

Los Angeles, 3745 8. Grand Ave. NN
l.0s Angeles, 1217 W, 10th St...
Pasadena, Box 649...........

San Anselmo, 1 Santa Crus Ave....... .

Washington, Radio Materiel School, Naval Research Lab. .
Washington, 83382 Stephenson P1.,, N.W. ... .. ........
Chicago, c/o Atlas Radio Mfg. Co., Inc., 1550 Dayton St.. .
Chicago, 6139 S. Sangamon St............ ..o viennnn.
Chicago, 3738 Monticello Ave...... ... . ..
Tinley Park........... e e e e
Wilmette, 412 Central Ave....... .. .. ..

Notre Dame, Box85,....... o

Highland Park, 216 Florence Ave.. ..
Overland, 2315 Gaebler Ave........... ..
St. Louis, 3662 Robert Ave....... ... .
Montclair, 42 Christopher St.... .. ...
Brooklyn, 2131 Dean St.......... . o
New York City, 421 Canal St.............. .
New York City, ¢/o Popowits, 2210 Lyon Ave.. ... ...
Ashtabula, 222 W. 53rd St.. . ... ..o
Philadelphia, Moore School of E.E., 200 S. 33rd St.......

Phjlndelphia, Arrott Arms Apts. E-9, Arrott and Leiper

Sts

. .Sparks, D.
Von Ohlen,
.. Klapperich, A.

ese applicants will be considered by the Board of Directors at its

Lamson, H. W,
Clapp. J. K.

IKnouf, R. J.

..Hunt, L., E.
.Gates, H. A.

Handel, A. J.
Delacourt, F. .

.. Haralson, B. J.
..Lillyblad, G. F.
.. Bacon, W.

L.
Cherry, C. E.
Daigle, A. A.
McClurg, G. H.
Mitchell, C. A.
O'Pink, B.
D.E.

Niceolls, W,
Donovan, W. E.

Philadelphia, 5231 Heston St.......................... Morrow, J.
Amarillo, S00 W, 6th St.. . .......ovvmi e Gooch, €. S.
Houston, 215 B Humble Bldg.. .. ..................... Gardper, D. H.
Salt Lake City, Station KSL.......................... Groves, W. E.
Vancouver, 1109 Broadway........................... Sharon, R. W.
Elkhorn, 11 8. Wright St.. . ............. ... ... ..., Wilkinson, J. D
Canberra, Broadcast Station 2CA..................... Ryan, A.J
Beckenham, Kent, 17 Westfield Rd.................... Partridge, N.
Cullercoats, Northumberland, 13, Marden Ter........... Swanson, J.
Darlington, Co. Durham, 43 Bondgate................. Reeves, J. C.
Grimsby, Lincolnshire, 28 Mangle St................... Laverack, H.
London, N.W. 6, 113 Goldhurst Ter., South Hampstead. ..Boyd, W. J. T.
Muncastergate, York, *Ravensdene”................... Hardy, C.
Shrewsbury, 15 Claremont St.......................... Mitchell, A. R.
Christchurch, N.Z. Broadcasting Board, Station 3YA,

Gloucester St............iuitiiiiiiieninennnnnannnn Penton, W. A
Waipu, North Auckland, “Bird-Grove”................. Mc .
Llanwnda, Caernarvonshire, Wood Cottage, Glynllifon

Park.. ..ot e e e Williams, W

For Election to the Junior Grade
Topeka, 1113 W. 2nd St......oviiiiii it e Burns, L. V
For Election to the Student Grade
Berkeley, International House. . ...................... Emanuel, V.
Lafayette, 1418 Center St........... ... ... ........... Alford, H W,
Booth, R. M., Jr.

Lafayette, Elec. Eng. Bldg., Purdue University.........
' v




Kansas

Massachusetts

New York
Pennsylvania

Washington

Applications for Membership

Lawrence, 1344 Kentucky St.........c.ooviviiiiiiinn, Omer, C. L.
Lawrence, 308 W, 16th St..........coooi ity Porter, R.
Boston, 37 Bay State Rd.. . ... Kline, F. S.
Boston, 523 Newbury St..........ooiiiiiiiiinn., Krim, N. B.
Boston, 532 Beacon St............ooiiiiiiiiiiin Snyder, G. H.
Cambridge, 12 Trowbridge St.. . .. e Graham, M. L.
Cambridge, Box 113, M.I.T. Dormitory................ Warsher, A. L.
Chelsea, 154 Shawmut St.. ..ot Goodman, L.
Brooklyn, 74 Osborn St.......vvvrii i Sussman, H.
Bethlehem, P.O. Box 18............. 9809000000000000G Jones, C. B.
Mt. Airy, Philadelphia, 645 W. Sedgwick St............. Flack, S. G.
Reading, 346 N.6th St............... ..o Fritz, J. R.
Seattle, 4023 Corliss Ave.. ...y J. Woodyard,
...}._4>°<§—.¢..
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INSTITUTE NOTES

November Meeting of the Board of Directors

The regular monthly meeting of the Board of Directors was held
at the Institute office on November 2, and was attended by Alfred N.
Goldsmith, acting chairman; Melville Eastham, treasurer; Arthur
Batcheller, O. H. Caldwell, J. V. L. Hogan, H. W. Houck, L. M. Hull,
C. M. Jansky, Jr., R. H. Marriott, E. L. Nelson, A. F. Van Dyck, and
H. P. Westman, secretary.

H. L. Byerlay, B. R. Cole, J. G. Leiteh, D. B. Mirk, and I. H.
Sehreiber were transferred from the Associate to the Member grade
and H. L. Pitts, John P. Smith, Jr., and W. H. Wise were admitted to
the Member grade.

Twenty Associates, two Juniors, and two Students were elected to
membership.

A report of the Tellers Committee on the vote cast for officers fol-
lows this report.

Dr. Cady reported by letter concerning an address he made on Oc-
tober 21 by transatlantic telephone to a meeting in Copenhagen, Den-
mark, commemorating the twentieth anniversary of the invention of
the Poulson arc transmitter for telephony and also the tenth anniver-
sary of the first Danish broadeasting. In his address, President Cady
extended the congratulations of the Institute to Poctors Poulson and
Pederson, and paid a tribute to the important part which the Poulson
are transmitter played in the development of long distance radio.

Approval was granted to a conversion ratio of one inch equals 25.4
millimeters which was recommended by a conference held under the
auspices of the American Standards Association.

A proposal of the Philadelphia Section to offer prizes of Student
memberships in the Institute to the two students in engineering col-
leges within the Philadelphia Section territory who submit the best
papers on a communication subject for presentation at the April 6,
1933, meeting of that section was approved.

Because of economic conditions, it was felt inadvisable to publish
2 PROCEEDINGS index for 1931 and 1932 at this time. Indexes for 1931
are available, and an index for 1932 will be published with this issue of
the ProceEDINGS. All issues prior to 1931 are indexed in the 1909-1930
index which was published early in 1931.

E. D. Cook who is chairman of the Electro-Acoustic Devices Tech-
nical Committee operating under the Sectional Committee on Radio of

1831
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which the Institute is a sponsor, was appointed a representative of the
Institute on the Sectional Committee on Acoustical Measurements and

Terminology.

Report of Tellers Committee

Through an error not under the control of the Institute office,
thirty-five ballots of the 1931 form were forwarded to members of the
Institute. Some of these were reported to the secretary and replaced
by 1932 ballots, a number were voted upon and mailed in regular order,
and the balance are still in the hands of the Institute members. The
tabulation of votes for the various candidates discloses that in no case
would the election be affected by these 1931 ballots other than in the
precise number of votes cast for each candidate. In every case a suffi-
ciently wide margin exists between competing candidates to make im-
possible any change in the results due to these thirty-five incorrect
ballots. The ballot has therefore been accepted by the committee and
the Board of Directors, and the following have been declared elected
for the offices and terms listed:

For President, 1933—1L. M. Hull
For Vice President, 1933—Jonathan Zenneck
For Directors, 1933-1935—R. A. Heising

F. A. Kolster

H. M. Turner
For Director, 1933-1934—C. W. Horn
For Director, 1933—M. C. Batsel

Atlantic City Meeting of the American Association for the
Advancement of Science

The Philadelphia Section of the Institute has prepared an interest-
ing program of papers to be presented on December 29 in Atlantic City
as part of the meeting of the American Association for the Advance-
ment of Science which will run from December 27 to 31.

The program of papers arranged by the Philadelphia Section is
listed below :

e

“Creative Broadeasting from the Musician’s Viewpoint,” by C. N.
Weyl, University of Pennsylvania.

“The Measurement of Over-All Characteristics of Broadcast Re-
ceivers,” by A. V. Loughren, RCA Victor Company.
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afilectrotherapy,” by Dr. Richard Kovacs, New York Polyclinic
Medieal School and Hospital.
“Study of Reception from Svnchronized Broadcast Stations,” by
C. B. P. Aiken, Bell Telephone Laboratories.

“High Quality Ribbon Telephone Receivers,” by N. F. Olson and
I'. Massa, RCA Victor Company.

These papers will be presented during an afternoon session start-
ing with a noon luncheon in room 133 of the Civic Auditorium on
the Board Walk.

All members of the Institute and their friends are cordially invited
to be present at this meeting. It is not necessary that advance registra-
tion be made. Those who must travel by railroad are advised that one-
half rate return fare.on the certificate plan has been granted for this
meeting of the American Association for the Advancement of Science,
and certificates should be requested of the railroad agent from whom
the one-way ticket covering transportation to Atlantic City is pur-
chased. These certificates must be validated at Atlantic ( ity in order
to permit the holder to purchase a return ticket over the same route as
covered by the going ticket at half the regular rate.

Incorrect Addresses

On pages IX, X, and XI of the advertising settion of this issue
will be found the names of those members of the Institute whose cor-
rect addresses are not known. It will be appreciated if anyone having
information concerning the present addresses of any of the persons
listed will communicate with the Secretary of the Institute.

Proceedings Binders

Binders for the PROCEEDINGS, which may be used as permanent
covers or for temporary transfer purposes, are available from the Insti-
tute office. These binders are of handsome Spanish grain fabrikoid, in
blue and gold. Wire fasteners hold each copy in place, and permit re-
moval of any issue from the binder in a few seconds. All issues lie flat
when the binder is open. Each binder will accommodate a full year’s
supply of the PROCEEDINGS, and they are available at one dollar and
seventy five cents ($1.75) each. Your name, or PROCEEDINGS volume
number, will be stamped in gold for fifty cents (50c¢) additional.
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Institute Meetings
ATLANTA SECTION

The Atlanta Section held a meeting on September 8 at the Atlanta
Athletic Club, Chairman H. L. Wills presiding.

Lieutenant O. C. Maijer, U. S. A, who is a member of the Signal
Corps and is attending the Georgia School of Technology, presented a
paper on “Quasi Optical Waves,” The speaker outlined clearly the pos-
sibilities of the use of quasi optical waves for communication purposes
and explained methods used for transmitting and receiving such waves.

The paper was discussed by Messrs. Bangs and Wills of the twelve
members and guests in attendance at the meeting. Six were present at
the informal dinner which preceded it.

The October meeting of the Atlanta Section was held on the 13th at
the Atlanta Athletic Club. Chairman H. L. Wills presided over the
meeting which was attended by thirty-three members and guests of
whom thirteen were present at the informal dinner preceding it.

F. H. Engel, sales engineer of the Hygrade Sylvania Corporation
presented a paper on “New Types of Radio Tubes.”

The speaker presented the technical data concerning the various
new tubes and outlined the reasons for their particular designs. Char-
acteristics of the tubes were given, and the uses to which they may be
put discussed in detail.

Messrs. Bangs, Dobbs, Gardberg, Love, and Wills participated in
the discussion of the paper.

BosTon SECcTION

A meeting of the Boston Section was held on October 14 at Harvard
University, E. L. Chaffee, chairman, presiding.

The first paper of the evening on “Recent Developments in Ken-
nelly-Heaviside Layer Recording Equipment and Observations of Ef-
fective Layer Heights During the Recent Solar Eclipse,” was presented
by H. R. Mimno and S. R. Wang both of Harvard University.

The paper covered developments in Kennelly-Heaviside layer
height measurement equipment carried on at Harvard during the past
year and observations of the effective layer height for 3492-kilocycle
transmissions during the solar eclipse of August 31,71932.

The second paper on “Observations of Field Intensity and the Ef-
fective Height of the Kennelly-Heaviside Layer During the Solar

Eclipse of August 31, 1932,” was by G. W. Kenrick, of Tufts College,
and G. W. Pickard, consultant,.
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Kennelly-Heaviside layer height measurements macde during the
solar eclipse on transmissions at 1640, 3492, and 4540 kilocycles were
presented together with field intensity measurements taken at Tufts
College from Stations WCSH on 940 kilocycles, VE9GW on 6095
kilocycles, and GBR on 16.1 kilocycles.

Due to the lateness of the hour, a discussion on these papers was
omitted. The meeting was attended by one hundred and twenty-five
members and guests.

BurraLo-NIAGARA SECTION

On October 27 a meeting of the Buffalo-Niagara Section was held
at the University of Buffalo and was presided over by Chairman L. G.
Hector. Sixty-seven members and visitors were in attendance.

A paper on “Work of the Electric Power Company on Radio Inter-
ference,” by E. P. Peck and J. Burbank of the Buffalo, Niagara, and
Tastern Power Corporation was presented by Mr. Peck.

He pointed out that the companies are concerned only with the lo-
cation of disturbances caused by their own system. However, the ma-
jority of the complaints received are found to be due to causes not
originating on their own systems. The companies are also anxious to
eliminate causes of interference due to their own equipment, but feel
that they should not bear the burden of investigating complaints due
to other equipment and causes. A questionnaire system has been in-
stalled at a number of places including Buffalo. The complainant is
requested to fill out a form and answer a number of questions to assist
in locating the cause of interference. This system tends to eliminate
irrelevant and unjustified complaints. 1t is successful in doing this to
the extent of a sixty per cent saving in calls. Codperation has been and
is being secured from manufacturers of apparatus which cause radio
interference, for a correction of this trouble at the factory when pos-
sible. Considerable interest has been aroused in manufacturers and in-
dividuals on the manufacture and design of devices intended for at-
tachment at the source of interference for its elimination. Space in
technical literature and advertising is being devoted to the subject.

The following-up of complaints sometimes results in weeks and
months of intermittent search. Sometimes the source is found quite by
accident after persistent search. One very unusual case of radio inter-
ference in town was found to originate in the country. It appears that
a high voltage transmission line induced current in an abandoned tele-
phone line running parallel to it. The induced current arced or passed
through a variable resistance to ground. This telephone line radiated
radio-frequency current from this disturbance, and the {ransmission
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line acted as wired radio to bring the disturbance into town for reradi-
ation. _

The power companies find that apparatus which measures radio
field intensity does not lead them directly to the source of trouble but
only to the nearest source of radiation. The source of radiation may be
some distance from the source of trouble creating it. Attempts have
been made to standardize an average permissible level of field strength
of interference with special consideration for unusually sensitive re-
ceivers.

Three thousand eight hundred and fifteen complaints handled in
1931 resulted in the troubles being located as follows: 23 per cent on
power companies network; 12.3 per cent, the complainants radio equip-
ment; 9.2 per cent, other utilities equipment; 17.2 per cent, the cus-
tomers equipment; 0.26 per cent, static and amateur stations; and
38.04 per cent was due to troubles which vanished before a search be-
gan.

There was considerable demonstration apparatus on display at the
meeting. This included apparatus used by the local company for lo-
cating trouble, a radio set, a cathode ray oscillograph, and types of
apparatus causing trouble such as violet-ray machines, motors, commu-
tator, ete. Mr. Burbank used the apparatus to demonstrate its effect
on the radio loud speaker and the cathode ray oscillograph. He also
grounded 2200 volts to a twig from a tree to show the effect of a power
line tree ground.

CINCINNATI SECTION

The September meeting of the Cincinnati Section was held jointly
with the Cincinnati Section of the American Institute of Electrical
Engineers on the 22nd.

A paper on “Program Transmission for Broadecast Stations” was
presented by Leo Friedman, district plant engineer of the American
Telephone and Telegraph Company.

The author described completely methods used for handling broad-
cast programs over telephone lines. By means of maps the various tele-
phone lines were shown, and the various chain networks described.
Many of the precautions which must be taken in order to insure an
uninterrupted and continuous service were outlined, and several ex-
amples were given of extraordinary conditions which arose from time to
time and the steps which were necessary in order to surmount these
difficulties.

At the close of the paper, the one hundred and seventeen in at-
tendance were taken through the Cincinnati branch of the telephone
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company where an inspection was made of the facilities which were
employed in broadcast program distribution.

In October a meeting of the Cincinnati Section was held on the 18th
at the University of Cincinnati with C. E. Kilgour, chairman, presid-
ing.

“Tone Compensation at Low Levels” was the subject of the paper
by L. H. Matthias, research engineer for the Allen Bradley Company.

An outline was given of the measurements made of the threshold
of hearing and of feeling and their relation to each other. Measurements
were also made of the sensitivity of hearing to tones of various fre-
quencies. Attempts made to compensate for apparent preponderance
of higher frequencies at low levels were described, and a mathematical
analysis of the requirements for apparent normal response at low levels
given. Two possible circuit arrangements and their constants for the
production of automatic compensation by means of tapped level con-
trol with tapped circuits were described.

The paper was discussed by Messrs. Glessner, Kilgour, Meyrose,
and Osterbrok of the thirty-five members and guests in attendance.

CLEVELAND SECTION

Chairman E. L. Gove presided at the Cleveland Section meeting
held on September 30 at the Case School of Applied Science.

W. B. Lodge, television engineer of Columbia Broadcasting System
presented a paper on “Removing the Camouflage from Television.”

With the aid of various illustrations, the author outlined the status
of television as exemplified by regular visual broadcasts of the Colum-
bia System. A system for transmitting both sight and sound simul-
taneously on the same wave was described. It involves modulation of
a forty-five-kilocycle subcarrier at either edge of the television wave
which has imposed upon it a fifty-kilocycle side band. Special receiving
equipment is necessary.

The range of the short-wave television transmitter of the Columbia
System in New York City was indicated to be from ten to fifteen miles,
and does not extend beyond the ground wave if distortion is to be
avoided.

The number of observers of television programs is estimated to be
between 1200 and 2500. In these transmissions, the transmitters and
receivers are synchronized by the use of synchronous motors operating
from the same alternating-current source.

The author pointed out three important problems which must be
solved to make television practical. These are scanning in which greater
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detail than permitted by the sixty-line limit now prevailing, synchro-
nizing within the closer limits which will be necessary when greater
detail is available, and the providing for an extremely wide band of
frequencies by which the television program may be transmitted. Other
important problems cover the design of amplifiers capable of passing
wide bands of frequencies and in the case of ultra-high-frequency trans-
mission, the problems of propagation.

It was the author’s opinion that chain transmission of television
programs is impossible at the present time due to a lack of wire circuits
capable of passing the wide range of frequencies necessary. It was
pointed out that cathode ray tube scanning may eventually prove more
effectual than mechanical methods now in use.

The meeting was attended by seventy members and guests, a num-
ber of whom participated in the discussion which followed the paper.

DEeTrOIT SECTION

H. L. Byerlay presided over the October 21 meeting of the Detroit
Section held in the Detroit News Conference Room.

“From Power House to Plate Supply” was the subject of the paper
by Howard P. Seelye of the Engineering Division of the Detroit Edison
Company.

Mr. Seelye described the generation, transmission, and distribu-
tion of electrical energy by the Detroit Edison Company. Slides were
shown of typical generating stations and associated equipment, and
methods of connecting these stations by high tension lines were ex-
plained. Various types of substations were described.

The author devoted a substantial amount of time to descriptions of
the distribution systems of the Detroit Edison Company, and touched
also on the problem of radio interference.

Fifty-four members and guests were in attendance at this first at-
tempt of the Detroit Section to present a paper not directly concerned
with radio.

Los ANGELEs SECTION

A meeting of the Los Angeles Section was held on September 20 at
the Mayfair Hotel, E. H. Schreiber, chairman, presiding.

“Ultra-Short Waves” was-the title of the paper presented by A. V.
Haeff. Ultra-short waves were defined as those extending from about
seven-meters down to a few centimeters, and the general properties and
uses of these waves were discussed. The main portion of the paper cov-
ered methods of producing undamped ultra-short waves and eireuits
and tubes developed for this purpose were described. Those included
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were regenerative circuits, standing wave oscillators, and electronic
oscillators. Properties of magnetron tubes both with solid and split
anodes, and of Barkhausen oscillators were discussed in detail. Char-
acteristic curves of the Barkhausen oscillator were shown and the use
of the three fundamental tube constants, which are wavelength, excita-
tion, and saturation were explained. A special tube and circuit devel-
oped by Dr. Haeff, in which the tube can be placed in the loop of the
standing voltage wave, were discussed in detail. With tubes having
water-cooled grids, waves only fourteen centimeters long were ob-
tained.

In conclusion, a table was shown giving the values of minimum
wavelength, power, and efficiency obtainable from different types of
oscillators.

The meeting was attended by fifty-three members and guests and
twenty-one were present at the informal dinner which preceded it.

The October meeting of the Los Angeles Section was held on the
18th at the Mayfair Hotel with Chairman Schreiber presiding. The
attendance was ninety-three, and nineteen of those were present at the
informal dinner held prior to the meeting.

Paul Johnson of the Southern California Telephone Company pre-
sented a paper on “Acoustics and Related Subjects.” In it the speaker
discussed the fundamentals of sound, defining pitch, timbre, and vol-
ume. Slides were used to assist in this diseussion. ,/There were then pro-
jected two reels of standard thirty-five millimeter sound film produced
by the Bell Telephone Laboratories to illustrate various forms of dis-
tortion encountered in soundon-film reproduction. These forms of dis-
tortion included overloading, lack of bass response, and lack of high-
frequency response. Distortion due to variation in the speed of projec-
tion equipment, that due to operating the system at too low a level
of volume, and due to poor room acoustics were also demonstrated.
For comparison, a sixteen-millimeter film with sound on disk was pro-
jected. The meeting concluded with the projection of two reels of film
produced by the Fox Film Corporation entitled “The Magic Carpet”
showing scenes from New York and the Island of Bali.

NEwW York MEETING

The November 2 New York meeting of the Institute was held in
the Engineering Societies Building Auditorium, and was presided over
by J. V. L. Hogan in the absence of President Cady.

Three papers were presented on the general subject of ultra-short-
wave transmission.
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The first of these, “A Study of the Propagation of Wavelengths
Between Three and Eight Meters,” was presented by L. F. Jones of
the RCA Victor Company. The author described observations made
by autogiro, dirigible, and automobile of ultra-short-wave transmis-
sions from the Empire State Building in New York City. The ab-
sorption of these waves when traveling through buildings was dis-
cussed quantitatively. Reflections and interference patterns were cov-
ered together with distortion arising from multipath propagation. It
was shown that traffic movements caused severe fluctuations in ultra-
short-wave field strength at certain points. Maps of the interference
patterns measured in a typical residential room were shown and ob-
servations made at a distance of 280 miles and at a point 37,000 feet
below line-of-sight were described. An empirical ultra-short-wave
propagation formula was proposed, and curves calculated showing the
relation between wavelength, power, range, attenuation, and antenna
height,

The second paper by P. S. Carter and Bertram Trevor of RCA
Communications on “Notes on Propagation of Waves Below Ten
Meters in Length,” was presented by Mr. Trevor.

The results of a number of measurements of field strength variation
with distance from the transmitter and height above ground for several
wavelengths in the range below ten meters were shown. Observations
of the two transmitters on the Empire State Building in New York
City, operating on 44 and 61 megacycles, were made in an airplane
over Long Island. These tests showed the nature of the interference
patterns set up by the combination of the direct and reflected waves.
With low transmitting and receiving antennas, field strength measure-
ments with distance were taken for both horizontal and vertical po-
larizations over Long Island sand on 41.4 and 61 megacycles. Similar
tests were made over salt water with low antennas on 34.8 and 59.7
megacycles. Another airplane test was made on 34 megacycles with a
higher transmitting antenna and increased power up to a distance of
200 kilometers. The intervening territory in this run was partly land
and partly salt water.

The experimental data were discussed in comparison with the the-
oretical curves determined from optical principles. The experimental
results were shown to conform in general with the predictions from
theoretical considerations. ’

The third paper by J. C. Schelleng, C. R. Burrows, and E. B. Ferrell
of the Bell Telephone Laboratories, on “Ultra-Short-Wave Propaga-
tion,” was presented by Mr. Schelleng.

The paper was concerned primarily with the laws governing varia-
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tion of field strength with frequency and topography. The experiments
over land were confined to “nonoptical” paths, but over sea water both
optical and nonoptical cases were studied. Frequencies between 17 and
80 megacycles were employed and except for a few measurements in
an airplane the maximum distance was about 100 kilometers. These
experiments are described together with the method used for making
quantitative field strength measurements.

One of the aims of this work was to bring out the relative impor-
tance of refraction by the atmosphere, reflection from the ground, and
diffraction past obstacles such as hills. All of these concepts were found
to have varying degrees of importance, and a tentative theory was
built up on this basis.

The variation of transmission efficiency with frequency and dis-
tance was discussed. Under different circumstances, the experiments
disclosed different trends with frequency. An explanation for these was
given and it was pointed out that optimum frequencies, dependent on
the particular path, should be found.

The meeting was attended by 550 members and guests, and thirty
attended the informal dinner which preceded it.

PHILADELPHIA SECTION

A meeting of the Philadelphia Section was held on April 20 in the
Engineers Club with G. W. Carpenter, chairman, presiding.

Leo Behr, chief of the electrical division of the’ Engineering De-
partment of the Leeds and Northrup Company presented a paper on
“Resistance Boxes for Use on Alternating Current.” Dr. Behr dis-
cussed some new types of shielded and unshielded resistance boxes de-
signed for alternating-current use. He also exhibited a new form of coil
construction and two new types of decades which were of considerable
interest to the seventy-two members and guests in attendance.

A general discussion followed the presentation of the paper.

The May meeting of the Philadelphia Section was held on the 31st
at the Engineers Club with Chairman Carpenter presiding.

“Orchestra Broadcasting from the Musician’s Point of View” was
the subject presented by C. N. Weyle, Professor at the Moore School
of Electrical Engineering of the University of Pennsylvania.

Professor Weyle has been associated with Leopold Stokowski and
the Philadelphia Orchestra for the past several years. He has made ex-
tensive investigations in conjunction with that organization in the
analysis and improvement of orchestra broadecast technique. His paper
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covered the high lights of these investigations and discussed the various
experiments in seating of the orchestra, types of microphones, and
other pertinent matters. A general discussion followed which was par-
ticipated in by several of the 102 members and guests in attendance.

The October 6 meeting of the Philadelphia Section was presided
over by the new chairman, H. W. Byler, and was held at the Engineers
Club.

At this meeting a paper on “Broadcast Networks” was presented
by F. A. Cowan, transmission engineer in the Long Lines Department
of the American Telephone and Telegraph Company. He presented an
interesting discussion of the networks developed to handle present-day
chain broadecasting, and gave considerable detail concerning the con-
struction, switching, monitoring, and booster circuits required to make
such a system practical and successful.

A lengthy general discussion took place at the close of the paper,
and many of the 107 members and guests entered into it.

At this meeting all of the new officers and the new chairman cf the
standing committees were introduced.

PITTSBURGH SECTION

The Pittsburgh Section held a meeting on October 18 at the Fort
Pitt Hotel, Chairman R. T. Griffith presiding.

“High Power Five-Meter Generators” was the subject of the
paper presented by H. V. Noble of the Westinghouse Electric and
Manufacturing Company.

Starting with the fundamental analysis of the conventional tank
circuit, the speaker showed how it could be replaced by a portion of
concentric transmission line forming an integral part of the grid and
plate of the tube; the diameter of the cylindrical line conforming to
the diameter of the grid and plate and the line being made to a length
equal to one-half wavelength.

He then pointed out that the primary characteristic of such a
“standing wave oscillator” is a large gain in efficiency and consequently
a proportionate increase in the power output. Methods of connecting
the load to the oscillator were outlined in detail. One of the new AW-
200 tubes embodying the above principles was exhibited, together with
one of a smaller type. .

Messrs. Kilgore, MeKinley, Mouromtseff, Roess, Scott, and Swed-
lund participated in the discussion of the paper.

The attendance was twenty-seven.
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SAN FRrRANcCISCO SECTION

C. V. Litton, chairman, presided at the October 19 meeting of the
San Francisco Section held at the Bellevue Hotel.

Donald Mackenzie of Electrical Research Products, Inc., presented
a paper on “Wide Range Recording and Reproduction.” Dr. Macken-
zie outlined the various improvements and developments in the sound
recording and reproducing equipment, and illustrated various points
by the use of lantern slides. The discussion which followed the presenta-
tioh of the paper was participated in by several of the ninety members
and guests in attendance. Sixteen were present at the informal dinner
which preceded the meeting.

SEATTLE SECTION

The Seattle Section held a meeting on September 29 at the Univer-
sity of Washington with Chairman L. C. Austin presiding.

“The Microphone” was the subject of the paper by Commander
Herbert H. Bouson U.S.N., retired. The speaker outlined the history
of the developments of the microphone, and then presented a detailed
description which was illustrated by sectional drawings projected upon
a sereen. All of the various modern types of microphones were treated,
and a discussion was given of the advantages and limitations of each
particular type.

Several of the seventy-eight members and guests in attendance
participated in the discussion. ‘v

TorRONTO SECTION

Two papers were presented at the September meeting of the To-
ronto Section which was held on the 21st at the University of Toronto
with Chairman R. A. Hackbusch presiding.

F. K. Dalton of the Electrical Laboratory of the Hydro-Electric
Power Commission of Ontario presented a paper on “The Solar
Iclipse” in which he described a trip made with J. C. Burkholder to
Quebec to view the recent solar eclipse. He showed several splendid
photographs he had secured of the total eclipse and answered a number
of questions concerning his interesting experience.

The second paper by J. S. Robb, an engineer for the Radio Con-
denser Company of Toronto, was on “Variable Condensers and their
Application to Radio Receivers.” The author reviewed the principles
of variable condenser design, and outlined the developments that have
taken place since the early days of radio. He showed by means of graphs
the effects of various types of variable insulation on the performance
of several receivers. He compared padded and shaped plate systems
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for superheterodyne receivers, and stressed the matter of acoustical
modulation due to mechanical vibration of the condensers, indicating
various methods of eliminating it.

The paper was discussed by Messrs. Cook, Fox, Hackbusch,
Lowry, Pipe, and Smith of the fifty members and guests in attendance.

The Toronto Section held a meeting on October 19 at the Univer-
sity of Toronto with R. A. Hackbusch, chairman, presiding.

A “Symposium on Service” was presented by J. J. Thomson, radio
service supervisor of the Northern Electric Company, Limited, of
Montreal, and George Baldwin, service manager of the Canadian
Westinghouse Company at Hamilton.

Mr. Thomson dealt with service from four angles—how it is regard-
ed by the consumer; how the dealer looks at it; how the serviceman looks
at it; and how the development and production engineers and the man-
ufacturers should look at it. He mentioned particularly the ill will
created, for example, when a condenser blows and the customer is
compelled to buy a whole block at considerable expense. Mr. Thomson
stressed the point that the prospective customer thinks nothing of
service. It is only once he has bought the set and then has to pay for
service that he starts to think along lines that are distinctly unhealthy
for the manufacturer of the set which has not measured up to his ex-
pectations.

In considering service from the point of view of the dealer, the
speaker said that the majority of dealers have now come to realize
that they must have their own service departments, properly outfitted,
and employing only expert servicemen, if they are to stay in the radio
business.

It was pointed out, however, that even the dealer who has gone
to the trouble of providing a well-equipped service department, may
find himself in difficulties if the set he handles has not been correctly
designed, assembled, and inspected before leaving the factory. Finally
Mr. Thomson presented a list of suggestions that would aid in turning
out a product that will stand up, as obtained from various dealers’
servicemen, adding his own comments later on.

Mr. Baldwin told of a number of service troubles experienced in
various types of receivers and tubes, covering a period of about four
years. He also mentioned a number of cases that were affected by
moisture. These were sets that were installed near a water front and on
shipboard. He dealt in detail with the causes of these troubles and the
cure.

There were ninety members in attendance at the meeting.

.
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W ASHINGTON SECTION

“Recent Developments in Radio Receiving Tubes” was the subject
of a paper by E. W. Rittner of the RCA Victor Company which was
presented at the October 13 meeting of the Washington Section. This
meeting was held at the Kennedy-Warren Apartment Hotel, and was
presided over by H. G. Dorsey, chairman. About a third of the sixty
members and guests present at the meeting entered into the discussion
of the paper.

The chairman presented a letter from President Cady emphasizing
the need for codperation on the part of the membership in behalf of
the Institute’s Emergency Employment Campaign.

A Nominating Committee to prepare a slate of officers for election
for the forthcoming year was appointed, and the chairman also an-
nounced the appointment of a representative of the section on the
Joint Committee on Technical Employment and Relief which has been
inaugurated by the Washington Society of Engineers.

Thirty members attended the informal dinner which preceded the
meeting.

Committee Work

ApmissioNs COMMITTEE

A meeting of the Admissions Committee held at the Institute office
on Wednesday, November 2, was attended by A. F. Van Dyck, chair-
man; H. C. Gawler, C. M. Jansky, Jr., A. V. Loughren, and H. P.
Westman, secretary.

The committee considered six applications. Two of these for trans-
fer to the Fellow Grade and two for admission to the Member grade
were approved. One application for transfer to the Member grade was
approved and another rejected.

BroapcasT COMMITTEE

A meeting of the Broadcast Committee was held on the evening
of November 1 at the Institute office, and was attended by E. L. Nel-
son, chairman; Arthur Batcheller, A. B. Chamberlain (representing
E. K. Cohan), Raymond Guy, J. V. L. Hogan, C. W. Horn, L. M.
Hull, C. M. Jansky, Jr., L. F. Jones (representing B. R. Cummings),
R. H. Marriott, and H. P. Westman, secretary.

The committee continued its consideration of material for incor-
poration into reports upon which it is now working.
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NEw York PrograM COMMITTEE

On Tuesday, October 25, a meeting of the New York Program
Committee was held at the Institute office, and was attended by E. R.
Shute, chairman; C. N. Anderson, Austin Bailey, H. H. Beverage,
C. W. Horn, L. J. Reynolds, R. M. Williams (representing R. H.
Ranger), and H. P. Westman, secretary.

The committee prepared tentative programs for the January, Feb-
ruary, and March, 1933, New York meetings.

Personal Mention

Ivan Bloch formerly chief engineer of General Television Manufac-
turers Corporation is now doing consulting work at Brooklyn, N. Y.

Previously with the Radio Corporation of America, E. B. Boise has
become an engineer on receiving tubes for DeForest Radio of Passaic,
N. J.

O. H. Brewster previously chief engineer of the CeCo Manufactur-
ing Company is now factory engineer for the Ken-Rad Corporation at
Owensboro, Ky.

Previously with Baird Television, Limited, T. H. Bridgewater has
joined the television engineering staff of the British Broadcasting Cor-
poration at London.

J. L. Callahan has become a division head in the engineering de-
partment of RCA Communications at New York City.

Formerly an engineer for the RCA Vietor Company, C. C. Cham-
bers is now a visiting fellow of the Bartol Research Foundation at
Swarthmore, Pa.

E. N. Dingley, Jr., formerly editor of the Radio Serviceman, has
joined the engineering staff of the U. S. Naval Research Laboratory at
Bellevue, D. C.

Lieutenant J. H. Foley, U.S.N., has been transferred from the
U.S.8. West Virginia to the U.S.S. Arizona.

W. W. Garstang is now chief engineer of Electronic Laboratories,
Inc., of New York City, formerly being associated with P. R. Mallory
and Company.

H. J. Geist formerly with RCA Victor has joined the technical staff
of WCAU in Philadelphia. ,
W. E. Gilbert has joined the engineering staff of the Philadelphia

Storage Battery Company having previously been connected with the
H. H. Eby Manufacturing Company.
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G. D. Gillett formerly with Bell Telephone Laboratories has estab-

| lished a consulting practice with headquarters at Washington, D. C.,
. and Engelwood, N. J.

Previously with RCA Victor Company of Massachusetts, H. H.
Gleason has joined the engineering staff of Pilot Radio and Tube Cor-
poration of Lawrence, Mass.

Formerly manager of broadcasting for Columbia Broadcasting
Company, P. A. Greene has become general manager of American
Radio Systems, Inc., at New York City.

Previously with the Chalmers-Godley Corporation, P. F. Godley
has set up a consulting service with headquarters at Upper Montclair,
N. J.

L. S. Hillegas-Baird is now editor of Radio Industries in Chicago.

W. H. Hoffman has left the DeForest Radio Company to become a
radio engineer for the Federal Telegraph Company at Newark, N. J.

W. E. Holland formerly the chief engineer is now vice president in
charge of engineering of Philco Radio and Television Corporation.

Formerly with International Communications Laboratories, L. A.
Kelley has become a member of the firm of Burkholder and Kelley,
communications engineers of New York and Toronto.

Previously consulting engineer in Chicago, E. L. Koch has become
vice president of Radio Developments, Inc., at New York City.

V. D. Landon formerly with Stewart-Warner has joined the engi-
neering staff of RCA Victor Company of Camden.

R. H. Leffler previously with Radio Air Servide Corporation has
become chief engineer of the Associated Radiocasting Corporation of
Columbus, Ohio.

C. V. Litton formerly with the Federal Telegraph Company has
organized the Litton Engineering Laboratories at Redwood City, Calif.

W. A. Nichols has joined the engineering staff of the Northern
Electric Company at Montreal having previously been with the Cana-
dian National Telegraphs.

J. C. McNary previously with Bell Telephone Laboratories has
organized a consulting service with headquarters at Chevy Chase, Md.

Formerly chief engineer of Dongan Electric Manufacturing Com-
pany, R. L. Osborne has established the Osborne Transformer Com-
pany of Detroit, Mich.

C. A. Packard has become an engineer for Struthers Dunn, Inec., of
Philadelphia, having formerly been connected with the International
Resistance Corporation.

Jack Provis has become chief engineer of KID, Inc., at Idaho
Falls, Idaho.
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H. V. Rao has been promoted to engineering supervisor of Indian
Telegraphs with headquarters at Poona, India.

Formerly with the Atwater-Kent Manufacturing Company, W. F.
Sands has joined the Engineering Department of the Philadelphia
Storage Battery Company.

Previously with RCA Institutes, J. A. Schanz has become a radio
consultant with headquarters at New York City.

James Schultz has become chief engineer for Monumental Radio
Company of Baltimore, Md.

David Sonkin formerly with Polymet Manufacturing Company has
joined the staff of DeJur Amsco Company in New York City.

Previously with RCA Photophone, P. H. Sohon is now a partner
in the firm, Sound Picture Engineers, of New York City.

H. M. Thomson formerly with Bell Telephone Laboratories has
joined the engineering staff of the American Telephone and Telegraph
Company.

Previously doing consulting work, W. W. Weedfall has become
chief engineer of the Southern Electric and Transmission Company of
Dallas, Texas.

R. I. Weber formerly with Standard Radio Manufacturing Cor-
poration, Limited, has joined the radio engineering staff of Rogers
Majestic Corporation of Toronto.

Lieutenant H. W. Wells, U. S. A, formerly at Langley Field is now
a scientific observer for the Carnegie Institution in the Department of
Terrestrial Magnetism at Washington, D. C.

Previously with National Radio Equipment Exhibition, Lewis
Windmuller has become managing director of National Sound Studios
of Washington, D. C.
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‘ TECHNICAL PAPERS

PITTSBURGH’S CONTRIBUTIONS TO RADIO*

By
S. M. KINTNER

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

several individuals whose part in the development of this art has

been of major importance. How real that claim is, can best be ap-
preciated when I mention that continuous-wave generation, the hetero-
dyne reception, the radiotelephone, the radio broadecast utility, and
short-wave long-distance operation are some but not all of the out-
standing accomplishments of my associates. ‘

I will tell you about some phases of these radio developments which
I can do without any feeling of conceit because my own contributions
have been of such comparative minor importance.

In the year 1897, two of Fessenden’s senior students in Electrical
Engineering at Western University of Pennsylvania, now the Uni-
versity of Pittsburgh, undertook a study of Hertz waves as their gradu-
ating thesis. They followed quite closely in their first experiments the
work of Professor Bose, as he described it in articles then appearing in
the London Electrician. Hertz's work was still quite new and no very
radical departures had been made from his original instrumentalities.
The waves were always created by an oscillating discharge of a con-
denser and were always detected by some type of imperfect contact or
gap. The two students, one now Professor Jidward Bennett of the Uni-
versity of Wisconsin and the other Mr. William Bradshaw, Manager
of Engineering of the Westinghouse Electric and Manufacturing Com-
pany’s Newark Works, followed the lead of the earlier workers. The
great number of contrivances that they constructed and tested during
their intensive five or six months’ thesis work, convinced these stu-
dents as well as Fessenden and the writer, as a result of the difficulties
encountered, that such detecting means were thoroughly unreliable.
Results could not be checked from hour to hour on account of the
variations that the detecting means introduced. While the results of

I[T HAS been my good fortune to be intimately associated with

* Decimal classification: R090. Original manuscript received by the Institute,
July 29, 1932. Presented before Twentieth Anniversary Convention, Pittsburgh,
Pa., April 7, 1932.
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these students’ studies of detectors were quite disappointing to them,
it served at least one very useful purpose, that was, in convincing
Fessenden, when he later undertook the development of a radio sys- -
tem, that imperfect contact detectors were ruled out.

While this account of Bennett’s and Bradshaw’s tests may not ap-
peal to you as meaning much, to me it stands out clearly as the founda-
tion upon which certain principles were based that were later to change
completely the trend of development of the radio art.

Approximately two years later, as I returned home from my sum-
mer vacation, I was met, on my front porch, by Fessenden, with a
proposition that I join him in a plan to report, by radio, for the New
York Herald, the yacht races that were to take place within a few
weeks off Long Island. Fessenden had a new kind of detector, which
consisted of a minute silver ring mounted in the field of a coil con-
nected in the circuit of the antenna. The received signal currents caused
the ring to move. The movement could be observed by changes in
position of a spot of light or by listening to the effects produced by
mounting the ring as part of a microphone.

We were unable to get the apparatus in condition in time to use
for yacht-race reporting, but the results of the early tests convinced
us we had a method of operation that made quantitative results pos-
sible and that was of immeasurable service in studying the effects of
various factors in the questions under consideration.

Fessenden was convinced that the successful detector of the future
wireless art, if there was to be such a commercial activity, must be
(first) constantly receptive, instead of requiring the resetting charac-
teristic of the coherer; (second) must have low resistance, so as to best
take advantage of resonance; and (third) give response proportional
to the received energy.

It is perhaps difficult for you to realize that these principles were
not apparent to every one. But remember the coherer was generally
supposed at that time, to have an order of sensitivity not even ap-
proached by any other known device. It was the very heart of the then
young wireless system. It took real courage in the face of such condi-
tions to hang on to the other type of detector ; but Fessenden had it
and did just that, even resisting my earnest pleas just to try the coherer
out for comparative purposes.

Fessenden devoted his efforts to improvement of his detector and
produced a hot-wire barretter similar in general arrangement to a
minature lamp of which the filament was made of Wollaston wire. From
it he produced, as the result of an accident during the process of mak-
ing his hot-wire barretter, a liquid barretter. The hot-wire barretter
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needed to have the silver coating removed for a very short length by a
nitric acid treatment. It was during such treatment that Fessenden ob-
served that one of several of such barretters, in this silver-dissolving
part of the process, was giving indications, on a meter attached to the
circuit, of signals received from an automatic test sender making D’s.
An examination revealed that this one had a broken filament while the
others were complete. A brief investigation disclosed the fact that this
Wollaston wire dipping into the 20 per cent nitric acid solution was far
more sensitive and reliable than any other known type. This detector
was the standard of sensitivity for years, in fact until it was displaced
by the vacuum tube about 1913.

This detector, when the operators listened by means of a telephone
receiver in a local shunt circuit to the signals from various sending
stations, gave such accurate reproductions that the several stations
could be identified by different characteristic sounds, just as a friend’s
voice is recognized by its peculiarities of tonal quality. This difference
suggested to Fessenden that, if some means could be found to modu-
late the radiation by the voice, just as on a wire line the current is
changed, radiotelephony was possible. He tried to modulate the current
in an antenna, by placing an ordinary telephone microphone directly
in the circuit, then while he listened at a receiver he heard the voice
of his assistant as it came to him over the radio. Thus the radiotele-
phone was born in 1901.

The first experiments were made with spark transmitters, but, of
course, the crash and noise of the sparks were very disturbing and were
useful only in proving the correctness of a principle. Higher spark fre-
quencies improved the conditions but even at frequencies of several
thousand sparks per second there was a great amount of noise.

Fessenden had previously observed the desirability of more sus-
tained wave trains to improve resonance selection, and one would nat-
urally think of 100 per cent sustained waves if he had become con-
vinced of the advantage of more sustained wave trains. That part had
previously been thought out and published by Lodge and others, but
how to make the continuous waves was not so apparent.

Fessenden boldly said, “Take a high-frequency alternator of
100,000 cycles per second, connect one terminal to the antenna and the
other one to ground, then tune to resonance.” That looks simple now,
but it wasn’t then, I assure you. I remember very distinctly the im-
pression I formed when Fessenden told me of his plan. First I asked
how he could get sufficient voltage and he said, “Several hundred volts
will be ample, as by resonance I can raise the voltage in the antenna
one hundred times, which will be all I require.” Even then I wasskep-
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tical because I didn’t know of any 100,000-cycle machines—neither did
he, but he was already working on it and after about five years of
strenuous effort and considerable expense, his first machine was de-
livered to him at Brant Rock, Massachusetts, in September, 1906.
From this machine he was able to get about 750 watts at 80,000 cycles.

Fortunately we don’t have to rely on present recollections, because
in J. A. Fleming’s 1906 edition of his Electro-Magnetic Waves, in dis-
cussing Fessenden’s patent No. 706, 737 (Re 12168) August 12, 1902,
he says, “(1) There is no suitable high-frequency alternator of the kind
described by Fessenden, and (2) it is doubtful if any appreciable radia-
tion would result if such a machine was available and was used as
Fessenden proposes.”

It is perhaps useless for me to add that this statement did not ap-
pear in subsequent editions of Fleming’s book.

Judge Mayer, in his opinion upholding Fessenden’s patent on this
invention says in effect—*“It has been established that the prior art
practiced spark- or damped-wave transmission, from which Fessenden
departed and introduced a new or continuous-wave transmission for
the practice of which he provided a suitable mechanism which has
since come into extensive use.” These two references are cited, because
of the difficulty the younger radio engineers experience in properly
evaluating this great contribution of Fessenden.

The high-frequency alternator received by Fessenden in September,
1906, was immediately put to use in radiotelephone experiments and
so successful were these that on Christmas Eve, 1906, the general call
“CQ” was sent out from Brant Rock, then followed a song, the reading
of a verse, a violin solo, a speech, and an invitation to report the re-
sults of the reception by all who heard. This was the first radiotele-
phone broadcast. One can well imagine the feelings of surprise of the
lonely ship operators, accustomed to the cold colorless dash and dot of
the Morse code, when music suddenly burst upon their ears, to be fol-
lowed by understandable speech. It would be quite a shock and I don’t
doubt that some superstitious operators gave rather serious thought to
their mode of living.

He received a number of letters from operators on ships all over
the North Atlantic asking all about how it was done.

This experimental and development work of Fessenden’s was made
possible by the financial support and business guidance supplied to
Fessenden by two other courageous Pittsburghers. These two men,
Messrs. T. H. Given and Hay Walker, Jr., in wholesome contrast to
the methods followed by most of the radio companies of the period
prior to the war, dug down into their own pockets for the necessary
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funds to carry on. Mr. Given remarked to me several times, “If this
radio business turns out as I expect it will, I'll be satisfied with my
returns on what I've put into it; if it does not, I, at least, will not have
on my conscience the thought that I've wasted the savings of poor
scrub women, widows with dependent children, or others who fall such
easy prey to the high-powered stock salesmen.”

The courage of these two men, who put more than $2,000,000 of
their own money into this radio company, is one of the most striking
recollections I hold of genuine confidence in the future of radio. Un-
fortunately, neither reaped the benefits of their sacrifices, as Mr. Given
who bought Mr. Walker’s interest during the war, died about one year
before broadcasting raised radio to its full stature, and it has always
been a great regret to me that he could not have lived to see his dreams
come true.

The company organized by Given, Walker, and Fessenden was oper-
ated solely for the purpose of developing the latter’s inventions. It
was called the National Electric Signaling Company and not one dol-
lar’s worth of stock was offered for sale to the public. Particular empha-

| gis is laid upon this fact because those were the days when selling stock
in a new wireless company was the racket of the time.

This particular company devoted its energies to developing a sys-
tem to engage in the communication business. A number of stations
were constructed for development uses; first, there were three, one at
Old Point Comfort, a second at Ocean View, and the third one at Cape
Charles. These were small stations with gasoline engine driven dynamos
and plain spark gap oscillation generators. Next a pair of stations, one
at Jersey City and the other at Collingwood, N. J., were built. There
was then erected a third station at Washington, D. C. These stations
exchanged code messages at times but were not sufficiently free from
interference and fading to give a reliable service.

Then, with the experience gained in the operating of these several

. gtations, an ambitious program was undertaken of erecting two sta-
| tions for experimental transatlantic operation, one located at Brant
Rock, Massachusetts, and the other at Machrihanish, Scotland. These
| stations were constructed in 1905 and were powered by 35-kilowatt,
125-cycle alternators, with rotary spark gaps that gave a spark fre-
| quency of 250 sparks per second. The antenna systems consisted of a
| single straight tube, 36 inches outside diameter and 420 feet long. This
| tube was built in eight-foot sections, bolted together. It rested on a
| steel sphere at the bottom and was guyed at four points along its
f} length, both the guys and the tower being insulated from earth.
At first the tube alone constituted all of the antenna. Later, a form



1854 Kintner: Pitisburgh’s Conlrtbuttons to Radio

of umbrella structure carrying an additional spread of wires at the top
of the tube was added.

On New Year’s night, 1906, the first exchange of messages took
place between these two stations. The power was not sufficient to in-
sure reliable communication and for weeks at a time it was not possible
to get messages across.

In July, 1907, the tower at Machrihanish blew down in a wind
storm. The station was so badly damaged that it was never rebuilt.

Subsequent attempts to secure a license from Great Britain to oper-
ate a radio station in a commercial service were unsuccessful and that
ended further transatlantic operations. However, in the interval be-
tween the time of the first trials, which proved the power available
insufficient and the destruction of the Machrihanish station, a larger
equipment was designed and was in process of construction. This was
a 100-kilowatt, 500-cycle, rotary spark set. This outfit was completed
and installed at Brant Rock and gave such wonderful results that a
companion outfit was completed and sold to the U. S. Navy.

It was expected that this outfit would enable the Navy to keep in
touch with the North Atlantic fleet at all times. It was the results of
an elaborate series of tests of this set installed at Brant Rock and a set
on a Navy cruiser, detailed on this test, that formed the basis of the
Austin-Cohen formula of transmission. This formula was the accepted
one for years and gave reasonably good results over the range of wave-
lengths tested in securing the data.

The 100-kilowatt set was not installed in its final station, erected
by the Navy at Arlington, for about three years and its final accep-
tance test was made in March, 1913.

Another invention made by Fessenden in 1905, takes rank as one
of the outstanding ones in this art—the heterodyne receiving system.
This was another bold stroke of Fessenden, in which he departed rad-
ically from methods practiced by others. Like his other great inven-
tions, it was made before he had suitable equipment with which to
practice it. He required a source of local oscillations of adjustable fre-
quency, and a high-frequency alternator or oscillating arc was all that
was available. These could be made to work, but with considerable in-
convenience and a high degree of unreliability.

The discovery of the oscillating tube provided the principal need
of this great system to make it what it has proved to be, the best
method of reception thus far devised. Upon it, Major Armstrong, six
or seven years later, built his superheterodyne system, so well known,
by name at least, to all of you.

The opening of the World War seriously interfered with all plans
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| for operating outside of the United States and, as Fessenden had fallen
| out with his partners two or three years previously and had with-
| drawn from the company, there seemed to be nothing more urgently
| in need of immediate attention than the enforcement of certain patent
' rights then being quite generally infringed.

Several suits were filed by N.E.S. Company against others, and
" two in retaliation by the Marconi Company were filed against it. In
~ these suits the continuous-wave and the heterodyne patents were
. sustained by N.I..8. Company, and the Marconi four-circuit tuner

and Lodge inductance coil patents were sustained by Marconi Com-
. pany.

About this time, with patent infringements, suits, and court de-
| cisions causing radio confusion, the United States entered the World
. War. One of the government's first acts was to seize all the radio sta-

tions and close up all save a selected number operated by the U. S.
' Navy Department. Of course, all energies were centered on the war
" for the next year and a half, and radio operations were all in the Navy's
' hands; in fact, the scized stations were not returned to their owners
. until March, 1919.

During this period of government operation the then Secretary of

i War was strong for government ownership of all radio. He thought he
| saw an opportunity to take over all the shore stations by buying those
. seized and getting an agreement on the part of the sellers not to rebuild.
! The law provided that the government station could, handle commer-
¢ cial business when there was no commercial station available. The
N.E.S. Company owned three or four stations at that time, rather
| strategically located around New York and along Long Island Sound,
¢ and refused to sell. This blocked the secretary’s plan and the com-
| mercial business was passed again through the regular commercial
! channels.
'. Radio was not, however, a profitable business, and with its patent
| rights gradually passing away the N.E.S. Company faced a very dis-
| couraging outlook. It was at this time that the large electrical com-
| panies showed an interest in radio. This was no doubt due to their con-
| tact with it during the war, as a result of their manufacture of war
radio materials.

This, at first, made it appear that the going would be even harder
with this added competition, but it proved not to be. This competition
from the large companies was with due recognition of patent rights.
They sought licenses to enable them to manufacture apparatusforsale
to any one who wanted to buy it. The N.E.S. Company did not want
to sell as that would block their plans for a communication business;
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i.e., one selling a service instead of one selling apparatus, and so they
refused.

Negotiations with the Westinghouse Company finally resulted in
the organization of a radio operating company in which N.E.S. Com-
pany and Westinghouse Llectric and Manufacturing Company each
held an equal interest.

The organization agreement, however, provided that Westing-
house Electric and Manufacturing Company would manufacture all
apparatus required by the new radio company, known as the Interna-
tional Radio Telegraph Company, and further had rights to operate
radio stations between plants in its own business where no toll charges
were made. The new company at once started to make plans for trans-
atlantic stations, expecting to compete with the cables and RCA.

The chairman of the new company’s board of directors and your
speaker started for Europe to make traffic arrangements with other
companies in the several European countries. Visits to England,
France, Germany, Sweden, and Denmark failed to get a single agree-
ment. Several doubted our ability to build a satisfactory station, but
said that if we were able to do so then they would be willing to talk to
us. We returned with rather dampened spirits but determined to go
ahead with the building of a big station in the hope that something
would show up. It was apparent that the money earned in the opera-
tion of the several shore stations along the North Atlantic coast would
not support the company and that other operations must be found.

The manufacture and sale of apparatus to amateurs was considered
when, what proved to be, a very happy thought of Mr. H. P. Davis
produced the solution to the problem.

All during the war one of the busiest of the Westinghouse engineers
was Dr. Frank Conrad. He was devising all kinds of equipment from
hand grenades to radio sets. This interest in radio and development of
it for the Government gave him special privileges and he was permitted
to operate various sending sets in the perfection of apparatus under
development all during the period of the Government seizure of the
radio stations.

At the close of the war, when the necessity for radio development
was no longer present, he continued as a result of his own interest.
He was a Morse operator, but not particularly speedy, and so concluded
that the substitution of a microphone for the key would speed up his
communications. This was done, and he continued his experiments
from his station, then located on the second floor of his garage at his
home at Fast End and Penn Avenues, Pittsburgh. His listeners were
amateurs, but they gradually increased in numbers when they were no
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longer required to read the code to understand what was going on.
From the vast majority of amatcur messages that I've read in log
books of others, 1 never could see that anyone missed very much real
information by such lack of code reading ability. Finally these amateurs
called up Conrad on the telephone so frequently and at such incon-
venient times that he established regular times when he would operate
his station. This generally was Wednesday and Saturday nights. The
information regarding these concertsof Conrad’s was gradually passed
by word of mouth until quite a number knew of it. Then after about a
year, some enterprising maker of radio receiving sets persuaded the
Joseph Horne Company to place them on sale. Their advertisement in
the Pittsburgh Sun, on the evening of September 29, 1920, caught the
eye of Mr. H. P. Davis, vice president of the Westinghouse Electric and
Manufacturing Company. The next day he called together his little
“radio cabinet,” consisting of Dr. Frank Conrad, L. W. Chubb, O. S.
Schairer, and your speaker. He told of reading the Horne advertise-
ment and made the suggestion that the Westinghouse Electric and
Manufacturing Company erect a station at East Pittsburgh and oper-
ate it every night on an advertised program, so that people would
acquire the habit of listening to it just as they do of reading a news-
paper. He said, “If there is sufficient interest to justify a department
store in advertising radio sets for sale on an uncertain plan of perma-
nence, I believe there would be a sufficient interest to justify the ex-
pense of rendering a regular service—looking to the sale of sets and the
advertising of the Westmghoube Company for our returns.” Mr. Davis
asked us whether we could get a station in operation by November 2nd,
in time to report the election returns of the Harding-Cox election. We,
of course said “yes,” and Dr. Conrad, assisted by Mr. D. G. Little, did
the most of the work in completing the installation.

It was tested out on the evening of the 1st and, while not as strong
as we had hoped, it was passably good. However, the next day, by
more careful adjustment it was considerably improved and pronounced
ready for use. Conrad stayed at his home, prepared to shift over to
his station, in the event of a failure of the East Pittsburgh Station,
then known as “8ZZ.” No such trouble was encountered and the little
transmitter, with its two 50-watt oscillators and its four 50-watt modu-
lators, completed its first schedule without trouble.

The few available receiving sets were distributed around to the best
advantage. Some were placed in clubs, where crowds got the benefit
of them, others were in the homes of the Westinghouse Electric and
Manufacturing Company’s officers. The results were quite surprising
in the interest that was aroused. We. were sorely tried in efforts to
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provide suitable programs and the phonograph was our best available
talent. |

The interest grew so rapidly that supply stores were unable to keep l
up with the demands for telephone receivers and B batteries. Every-
thing that looked like a telephone receiver was pressed into service and l
there was scarcely even a watchcase receiver in the downstairs hallway
of any apartment house in the city—they had all been conscripted by !
some radio broadecast enthusiast. |

It appeared incredible that anything could take the public favor l
as broadeasting had. I confess I was skeptical as to its permanence, but
Mr. Davis apparently never doubted it, if we could only improve the
quality of the reproduction, so that it had more than a novelty or
mystery attraction.

I had realized for a number of years the technical possibility of such
a performance, but not its economic feasibility. As evidence of this,
I will quote from an article of L. R. Galvin of RCA, the following:

“The City of Pittsburgh may lay claim to the honor of being the ‘
cradle of broadecasting. For it was there that Professor Fessenden did
some of his very earliest work in radiotelephony in 1900. Years later,
in 1914, it was the theater for experiments in radiotelephony, con-
ducted by Professor A. F. Van Dyck of the Carnegie Institute of Tech-
nology, for the benefit of wireless amateurs in the district. Van Dyck
had been with the National Electric Signaling Company at Brant
Rock, Mass., during 1911 and 1912 and was familiar with Fessenden’s
work. His Pittsburgh broadcast in 1914 was the result of a dispute
among the amateurs of a wireless club as to whether radiotelephony
could be received by means of a crystal detector. Van Dyck staged the ]
experiment to prove that it could, and for several nights his programs
were received by many amateurs at scattered locations. In 1915, Van
Dyck staged another broadecast for the assistance of 8. M. Kintner,
who was delivering a lecture before the Concordia Club of Pittsburgh.
This was received by Kintner and heard by the audience, as a prac- |
tical demonstration of radiotelephony. |

“That Kintner glimpsed the opportunities of this new art is evi-
denced in the account of the experiment which appeared in The Pitts-
burgh Sun, on November 9th, from which is copied—‘The use of
wireless,” Mr. Kintner says, ‘is quite practicable for concerts and
operas. A transmission apparatus where music is being played could
carry the airs readily to hundreds of people not in the music hall.’

“Kintner was the kind of prophet who labors to see his prophecy
fulfilled, and he was an active member of the Westinghouse Com-
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pany’s technical staff as manager of Research Department when broad-
casting was given its great push in 1920.”

In spite of the terrible quality of reproduction the interest kept
growing. At first there was very little improvement in this quality,
although some of the best research specialists were giving various parts
their undivided attention. Finally, by careful analysis, the several prin-
cipal causes of distortion were located, and very shortly thereafter
greatly improved results were secured. About this time, the necessity
of having available to them several of the International Radio Tele-
graph Company’s patents, particularly those concerning the hetero-
dyne, superheterodyne, and regenerative tube circuit inventions,
caused the RCA to seek some arrangement and the International Radio
Telegraph Company’s need of rights under RCA tube patents made
them willing listeners. The broadcast developments made rights under
the tube patents vital to the International Radio Telegraph Company.

Arrangements were completed very shortly thereafter, and addi-
tional broadcast stations were installed at Newark, N. J., Springfield,
Mass., and at Chicago, Ill. A similar acceptance by the public followed
at each of these several installations and then additional stations
started up all over the country at a tremendous rate. No large depart-
ment store seemed able to get along without a broadecast station.

The quality of the reproduction kept getting better and better by
improvements in both microphone and transmitter equipments and
by improved receiving sets. The audience kept getting harder and
harder to satisfy, as the novelty wore off, and, had it not been for the
fascination of the long-distance hunt for new stations, I'm afraid we
would have lost a great part of the audience. This, remember, was the
time hefore talent was paid. In fact, up until a certain amount of im-
provement had been made in the quality of reproduction, it would
have been a waste of money to have used good talent because no one
would have known the difference. When the reproduction was reason-
ably good, the demand for better and hetter talent increased and is
still with us. In fact, today no talent is too good for the radio, and there
is little, if there is any, of it that has not yielded to the temptation
of using this means of displaying their talents to millions instead of
hundreds.

One of the most annoying interferences that the early broadecast
listener was compelled to endure was produced by the neighborhood
amateur, generally a “kid” who pounded away on his spark set every
evening; always at the time when the most interesting program was on.
This crashed through and simply could not be successfully tuned out.
In fact, about the only suceessful eliminator of such interference was a
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long bare wire fastened to a water pipe on one end and a brick on the
other—the brick, after attachment to the wire, being thrown over the
antenna system of the interfering transmitter. This method was used
with great success and for a time appeared to be the only satisfactory I
one. Then the radio clubs took up the problem and to their credit let
it be recorded that they did an excellent job, for within a few months
a trouble that appeared quite serious had completely vanished.

Then a new kind of trouble started up, that is a trouble for the
broadeast station operator. The increasing number of stations, with
consequent crowding, necessitated suppression of harmonies to avoid
complaint of interference. Dr. Conrad constructed a short-wave re-
ceiving set in order to observe the various harmonics sent out by vari-
ous stations. He observed the rather surprising fact, i.e., surprising at
that time, that some of the distant stations were heard more distinctly,
i.e., louder and freer from interference, when listening on the third
or higher harmonic than when listening to it on the fundamental. This
observation was so contrary to the beliefs of the time that Conrad had
difficulty in convincing others of the truth of his statements.

The broadcast band of wavelengths had ended at 220, because those
shorter were thought to be of no value and had been handed to the
amateurs to be used as playthings. The Austin-Cohen formula also
indicated that the short waves would be absorbed before they reached
far from the transmitter. However, Conrad proved his case by con-
structing a short-wave transmitter and operated it with an amateur
in Boston, a Mr. Ramsey, to whom Conrad supplied a suitable receiver.
A few nights of operation with the enthusiastic reports that Ramsey
sent back of the louder signals and greater freedom from static ap-
peared to establish the fact that here was something that others had
overlooked. ‘

This new method was immediately tried out on other transmitters
of still shorter wavelengths and more power at East Pittsburgh. This
experimental station was operated regularly on schedules every night 1
for years. In fact, this same service, though from different equipment, =
which is changed from time to time to keep it up to date, is still being
maintained. A new experimental station was established in Hastings,
Nebraska, which was used as a relay station and programs produced
on KDKA at Pittsburgh, were sent by short wave to Hastings, where
they were picked up and sent out on another wave. This station was
placed in operation about eight months after Conrad’s first operations
with Ramsey at Boston.

A rather startling effect was soon observed as Conrad shortened
the lengths of the transmitter wave. At Sharon, Pa., where one of the
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Westinghouse Company’s plants is located, about seventy miles from
Pittsburgh, it was found to be impossible to receive a message from
Pittsburgh, although it was received at Hastings without trouble—
though Hastings was over 1000 miles away. At times when necessary to
send a rush message to Sharon, it was first sent to Hastings and sent
back from there. This was very mysterious and we didn’t have suffi-
cient data to suspect the skip phenomena.

All previous users of short waves had done so because of their sup-
posed limit in range, or because of the greater ease of forming beams,
and so limiting their field of influence, and not for the virtue that Con-
rad discovered they possessed as means of reaching great distances.

By 1925 short-wave broadcasts had been sent to Australia, half-
way around the world. Thesc were received with sufficient strength
and regularity to permit rebroadcasting. In fact, on one occasion a
program was prearranged and carried out as planned, in which an
orchestra played dance music in Pittsburgh at 7 a.n., breakfast, which
was rebroadecast in Sydney, Australia, at dinner the same evening, the
speed of travel playing havoc with the clock and habits of the people.

Long-distance programs to remote places on the earth, such as
Arctic and Antarctic explorers in the polar regions, became quite com-
mon.

Many interesting problems relating to antenna structures, insula-
tion behavior, dielectric losses, etc., arose, and each had to be solved
before the next advance was made. For waves approximately twenty
meters length with considerable power, it was observed that all lamps
in the adjacent dwellings remained partially lighted when the trans-
mitting station was operating regardless of whether the controlling
switches for the lamps were open or closed. It was also noticed that
operators working near these transmitters quite frequently had their
temperatures raised from inductive fields. This was particularly notice-
able if they took hold of large conducting surfaces like pipe railings
enclosing the sets.

This short-wave work of Conrad’s has given us a wonderful new
field in which to operate. It has added to our one hundred and thirty-
five 10-kilocycle wave channels of the previously used radio field more
than five thousand additional ones.

These short-wave channels will no doubt play a very important
part in the newer developments, as they find useful applications. One
of these no doubt will be for television and, some time I would like
to add a chapter to this to record what Pittsburgh has contributed
toit.

There are many other Pittsburgh contributions of great merit, that
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a full record would mention, and it is with sincere regret that the limited
time prevents my mentioning them individually.

We Pittsburghers feel proud of the accomplishments of our fellow
citizens in this new art, just as we have in many of the older ones.

The name “Pittsburgh” is always linked with iron and steel—with
window and plate glass—with coal and with electrical equipment—
but, to our distant neighbors in the frozen north who know us prin-
cipally by our radio broadcasting, it is indelibly fixed, for the name
“broadcasting”—in their language—is KDKA.
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AN INVESTIGATION OF VARIOUS ELECTRODE STRUCTURES
OF CATHODE RAY TUBES SUITABLE FOR
TELEVISION RECEPTION*

By
AvLLEN B. Du MonT

(Consulting Engineer, Upper Montclair, N. J.)

Summary—The use of cathode ray tubes for television reception involves prob-
lems not encountered when the tubes are used for oscillograph work. This paper takes
up various constructions which were tried showing the characteristic curve of each as
well as the behavior of the spot under various condilions. It was found that it was
possible to design a tube which would operate with a negative bias on the focusing
(or modulating) electrode, and which required only a small input signal to modulate
fully the intensity of the beam. Furthermore, it was found possible to keep the size
of the spot constant while being modulated. By properly designing the elements, a
variable control constant caused the curve of focusing electrode volts vs. accelerating
electrode current to become steeper as the bias approached zero. This is destirable,
as for higher light intensities a larger change in light is necessary to cause the corre-
sponding reaction on the eye. Tubes made up with dual accelerating electrodes en-
abled higher intensities to be obtained and also permitted a separate adjustment of
the size of the spot.

suitable for television reception there is one outstanding difference

between it and one used for oscillograph work. The tube used for
television work must be so designed that it is possible to vary the in-
tensity of the spot without changing its diameter. This is not necessary
in oscillograph tubes as the size and intensity of the spot is once ad-
justed for the particular problem in hand and left that way until the
test is completed. The common oscillograph tubes which contain one
of the rare gases are so designed that the spot can be be focused to any
desired size either by filament current adjustment or the adjusting of
the voltage on the focusing electrode. Either one of these adjustments
also vary the intensity. It is apparent that some new means must be
provided to vary the intensity and at the same time keep the diameter
of the spot constant.

The characteristic curve of focusing electrode volts vs. accelerating
current of gas-filled tubes usually shows a negative resistance charac-
teristic as the focusing electrode bias approaches zero. This same curve
of a “hard” tube is similar to that of a standard triode, and the cathode
ray tube for television reception may be considered as a triode which

]:[N MAKING an analysis of the requisites of a cathode ray tube

* Decimal Classification: R388 X R583. Original manuscript received by the
Institute, May 25, 1932. Revised manuscript received by the Institute, August
25, 1932. Presented before New York meeting, May 4, 1032.
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in addition to its regular functions also must provide a stream of elec-
trons which is utilized to form the picture. Because of this last function
the elements do not take the form of the conventional grid and plate
but may take one of the constructions shown on the following pages.

In the tubes to be deseribed the vacuum is of the order of a mil-
lionth of an atmosphere. In a few of the tubes an inert gas such as argon
or helium has been admitted to a pressure of only several millionths
of an atmosphere. All of the tubes have the elements mounted on one
press and the leads taken through the one stem. In the smaller bulbs
lead glass has been used and on the larger types pyrex glass has been
used because of its greater mechanical strength. For instance, on the
tubes with a 9-inch face there is a pressure of 960 pounds on the screen

B g e

Fig. 1

surface, due to the difference between the atmospheric pressure and
the high vacuum in the tube. Extreme care has been taken to anneal l
the glass and remove all strains from it which might cause it to col-
lapse under changes in temperature or mechanical shocks. The ele- |
ments used are made of high purity nickel. The filaments or cathodes
used are made of a material composed of nickel, chromium, and iron.
These are coated with barium and strontium carbonates which are ap-
plied with a suitable binder. During the exhaust process these are de-
composed by heat into the oxides and the CO, removed by the vacuum
pumps.

The construction shown in Fig. 1 is used for the purpose of testing
various salts for brillance, but it shows very well the Tact that the elec-
tron beam travels in straight lines and at right angles to the surface
of the filament. It also shows how the size of the spot can be varied
without any focusing electrodes by varying the size of the hole in the
accelerating electrode, and also by varyving the distance between the
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:
'.
filament and the accelerating electrode, and also the distance between

the accelerating electrode and the screen.

| ConstrucTiONs UTILIZING CYLINDER AS Focusing ELECTRODE

i The tube shown in Fig. 2 illustrates how the beam can be focused

| by using a cylinder surrounding the filament. When no bias potential
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is applied between the focusing electrode and the filament, the electron
beam is quite wide and parallel to the sides of the focusing electrode.
As the potential applied to the focusing electrode is made negative
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with respect to the filament, the beam is concentrated until at an op-
timum value the beam is the size of a pin point. Increased bias past
this point, although focusing the beam at a point, does not permit the
beam to travel in parallel lines past the point of focus. The beam
spreads out past the point of focus similar to a light beam from a para-
bolic mirror when thelight sourceis not at the focal point but is between
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the focal point of the mirror and the mirror. The concentration of the
beam is due to the electrostatic field set-up. It is apparent that this
type of construction cannot be used for modulation as the change in
bias varies the size of the spot. In Fig. 3 are shown curves taken keep-
ing the accelerating electrode potential constant and varying the bias
voltage of the focusing electrode. It will be noticed that with the high
vacuum tube, the curve is practically a straight line, and that as the
bias is increased to — 30 volts the spot becomes larger but still retains
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the same shape as the filament. For bias voltages higher than —30
volts the edges of the spot become rounded and finally it becomes a
circle. The other curve on Fig. 3 is for a tube with similar construction
but which was not exhausted to as high a degree of vacuum. The curve
is not linear although the size of the spot follows the same general
changes. By increasing the filament current a brighter spot is obtained
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and the accelerating electrode current is proportionally higher, but the
spot remains very nearly the same size as with the lower filament cur-
rent with varying focusing electrode bias.

Fig. 4 shows another construction tried. In this case the spot re-
mains the same size over the entire focusing bias voltage range and the
accelerating electrode current changes only very slightly. By reducing
the filament current 5 per cent the spot becomes about 1/16 of an inch
in diameter, and by increasing the filament current 5 per cent the spot
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becomes almost a half inch in diameter. Although this construction
is very similar to that shown in I'ig. 3, except that the accelerating elec-
trode is much closer to the plate, the accelerating electrode current
change is much less for a given change in focusing electrode voltage.
Apparently the size of the spot does not change in this case, but if the
bias voltage on the focusing electrode is made sufficiently negative the =
spot changes in size.
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In Fig. 5, the construction has been changed from the preceding !
type by adding an “electron” gun to the accelerating electrode strue-
ture. The results are quite similar, the bend in the curve being caused
by the presence of gas. In this particular model the spot was quite ir-
regular due to the fact that the filament was not exactly centered in
the focusing electrode. The use of a “gun” on the accelerating elec-
trode also tends to indicate in operation any slight mechanical mis-
alignments in the mount assembly.

|
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Fig. 6 shows the effect of an accelerating electrode which has a set
of plates and a ring at different distances from the focusing electrode.
It is interesting in that it shows how the characteristics are changed by
a distributed electrode.

Fig. 7 shows a construction which has two accelerating electrodes.
The curve shown was taken with 135 volts applied to the first accelerat-
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ing electrode and 400 volts applied to the second one located at a
greater distance from the focusing electrode. The spot stays quite con-
stant in size except when a high bias voltage is applied. This also shows
the nonlinear curve obtained when the accelerating electrode is dis-
distributed.

Figs. 8 and 9 show several constructions tried. From present indica-
tions neither of these offer any advantages, both types being insensitive
to changes in focusing electrode bias voltage.
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The construction shown in Iig. 10 has three accelerating elec-
trodes, each operating at a different potential. The curve obtained also

I

Fig. 8

shows nonlinear characteristics and is quite similar to the curve shown
in Fig. 7. An interesting point in this tube, however, is the action when

Fig. 9

the first accelerating potential is removed and the lead from it shorted
momentarily to the filament. This stops the flow of electrons to the sec-

—

i
+135 +9o0

Fig. 10

ond and third electrodes. The electron flow can be started again by re-
applying the voltage to the first electrode.

.
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In summing up the results obtained on the constructions shown in
Figs. 3 to 10, all of which had similar filaments and focusing electrodes
but various accelerating electrode arrangements it is apparent that:

1. Lincar curves are obtained when a single accelerating electrode
is used, provided the electrostatic effect from it is concentrated at one
point, and provided that the degree of vacuum is of the order of a
millionth of an atmosphere.
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2. Nonlinear curves are obtained with gas-filled tubes and with
tubes having a vacuum in excess of approximately 5 microns.

3. Nonlinear curves are obtained with tubes having more than one
accelerating electrode.

4, The use of a hollow cylinder as a focusing or modulating elec-
trode tends to change the size of the spot with varying bias voltage.

5. The sensitivity of the tube to changes in focusing electrode bias
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voltage increases as the distance between the focusing electrode and
the acclerating electrode increases.

Practically all of the constructions shown can be used for oscillo-
graph work, where the intensity of the spot remains constant, by prop-
erly adjusting the filament current and the focusing electrode bias volt-
age. For television work the nonlinear characteristic of the gas-filled

n 1 ”~
w Tr | 4
;%%
y
214 BERTN - mEEn
O L |
Z b |
z
. T
3 Ig=45A
g E, ~dod
See Sas
=5
Q
ool
=
8] ——
tJ
o}
L
2
g 4 !
5 ol
] -~ —
< © .
t
|
s/ 1
l 1
S5 2 ’5‘. S 410 20
Focusing ELecrrove Vours
Fig. 12

tube is particularily objectionable, because as the bias voltage ap-
proaches zero the current decreases instead of increasing. The curves
for the tubes with several accelerating electrodes are also objectionable
in that they flatten out as the bias voltage approaches zero. A linear
curve is not necessary for television work but the ideal condition would
be to have the curve become steeper as the bias voltage approaches
zero. This is desirable as for higher light intensities a larger change in
light is necessary to cause the corresponding reaction on the eye.
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ConsTRUCTIONS UTILIZING CYLINDER WITH CAP AS
MODULATING ELECTRODE

In the tubes to be described below the construction of the focusing
electrode and the position of the filament has been changed. Instead
of having a hollow cylinder for the focusing electrode, a cap with various
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Fig. 13

sized holes in it is placed at the end of the cylinder nearest the acceler-
ating electrode.

In Fig. 11 a curve is shown for a tube having a rather large hole in
the cap and “a gun” approximately 0.076 inch. in diameter, and also a
curve for a tube having a “gun” 0.035 inch in diameter. It will be
noticed that a much finer spot is obtained with the smaller “gun.” Be-
cause of the relatively large size of the hole in the cap and the closeness
of the focusing electrode to the accelerating electrode the control con-
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stant (which corresponds to the amplification factor in a triode) is low,
being of the order of 4.0.

The construction shown in I'ig. 12is similar to that in the preceding
figure except that the hole in the cap is exceedingly small. It will be
noticed that the effect of this change is to increase considerably the
control constant of the tube.
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DuaL ACCELERATING ELECTRODES

In Fig. 13 a construction with two accelerating electrodesis shown.
The first accelerating elcetrode is in the form of a disk with a hole in it,
and the second electrode takes the form of a hollow cylinder. The focus-
ing electrode is similar to that in the preceding figure. The curves
marked 800, 1000, and 1200 were taken with the second accelerating
electrode disconnected and the above voltages applied to the first ac-
celerating electrode. The control constant of the tube under these con-
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ditions is 200. The other two curves show the current in the accelerat-
ing electrodes with the voltages applied as given. It will be noticed
that the curves become stecper as the bias voltage approaches zero,
which make this type of construction adaptable for television work.
In the constructions shown in Figs. 11, 12, and 13 the filament is
placed approximately 0.020 inch from the modulating electrode. It is

Fig. 15

found that when this is placed at a greater distance it is necessary to
apply a positive bias to the focusing electrode in order to vary the
accelerating electrode current. When so used the focusing electrode
also drew current. Fig. 14 shows a characteristic curve when the fila-
ment is close to the focusing electrode.

In order to provide means for increasing the intensity of the spot
without sacrificing the loss of sensitivity, various tubes were tried using
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an anode of silver coated on the inside of the bulb in the funnel-shaped
portion. A photograph of one of these bulbs is shown in Iig. 15. By
applying three to five thousand volts to this electrode an intensely
bright spot is obtained, the size of which can be changed by varying
the voltage applied to the accelerating electrode in a construction as
shown in Fig. 12.

When the voltage on the first accelerating clectrode is approxi-
mately 23 per cent of the voltage on the second electrode (on the side
of the bulb) a spot of minimum size is obtained. For instance, with
3000 volts on the second accelerating electrode and 700 volts on the
first accelerating electrode, a minimum size of spot was obtained. Like-
wise with 1500 volts on the second accelerating electrode and 350 volts
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on the first, a minimum size of spot was again obtained. However,
with 950 volts on the second accelerating electrode, a minimum size
of spot was obtained with 270 volts on the first electrode. In this case
the ratio between the two changed to 28 per cent instead of 23 per cent
as with the higher voltages.

This type of construction enables the intensity of the spot to be
increased without losing sensitivity due to the fact that the deflection
coils can be placed near the low voltage electrode at which point the
electrons are traveling at a lower velocity.

Fig. 16 shows the changes in the size of the spot produced by vary-
ing the voltage on the first accelerating electrode.

In summing up the results of the tests which were conducted, the
most satisfactory tube for television reception makes use of a dual ac-
celerating electrode similar to the construction of Fig. 13. An additional
anode of silver is coated on the f unnel-shaped portion of the bulb and
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the tube is exhausted to a vacuum in the order of one millionth of an
atmosphere. This gives a spot which remains of constant diameter as
the modulating electrode voltage is varied. The tube is normally oper-
ated with a small negative bias, and draws no current in the modulat-
ing electrode circuit. A signal of several volts will modulate the spot
from minimum to maximum brightness, and the variable control con-
stant of the tube causes greater changes in light intensity at the higher
intensities for a given change in modulating electrode voltage. Tubes
made up with a construction similar to that shown in Fig. 12 operated
very similar to the type just described, although having only one ac-
celerating electrode (and the silver electrode on the neck) and having a
linear characteristic curve.
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Proceedings of the Institule of Radio Engineers
Volume 20, Number 12 December, 1932

APPLICATIONS OF THE CATHODE RAY OSCILLOGRAPH *

By
RaLpH R. BATCHER

Summary—In the application of cathode ray tubes to oscillographic measure-
ments, cerlain factors affect the accuracy of the resulls. The most important of these
items are discussed and methods outlined whereby the effects of this distortion can be
minimized or compensated for. A description is included of several oscillograph tubes,
and associaled apparatus, in which simplicity of operation 4s a feature.

ATHODE rays were first discovered by Plucker! in about 1859
C and were so named by Goldstein in 1876. This term is subject

to some criticism under modern views, but has been used for so
many years that other designations have received but little support.
The name “oscillograph” was first applied by Blondel to apparatus
adapted for showing instantaneous values of electrical current.

The fundamental principles of the tube have been published so
many times that they need no repetition here.* However, in view of
recent developments in several laboratories it would seem that the
handicap of rarity and expense has been largely overcome, and a re-
view of the fundamental operational features might be of interest to
many who desire to start using them.

The hot-cathode low voltage type of tube only will be considered
here. FFor several years active work has been undertaken toward the
development of a type of cathode ray tube particularily suitable for in-
dustrial testing processes that is simple to operate and inexpensive. A
part of this work was directed toward the design of a very small tube,
in which the fluorescent screen was less than about two inches in di-
ameter. Since the usual magnification of the deflection due to a long
path was missing, the use of external magnification, using optical
systems, was resorted to.

For general commercial usage the outfit must have the following
operational characteristics:

1. Simple to operate, with self contained filament, bias, and anode
potentials. When once adjusted should return to correct focus each
time it is switehed on and off.

2. High order of brilliance, especially for visual studies.

3. High “figure of merit” for focus. The ratio of diameter of the

* Decimal classification: R388. Original manuscript received by the Insti-
tute, I\/I:L“y 25, 1932. Delivered hefore New York meeting in part as a portion of
a paper “Applications of the Cathode Ray Oscillograph,” May 4, 1932.

! Refer to bibliography.

* References (1) and (6) of bibliography.
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sereen to the diameter of the spot should be high. Factors of several

hundred are often obtainable.
4. “Spattering” or a corona around the spot should not be very

-
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Fig. 1—Photograph of Portable Cathode Ray Oscillograph.

noticeable. This effect is usually due to the inability of the charge due
to the electrons to leak off the screen.

5. The calibration should be substantially linear so that displace-
ments represent applied potentials with fair accuracy.

A representative outfit for this type of work is shown in Fig. 1. This

o
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case supplies all necessary voltages and controls for operating the usual
tube, from potentials of 1000 volts or less and also contains a mounting
socket for the tube itself, adapted for tubes up to 12 inches in length.
The tube can be folded down when the case is closed for convenience
in carrying.

While the cathode ray tube oscillograph cannot be called an instru-
ment of precision, with care excellent results can be obtained. Many
other forms of recording instruments give results equally inaccurate,
but are used without question.
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Fig. 2—Electrostatic deflection relations.
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In studying the mechanism of deflection it will be found that the
distance the spot travels on the screen depends upon the following
items:

1. The field due to the deflection plates, which depends upon the
voltage applied to them, and inversely as their separation.

2. The square of the length of time that an electron is affected by
this field. This time is proportional to the effective length of the plates
in the direction of travel of the rays, and inversely as the speed of the
rays. This is evident since the higher the speed the less time they are
under the influence of the field. The effective length of the field is
usually greater than the actual length of the plates since there is some
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edge effect. The problem is not unlike that of the deviation of a pro-
jectile due to the effect of gravity;i.e., 1/2 at?.

3. The magnification of the tube. The ray is deflected only a small
amount while under the influence of the field but after leaving this
space continues on in the new direction until it reaches the screen so
that the longer the tube—the greater the deflection.

4. The ratio of the charge to the mass of an electron; i.e., e/m.

Combining these factors and substituting the values indicated in
Fig. 2 gives a theoretical deflection equal to

0.5E1L 0
E.d

In this analysis the velocity of the rays has been assumed to be equal to

e
v = 1/ 21— whereas (2)

m
actually it is more nearly equal to

- L
v=c/‘/l— R — (3)

(1 + .00197E,)?
where ¢ is equal to the velocity of light and E, is in kilovolts. The

latter equation has been plotted in Fig. 3, which shows that the simpler
form (2) is valid up to about 50 kilovolts.
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Fig. 3—Velocity curve.

Modifications must be made when the cathode ray tube has two
anodes in which the deflecting system is placed between the first (low
potential) anode and the second anode to which a higher voltage is
applied.
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Inasmuch as the extent of the field is rather difficult to determine,
it is customary to make up a calibration curve of the sensitivity factor
experimentally (6) (21). Deviations between the actual and the ex-
perimental calibration constants should not be considered as errors.
Factors that tend to distort the diagrams and to make linear measure-
ments upon them questionable will be listed later.

The ionized gas surrounding the electron stream, together with the
charge that becomes attached to the tube wall, usually exerts a retard-
ing force on the electron stream so that the effective accelerating po-
tential is somewhat less than the actual anode voltage. This decelerat-
ing force is especially noticeable in low potential tubes, where the
velocity of the stream is apparently reduced as much as 50 percent in
certain cases. The gas pressure has considerable effect on the beam
velocity so that it seems that there is a definite potential drop near the
cathode that reduces the effective anode potential.

In calibrating a tube for electrostatic deflection, a series of steady
and known voltages, having definite steps in value are applied in one
direction, while alternating potentialst of sufficient value to produce
a full-scale deflection are applied to the other plates. A series of parallel
lines are obtained which can be photographed or traced on a translu-
cent paper. The connections are then reversed and the test repeated,
whereby a coordinated screen is obtained as a ealibration of the reflec-
tions.

By making the steady potential increments exactly integers, say
five- or ten-volt steps, this graph can be used directly without inter-
polation. A screen of this type can be placed against the diagram and
potentials producing any deflection can be determined directly. Fig. 4
contains several types of screen scales, which were transfered to a
transparent piece of celluloid and which have been found useful in
some measurements.

Fig. 4a represents an ordinary rectangular scale, which requires no
explanation. This scale has not been corrected for errors in the tube,
however. A representative scale which bears some corrections for tube
deflection discrepancies (the threshold error and a small angular dis-
placement of the axes) is shown in Fig. 4b. The other scales are (c) one
for radial measurements and (d) one which horizontal divisions are
proportional to the sine of angles. Scale (d) is used when a sinusoidal
timing wave is used. The maximum deflection in the horizontal direc-
tion must be adjusted to coincide with the 90 degree-ordinates in this
case.

t When a photographic record of this ealibration is made by focusing a
camera on the succession of lines, it is preferable to use a saw-tooth wave form
since the lines will be more evenly exposed.
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It will be found that if the electromagnetic deflection coils are ac-
curately made and tightly clamped to the tube parallel with the plates,
they may be used to obtain a calibration curve, in situ:

The normal location of the axes is found by successively removing
each applied voltage, and marked by cementing threads across the
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Fig. 4—Screen calibration templates.

surface of the screen. When the required figure is obtained, a direct
current of sufficient strength is sent through the proper pair of coils
to shift the figure so that the point under consideration coincides with
the axis. A voltage calibration is thus made in terms of equivalent
ampere turns. A curve showing the relation between ampere turns and
volts required for equivalent deflections, having been previously made
up for deflections in both directions.
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This arrangement is also useful in centering the figure and is
superior to permanent magnets in that the applied field is not dis-
torted.

In the case of tubes that are not highly evacuated the deflection
produced by small voltages applied to the deflection plates will be at a
smaller rate than with larger voltages, an effect which has been noticed
by a number of investigators. It has been called the “threshold effect”
by Eckersley, (22) who first called attention to the problem. It seems
to be due to two causes, the first being the ionization of gas molecules
in the path of the electron stream. These ionization currents accumu-
late on the walls of the tube and on the deflection plates themselves,
and cause those plates to become charged, and a small potential is re-
quired to neutralize this charge.

Since most of the commercial tubes now available have a rather
large gas content (in such tubes the electron stream is visible by the
ionization of the gas and the stream is easily seen by the fluorescent
path of purple light passing down the tube) a definite leakage path will
be found between the plates, which might be of the order of one
megohm. The tube is thus not strietly an electrostatic device since this
conductive path places an additional load on the circuit.

This leakage varies with the impressed voltage on the deflection
plates and may differ in each direction; that is—it may be considerably
less from the momentarily negative plate than in the opposite direction.
This produces an effect somewhat as if some rectification took place in
the deflection plate circuit, which tends to shift the axes back and
forth, producing the second cause of the threshold effect.

This effect is reduced if the potential level of the deflection plates is
kept somewhat below that of the anode immediately preceding them.
This, of course, is not possible when the anode is internally connected
to one of each pair of deflection plates. The effect is also less if a definite
conductive path is provided between the plates by a circuit across
them, even if the resistance of this path is as high as one megohm.

In many tubes sufficient compensation for this discrepancy is ob-
tained by making all measurements to the outside edge of the spot,
whereby the diameter of the spot is added to the total deflection. This
is usually an easier method anyway, and if the spot is about 3/32 inch
in diameter the threshold error will be usually compensated for in
most of the soft tubes available, expect for very small deflections at the
center of the screen.

* - This effect will not be found with deflection coils, if all deflection
plates are shorted.

Other distortional effects may be produced by deflecting potentials

R
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acting in one direction producing small deflections at right angles to
| that direction. One cause is due to the fact that when the ray moves
across the field between the deflecting plates diagonally due to the
action of the preceding deflection plates, it is acted on for a longer
interval than when it passes through the field in an axial direction.

The same effect is sometimes found when magnetic deflection coils
are used. It is essential that each pair be in parallel planes and coaxial,
and that the four coils be at right angles to each other, and that a
pair be well balanced as to the number of turns. The latter factor is
often neglected with a result that a stray field is found that produces
considerable coupling between the separate pairs of coils, which not
only affects the deflecting fields but also may disturb the circuits to
which they are connected.

Coaxial magnetic focusing fields, surrounding the tube at a point
near the anode, will usually rotate the axes of the figure when this
longitudinal field intersects the transverse deflecting fields (either
magnetic or electrostatic). If the longitudinal field rotates the vertical
and horizontal axes equally no great harm is done but this usually is
not the case. For this reason the use of magnetic focusing arrangements
surrounding the tube are usually avoided.

In the usual tube the fluorescent material is coated directly on the
inner surface of the glass, so that the screen is not flat. Some distortion
is introduced but it is usually of minor importance. Since measure-
| ments are usually made along the surface of the glass the error is nearly
compensated for. When photographs are taken by means of a camera a
. different correction factor must be applied which depends upon the
dimensions of the tube and the curvature. It is seen that no correction
is required when all points of the diagram are approximately equidis-
tant from the center. The correction must also include the error in the
lens system of the camera which is usually more important than those
due to screen curvature.

When magnetic deflection coils are placed on tubes containing de-
flection plates, eddy currents set up in the latter may distort the field
somewhat. While theoretically the potential drop across the coils may
produce an electrostatic field it is found that the inner wall of the tube
is soon charged by the stray ions in the tube which effectively shields
the tube against external electrostatic fields from any source.

When magnetic deflecting coils are used two additional effects are
possible, one due to a certain component of the stray field that is
parallel with the axis of the tube, and the other due to the returning
flux outside of the coils that cuts through the path of the rays. The first
effect is briefly summarized as follows: the general direction of the rays
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being toward the screen, is deflected upon entering the magnetic field
(let us say upward). Due to this additional component of motion the
ray is acted on by additional forces, one along the axis of the tube
(which only speeds up or retards the electrons slightly) and the other
force acting in the direction of the axis of the coils caused by the
vertical movement of the rays through the leakage flux from the coils.

The stray external return field from the eoils produces a counter de-
flection that is proportional to the deflection itself. If the total deflec-
tion is small these effects are usually small. However, when both
magnetic and electrostatic deflections are used at the same time the
former should occur ahead of or simultaneous with the latter if pos-
sible.

Generally the greatest distortion is experienced due to stray mag-
netic fields. When horseshoe magnets are used for centering the dia-
gram a very distorted field usually oceurs, which varies over wide
limits in both direction and intensity. The earth’s field may affect the
centralization of the spot, but this field is constant and produces no
distortion other than that due to the curvature of the screen. When a
spot is sharply focused at the center of the screen it may become
broader at other points due to a change in path length. Usually better
results are obtained if all focus adjustments are made while the spot
1s in motion. An elongated spot is found if the anode potential is not
sufficiently filtered. In case there is a small alternating component in
this supply the spot will flicker to and fro as it moves off center, this
motion being in a radial direction, and having an amplitude propor-
tional to the radial displacement of the spot at each point.

When an alternating-current filament supply is used a field pro-
duced by the filament loop will affect the direction of the ray unless
this field is carefully balanced out, either by a specially shaped fila-
ment assembly, or else with a coil of wire having a few turns connected
in series with the filament and so located outside of the tube opposite
the filament and oriented to counteract the filament’s field.

The effect of this field is to move the spot back and forth at a rate
corresponding to the filament current frequency an amount some-
times as much as 1/8 inch or more. The direction of this motion is not
necessarily parallel to either axis and depends upon the axis of the
filament.

While the deflection plates in well made tubes are generally parallel
and flat, sometimes the leads connecting these plates to lead out wires
through the stem, set up distortional fields. For most of the items on
this list the correction is self evident when it can be made on the physi-
cal equipment.
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Summarizing the above effects the most important are:

(1) The threshold effect should be considered when measurements
of small amplitudes are important. The extent of the error can be ob-
tained by a calibration curve for the anode potential used.

(2) Deflection plate leakage is important when high-impedance,
low-power circuits are being measured, when that leakage is liable to
affect the circuit itself.

(3) Effect of the diagonal path can usually be neglected. It is of the
same order as the sereen curvature error and is opposite to the latter.

(4) Unbalanced magnetic deflection fields show up on calibration
curves and can be corrected by physical changes in the coil assembly.
The coupling between the pairs of coils should be measured for future
reference.

(5) Screen curvature can usually be neglected over the major por-
tion of the screen. This effect also shows up on the calibration.

(6) Stray fields should be eliminated by external magnetic shielding,
and the effect of filament field distortion can be eliminated by the use
of a direct current filament supply if the field cannot be balanced out.

Item 2 above should be considered when a voltage divider of any
type is used to reduce the amplitude of the deflection. Cathode ray
tubes can usually be operated at frequencies at least as high as a few
megacycles without serious errors due to the frequency if the tube con-
tains a high vacuum.

In tubes utilizing a gas pressure to assist in the focusing the lateral
speed of the beam may move faster than the ionized gas does and the
focus is impaired. Tests have indicated that somewhat better focusing
at high frequencies is obtained if the large end of the tube is heated,
although definite conclusive tests on this effect have not been com-
pleted.

Incomplete experiments also seem to show a deflection amplitude
change at high frequencies that cannot be explained entirely by the
effect of the finite impedance of the deflection plates, possibly also due
to changes in the velocity of the stream with rapid lateral movements
due to the varied effects of the space charge.

In addition, it is evident that a cathode ray tube has an increasing
error as the frequency is increased beyond a few megacycles, due to the
finite speed of the electrons. In order to give accurate indications, the
potential on the plates should not change appreciably during the in-
terval that any electron is traversing the space between them.

For simplicity the problem can be studied by comparing the
wavelength of the applied potentials to the deflection time interval.

With an effective anode potential of say 400 volts, the velocity of
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the ray is about four per cent of the speed of light, as shown in Fig. 3.
With deflection plates 2 centimeters long an electron takes about
0.0016 microsecond. If the frequency of the applied potential is great
enough, say 20 megacycles, the applied potential may vary consider-
ably during such an interval and incorrect deflections occur. While
the error can be computed for a given set of conditions the problem is
complicated by the fact that the deflection depends not only upon the
average potential difference of the plates during this time interval,
but also on whether the potential is increasing or decreasing. In gas
{ubes the actual velocity of the beam should be used instead of that
indicated on Fig. 3, working backwards from equation (1). An ampli-

Fig. 5—Photograph of cathode ray tube with magnetic deflection coils.

tude calibration curve taken at these frequencies will, of course, take
care of these errors, but wave form studies of very short waves are of
little value.

Quite often measurements of phase displacements are required at
the higher frequencies. Such measurements are generally made upon
the elliptical figure resulting from the resultant of the applied poten-
tials. If both pairs of deflection plates were equidistant from the screen
this figure would correctly indicate the phase. However, the beam is
acted upon consecutively so that phase measurements are in error by
an amount

lef1.2 X102

error in degrees = (4)
v
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. where | and v represent factors as in equations (1) and (2) and f
. represents the frequency in megacycles, and ¢ the distance between
axes of plates.

Iig. 5 shows a tube adapted for magnetic deflection coils only. This
tube has a sensitivity of about 28 ampere turns per inch with an anode
voltage of 800. The latter anode potential is sufficient to give a bril-
liance great enough to be easily visible in daylight. The coils shown
have 6000 turns cach and a resistance of about 1200 ohms. The two

. coils are connected in series so that a potential of 5 volts across them
will give a little more than one inch deflection. The design is arranged
so that they may be operated directly from the plate circuit of usual
vacuum tube amplifiers. The tube is 20-inches long and has a 9-inch
screen.

Although it is impossible to determine accurately the calibration
factor for magnetic deflections, an analysis of the problem may be of
interest. It may be shown that the deflection is equal to

0.208BI11,
VE.
where B is the magnetic field density (in Gauss) assumed to be of con-
stant intensity for a distance ! along the tube axis and then to drop
abruptly to zero, a condition not found with applied fields. For this
reason the calibration factors are necessary.
In computing the value of B for a given set of coils the relation

0.47nl
A

(6)

is sometimes used. However, the length of the flux path A can be
roughly determined only (this refers to the mean length of path of
the lines of force through the coils).

It may be shown however that if the coils are roughly circular
and each has n turns, (bound sufficiently close together into a small
bundle so that a mean radius can be assumed for all the turns) that the
field due to both coils at a point midway on the common axis is

0.47rnz

B = e — (7
d 2 3
VG +]
2
where r and d are the coil radius and the distance between the coils re-
spectively, in centimeters. In Fig. 6 the values of the quantity
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7= d7 ; 7__(ﬁ3l2ﬂ (8)
() +]
2
have been plotted. The field intensity at the midpoint is thus equal to
niq/r.
It is to be noted that the direction of curvature for the value of ¢

changes at d=r and the value of ¢q at this point is substanially linear
with respect to small movements of the point of reference. A system of

R g

Fig. 6—Field constant for magnetic deflection coils.

v g %
t 2

coils whose radius is equal to the spacing will thus produce the most
uniform field with the least distortion.

The problem is not completely solved however because this relation
does not give the average intensity of the field along the axis of the
tube.

Magnetic deflection coils require considerable more power than de-
dection plates. Still, however, the system is not so inéfficient for mag-
netic control as might be imagined. Twelve volts across the coils
described above (see ¥ig. 5) gives a deflection equal to the maximum
swing of the pointer of the usual small panel meter. The coils thus ab-
sorb about 0.060 watt. As a voltmeter this is about equivalent to 200




ohms per volt, which is directly comparable with direct current meters
of this type and much superior to the alternating current meters.

The difference between the electrostatic and electromagnetic
deflection systems is less noticeable as the velocity of the rays is in-
creased by applying higher anode potentials.

have recently appeared:

26

27
28

29

Upwards of a thousand references might be cited regarding
cathode ray tubes and their application. Following are a few dealing
with the design of the tubes and operation.i

. M. von Ardenne, Exper:
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THE RADIATION CHARACTERISTICS OF A VERTICAL
HALF-WAVE ANTENNA*

By

J. A. STRATTON AND H. A. CHINN
(Massachusetts Institute of Technology, Round_Hill Research Division, South Dartmouth, Mass.)

Summary—Eztensive measurements have been made of the field distribution
about a vertical antenna operating at 29 megacycles over sea water. With the help of a
small, nonrigid airship observations were made al vartous altitudes which permitted
the plotting of the space characteristic and the determination of the attenuation as de-
pendent on allitude. The experimental results are compared with field inlensities
computed for the given physical conditions from the theoretical expressions of Som-
merfeld and Sirutt. Of interest is the manner tn which the field is altenuated in the
tmmediate vicinity of the ground plane and the marked effect on the general intensity
distribution of the effective height of the antenna above ground.

Details are given of the design of the apparatus required for carrying out the
measurements.

PART I

HE spatial distribution of radiant energy about an antenna

is essentially determined by its configuration, its location with

respect to the ground plane, the mode of oscillation to which it
is excited, and the electrical constants of the ground plane in the im-
mediate vicinity of the antenna. Of the various configurations found in
practice, the vertical wire is the most frequently employed and admits
of the simplest theoretical treatment. This case has been discussed in
a large number of papers, the best known and most fundamental
being those of Sommerfeld! and Weyl.2 In these two last named, ac-
count is taken of the effect of a finite conductivity of the ground plane
on the attenuation of the field at great distances from the antenna.
The assumption is made, however, that the vertical wire may be
treated as a simple dipole, an assumption which is certainly justified
with regard to the horizontal components of radiation but which may
be questioned with respect to the high angle components. The prob-
lem as handled by Sommerfeld and Weyl is essentially that of caleulat-
ing the diffraction of a spherical wave from a fixed dipole source by a
plane of known electrical constants. In the actual problem the current
distribution in the wire is determined by the nature of the ground
plane in the vicinity, and consequently the source must be represented

* Decimal classification: R120. Original ipt iv : i-

— I}ga}é, 5 e ginal manuseript received by the Insti

YA, Sommerfeld, Ann. d. Phys. vol. 28, p. 665, (1909); cf. also, Riemann-

Webers, “Differentialgleichungen der Physik,”%ol. II,(C-hap).’XVI >
* H. Weyl, Ann. d. Phys. vol. 60, p. 481, (1919).

1892




Stratton and Chinn: Radiation Characteristics 1893

not only by a dipole but by a series of higher order multipoles as well.
If the field is resolved, as is customary, into static, induction and
radiation components, it may be shown that the radiation field plays
little part in the reaction on the antenna. The distribution of current in
the antenna is determined principally by the reaction of the static and
induction fields reflected from the ground plane, and since these fields
decrease very rapidly with increasing distance from the source, it ap-
pears that only the nature of the ground in the immediate neighbor-
hood affects the current and consequent spatial radiation distribution.
There are to be found in the literature numerous calculations of the
radiation on the basis of an arbitrarily assumed sinusoidal current
distribution, but a complete solution of the problem in which the cur-
rent is determined by the properties of the ground and the field then
calculated for large distances from the antenna appears to be as yet
outstanding.

During the year 1930 an extended series of measurements was made
at the Round Hill Experimental Station of the Massachusetts Institute
of Technology of the field intensity about a vertical antenna. Through
the courtesy of the Goodyear-Zeppelin Corporation a small nonrigid
dirigible was available for this purpose, making possible an accurate
determination of field distribution in the vertical plane. The results of
this investigation are presented in the first section of this paper, to-
gether with a comparison with calculations carried as far as the exist-
ing status of the theory allows. It is hoped that a theoretical investi-
gation now in progress of the type suggested in the previous para-
graph will complete our knowledge of this problem.

In the sccond part of the present paper will be found the details
of the apparatus employed in obtaining the data.

In order that the attenuating effect due to the finite conductivity
of the ground might be observed within a relatively short distance of
the source, the measurements were made in a field of high frequency.
The radiating system adopted consisted of a vertical, half-wave
antenna operated at a frequency of 29 megacycles per second. Previous
experience had indicated that at such a frequency any irregularity in
the properties of the ground plane would render the data extremely
difficult to interpret. To eliminate this possibility the measurements
were made entircly over sea water, the constants of which were ac-
curately determined. The antenna was located about 200 meters from
the shore line and was entirely free of surrounding objects with the
exception of a wooden building housing the transmitter. This building
was placed over the water on pilings at a distance of 3.6 meters from
the antenna. The antenna system was held in a vertical position, the
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lower end one-eighth of a wavelength above the water at all times by
means of a system of weights and floats which maintained this con-
dition irrespective of the height of the tide. The details of the antenna
system are to be found in Fig. 1.

The data were obtained during a series of horizontal flights at
various uniformly spaced altitudes, each flight starting at a distance
of about 9 kilometers from the antenna and proceeding directly
towards it. The measuring equipment was located in the forward part
of the airship, thus reducing the distortion of the field at the point of
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Fig. 1—Details of half-wave, vertical antenna used for the
experimental work on 29 megacycles

observation due to the motors, cabin, control wires and the like to a
minimum. The great superiority of a dirigible over an airplane for this
type of work lies in the possibility of very low ground speeds. The
course of flights was laid out to take advantage of the prevailing
winds and thanks to skillful pilots the ship was maintained at con-
stant altitude and almost zero ground speed in the vicinity of the
antenna where rapid changes in field intensity are observed. During
the course of the investigation several vertical flights were carried out
to assist in the correlation of the data, although this operation cannot
be performed with the smoothness of horizontal flight.

The receiving antenna was a short, straight rod maintained in a
vertical position throughout the flights and consequently the measured
values were directly proportional to the vertical component of electric
field intensity at the point of observation.
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The results of the measurements at distances from the antenna
greater than 50 wavelengths, (500 meters) are represented in Figs. 2
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Fig. 2—Theoretical (Sommerfeld) and experimental vertical field intensity vs.
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surface of sea water.
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Fig. 3—Theoretic.al (Strutt) and experimental vertical field intensity vs. hori-
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to 11 inclusive. These charts give the measured vertical component
of field intensity plotted against the horizontal distance from the
antenna for a given altitude, this being the form in which the data
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were taken. It was not feasible to maneuver the airship to exactly the
same altitude for each measurement and consequently the altitudes
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for altitude of 180 meters.

assigned the various figures represent the average altitudes of all the
points plotted on a particular chart. The actual deviation from this
average value was no greater than 5 per cent in the most extreme
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cages. Inasmuch as the exact altitude at which each measurement was
made is known, it would be possible to apply the necessary correc-
tions. Such a refinement of the data, however, appears unwarranted.
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zontal distance from the antenna for altitude of 380 meters.

The data plotted in any given chart were not obtained in a single

flight but are the results of measurements made over a period of weeks.

Data for a particular altitude were intentionally taken at various
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times throughout the course of the investigation and then plotted
together in order to verify, in actual practice, the accuracy of the
methods used. In Figs. 2 to 11 the experimental points are indicated
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by small cireles while calculated field intensities are represented by the
smooth curves. The solid curve of Fig. 2 and the dotted curves of

Figs. 5, 8, and 11 corresponding to altitudes of 1, 180, 460, and 730
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meters have been calculated from the Sommerfeld theory. The series
expansions on which the computations are based are to be found in
the appendix. It will be observed that except in the immediate vicinity
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Fig. 10—Theoretical (Strutt) and experimental vertical field intensity vs.
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80
'«\5 &0
E 40 VERTICAL FIELD INTENSITY ¥S DISTANCE)
2
Aurirpe: 730 mETERS !
2 FreQuENCY: 2.9;:76&//&5‘5' ")
12 <
S AN
IS ~
g '~
g 10 > =
, 8 N
~
= ~
":: 6 Q o \\
2 Aff/"" d Y
by 5 e ]
2 Lo
3 o %‘t‘u‘%ﬁ%‘}g%,\
E 2 B o e
j P —
/0 100 200 Joo “400 S00 274 00 800 o0

HORIZONTAL ~ DISTANCE  FROM ANTENNA = WAVELENGTIS

Fig. 11—:—Theoretica] (solid curve: Strutt; dotted curve: Sommerfeld) and ex-
perimental vertical field intensity vs. horizontal distance from the antenna
for altitude of 730 meters.

of the antenna the correspondence between measured and calculated
values is as close as could be expected. The deviation of the calculated
curves from the experimental points at the upper ends is due partly
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to the nature of the series expansions used for computation and the
physical assumptions on which they are based, but also partly to the
fact that whereas the lower end of the antenna was actually suspended
one-eighth of a wavelength above the ground plane, in the calculations
the equivalent dipole was assumed to be located at the ground level.
The height of the antenna above ground is of particular importance in
determining the nature of the radiation characteristic at high angles,
as will be shown in succeeding paragraphs.

The remaining curves appearing in Figs. 3 to 11 have been computed
from approximate expressions derived from the Sommerfeld theory
by Strutt.® It will be observed that in the vicinity of the horizontal
ground plane the calculated curves deviate greatly from the actual
values, but at higher altitudes the correspondence is exceedingly good.
This discrepancy at low angles is to be expected, since the Strutt
approximation does not include those terms in r~! which according to
the Sommerfeld theory determine the surface wave in the vicinity
of the antenna, and consequently is not valid in this region. This is
illustrated graphically by the polar plot of Fig. 19, curve II, which
shows that according to the Strutt approximation the radiation in
the horizontal direction is zero. One concludes that the low angle
radiation must be computed from the Sommerfeld series expressions,
but at higher angles the field intensities may be obtained most satis-
factorily from the approximate formulas. It was for precisely this case
that the Strutt expressions were derived.

It will be recalled that the behavior of the radiation field near the
surface of the earth depends primarily not on the absolute distance
from the antenna but on a quantity p which Sommerfeld calls the
numerical distance, with

iko"r

2hk,?

p = ’ ('k22’>>k02)

wherein k.2, k.2 are the quantities defined in the appendix of this paper.
The measured conductivity of the sea water was 0.41 mhos per centi-
meter cube (4.64 X 10" e.s.u. rational) at 18 degrees centigrade. Taking

the frequency as 29 megacyecles and dielectric constant of sea water as
81 the numerical distance is

p 20.1197 (r in km).

For 9 kilometers the maximum distance at which measurements were
made, we have .
p =1.07.

* M. J. 0. Strutt, Ann. d. Phys., vol. 5, p. 721, (1929).




Stratton and Chinn: Radialion Characlerislics 1901

If now one considers a radiation frequency of, say, 1 megacycle
(A =300 meters), one finds

2r

p=— =21.41 X 10—4r
20¢

and for the same numerical distance as before, r must be 7600 km.
One may expect therefore that in virtue of this “principle of simili-
tude” the data of Figs. 2 to 11 represent the dependency of field on
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Fig. 12—Detailed theoretical (Strutt) and experimental vertical field intensity
vs. horizontal distance from the antenna for altitude of 180 meters.

distance for other wavelengths, provided the horizontal scale be ex-
tended in the manner illustrated by the foregoing example. The re-
marks apply, of course, only to the direct “ground wave” and take no
account of disturbances due to waves reflected from an upper ionized
layer.

The nature of the field near the antenna is given in greater detail
by the set of curves of Figs. 12 to 17 inclusive. The smooth curves
appearing in this set of charts again represent field intensities computed
from the Strutt approximation for the case of a dipole located three-
eighths of a wavelength above the horizontal plane, this corresponding
to the center of the actual antenna. Again it will be observed that at
the higher altitudes, specifically in that region 50 or more wavelengths
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above ground where the surface wave may be neglected, the corre-

spondence is exceedingly good.
A composite figure of all these curves is plotted in Fig. 18. It will
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. be observed that in addition to the expected null point directly over
the antenna, there is evidence of a “leaf " in the radiation characteris-
tic. This is made clearer by the polar plots of Fig. 19. The leaf has a
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Fig. 15—Detailed theoretical (Strutt) and experimental vertical field intensity
vs. horizontal distance from the antenna for altitude of 530 meters.
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maximum at an angle of about 65 degrees with the horizontal, and
minima occur at 45 degrees and 90 degrees. Unfortunately, the ex-
perimental data do not extend to sufficiently high altitudes to permit
the completion of the high angle leaf for radial distances greater than
750 meters. The existence of this maximum is to be ascribed principally
to the fact that the center of the antenna is located above ground

RELATIVE FIELD INTENSITY

Fig. 19—Theoretical and experimental field intensity characteristics of vertical
antenna in the vertical plane.

Field intensity characteristics of vertical antenna.
I—Experimental, 4\ antenna, })\ above sea water.
1I—Theoretical, dipole, #x above sea water.
I11—Theoretical, dipole, 3\ above perfect earth.
[V—Theoretical, dipole, at surface of sea water.

(three-eighths of a wavelength in this case). Some of the deviation
of the computed curve from the observed values in the vicinity of the
antenna must be attributed to the finite length of the antenna. The
primary importance of the height of the equivalent dipole in determin-
ing the radiation pattern is illustrated by the computed curves IT and
IV of Fig. 19. The height of the dipole gives rise to phase differences
between primary and reflected waves and a resulting decrease in effec-
tive radiation due to interference.

To show the influence of the finite conduetivity of the ground plane
curve III, Fig. 19, is computed for the corresponding case of infinite




1906 Stratton and Chinn: Radiation Characleristics

conductivity. The energy dissipated in the ground evidently results
in a very rapid attenuation of the field along the surface, but does not
appreciably influence the radiation characteristic at high angles.

PART II

DESCRIPTION OF THE APPARATUS

The very special conditions under which the data of the previous
section were taken required that the measuring equipment be designed
most carefully with respect to ease of adjustment, stability of opera-
tion under conditions of severe vibration, and lightness of weight. In
the following paragraphs are to be found details of the apparatus
used.

Several well-known laboratory methodsfor measuring field strengths
appeared to be ruled out from the start. Substitution methods, wherein
the received signal is compared with a known voltage from a local
source of the same frequency, were evidently not adapted to the
problem in hand on account of the time required for making an ob-
servation and the impossibility of designing a local variable voltage
source operating at 29 megacycles without violating the restrictions on
weight. An attenuation method which reduces the received signal to
an arbitrary standard level by means of a calibrated attenuator had to
be rejected on account of the time required for operation as well as the
difficulty in constructing a suitable attenuating unit. The attenuator
might be introduced in the intermediate-frequency amplifier circuit
of a superheterodyne receiver, but again weight and time restrictions
precluded this possibility.

The measuring device ultimately adopted consisted of a receiver
comprising a detector unit with a direct-current galvanometer in the
plate circuit preceded by one stage of radio-frequency amplification.
The apparatus was calibrated in the laboratory immediately before
and after each flight. The calibration was effected by applying to in-
put terminals a variable, known voltage of the same frequency as the
antenna excitation and noting the corresponding meter deflections.

The antenna was excited by means of a transmitter consisting of
a master oscillator and power amplifier. Two 75-watt tubes in parallel
‘Vyere employed for the oscillator and two 75-watt sereen-grid tubes in

push-pull”’ for the amplifier. The frequency of the oscillator was held
constant at 29 megacycles by maintaining zero beat between the trans-
mitted signal and the 290th harmonic of the Round Hill 100-kilocycle
standard frequency source. The frequency shift caused by keying
amounted to less than 0.002 per cent. The greatest deviation from the
nominal value of 29 megacycles throughout the course of the investiga-

T
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tion was of the same order of magnitude. The output of the amplifier
. was led to the antenna through a two-wire feeder system represented
" in Fig. 1. Equal loading on the amplifier tubes was secured by proper
adjustment of the coupling coil and the termination of the feeder of an
antenna was determined experimentally such as to eliminate reflec-
tions and the resultant standing waves on the line.

The circuit arrangement of the receiver employed in the airship as
a field intensity measuring device is shown in Iig. 20. The receiving
antenna was a short vertical rod coupled to the grid circuit through
a small condenser as indicated. The calibrating voltage applied directly

N‘V; —é“L L’T

Fig. 20—Wiring diagram of measuring equipmeny used for
determining relative field intensities.

before and after flight was inductively coupled as required by the
particular design of the standard signal generator.

In order to obtain sufficient sensitivity grid detection and re-
generation by means of the feed-back through plate-grid capacitance
of the detector tube were employed. A tuned circuit was introduced
into the plate lead of the detector but inductive coupling between
this circuit and the grid circuit was reduced to a minimum by isolatipg
the tuned circuit in a shielded compartment. These precautions were
found to be necessary if the form of the detector calibration curve was
to remain unchanged for varying degrees of regeneration. In operation
the regeneration control was held fixed but it was desired that the cir-
cuit be of such a nature that small disturbances would not result in
any appreciable change in the calibration curve. As long as the plate
and grid coils were not in inductive relation it was found that consider-
able changes in the amount of regeneration resulted only in a parallel
displacement of the calibration curve, whereas otherwise the shape
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itself varied rapidly with the regeneration. The degree of regeneration
actually used was small and after an initial warming-up period of an
hour or two the calibration could be depended on for hours at a time,

The calibrating voltage for the receiver was obtained from the
standard signal generator of Fig. 21. The regeneration is controlled by
a variable condenser in the plate circuit, and the grid current passing
through the coupling coil contains a rectified direct-current com-
ponent as well as harmonic components. It has been shown* that if the
grid-voltage—grid-current characteristic is quadratic there may exist
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Fig. 21—Wiring diagram of standard signal generator for 29 megacycles.

between second harmonic and rectified components of grid current an
almost linear relationship. The rectified current is indicated by the
microammeter A, and the second harmonic selected by coupling to a
tuned circuit.

In operation a calibration was first obtained with the aid of a
vacuum tube voltmeter relating the microammeter reading A to the
second harmonic voltage across the coupling coil. A typical calibration
curve is illustrated in Fig. 22. Next the generator was coupled to the
receiver (the same inductive relationship being maintained between
the coils) and the plate meter of the receiver calibrated with respect
to the generator grid meter. The advantages of this indirect procedure

¢ W. Van B. Roberts, Jour. Franklin Inst., vol. 20, p. 301, (1926).

_——J
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are the following. The signal generator operates at 14.5 megacycles
rather than at a fundamental of 29 megacycles, with resulting greater
ease of construction and stable operation. Second, the necessity of a
balancing-out circuit for the grid meter is obviated, thus lessening the
time required for measurement. Finally, the sensitivity of a simple type
vacuum tube voltmeter is not sufficient to calibrate the receiver over
the entire range of radio-frequency voltages to be dealt with. Indica-
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Fig. 22—Typical signal generator calibration curve.

tions corresponding to these very small voltages could easily be ob-

served on the grid-current meter of the generator and the calibration
curve extrapolated in virtue of its linearity.

The magnitude of the generated voltage was controlled by the

amount of feed-back. A change in regeneration, however, resulted in

a change in the fundamental frequency of the oscillator. Rather than

elaborate the design of the oscillator it was found simpler to main-

. tain the frequency constant by beating after each change of regenera-

tion with the 145th harmonic of a 100-kilocycle standard frequency
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source. The power source energizing the antenna was “monitored”
against this same frequency standard. The vacuum tube voltmeter
circuit is illustrated in Fig. 23. A calibration of the voltmeter was ob-
tained by applying a small voltage of 1000 cycles per second fre-
quency directly to the grid of the tube. Calibration curves were also
made at 10 and 100 kilocycles, and as they did not vary in shape it
was assumed that the calibration was practically independent of fre-
quency even at very much higher frequencies. No change in the calibra-
tion curve was apparent over a period of several months. The ratio
of maximum to minimum voltage was well over 100 to 1.

The exact location of the airship at the instant of each observation
was determined by triangulation from the terminals of a base line
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Fig. 23—Wiring diagram of vacuum tube voltmeter used for the calibration
of the standard signal generator.

running at right angles to the usual line of flight. The transit observers
were equipped with receivers and the instant at which observations
were to be made was indicated through a signal from a small trans-

mitter in the airship. With the equipment described it was possible
to make observations at 30- to 45-second intervals.

APPENDIX

For the convenience of the reader the theoretical expressions serv-
ing as the basis of the computed field intensities and referred to in the
footnotes of the preceding paper are assembled together.

The expression for the Hertzian vector of a field about a vertical
dipole located at the surface of the earth is, according to Sommerfeld:

< 2k? Y
II, = f _]F Jo()\T)V._\/)‘ — ko’ A\
where, ' -

IT,=the wave potential or Hertzian vector
N=N =L@+ kv N — 2
k2= (ew?+io0w)/c?
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kot =w?/c?
¢=dielectric constant of the medium forming the ground plane
(rational electrostatic units)
o = conductivity of this medium (rational electrostatic units)
w=27rf
f=frequency in cycles per second
¢ =velocity of light =3 X 10'° (cms/sec.)
Jo=zero order Bessel function
z=altitude of the point in question above the ground plane,
(cm)
r=horizontal distance to this point (cm)
i=v—1
e=Naperian base, 2.718 . . .

A\ =variable of integration
Sommerfeld has evaluated this integral approximately for the
case where kZ>ks and when the angle made by the radius vector

from the dipole to the point of observation with the horizontal is small.
yI» 3

th® r
If the numerical distance p= > ¢ issmall, we have

k2

1koR

IIO =

[1 —2Vp W — ivpme™]

where, ‘
R = radius vector

and,
W = e‘"’zf ev'du
0
and,
. (koT + kZ)Z
w? = thg —————
2rk?

An expansion of the integral valid for small values of w may be
obtained

2 2-2 2-2-2 (— 1)"22n!
W=w1———w"’+ wt — wh (R — Y Y >
3 35 3-5-7 (2n + 1)!

from which one may calculate 1T,. In the case of the physical conditions
considered in this paper, the expression for w reduces to

LI
W= w o 3 —_— )
20¢ 4re )
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For the case where w is a real number, that is, along the surface of the
carth, calculation of II, for various frequencies, various distances and
different ground media is most readily accomplished by first plotting
a curve of W against w.

Trom the Hertzian vector II, may be computed the electric and
magnetic field intensities through the relations

Ey = kI, + V(V-1lo)

ic
}10= — /COZVXHO'
w

It can readily be shown that except in the immediate vicinity of
the antenna the electric vector behaves in the same manner as the
Hertzian vector, and the plots made of intensities computed from the
Sommerfeld expansion are in fact plots of II, multiplied by suitable
amplitude factor.

It will be noted that the condition AZ>k,? is satisfied even at the
high frequency of 29 megacycles on account of the great conductivity
of sea water. The same assumption would in general not be valied in
the case of similar waves propagated over dry soil.

At even small altitudes the quantity w becomes large because of the
presence of the term in z and the series converges so slowly as to be
useless for practical calculations. For this case a series in inverse
powers of w proved of value, namely:

1 1 13 1-3-5
W=-—1+4+—-—+ 3 2 -
2w 2w? 22wt 2-2- 2w

N (|

g (n — 1)!w2':

The field intensity curves computed from Strutt’s theory are car-
ried in close to the antenna and consequently it is necessary to use the
expression for the electric vector itself rather than simply the Hertzian
vector. The resultant electric field intensity FE is a vector perpendicular
to the radius vector I and has the value

E = 1k, sin 6 I je!

where 6 is the angle made by the radius vector R with the vertical.
The measured values of field intensity corresponded, however, to the
vertical component of E, or

Ez = ’L.]Co sin? BHoc""".
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For the approximate value of II, Strutt obtains

o—ikoR

IIo =

idcosd —idcosl
[eiteos? 4 fomiteos?]

2md
where d = —;\r—, d being the height of the dipole above the ground plane

and \ the wavelength. If the complex index of refraction be

n? = e — 10\,

ntcos 0 + /nf — 1 F costh

ook ot >- @ < @ o




Proceedings of the Instilule of Radio Engineers
Volume 20, Number 12 December, 1932

A NOTE ON AN AUTOMATIC FIELD STRENGTH
AND STATIC RECORDER*

By
W. W. MurcH

(Little Silver, New Jersey)

Summary—A device for making a continuous record of the energy received from
a signal or from static is described. Simple modifications are suggested by means of
which peak or average voltage may be recorded.

tensities, both of signals and static, and the varying require-
ments have produced many widely different pieces of appar-
atus. One may desire to study the changes taking place over a period
as short as one millisecond, or as long as an eleven-year sun-spot peri-
od. Obviously the same instrument would not do for both studies. The

LN /_\‘ ANY types of instruments have been used to record field in-
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Fig. 1-—Schematie diagram of field strength measuring set.

development work on the recorder described here was started some
years ago with the aim of producing an instrument capable of recording
the energy received from a fading signal during periods of the order of
ten seconds.

The method of measuring fields in use when the present work was
started has been fully described in an earlier paper.! The measure-
ments were made manually using a short wave measuring set of the
double detection type, which covered the frequency range from 1 to
30 megacycles. A schematic diagram of the set is shown in I'ig. 1. The

* Decimal classification: R270. Original manuscript received by the Insti-

ti%geg May 19, 1932. Presented before U.R.S.I., Washington, D.C., April 29,

1 H, T. Friis and E. Bruce, “A radio field i ”
Proc. LR.E., vol. 14, p. 507; August, (1926, S HICERI QSO
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method of making a measurement is briefly as follows: The set is tuned
to the signal to be measured and the attenuator is set to secure a con-
venient deflection on the low-frequency detector plate current meter.
Then the comparison oscillator is turned on and adjusted to the fre-
quency of the signal being measured. The output of the comparison
oscillator is adjusted so that the high-frequency detector acting as a
tube voltmeter (beating oscillator turned off) shows one volt on its
grid and the attenuator (beating oscillator on) is adjusted to give the
same output previously obtained from the signal. The attenuator read-
ings and the antenna constants (obtained by comparison with a loop
antenna) are sufficient data from which to compute the field strength.
The position of the attenuator, early in the intermediate frequency
amplifier, prevents overloading of any part of the set at high signal
levels and allows a very precise calibration which does not vary with
the frequency of the signal. The attenuator contains two 40-db pads
and one 0 to 50-db potentiometer. Measurements can be made with
an accuracy of plus or minus one-half db on a steady signal. Measured
values made manually with this or any other receiver are of necessity
but momentary samples, and cannot be made rapidly over long periods.
Even a trained observer has difficulty in making significant measure-
ments on a fading signal.

In designing a recorder two schemes of operation are possible. First,
the gain of the receiver may be left constant and the variations of the
output recorded; or second, the output may be held constant and the
resulting changes of gain recorded. Since the operating range of an
ordinary receiving vacuum tube is so small compared with the range
of variations of field strengths, the choice is necessarily of the constant
output system. In the present case the output is not held strictly
constant. The gain is changed at short intervals in such a way as to
hold the average output constant.

A commercial recorder controller? is used to operate the gain con-
trol of the measuring set and to record the changes in gain with time.
This recorder controller is an instrument containing a sensitive moving
coil galvanometer which is actuated by current from some external cir-
cuit, in the present case, from the output circuit of the measuring set.
A set of jaws closes every two seconds across the arc of swing of the
galvanometer needle. The position of the needle when clamped by the
jaws determines the amount and direction of rotation to be given to a
shaft which is coupled to a control mechanism, in this case, the at-

2 A detailed description of the mechanism of the Leeds and Northrup
recorder used in this work isgiven by M. F. Béhar, “Industrial temperature in-
struments,” /nsiruments, vol. 3, p. 387; June, (1930).
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tenuator potentiometer of the measuring set. The power to operate all
of the mechanisms is derived from a small electric motor. This motor
also moves a roll of paper continuously at a rate of six inches per hour
under a pen which is attached to the shaft controlling the attenuator
potentiometer.

The first attempt at combining the recorder with the measuring set
was made by running the rectified output current of the receiver to-
gether with a constant balancing current through the galvanometer
directly (see Fig. 2). Assuming that a steady signal of 1 volt is im-
pressed on the grid of the low-frequency detector and that the battery
B is removed, there will be a definite current flowing through the gal-
vanometer in the plate circuit. The voltage of the battery B is adjusted
to a value such that the current through the galvanometer is balanced
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POTENTIOMETER FREQUENCY
— ] ] DETECTOR

= Y .
E L e (2.1‘1 ) 2 )

e - O o

POSITION OF ————=d | ==

POTENTIOMETER SHAFT —Lt :I"
CONTROLLED BY GALVAN- |} B
OMETER AND RECORDED | 4! Az
AUTOMATICALLY. 1 T X
w (G)
Iv
RECORDER
Fig. 2

out. If now the signal voltage is increased, current flows through the
galvanometer in the direction X to Y. The recorder mechanism is thus
caused to operate, and the shaft of the attenuator potentiometer is
rotated in such a way as to decrease the gain of the set. If the signal
falls below 1 volt the current in the galvanometer is reversed, and the
gain of the set is increased. As was stated before, this adjustment of
gain takes place every 2 seconds. The system is so designed that the
change in gain is equal to the change in the average signal level, with
the limitation that the maximum correction possible at any one time
is 3 db. It was found necessary to use a time constant circuit to smooth
out the fades. This time constant circuit is made up of a series re-
sistance between the detector plate and the galvanometer, and a large
condenser between the plate and filament. :

This scheme was not entirely satisfactory, because, first, the time
constant circuit made it doubtful just what the results meant, and
second, since the recorder changed the gain and plotted a point every
2 seconds, the record line became very broad.
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A scheme of recording effective voltages which records the energy?’
received during periods of 9 seconds duration was finaly adopted. It is
explained by means of the schematic diagram shown in Fig. 3. An inter- 1
mediate frequency voltage e=f(f) is impressed on the input of a de- 1
tector. Assuming that the detector is a square-law device, the current |

|

Fig. 3—Schematic diagram of general recorder circuit. |
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flowing in the detector output circuit will be proportional to the square |
11 of the voltage e.

| i = ket = k[f()]2. | ‘

The voltage e, across S will then be proportional to [f O)
| Circuit theory gives the equation:

Rz‘—l—%fidt = e = [f()]2.

|
Suhstituting dq/dt for z:

d
r
| dt

Solving for ¢:

+—g— = [f©]".

1
g = EG—[/RC f GHRC[f(t)] 2dt + ce Y RC

which written in another form is:
1 T
gr = Q= .__e—T/RCf e”RC[f(t)]zdt + qoe—(T""”RC
| R t,

in terms of the initial conditions. For our case go=0 when £,=0, and
we have:

R

We have chosen values for B, C, and T such that ¢ is always small
" as compared with RC. /% is then substantially constant, and we
| have: '

Q= le~T/Rcf e””c[f(t)]th.

3 An energy type of recorder employing a fluxmeter has been described in a
paper by H. T. Friis, Bell Sys. Tech. Jour., vol. 5, p. 282, April, (1926).
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1 T
Q = —ﬁﬁ [70) J2dt.

The charge Q is thus proportional to the integral of the signal voltage
squared, or to the energy received from the signal during the period T.
It may also be noted that the charge is inversely proportional to I and
independent of C. The value of R should be small enough to permit Q
to be sufficiently large, and it must be large enough to make the time
constant large as compared with 7. A value of 300,000 ohms was
chosen for R, and 30 seconds was selected as the minimum time con-
stant. C was then 100 microfarads. The time T had previously been
set at 9 seconds so that several fading periods might be included in one
recorder cycle.

The operation, during one recorder cycle, of the cireuit shown in
Fig. 3 is then as follows: From ¢=0 to {=9 seconds, the condenser C
accumulates a charge proportional to the energy in the signal. During
the same time the condenser D receives a charge at a steady rate from
the battery B. The rate of charging D is such that at the end of 9
seconds its charge is equal to the charge that C would receive from a
steady signal of 1 volt on the detector input, but of the opposite
polarity. At t=9 seconds the condensers C and D are discharged
through the galvanometer by the closing of the keys K. These keys are
operated by a cam driven through gears by the recorder motor, and
their closing is timed so that the jaws of the recorder mechanism close
on the galvanometer needle just as it reaches the maximum point of its
swing. From {=9 to =10 seconds the recorder mechanism corrects and
records the gain of the receiver according to the galvanometer deflec-
tion. At ¢ =10 seconds the condensers are fully discharged, the keys are
opened, and another 10-second cycle starts. If the effective signal
voltage at the detector input during any 9-second period is greater than
1 volt, the charge on C will not be entirely balanced out by the charge
on D and current will flow through the galvanometer. If the signal
averages less than 1 volt the current will flow in the opposite direction.
The gain corrections during the tenth second of each cycle are made
equal to the change in signal level and in a direction to return the re-
ceiver output to one volt.

The circuit shown in Fig. 3 may be simplified as shown in Iig. 4
which is the circuit finally used. Here the condenser D and its charging
resistance are omitted, and the biasing voltage is supplied across the re-
sistance S. Several recorders employing this circuit have for some time
been used with very satisfactory results to record either signals or
static. Sample records of short wave signal intensities made with one
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. of these recorders are shown in a paper recently published by Potter
and Friis.*

The circuit shown in Fig. 3 employs a square law detector and indi-

cates the encrgy received from the signal. If the resistance S is made

Low
FREQUENCY
DETECTOR

o—d—li—

Fig. 4—Final recorder circuit.

large, the detector becomes lincar and the recorder then shows the
average voltages received. If the resistance S is omitted and R made
zero, the system then records peak voltages.

w This work was carried out at the Holmdel Station of the Bell Tele-
phone Laboratories under the direction of Mr. H. T. Friis.

+ R. K. Potter and H. T. Friis, “Some effects of topography and ground on
short-wave reception,” Proc. I.R.E., vol. 20, p. 699-721; April, (1932).
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DIRECTIONAL STUDIES OF ATMOSPHERICS AT
HIGH FREQUENCIES*

By

KarL G. JANSKY
(Bell Telephone Laboratories, New York City)

Sumimnary—A system for recording the direction of arrival and intensity of
static on short waves is described. The system consists of a rotating directional
antenna array, a double detection receiver and an energy operaled automaiic recorder.
The operation of the syslem is such that the output of the receiver is kept constant
regardless of the intensity of the static.

Data oblained with this system show the presence of three separate groups of
static: Group 1, static from local thunderstorms; Group 2, static from distant thun-
derstorms, and Group 3, a steady hiss type static of unknown origin.

Curves are gwen showing the direction of arrival and inlensity of static of the
first group plotted against time of day and for several different thunderstorms.

Static of the second group was found to correspond to that on long waves in the
direction of arrival and is heard only when the long wave static is very strong. The
stalic of this group comes most of the time from directions lying between southeast
and southwest as does the long wave static.

Curves are given showing the direction of arrival of static of group three plotted
against time of day. The direction varies gradually throughout the day going almost
completely around the compass in 24 hours. The evidence indicales thal the source
of this static is somehow associated with the sun.

INTRODUCTION

type or another of the direction of arrival of static on the long

wavelengths. Watson Watt has made a comprehensive study of
the direction of arrival of static in England. Others working under him
have used apparatus similar to his in Australia and Africa. Captain
Bureau has done considerable work on the study of static in France.
In this country, L. W. Austin with E. B. Judson working with him has
worked on the long-wave static problem. Harper and Dean, also of this
country, have made a study of the direction of arrival of long-wave
static in Maine. Very little work, however, has been done on the direc-
tion of arrival of short and very short-wave static with the exception of
the series of observations made by Mr. Potter as described in his paper
on short-wave noise.! -

]l NYOR some time various investigators have made records of one

* Decimal classification: R114. Original manuscript received by the Insti-
tute, May 26, 1932. Presented at the meeting of the American Section of the
U.R.S.I. at Washington, D. C., April 29, 1932.

! R. K. Potter, “High-frequency atmospheric noise,” Proc. I.R.E., vol. 19,
p- 1731; October, (1931).
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DESCRIPTION OF APPARATUS

Since the middle of August, 1931, records have been taken at
Holindel, N. J., of the direction of arrival and the intensity of static
on 14.6 meters. Fig. 1 shows a schematic diagram of the recording sys-
tem. It consists of a rotating antenna array, a short-wave measuring
set, and a Lecds and Northrup temperature recorder revamped to re-
cord field strengths.?

SHORT WAVE MEASURING SET
/—_—A_ﬁ

o e L=

PIPE
[0 __OT1TRANSMISSION L OO FOB O :
TERMINATION L | INE DET. BO, LF AMR RECTIFIER LAN. .
CIRCUITS = 1ST STAGE AND TIME  RECORDER
I.F. AMP CONSTANT
CIRCUIT

A.
SCHEMATIC DIAGRAM OF SHORT WAVE STATIC RECORDING SYSTEM

I.F. DET.
OF RECE!IVER

300,000 OHMS

S 2,000 OHMS

RECTIFIER 74,000 OHMS | RECORDER
100Mﬂ_ GALVANOMETER
B.
RECTIFIER AND TIME CONSTANT CIRCUIT
Fig. 1

The rotating antenna, a photograph of which is shown in Fig. 2, is a
Bruce type broadside receiving array® two wavelengths long made of
3/4-inch brass pipe. The array was designed to operate on a wave-
length of 14.5 meters. As shown in the photograph it is mounted on a
wooden framework which in turn is mounted on a set of four wheels and
a central pivot. The structure is connected by a chain drive to a small
synchronous motor geared down so that the array makes a complete
rotation once every twenty minutes.

2 A detailed description of the measuring set and recorder is given in a paper

by W. W. Mutch, PrRoceEDINGS, this issue, pp. 1914-1919,

3 A. A. Oswald, “Transoceanic telephone service, short wave equipment,”
Jour. A.I.E.E., vol. 49, p. 267; April, (1930).
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Since static on short waves is extremely weak most of the time, the
recording system had to be made very sensitive; so sensitive in fact
that the first circuit noise of the receiver is recorded.® On account of
interference which was found on 14.5 meters, it was necessary to oper-
ate the system on a wavelength of 14.6 meters. This, however, made

Fig. 2—Short-wave rotating antenna array.

little difference in the directivity of the array, the directional char-
acteristic of which at this wavelength is shown in Fig. 3.

The array termination equipment is housed in a box mounted on
the array and is connected to the measuring set in a small house about
275 feet away by means of a 3/8-inch copper concentric pipe transmis-

120° 90° 60° 30°

150°

180°

210°

240° 270° 300° 330°

Fig. 3—Directional characteristic of array at 14.6 meters.

sion line buried about 6 inches in the ground. Fig. 4 is a schematic
diagram of the array, the termination equipment and the copper pipe
transmission line. °

Fig. 5 is a photograph of the inside of the house, showing two re-
ceivers with their associated recorders. The apparatus on the right

_ 4 F. B. Llewellyn, “A study of noise in vacuum tubes and attached cir-
cuits,” Proc. 1.R.E., vol. 18, p. 243; February, (1930).

-
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x;he short-wave recording system. That on the left is a long-wave re-
1‘ding system, the records of which were used to compare with those

TERMINATION
CIRCUITS s
=

e |

MEASURING SET

‘\l
LN

! Fig. 4—Schematic diagram of array, termination, and
pipe transmission line.

Fig. 5—Long- and short-wave static recording systems.

'the short-wave system. The long-wave antenna system consists of a
tating loop and an L type stationary antenna giving the familiar
rdioid-shaped directional characteristic.
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The receiver used is a short-wave field strength measuring set of the
double detection type which was described some time ago.?

The output of this receiver is connected through a circuit with a long
time constant to the Leeds and Northrup recorder the operation of
which is discontinuous.? It automatically changes the gain of the re-
ceiver at the end of 10-second intervals in such a way that the output
of the receiver is kept constant. The gain is changed by means of a
noninductive potentiometer inserted in the intermediate frequency
amplifier. This potentiometer replaces the slide wire found on the
standard temperature recorders. The pen makes a continuous record
of the position of the potentiometer arm and this record can be
calibrated to give the field strength directly.

Ef W Vs TR ey i EEERE S s SRS S

EES

Fig. 6—Sample record of local thunderstorm static on
short waves. August 27, 1931.

The operation of the recorder is as follows: For a period of 9 seconds
the rectified output from the set charges the 100-microfarad condenser
through the 300,000-ohm resistance, see Fig. 1B, the charge being pro-
portional to the energy received from the static during the 9 seconds
providing the rectifier is a square law device. During the same time the
battery B charges the condenser in the opposite sense to the static. The
battery B and associated resistance are adjusted so that if there is no
change in the average static over the 9-second period the resulting
charge on the condenser is zero. At the end of the interval the switch
S is closed by a cam on the recorder shaft and the.condenser is dis-
charged through the recorder galvanometer. If the static level has not
changed during the interval there will be no charge on the condenser

s . T. Friis and E. Bruce, “A radio field strength measuring system for

f(rleng%(sncies up to forty megacycles,” Proc. I.LR.E., vol. 14, p. 507; August,
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and, henee the galvanometer will not be deflected and the gain of the
receiver will remain unchanged. If the static level has increased or de-
creased the galvanometer will show a corresponding deflection and the
recorder mechanism will decrease or increase the gain of the set ac-
cordingly. )

In the system used the rectifier is not exactly a “square law” device
being a two element rectifier in series with a resistance; however, as it
was operated with a very small current (5X107° amperes) it approxi-
mated the square law sufficiently accurate for the present purpose.
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Fig. 7— Direction of arrival and intensity of local storm
type static on 14.6 meters. .

ResuLts

From the data obtained it is found that three distinct groups of
static are recorded. The first group is composed of the static received
from local thunderstorms and storm centers. Static in this group is
nearly always of the crash type. It is very intermittent, but the crashes
often have very high peak voltages. The second group is composed of
very steady weak static coming probably by Heaviside layer refrac-
tions from thunderstorms some distance away. The third group is com-
posed of a very steady hiss type static the origin of which is not yet
known.

During the tiine that records have been taken, static of the first
group arising from several local thunderstorms has been recorded and
studied. The data from a few typical records of these storms have been
replotted and are shown in Figs. 7, 9, 10, 11, and 12. In these figures
the upper curve shows the direction of arrival of the main stream or
streams of static plotted against time and the lower curve shows the
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intensity of these streams at the corresponding times.® In addition to
the main streams shown there were usually other minor streams, but
these are difficult to follow in detail due to interference from random
static from local squalls which are generally present during these per-
iods. Fig. 6 is a section of a typical record of this type of static. It is
the record for August 27 of which Fig. 7 is the replot. The peaks marked
A indicate the position of the main storm. Those marked B show the
position of one of the minor storms.

Fig. 7 shows the data obtained from this record. It represents a
severe electrical storm that passed Holmdel early in the evening. Dur-
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Fig. 8—Direction of arrival and intensity of local storm type
static on 6936 meters. August 27, 1931.

ing the early afternoon hours the storm was preceded by several thun-
der squalls. The static from these squalls was recorded, but there were
so many of them and the direction of each changed so fast (as could be
observed visually) that it was not possible to follow them on the re-
cords. During the late afternoon and early evening hours the static
from the south grew stronger than that from the local squalls indicating
that a definite storm center was forming there or approaching within
range of the receiver from that direction. From then on this storm
center did not follow a straight path but, as shown by the records,
circled around the receiver and disappeared in the-northeast. The
manner in which the intensity increased and decreased as the storm
passed is clearly shown on the lower curve of the figure.

¢ The band width of the receiver used was 26 ke but before plotting, the
data were reduced to the case of a receiver having a band width of 1 ke, i.e., the
intensity values were reduced by a factor of 1/Z6.
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For the purpose of comparison, Fig. 8 shows the replot of the long-
wave record for the same day.” Note that the ratio of the intensity of
the long-wave static in microvolts per meter for a 1-kilocycle band
width to that of the short-wave static was 63 db when the storm was
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Fig. 9—Direction of arrival and intensity of local storm type
static on 14.6 meters.
the severest. This ratio is probably a little too high because the recti-
fier deviee was not truly “square law.” If we assume the inverse fre-
quency law for the intensity of static this ratio should have been 53.5
db.
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Fig. 10—Direction of arrival and intensity of local storm type
static on 14.6 meters.

Fig. 9 shows the data obtained from the record of a well defined
storm center that traveled in a straight or nearly straight line towards

7 The long-wave data mentioned in this paper are all taken on a wavelength
of 6936 meters.




1928 Jansky: Atmospherics at High Temperatures

the receiver. The static came from the west early in the afternoon,
continued to come from that direction as the storm approached, and
then as the storm passed Holmdel the direction shifted rapidly from
the west through northwest and north to the northeast where it re-
mained as the storm receded until the static no longer was strong
enough to record. A minor storm preceded this main one by about an
hour as is shown by the short curve preceding the main one. The main
storm could clearly be seen passing Holmdel along the northern hori-
zon, but at no time did it approach closer than 15 miles.

Fig. 10 shows the data obtained from the record of several small,
but well defined storm centers that followed each other in rapid suec-
cession. On this day several small thunder squalls could be seen passing
along the northern horizon.

1§'OOM N. 4.00 AM 8:00A M 12°00M, 4:00PM, 8:00PM. 12:00MN

Tk N\

PN
W

DIRECTION
OF ARRIVAL
™

SEPT 26,1931
| T

4

M

FOR A tKC. BAND WIDTH

TN A

/ SN /

INTENSITY IN DB. aBOVE 14Y

-25

Fig. 11—Direction of arrival and intensity of local storm type
static on 14.6 meters.

So far all of the records discussed have been of storms that ap-
proached from the southwest or west and passed northwest of the re-
ceiver. Fig. 11, on the other hand, shows the data from the record of
two storms occurring the same day that approached from the south
and passed the receiver on the southeast.

Finally Fig. 12 shows the data from a record of a storm that ap-
proached the receiver from the west and split, part of it passing to the
north and part to the south of the receiver.

From these figures it is evident that on the average the thunder-
storms were audible for four hours before and four hours after they
reached Holmdel. Taking 35 miles an hour as the average velocity of a
thunderstorm® this gives a distance of 140 miles that the storm centers
were distant from Holmdel when the static could still be heard.

. 8 See W. J. Humphreys, “Physics of the Air,” p. 365. Also Ward, “The
Climates of the United States,” p. 322.
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It is also worthy of note that by far the majority of storms came
from the southwest and west and passed north of the receiver with
only an occasional one passing south and southeast. The directions
lying between southeast and northeast appear to be substantially
free of this type of static at Holmdel and directional antennas built
there to receive from those directions on short waves should be trou-
bled with static only infrequently. Of course, this would not necessarily
hold for other recciving locations. Locations in some sections, for ex-
ample, would probably receive an equal amount of this type of static
from all directions.

10,00AM __ 12.00M 2.00PM 4°00PM 6 00PM 8:00PM 10 00PM.

3 oct. alqosq

2 b L~ Y

Z N yam ya

o

<

o

o w

z

8 ™~

= ™ T —

v S S

w

o N\ -

a

E
]

>
Lz
- / N\
§: M
<2 -0 L \
o < / \ \ \
8 a N\
z2y s A\ 1-‘_/‘\\
> = L/ \ N .
£ < v \
N q / \
ZzZ O -20 v
[l L~ A
3 7

-

Fig. 12— Direction of arrival and intensity of local storm type
static on 14.6 meters.

The static from the second group, which probably originates at
long distances, is usually very weak on 14.6 meters. In fact, only oc-
casionally is it strong enough to actuate the recorder. Because of this
very few satisfactory records have been obtained of it. From the re-
cords that have been obtained, however, and from aural observations
it has been determined that this static is of the crash and rumble type;
its direction of arrival follows very closely that of the long wave static;
and finally it is heard only when the long wave static coming from dis-
tant thunderstorms is very strong. It, therefore, probably comes from
thunderstorms located some distance from the receiver. The most
common directions of arrival of this static, as for the long wave static,
are those directions lying between southeast and southwest.

On March 1, 1932, this kind of static was recorded by the short
wave recorder from 2:30 p.M. to 3:50 p.M. The data obtained are shown
and compared with those obtained on long waves in Table I. The
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direction of arrival for both the long and short wave static on this day
was southeast. As shown in the table the difference between the in-
tensity of the long and short wave static varied between 56 and 62 db.
These values should also probably be somewhat lower because the
rectifier is not a “square-law” device.

TABLE 1
Intensity of static in db above 1(microvolt per .
Time meter) For a 1—ke¢ band width | Difference
Long-Wave | Short-Wave
2:30 p.M. 34.0 ~22.0 56.0
2:50 37.5 —24.0 61.5
3:10 37.0 —22.5 59.5
3:30 35.5 | —~24.0 59.5
3:50 37.0 . —25.0 f 62.0

Since this static is so weak that it cannot be recorded much of the
time, the crash method! of measuring static as used by Potter could
probably be used to great advantage to measure it.

The static of the third group is also very weak. It is, however, very
steady, causing a hiss in the phones that can hardly be distinguished
from the hiss caused by set noise. It is readily distinguished from or-
dinary static and probably does not originate in thunderstorm areas.
The direction of arrival of this static changes gradually throughout the
day going almost completely around the compass in twenty-four hours.
It does not quite complete the cricuit, but in the middle of the night
when it reaches the northwest, it begins to die out and at the same time
static from the northeast begins to appear on the record. This new
static then gradually shifts in direction throughout the day and dies
out in the northwest also and the process is repeated day after day.
Fig. 13 shows the direction of arrival of this static for three different
days plotted against time of day. Curve 1 is for January 2, 1932, curve
2 is for January 26, 1932, and curve 3 is for February 24, 1932. Fig. 14
is a photograph of a section of one of the records.

This type of static was first definitely recognized only this last
January. Previous to this time it had been considered merely as in-
terference from some unmodulated carrier. Now, however, that it has
been detected it is possible to go back to the old records and trace its
position on them.

During the latter part of December and the first part of January
the direction of arrival of this static coincided, for most of the daylight
hours, with the direction of the sun from the receiver. (See curve 1,
Fig. 13.) However, during January and February the direction has
gradually shifted so that now (March 1) it precedes in time the direc-
tion of the sun by as much as an hour. It will be noticed that the curves
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2 and 3 of Fig. 13 have shifted to the left.® Since December 21, the
sun’s rays have been getting more and more perpendicular at the re-
ceiving location causing sunrise to occur at the receiver carlier and
carlier each day. It would appear that the change in the latitude of
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Fig. 13.— Direction of arrival of hiss type static on 14.6 meters.
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Fig. 14—Sample record of short-wave hiss type static.
February 24, 1932.

the sun is connected with the changing position of the curves. However,
the data as yet only cover observations taken over a few months and
more observations are necessary before any hard and fast deductions
can be drawn.

The fact that the direction of arrival changes almost 360 degrees

9 Since thig paper was written the curve has shifted much further to the left.
Now (May 25) it crosses south at 4:30 A.m.
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during twenty-four hours and that the shift in the position of the curve
observed during the three months over which data has been taken cor-
responds to the change in latitude of the sun affords definite indication
that the source of this static is somehow associated with the position
of the sun. It may be that the static comes directly from the sun or,
more likely, it may come from the subsolar point on the earth.

The intensity of this static is never very high. At no time during
the period that records have been taken has it exceeded 0.39 microvolts
per meter for 1-kilocycle band width. As will be noticed from the
record (Fig. 14), however, its presence during otherwise quiet periods
is unmistakable.

The experiments which have been described in this paper were
carried out at Holmdel, New Jersey. The writer wishes to acknowledge
his indebtedness to Mr. Friis for his many helpful suggestions.
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THE IONIZING EFFECT OF METEORS IN RELATION TO
RADIO PROPAGATION*

By

A. M. SKELLETT
(Bell Telephone Laboratories, Inc., New York City)

Summary—=From a study of available meleor data it 1s concluded: (1) that
metcors expend the larger part of their energy in the Kennelly-Ieaviside regions,
that is, in the regions of the upper almosphere which control the propagation of all
long-distance radio waves; (2) that the major portion of a meleor's energy goes into
ionization of the gases around ils path; (3) that this ionization extends lo a con-
siderable distance from the actual path,—in some cagses several kilometers or more—
and lasts for some minutes after the meleor has passed; (}) meteor trains are pro-
duced only in the lower Kennelly-1caviside layer.

A table of the various sources of ionizalion of the upper almosphere is given with
values for each in ergs em™ sec™ . These include sunlight, moonlight, starlight,
cosmic rays, and meleors. During meteoric showers the tonizing effect does not ap-
pear to be negligible compared with that due to other ionizing agencies occurring al
night.

A meleor of onc-gram mass or greater will produce, on the above assumptions,
sufficient ionization to affect propagation. One explanation of the general turbulent
condition of the ionized laycrs may be provided by the continuous bombardment of
meleors.

tions of the upper atmosphere has become highly important

not only from an academic but also from a commereial stand-
point. This ensues from the fact that the upper atmosphere is used
every day in long-distance radio work. Long and short waves alike de-
pend on it to provide a means of guidance around the curvature of the
earth. It has been generally recognized that it is of great importance to
consider the possible sources of disturbance of the ionization in this
region. One such possible source is the ionizing effect of meteors, and
on reviewing the available data concerning meteors it becomes ap-
parent that they might be expected to have an appreciable effect on
short-wave transmission. A brief review of the more pertinent results
follows.

In the first place, it is found that the actual paths of meteors lie in
just those regions occupied by the Kennelly-Heaviside layers. For in-
stance, from observations of 107 meteoric bodies, W. F. Denning! ar-
rives at an average value of appearance of 118.5 kilometers and of dis-

DURING the past decade the study of the properties and condi-

_ * Decimal classification: R113.5. Original manuscript received by the In-
stitute, September 29, 1932.
1 Nature, vol. 57, p. 540, (1898).
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appearance, 72.9 kilometers. The average velocity was 43.3 kilometers
per second. These figures refer to objects visible to the naked eye. From
telescopic observations it is apparent that meteors also oceur at much
greater heights. The ionized region lies above about 80 kilometers, with
maxima of ionization in the neighborhood of 90 kilometers, and 200-
300 kilometers, roughly; these values varying with the hour and season.

This coincidence between the height of meteor paths and the Ken-
nelly-Heaviside region is probably not one of pure chance, for on the
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Fig. 1—Chart giving the altitude of eight self-luminous metcor trains and the
corresponding lengths of meteor tracks.

Press.()l{epublished from the Astrophysical Journal of 1907 by permission of the University of Chicago
assumption that the visibility of the meteor is largely associated with
jonization, it is evident that such trails will most often be found in
those regions of the atmosphere favorable for ionization. The few spec-
tra that have been obtained of the light of meteors? are bright line
spectra;i.e., spectra of ionized gas with little or no continuous emission.
H. B. Maris® concludes that the energy of the light emitted by a meteor
cannot be explained as due to the‘temperature of the meteor and an

2 P. M. Millman, Publication of the American Astronomical Society, vol.
7, no. 4, p. 94.

3 Terr. Mag. and Atmos. Elec., vol. 34, no. 4, p. 309; December, (1929).
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associated air cap on any of the usual assumptions regarding material,
density of air, kinetic cnergy, ete. In the light of modern knowledge it
seems more reasonable to assume that the visibility of the metcor is
due to the ionization of the gas around its path. This gas will be com-
posed not only of the air molecules but also of the volatilized constitu-
ents of the meteor itself.

In view of the fact that it has not as vet been possible to reproduce
experimentally conditions which are present during the passage of a
meteor through the upper atmosphere, we can attack the problem only
on a theoretical hasis, being guided by such data as we have gleaned
from obsgervations of the meteors and their trains. We know that the
energy of impact of the atmospherie molecules is more than sufhicient
for ionization—in fact it is of the order of magnitude of the energy of
a quantum in the far ultra-violet or soft N-ray region, wavelengths
which ionize air very readily.

Furthermore, we know that only a small part of the kinetic energy
of the meteor can reasonably be accounted for in the heating of the
meteor and the air through which it travels. It has been concluded by
other investigatorst from a more detailed theoretical attack, that less
than 2 per cent of a meteor's energy is expended in this way, and that
98 per eent goes into ionization and exeitation of the air around its
path.

In 1907 an article by C. C. Trowbridge® appeared in the Astrophys-
ical Journal in which it was shown that the trains sometimes left by
meteors were definitely restricted to a certain region. I'ig. 1 is a repro-
duction taken from this article. It may be seen that the meteors are
sometimes visible both before and after leaving the train, but that the
train is left only in the particular region shown. These trains are glow-
ing columns of gas surrounding the path of the meteor. They sometimes
persist for a half hour or longer and are often several kilometers in di-
ameter. It is obviously impossible to account for this phenomenon on
any ordinary basis of high temperature.t The measurements of a num-
ber of trains give 87 kilometers as the mean altitude of this region,
which may be described as being so favorable for producing and sus-
taining ionization that a meteor on passing through it may leave a
glowing train of ionized gas visible for many miles and persisting for

¢ F. A. Lindeman and G. B. Dobson, Proc. Royal Soc. (London), vol. 411,
p. 102, (1923).

s Astrophys. Jour., vol. 26, p. 95, (1907).

t It seems probable that these trains are similar in nature to the afterglow
in nitrogen which under certain conditions has been made to persist for as long
as 187 minutes after excitation. (Charles T. Knipp, “Duration of afterglow in

nitrogen,” paper presented at meeting of American Physical Society, Chicago,
November 27, (1931).
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many minutes. Since this is also the height of the lower Kennelly-
Heaviside layer as found by radio measurements, we are thus led to
the conclusion that meteor trains are definite Kennelly-Heaviside
lower-layer phenomena.

The variation in height of the different trains shown in the figure
is not inconsistent with the variation of the layer height as observed by
radio. Each of these trains was observed by at least two observers at
different stations, and since all of the trains lasted several minutes the
measured altitudes are probably reliable. If the train is taken as de-
fining the position of the lower ionized layer, such measurements are
possibly of greater accuracy than those obtained by radio methods
since the latter give only virtual heights.

From radio observations, it is fairly well established that there is
another layer at more than twice the height of the lower one which also
shows high ionization. One might expect, therefore, that in this higher
region also, meteors would leave a visible train. However no trains were
observed outside of the particular region cited.

- Let us estimate the ionization which would be produced by an in-
dividual meteor and compare it with the ionic concentration which is
generally assumed in order to explain short-wave radio phenomena.
If the mass of a meteor is taken as one gram, its velocity as 40 kilome-
ters per second, its length of path as 200 kilometers, and the range of
ionization around the path as one-half kilometer, the concentration of
ionization on the above assumptions would be of the order of 10¢ ions
per cubic centimeter. The maximum ionization deduced from radio
data is also of the order of 10¢ electrons per cubic centimeter.

The various possible sources of ionization of the upper atmosphere
may be taken to be: (1) the ultra-violet light from the sun, (2) from the
moon, and (3) from the stars, (4) cosmic rays, and (5) meteors. To these
may be added ions and electrons or neutral particles from the sun for
which however we have no direct data.

In the following table values for the energy received from each of
these sources are given.

Energy Received by the

Sources of Tonizalion Earth in Ergs
cm™2 sec.™?
Ultra-violet light from thesun............ . ... ... .. .. 28.35
“ “ “ “ full moon............... . .. 0.000044
“ “ “ % stars (Approx.)............. 0.014
Cosmicrays................... ... ... ., 0.00031
Meteors—Average normal day {g',’:{l """""""""" 8888%%

Meteors during meteoric shower (a.M.) up to
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The energy of the ultra-violet light up to 1350A, assuming a black
body temperature of 6000° I. was taken as being the part of the total
radiant energy of the sun active in producing the ionization of the at-
mosphere. The value of 1350A has been given as the probable upper
limit of wavelength for the ionization of air by A. L. Hughes.?

The photographie ratio of the intensities of sunlight and light of the
full moon is 650,000. This value was used in obtaining the ultra-violet
energy from the full moon. This energy value is probably too high
since the visual ratio of sunlight to moonlight is only 375,000, indicat-
ing that the surface of the moon is yellowish. Thus it seems that the
effects to be expected from moonlight must be small.

The value for starlight is that worked out by P. O. Pedersen’ from
Eddington’s figures, divided by two since only half of the encrgy from
all of the stars can be compared to that of sunlight.

The value of the energy from cosmic rays is due to R. A. Millikan
and G. H. Cameron.?

H. Shapley® gives as a conservative estimate based on telescopic
meteors, 10° meteors striking the earth each day. This number is in-
creased, sometimes enormously, at times of meteoric showers. There is
no aceurate estimate of the mass of an average sized meteor, such val-
ues as are usually given being based on calculations from the brightness
of the train. They range from a few milligrams, or a fraction thereof,
to about 14 kilograms (for a 3rd magnitude meteor) depending upon
the assumptions used in obtaining them. W. H. Pickering!? states that
the small mass usually derived for a meteor is baséd on “some very
doubtful assumptions with regard to the energy converted into light
by a candle and the amount of energy similarly converted by a me-
teor.” He further points out!! that it is difficult to believe that a body
weighing a few grains could excite a cylinder of space, which may in-
clude several cubic miles, in the manner described. C. P. Olivier'? con-
cludes that “certainly a priori larger values would seem more probable,
but most men who have attacked the problem find them smaller.””

If for our purposes, we assume the conservative value of 10 milli-
grams for the mass, we arrive at a value for the average energy of
about 0.002 that of a first magnitude meteor as calculated by Linde-
man and Dobson.*

¢ A. L. Hughes, “Report on Photo-Electricity,” Nat. Res. Council Bull.,
vol. 2, p. 86, (1921).

7 P. O. Pedersen, “Propagation of Radio Waves,” p. 74.

8 Phys. Rev., vol. 31, p. 921, (1928).

® Harvard Circular, No. 317, May, (1928).

10 Astrophys. Jour., vol. 29, p. 365, (1909).

1t Ann. Harvard Coll. Obs. vol. 41, p. 40.
12 Qlivier, “Meteors”, p. 143.
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A mass of 10 milligrams and a velocity of 40 kilometers sec™ for
an average meteor gives for the kinetic energy 8 x 10'? ergs. 10° mete-
ors for 24 hours is 1.16 x 10* per second. Thus 8 x 101°x 1.16 x 10*=10%
ergs per second (approx.). The area of the earth in square centimeters is

5.1 X 1018,
Therefore, we have,
1015
- - = 2 X 10~%*ergs em~2 sec™! (approx.).
5.1 X 1018 = (app )

However, the number of meteors per hour varies during the 24 hours
and during the year. Olivier® gives tables which show that at least
twice as many meteors fall after midnight as before and twice as many
are seen in the latter half of the year as are observed during the first
six months. This would have the effect of causing a maximum number
after midnight and during the fall of the year. From one of these tables
due to Coulvier and Gravier, the diurnal maximum occurs between the
hours of 2 and 3 a.mM. Thus four-thirds of the figure above has been
taken as the A.M., and two-thirds as the p.m. value.

The table does not take into account the relative efficiencies of the
various radiations in producing ionization of the upper atmosphere and
more particularly in the Heaviside layer. We can at best form only a
very rough estimate for each type of energy. Since no ultra-violet radi-
ation in the indicated region can be measured at the surface of the
earth, the efficiency of the ultra-violet sunlight may be taken as 100
per cent. This efficiency is taken as the ratio of the energy absorbed by
the atmosphere to the energy incident at the outside of the atmosphere.
The efficiency above 75 kilometers is possibly less than this but prob-
ably not much less. I'or moonlight and starlight the same will be true.
For cosmic rays, however, in view of their variation in intensity up to
20 kilometers, the ionizing efficiency above 50 kilometers must be neg-
ligible. The energy transfer of the meteors takes place in the atmos-
phere above 50 kilometers with probably only one exception in a few
million or more, so that the efficiency, if all of the energy were used up
in ionization, would be approximately 100 per cent. This condition, of
course, is not strictly true, some of the energy evidently going into
light and heat.

The value given in the table for a meteoric shower of large propor-
tion is based on several estimates' of 200,000 meteors seen per hour
during the Leonid shower of November 12, 1833. That the ionization

13 Olivier, “Meteors”, p. 182.
" Russell, Dugan, and Stewart, “Astronomy”, vol. I, p. 457.
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must be high during such showers is suggested by the fact that an
aurora®® was observed “throughout the heavens” during the shower of
November 13, 1866, although the earth’s magnetic field was unusually
quiet. The aurora observed was of the same color as that seen during
magnetic storms but was devoid of streamers.

In view of the above it seems fair to conclude that the amount of
jonizing energy received from meteors and spent in the Kennelly-
Heaviside regions cannot be neglected in studies of the various ionizing
agencies. On nights of meteoric showers, it seems likely that meteors
may provide the largest source of ionization unless there is also bom-
bardment by particles from the sun. This possibility does not seem to
have been considered in detail heretofore. H. Nagaoka,'® considering
the possible effects of meteors on radio transmission, has concluded
that the passage of a meteor would result in an increase in the refrac-
tive index owing to a scarcity of electrons; i.e., a sort of electron
clean-up effect caused by meteoric dust. This view is the opposite of
that presented in-the present paper.

It is evident from radio measurements that a certain degree of tur-
bulence exists in the upper atmosphere. Siguals vary in strength, not
only from day to night but from hour to hour and in the case of short
waves even from second to second. This is not consistent with a strict
interpretation of the classical idea according to which the upper at-
mosphere exhibits isothermal equilibrium. One of the agencies con-
tributing to this turbulence may well be metcors or meteoric dust. It
is known that the earth, in its travel through space, encounters at
unpredicted times, in addition to a normal number of meteors of ran-
dom direction, denser clouds of varying size of meteoric matter.

During the past year meteors have been observed in Arizona by
members of an expedition organized by the Harvard College Observa-
tory.” They have found meteors in much greater numbers than had
heen previously expected. They also found that the velocities were very
high—so0 high in fact as to leave no doubt that they had come from
interstellar space. These new data increase the estimate of the number
of meteors which hit the earth per day by a considerable amount, and
also give them a much greater average velocity.

The general conclusions in relation to radio transmission have been
suggested in an earlier paper.'s If densities of the order of 10° electrons
per cubic centimeter can be produced it seems likely that effects of va-
rious kinds might be expeeted. Small ionization due to meteors might

15 James Challis, Roy{. Astron. Soc. Month. Not., vol. 27. p. 75, (1867).
15 Inst. of Phys. and Chem. Res. (Tokyo), Sci. Paper 297, (1931).

17 8. L. Boothroyd, Paper presented at meeting of A.A.A.S., June 22, (1932).
18 Skellett, Phys. Iev., vol. 37, no. 12, p. 1668; Junc 15, (1931).
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provide the increase necessary under certain conditions in order to re-
turn a wave which would otherwise not be reflected back to earth. The
haphazard bombardment might contribute a degree of turbulence to
the layer and help to produce fluctuations or fading in the signal. If
such effects occur one would expect them to be especially marked dur-
ing meteoric showers. Measurements were accordingly made by J. P.
Schafer and W. M. Goodall during the Perseid and Leonid showers of
1931. Their results are reported in the following paper.

G. W. Pickard'® has made a statistical study of radio transmission
during meteor showers. While his results are not conclusive, he inter-
prets them as indicating a correlation.

13 Proc. I.R.E., vol. 19, p. 1166; July, (1931).
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OBSERVATIONS OF KENNELLY-HEAVISIDE LAYER
HEIGHTS DURING THE LEONID METEOR
SHOWER OF NOVEMBER, 1931*

By

'S J. P. Scuarer AND W. M. GoODALL
(Bell Telephone Laboratorigs, Inc., Deal, N. J.)

Summary—This paper describes the resulls of radio measurements of the
virtual heights of the Kennelly-Heaviside layer during the Leonid meteor shower
of November, 1931. While the results are not conclusive, due to the fact that a moder-
ate magnetic disturbance occurred during this same period, there is some reason to
believe that the presence of meteors in unusual numbers causes increased iontzalion
of an intermiltent nature in the region of the lower layer.

EASONS have been given by A. M. Skellett! of these labora-
R tories for believing that metcors may cause sufficient ionization

in the upper atmosphere to affect radio-wave propagation. In
order to discover possible effects of this sort, radio measurements of the
virtual heights of the Kennelly-Heaviside layers were made on the
three nights of the 1931 Leonid shower, November 15-16, 16-17, and
17-18. We are indebted to Mr. Skellett for the suggestion to make
these tests.

The observations were made with a recently developed system for
virtual height measurements.? This system uses a cathode ray oscillo-
graph employing a sinusoidal timing wave. Observations are made
visually. The transmitter and receiver are separated by a distance of
one kilometer. Three frequencies, 2398, 3256, and 4795 kilocycles were
used in these tests.

Several unusual phenomena were found which may have been due
to the presence of meteors. Unfortunately, however, a magnetic dis-
turbance of moderate intensity oceurred during this meteor shower,
and therefore definite conelusions regarding the effect of meteors can-
not be drawn at this time.3 In view of the growing interest in phenom-

* Decimal classification: R113.5XR113.61. Original manuseript received by
the Institute, September 29, 1932.

1 A. M. Skellett, Proc. I.R.E., this issue pp. 1933-1940, and Phys. Rev.,
vol. 37, no. 12, p. 1668; June 15, (1931).

2 J. P. Schafer and W. M. Goodall, Proc. .R.E., vol. 20, pp. 1131-1149;
July, (1932). 0

3 If magnetic disturbances can be caused by the arrival of charged particles
from the sun in unusual numbers, perhaps they can also be produce(% by the gen-
eration of ions due to unusual quantities of meteors or meteoric dust. A pre-
liminary study of magnetic data, earth currents, and solar activity taken to-
gether with the virtual height measurements indicate that this particular mag-

netic disturbance might well have heen due to meteoric rather than solar causes.
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ena related to the upper atmosphere, it is believed to be worth while
to record the unusual features of the results obtained and to discuss
briefly their possible significance.

Intermittent reflections corresponding to virtual heights (h,) of 100
to 200 kilometers for the highest frequency (4795 kilocycles) were ob-
tained throughout the three nights. The reflections occurred for short
periods of several seconds on the first and third night, and appeared
and disappeared suddenly. On the second night these reflections were
present a much greater proportion of the time than on the other two.
Intermittent reflections of this type are not normally found.

Fig. 1 illustrates the variations in virtual height which were ob-
served on the second night (the night of maximum meteor activity).
At about 11:40 p.M. weak lower-layer reflections (%, about 130 kilome-
ters) and stronger upper-layer reflections (h, =370 to 400 kilometers)
were obtained for 2398 and 3256 kilocycles. No reflections were ob-
tained for 4795 kilocycles at the same time. This condition is about nor-
mal for an undistrubed night. Within the next half hour, however, the
lower-layer reflections gradually increased in intensity and the virtual
heights became lower. The upper-layer reflections became weaker and
actually disappeared at about midnight, due probably to the shielding
effects of the lower layer. The ionic gradient in the lower layer seems
at this time to have increased to such a point that the virtual heights
for all three frequencies were of practically the same value (h, 107 kil-
ometers) and as many as four strong multiples from this layer were
obtained. For a short time pulses were also transmitted on a still higher
frequency of 6425 kilocycles during the time when strong multiple re-
flections from the lower layer were received on the other frequencies.
No reflections were found on this frequency. This means that the ef-
fective electron density in the lower layer must have increased to ap-
proximately 5 x 10° electrons per cubic centimeter as determined from
calculations for the two frequencies of 4795 and 6425 kilocycles.

Shortly after 1:00 a.M. the lower-layer reflections became weaker,
the multiples disappeared, and upper-layer reflections appeared again
and became stronger for the two lower frequencies. Upper-layer re-
flections were not observed for 4795 kilocycles until sunrise. Indica-
tions of two other periods of maximum ionization of the lower layer
were observed at approximately 2:45 and 4:30 A.M., for the three
lower frequencies. These maxima were less pronounced than the one
at midnight.

However, previous records have shown that all meteor showers are not accom-
panied by magnetic disturbances, and even an extensive study of the data might
not be conclusive since the cause of magnetic disturbances is still in doubt.
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Fig. 1—Virtual height variations during the night of November 16-17, 1931, for
frequencies of 2398, 3256, and 4795 kilocycles. Also note the variations in
the intensity of reflections. From the behavior of the reflections from the
lower layer it appears that there was a large increase in the effective ioniza-

tion of the lower layer near midnight, and minor increases at about 2:45
and 4:30 A.M.
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Two similar maxima were observed on the third night; at midnight
and at 4:00 a.n., but neither one was as pronounced as the first one of
the previous night.

These observations indicate unusually disturbed conditions of the
lower Kennelly-Heaviside layer and would seem to indicate that the
meteors may have been a source of intermittent ionization in this re-
gion. The large maxima of ionization near midnight on the second
night might be due to particularly large single meteors or to groups of

meteors.

VISUAL OBSERVATIONS
OF METEORS
LEONID SHOWER OF NOVEMBER 1931
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Fig. 2—Curves showing the variation in the observed rates of meteors during the
Leonid shower of November, 1931. Note that the greatest rate was observed
about 4:30 a.m. on the morning of November 17. The actual number of
meteors was probably much greater than those indicated as all curves except
D are for the average value of a single observer.

Nolocal visual observations of meteors could be made on the nights
in question, due to the stormy weather, but observers at other points
in the United States have reported this Leonid shower to be the most
active shower of any description since 1866. The curves of Fig. 2 were
drawn from data published by Charles P. Olivier* and show that there
was a pronounced maximum in the number of meteors on the night of
November 16-17 as compared with the nights before and the night

* Charles P. Olivier, Popular Astronomy, p. 16, January, (1932).
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after. The upper set of curves show that the maximum number of mete-
ors occurred between 4:00 and 5:00 a.m. on the morning of the 17th.
This time corresponds to the time of one of the minor increases in ap-
parent ionization of the lower layer. (1:30 1.:.) No reason for the large
maxima of ionization near midnight is found from these charts, but
Olivier mentions the fact that during the night a number of large me-
teors left visible traing, two of which lasted for twelve minutes and
several for five minutes. 1t is conceivable that a meteor of this descrip-
tion could be responsible for the increase in ionization which was found.

Somewhat similar phenomena to those found during the leonid
shower were observed during the Perseid shower of August 11 to 13.
Although they were not of such a pronounced nature their occurrence
may he more significant than those accompanying the Leonid shower
since no magnetic disturbance of any appreciable value scems to have
been reported for this shower, and earth current records showed only
very small variations.

1t should also be mentioned that similar though less pronounced
increases in ionization have been found at various times during nights
when there has been no evidence of metearie or magnetic disturbances.
This is not necessarily inconsistent with the meteorie hypothesis since
the earth while traveling in its orbit may oceasionally encounter clouds
of meteoric dust which is too fine to be visible as meteors but sufhicient
in the aggregate to produce appreciable ionization.

It will be of interest to follow this investigation through future me-
teoric showers, especially during the Leonid shower of 1932 when the
number of meteors should be at the peak of the 33-year cycle.

> —til) - @< E—— -
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SOME NOTES ON DEMODULATION*
By

Hans RopeRr

(Radio I'ngineering Department, General Electric Company, Schenectady, N.Y.)

Summary—The audio oulput of a detector depends upon two magnitudes which
are independent each from the other. These magnitudes are the radio-frequency
envelope of the input and the rectification characteristic of the detector. In problems
dealing wilh the distortions caused by selective circuits or by the superposilion of
several modulated signals il becomes necessary lo treat both magnitudes separately.

A new method to find graphically the radio-frequency envelope for the “general
modulated signal,” is given.

An analysts is made showing how to find the detector output if the input radio-
Jrequency envelope and the rectificalion characteristic of the detector are known.

I. InTrRODUCTION

N electrical communication two different principles are utilized to

Ji[ transmit a message between two distant points. The first and older

method is to send the low-frequency currents which are generated

by the microphone or the telegraph key to the distant point over wires.

The other method employs a “carrier” frequency on which the “mes-

sage” frequency is superimposed. This latter system is applicable to
both wire and wireless communication circuits.

In the case of a “carrier frequency,” two problems immediately
present themselves. First, we have to superimpose the “message fre-
quency” upon the carrier. At the receiver, we have in turn to eliminate
the carrier from the message frequency. We call these procedures
modulation and demodulation, respectively.

Confining ourselves to radio communication we see that principally
various modes of modulation are available. We may use amplitude,
phase, or frequency modulation and combinations of these three modes.
A great number of electrical arrangements for performing these types
of modulation is known, especially for amplitude modulation. On the
other hand, when considering the problem of demodulation we find
that only one principle can be used: rectification. With our present-day
knowledge, no other means are available to separate carrier and mes-
sage frequency.

This fact defines the type of modulation which most advantage-
ously may be used. If we apply a radio-frequency voltage of constant
amplitude to the input terminals of the rectifying detector, the out-
stitu:e,DﬁJcli;rn;';, (l:lémgs;iﬁcation: R148. Original manuscript received by the In-

1946

.
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put current will be a steady direct current without any superimposed
audio-frequency components. But with an input radio-frequency volt-
age of periodically variable amplitude these amplitude variations will
appear as audio-frequency components in the output current. In
general, the output audio frequency will be different to a certain extent
from the envelope of the radio-frequency input, this difference being
due to the rectification characteristic of the detector. It follows from
these considerations:

1. The detector input radio-frequency voltage must show ampli-
tude variations in order to get any audio output.

2. The audio output of the detector depends upon two magnitudes,
the envelope of the input radio-frequency voltage and the rectification
characteristic of the detector.

This physical fact makes it necessary to treat the two magnitudes,
envelope and rectification characteristic, separately.

II. ENVELOPE OF THE MODULATED SIGNAL

A sinusoidal alternating current is usually represented by the pro-
jection of a rotating radius vector into a projection axis, (Fig. 1). We

A

=

| Projection
' Axis

Asiny A
l 4
Fig. 1
may write

7 = A sin o, (1)

where ¢ is connected with the angular velocity w by the relation

de

w = 2mfo = — " 2
fo=— (2)

Lach of the magnitudes, amplitude, phase, or frequency can be sub-
jected to a periodical change at audio rate, so rendering amplitude,
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phase, or frequency modulation, respectively. It has been previously
shown! that each of these types of modulation and combinations of
them will produce a carrier frequency and a set of side band frequencies
which are evenly distributed on both sides of the carrier. These results
have heen derived in assuming a sinusoidal audio frequency, but, from
the mathematical expressions given in the paper mentioned above,
carrier and side bands may be readily calculated in case the audio
frequency is a nonsinusoidal function. Expanding the audio function
into a Iourier series it is seen that simply the number of side band fre-
quencies is increased and their amplitudes are changed.

The modulated radio-frequency signal which is generated in the
modulated stage has to pass the amplifier stages of the transmitter,
is radiated by the antenna, propagated through space, picked up by
the receiving antenna, amplified again and finally supplied to the
input terminals of the detector. On its way from the modulated stage
to the detector, its components are subjected to certain changes.
Selective circuits and nonlinear amplification both at the transmitter
and receiver will affect the amplitudes of the components, while in
space due to selective absorption and reflection both their amplitudes
and phases may be changed. We see that the components of a signal
arriving at the input terminals of the detector in the receiver, will
differ more or less from those leaving the modulated stage. We write
for this detector input signal

L = Altsin (wt + o) + nnz: la, sin ((w 4 nu)t + a»)
+ b, sin ((w — nu)t — B,) ]:I (3)

Abbreviations:

w radio radian frequency
¢ phase angle for radio frequency
r fundamental audio radian frequency
nu radian frequency of the nth audio harmonic
N total number of side band pairs present
A amplitude of the carrier
Aa,)
ramplitudes of the nth side bands
Aan

N
o |

l\ phase shift with respect to the corresponding znput com-
B.) ponent
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Since the items an, Bn, @4, and b, are entirely arbitrary, (3) repre-
sents the most general case of modulation. As may readily be seen by
substituting suitable values for aa, ba, o, and 8., equation (3) can be
transferred into the expressions for amplitude, phase, or frequency
modulation.! Therefore, we call the expression given by (3) “the general
modulated signal.” This equation also includes the cases in which two
different signals are picked up by the receiving antenna, the carriers
of which are not sufficiently spaced as to be separated by selective
radio-frequency amplifier stages. It consists of the carrier

A sin (0wt + o) = C (4)

and the side bands

ne=N

A D [ausin ((w + np)t + a,) + b, sin ((w — np)t — Ba) ]

nw 1

n=N

=AY M,=M. (5)
nm=1

As we shall see later, the term J/ can be represented by a radio-fre-
quency vector of the angular velocity w. We call it “modulation vector. ”
This signal is to be rectified in the detector. In order to find the
detector output current we have to know the radio-frequency envelope
of the expression given in (3). For this purpose we investigate the

magnitude M, which represents the nth side band.

-

1. Analytical Expression for the Envelope
Transforming (5) into
M, = sin wt[— s, sin nut + s. cos nput)
+ cos wt|d. sin nut + d, cos nut) (6)

where,

s, = sum ) ) )

4. — difference of sines = a, sin @, + b, sin B,

s, = sum

) of cosines = a, cos a, t b, cos B,
d. = difference

we find that M, consists of two radio-frequency terms. For reasons
of abbreviation, the bracketed terms in (6) are put equal to S, and

1 H. Roder, “Amplitude, phase, and frequency modulation,” Proc. L.LR.E,,
vol. 19, p. 2145; December, (1931).
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D,, respectively, so getting

M, = 8, sin wt + D, cos wt. (7)
This, when substituted into (3) yields
v = A() sin (wt + ¢(1)) (8)
where,
n=N
sing + . D,
¢(t) = arc tan ::; (9)
Ccosp+ DN,
n=1
and,

n=.\N 2 n=N 2
A (f) =envelope =4 1/(003 o+ D Sn>+<sin o+ Z[)n>. (10)
n=1 n=1

Thus, the problem of finding the radio-frequency envelope is solved.

Fquation (10) lends itself very advantageously to investigating
the detector output in case a pure square-law detector is used. In this
case, the expression in the root is directly proportional to the output
current. But in the case of a linear detector it would be quite a labori-
ous task to evaluate the expression given in (10) if the problem is to
be worked out numerically under various conditions. For this reason
we shall attempt to find the envelope by a graphical method.

2. Graphical Method for Finding the Envelope

It is conventional in alternating-current theory to replace a mag-
nitude which varies sinusoidally with time by the projection of a radius
vector into a projection axis, whereby we may either assume that the
projection axis is standing still with the radius vector rotating counter-
clockwise or that the projection axis is rotating clockwise with the
radius vector standing still. We prefer the latter assumption and fix the
relative position of the projection (i.e., time) axis such that, for ¢=0,
it coincides with the y-axis. This necessitates drawing S, sin wt as a
horizontal vector of the magnitude S, and D, cos wt as a vertical
vector of the magnitude D,. By this trick, we elimihate the radio
frequency, w. We thus obtain Fig. 2 as a graphical interpretation of (7).

The terms S, and D, in that equation, however, are magnitudes
which vary with time at audio-frequency rate. They contain sine and
cosine components and, consequently, they can be represented by
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veetors having the angular velocity nu. But, in this present case we
preferably choose the assumption that the projection axis is standing
still while the vectors are rotating with the angular velocity nu. For
the term

N, = — s, sin nut + sc cos nut (11)

the horizontal axis beecomes the projection axis. With reference to
Fig. 1, it follows that s, and s. must be drawn as shown in Fig. 3, thus

wl

Fig. 2

resulting in the time veetor S,,. Similarly, the term
D, = d. sin nut + d, cos nut (12)

must be referred to the vertical axis and renders the time vector D,,.
Both S,, and D,, rotate with the constant angular velocity nu. The
vector sum of the horizontal component of S., and of the vertical com-
ponent of D, gives the vector M, asa function of audio frequency.

This procedure suggests making use of the well-known complex
symbols as is commonly done in alternating-current theory. We may
write (12) in the following form

D, = JnuDrw = Jnu(dc ol st) (13)

the symbol J,, indicating that only the j-component of the vector is
to be taken. A corresponding expression is obtained for S, from (11).
However, because S,, is to be projected into the horizontal axis we
have to shift the S, plane by —90 degrees. We do so by writing sym-
bolically:
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Sn = = ermSuo == X jRnu(” Sy + jsc) (14)

thus indicating by the symbol R,, that only the real component is to
be used. With these symbols, (7) yields—

M, = R, |+ s + js.] + Juuld. + jd.|. (15)

Substituting for s,, s., d,, d, their respective values ((5) and (6)) we
finally get the simple symbolic expression :

Mn = R,uSne + JauDno (16)
where,
‘qna = a"‘iﬂn + bn‘iﬂ"

D,, = a,ei® — n,eibs

17)

The time vectors §,, and D,, can he found in the most simple manner
(I'ig. 4). The addition of their proper components gives the vector M.
Inspection shows that the diagram corresponding to (16) is equivalent
to that obtained above (Fig. 2).

*)

Fig. 3

When S,, and D,, are rotated with the constant angular velocity
nu, the end-point, P, of M, describes an ellipse.? (Fig. 5.) We may draw
this ellipse either point by point or we may construet it from its axes.
To find these we first have to know two conjugated diameters, which
we may get readily by shifting S,, and D., by + 90 degrees (point P,).
As can easily be shown?® the diameter PP/, is conjugated to the
diameter PP’. With two conjugated diameters being known, the axes

2 For proof see Appendix 1.
3 See Appendix 2.
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of the ellipse and the ellipse itself may be found by well-known graphi-
cal methods. i

In certain cases, the ellipse will degenerate into a circle or a straight
line. We have:

(1) for a,=0or b,=0: the ellipse changes to a circle.

(2) for a,=b,: the angle between D,, and S,, becomes equal to

90 degrees. Instead of the ellipse, a straight line is obtained
which includes an angle of }(«,—/3,) with the horizontal axis.

(3) For |a, = ',8: the axes of the ellipse do coincide with the

axes of the coordinate system.

We have thus found a simple graphical method by means of which
we are able to replace each pair of corresponding side bands by a radio-
frequency vector M, rotating with a frequency of nu. The angular
velocity of the vector 1/,, however, is not constant.

Now, when returning to (5), from which we started, we can repre-
sent the bracketed term by a vector M,, while the arithmetical sum-
mation becomes a geometrical summation. The diagram becomes
complete, if we add the vector of the carrier, for which we have

Carrier = (' cos © 4+ 7 sin ¢.
Then,

M=>M,
and,
R=C+M.
R is the instantaneous magnitude of the radio-frequency envelope. If
the diagram is drawn for a number of subsequent values of ut, I'ig. 6,
then the end-point of R, Py, will trace a curve ¢. This curve when
plotted in rectangular coérdinates with R as ordinate and uf as ab-
scissa, Is the desired envelope of the radio frequency. The angle ¢ in
Fig. 6 is the maximum phase shift to which the radio frequency is sub-
jected during the modulation cycle.
Vector diagrams of this type have already been used formerly to
represent phase modulation and amplitude plus phase modulation.
In order to summarize the result of this section the following rule
may be given for the graphical treatment of modulation problems. In
the analytical work the modulated radio frequency will usually be
obtained in a form corresponding to (3) or (4) and (5). These expres-
sions are first separated into carrier frequency and into corresponding
pairs of side band frequencies. The trigonometric functions containing
sums and differences of angles are transformed into products of trig-

3 See footnote 1, Figs. 10 and 12 of the paper referred to.

f _ i
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onometrie functions by simple trigonometric transformations. The

result so obtained ean immediately be written in terms of vectors.
We put. in the expression for the earrier

-

sinwt = + 1
coswl = + J,
and in the expression for each pair of side bands
sinw! = — jR.,
coswt = + Ja,
sinul = + 1
cosul = +J

whereby we indicate

by the symbol R . ..

by the symbol J . ..

by the subseript nu . .
velocity npu.

only the real component is to be used
only the imaginary component is to be used
_the vector rotates with the constant angular

If the vector equation as obtained by this procedure is represented
graphieally, then for each pair of side band frequencies a vector M, is
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found. The graphical addition of all vectors M, resolves into the “modu-
lation vector” M. When adding the modulation vector and the vector
obtained for the carrier, the instantaneous value of the radio-frequency
envelope will result. :

I1I. PROCEDURE OF DEMODULATION

It can be shown generally in a very simple manner how the envelope
of the radio frequency and the rectification characteristic of the de-
tector define the audio output current. According to (8), the input
signal voltage which is a radio frequency can always be written in the
following form (8)

e = A(t) sin (wt + ¢(t)). (18)

In this equation, A(f) represents the envelope of the radio frequency
which can be found by the methods given in the preceding section. We

Fig. 7

assume A (¢) to be a periodic function of audio frequency having the
period T.. ¢(f) represents a phase angle with respect to a convenient
reference time. It varies at an audio rate as is well known for phase or
frequency modulation. The voltage, ¢, Fig. 8b, is applied to a detector,
the rectification characteristic of which (Fig. 8a) can always be repre-
sented by the following power series

v = f(e) = we + use® + wped + wet +- - - (19)
where,
¢ is the output current (rectified current)
W1, Ughis == s are constants which characterize
the detector, and
e is the input voltage.

We confine this investigation to ideal conditions, viz., (Fig. 7): no
grid current and pure resistive load in the plate circuit, (i.e., Cj very
large). In the majority of applications, these conditions are very well

]
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approached. If, however, the plate load has a considerable reactive
component, our simple treatment is not applicable.®
The output current, ¢ =f(t), which is due to the voltage e, is shown

.
E(i.t)
~ /"f
©) S

y (0

| »
— T E5
Mg

r—— N ©
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— \3
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Fig. 8
in Fig. 8c. It is seen that 7 consists of radio-frequency components and

audio-frequency components. The membrane of a loud speaker or of a

¢ H. Barkhausen, “Elektronenréhren,” vol. 3, pp. 146 ff., Leipzig, (1929);
3 lBal(lantine. “Detection at high signal voltages,” Proc. I.LR.E,, vol. 17, p. 1154;
uly, (1929).
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headphone, or the mirror loop of an oscilloscope will follow the audio
components only. In each instant, the deflection will be proportional
to the low-frequeney eurrent which is found to be

1 Tr
le = — udt, 20
rl. 2

T. being the period of the radio frequency. Substituting (18) and (19)
into (20) we get

1 o,
. f [ (£) sin (t-+(6)) 4 s (A (&) sin (wi4-B(0)) ... |dt. (21)

The variation of A(¢) in the time interval T, is very small, since
T, <LT,.

Thus, A(t) can be considered as being constant in the interval T, or,
the function E(7, ) in Fig. 8¢ can be replaced by the steps E'(z, t) and

we get,
7

. — 1 v
= Tu@or f sin*(wt 4+ $(0)dt. (22)
n=1 r (
The values of the factors
1 7
- f sin"(wt + (1))t (23)

are plain numbers which are independent of T,. This holds true also
in the case of frequency or phase modulation, since in this case the
integration interval T, is varied accordingly. The evaluation of (22)
yvields

1 1 2 1
1o = —wA{) + —u2(A(1))? + — —uz(A(t))3
T 4 3 7

2 ) s 8 1 4 5
+ 1—6114(: ) + E'?us(l ()

-

B
+ 3—2‘216(3(5)) + ey (24)

This result has been derived for a “perfect” detector; i.e., a detector
which has zero conductivity in one direction. It may, however, be
applied also to an “imperfect” detector which passes current in both
directions (branches 7; and 7, in Fig. 9). In this case, as can be simply
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shown, the output obtained is equivalent to the output of a “perfect”
detector which has the characteristic 7,—i2'; 42’ being the image of the
branch 7. Iiquation (24) shows that, in general, the audio output cur-
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Fig. 10

rent of the detector will differ more or less. from the envelope of the
input radio-frequency voltage. Only for the “linear detector” (Fig. 10)

for which s, us, us - -

gruent to the input radio-frequency envelope.

. =0, the audio output current will be con-
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IV. ConcLusioN

The two magnitudes, detector characteristic and radio-frequency
envelope, are independent each from the other. A very great variety
of detector characteristics may be used by properly choosing the char-
acteristic and the load of the rectifier tube. The radio-frequency en-
velope, on the other hand, is defined by the modulation system applied
at the transmitter, and the “transmission system” which extends from
the modulated stage at the transmitter to the input terminals of the
detector at the receiver. The “transmission system” thus defined con-
tains the amplifier and output stages of the transmitter, the antenna
circuit, the propagation medium, receiving antenna and the radio-
frequency amplifier stages of the receiver. In opposition to the de-
tector characteristic, it is obvious that with a given modulation system
the radio-frequency envelope does not lend itself very well to arbitrary
adjustment. For this reason, radio-frequency envelope and detector
characteristic are to be treated separately. If the radio-frequency en-
velope is known, it may be applied to a suitable detector thus making
it possible to distinguish properly between the distortions due to
modulation and the transmission system on the one side and the pro-
cedure of demodulation on the other side.

It may be objected that the preceding considerations, being rather
simple and self-evident, do not need to be discussed in such detail as
has been done in Sections 1 and 3. But the author felt it justified when
outlining these facts, since numerous publications on these problems
do not consider that distortions in the audio output are due to two
independent sources, one of which is arbitrarily adjustable to a much
higher extent than the other. The procedure of taking into account only
the distortions, which are contained in the output of the detector, does
not give a check on the performance of the modulation or transmission
system considered.¢

8 An example: In a paper by Mr. G. D. Gillet on the problem of ecommon
frequency broadcasting, a figure is given (Proc. LLR.E,, vol. 19, p. 1347; August,
(1931); Fig. 12, on page 1364), in which are plotted the distortion products,

second harmonie . . . .
~ fundamental obtained at a point equidistant from the two stations. For

equal field strength, equal percentage modulation and with audio and radio
phase angle=0 the diagram shows the rather high second harmonic com-
ponents of —12 db (25 per cent) and — 18 db (12.5 per cent) for 100 per cent and
50 per cent modulation, respectively. At first glance one might think that this
distortion was obtained as a consequence of the superposition of the two modu-
lated signals, but closer inspection shows that the radio-frequency envelope of
the resulting signal is a pure sinusoidal function. The distortion is simply caused
by the square-law detector, which, as is well known, gives ! K per cent second
harmonic distortion if the input signal is K per cent sinusoidally modulated. In
the above case, a linear detector would show zero distortion. i
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APPENDIX 1

It can be simply proved that (15) represents an ellipse. We write
with reference to Fig. 5:

z and y = coordinates of the point P,
o = the angle between the horizontal axis and Shno,

6 =the angle between S,o and Dyo.

Then,
x = S, COS O

y = Dy, sin (o + 0).

Elimination of ¢ yields a second-degree equation which is shown in
elementary analysis to be an ellipse.

APPENDIX 2

Point P, is obtained by shifting Sao and Dao by + 1. Solving for
the direction of the tangent to the ellipse in point P, we find:

dy D,. sin (¢ + 6)
The direction of the diameter PP’ is
| y D,. sin (¢ + 6) '

z Sro cos o

b4

Thus, the tangent and the diameter PP’ are parallel. Consequently,
the diameter PP’ and the diameter P,P,’ are conjugated.

o D) > @ < @ <o
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SUPERPOSITION OF TWO MODULATED RADIO
FREQUENCIES*

By

Haxs RopEr
(Radio Engineering Department, General Electric Company, Schenectady, N. Y.)

Summary—If two modulated radio frequencies are added, the envelope of the
resulting signal can be found by means of a vector diagram. A number of envelopes
corresponding to various conditions are shown. The distortions in the resulling
envelopes are mainly due to phase shifts of audio frequency. Low percentage modu-
lation helps to keep distortions small.

The treatment applies to common-frequency broadcasting and to all cases in
which the rece