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MANUFACTURERS

For over four years Thordarson
transformers have predominated in
the receivers and power units of
-5 leading radio manufacturers,

Such patronage is not an accident.
It stands as a positive proof of a
superiority of product. It demon-
strates the effectiveness of a policy
of service rendered to the n’th de-
gree by an efficient and smooth
running organization,

b
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We are at present manufacturing
over twelve hundred different types
of transformers. Among our cus-
tomers are more than a hundred
radio manufacturers,

Thordarson engineers always stand

ready to help you with your trans-
former problems.

PROMPT DELIVERY
RIGHT PRICES

LTG0 A O LGBV

THORDARSON

RADIO
Jupreme in Musical Perfbrmaneetgﬁﬁ
TRANSFORMERS

THORDARSONDI«;"I&@CTRIC MANUFACTURING CO.

rmer specialists since 1895
WORLDS OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS

Chicago. US.A =Mt

When writing to advertisers mention of the PROCEEDINGS wwill be mutually helpful,
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In the Finest Sets...
Faradon oz

. At the R.M.A. Show the latest
and finest radio equipment
is presented.

H

{ Playing no small part in this ad-
vanced standard of quality and de-
& a1 3 pendability is the Faradon Capaci-
= g SR N tor, specified by manufacturers be-

T cause of satisfactory service ren-
dered.

Faradon engineers are always
ready to co-operate with you on
special equipment which cannot be
taken care of by the more than
200 Faradon Capacitors in regular
production.

WIRELESS SPECIALTY APPARATUS CO.
Jamaica Plain
BOSTON, MASS, U. 8. A.
Established 1907

aradon

Electrostatic Condensers
for All Purposes

1937

When writing to advertisers mention of the ProCEEDINGS will be mutually helpful.
i




High Voltage Power Units

FOR TRANSMITTERS AND LABORATORIES

Complete Rectifier Units Supplying Plate and Filament
Voltage Employs Standard UX-852 Tube.

OUTPUT RATINGS

PLATE FILAMENT
2000 Volts D.C. 10 Volts A.C.
At 300 Watts At 80 Watts
(150 Mils) (8 Amps)

oA COMPLETE power supply for the medium power Amateur

Transmitters using either telephone or telegraph. Ready for
immediate use. Plugs into the ordinary light socket. Operates from
110 volt, 50 to 60 cycle, single phase alternating current power source,
supplies sufficient power for operating either one or two UX-852
tubes or one UV-204A tube or any other tubes having similar
characteristics.

OMPRISES Plate Transformer- —Separate Filament Transformer
C —Two 30 Henry Filter Choke Coils—Three 2 Mfd. 2000 Volt
Filter Condensers—One UX-852 Tube Holder—Pilot Light Control
Switch—8-Foot Connecting Cord and Plug—Housed in heavily con
structed metal case which is finished in black crystaline lacquer—
Plainly marked Terminal Panel—Employs One Standard UX-852
Tube in a Conventional Half Wave Rectifier Circuit.

DIMENSIONS—20 in. x 914 in. front x 13 in. deep—Weight 70 Ibs. net.
Rectifier Unit-—Cat. 172—Price $85.00
Price does not include UX-852 Tube.

o r—
. MANUFACTURES A COMPLETE LINE OF
@ APPARATUS FOR SHORT WAVE TRANS.
MISSION AND RECEPTION.
or— —p
RADIO ENGINEERING LABORATORIES

100 Wilbur Ave. Long Island City, N.Y., U.S.A. l

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Foremost
Manufacturers %o &

ROYALTY

"Iif t
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VARIABLE HIGH RESISTANCES

ANY manufacturers of the
country’s best known and
finest quality radio sets

are using Royalties in the con-
struction of their receivers.

The unfailing accuracy, dependa-
bility and long life of these re-
sistances have also made them
widely popular as a volume con-
trol in custom-built and home
built receivers.

Being free from harmful induc-
tance and capacity effects, Royal-
ties are especially adapted for

Complete information and circuit data furnished on request.
complimentary copy of Electrad Control Manual.

high frequency circuits where
heavy current carrying capacity is
not required, but a minimum of
capacity and inductance is im-
portant.

Among the superior features of
Royalties are (1) Entire resistance
range covered- in one full turn (2)
knob and shaft turn smoothly and
noiselessly over the entire range.

Our engineering staff will recom-
mend special resistance gradiants
for any requirements.

Write for
Electrad Specializes

in a Complete Line of Resistances for All Radio Purposes.

ELECT RA Dinc

Dept. 265-A
175 Varick Street, New York

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.



MANUFACTURERS MODEL POWER PACK ABC
FOR AC TUBES USING UX280 OR CX380 TUBES

WIDTH 3 INCHES. LENGTH 12 INCHES,
4EIGHT 5% INCHES

CAPACITY 20 MILLS. AT 160-1E£0 VOLTS
OPERATES ON 110 115 VOLTS, 50-60 CYCLES

Specifications of the above are as follows:

5-UX 226 or CX 326 Tubes

1-UY 227 or CX 327 Tube

1-UX 171-A Tube

“C” Voltage 4%4 and 40 volts.
Investigate this neat. compact, quiet device for supplying
A, B & C Power to convert present D.C. battery cperated
sets to A.C. operation, using the new A.C. tubes.
Visit our Booth No. 54 or Demonstration Room 524-A at
the R.M.A. Exposition and see this Pack in operation.

Power Packs, Chokes and Transformers can
be supplied to meet your exact requirements by
our experienced Engineering Department.

The Acme Electric and Manufacturing Compary
1653 Rockwell Avenue Cleveland, Ohio
Also Manufacturers of famous Acme Radio Power Units

MEMBER R.M.A.
Es:ablished in 1927

When writing to advertisers mention of the PROCLEDINGS will be mutually helpful.
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Strowger
H. V.

Condensers

lT is a peculiar virtue of all Strowger
Automatic Radio Condensers, that
they are capable of enduring the high
voltages and other severe conditions of
modern radio operation without deterio-
ration long after ordinary condensers
break down.

This is especially true of the series of
condensers, recently perfected by the
Strowger Research and Development
Staff, for use in broadcasting stations.
Stock samples of these condensers have
successfully withstood voltages higher
than 3000 without noticeable deterio-
ration.

[See that your radio set is equipped ]
with Strowger Automatic Condensers

.G.BURT, JR.

1033 WEST VAN BUREN ST.
CHICAGO, U. 8. A.

REPRESENTING

e

—— TROWGER (EAUTOMATIS
5 CONDENSERS

I T T T L T T L T T T

L1 ) Astomatic Eiectric ine. [T 1 1

When writing to advertisers mention of the ProcEEDINGS will be mutually helpful,
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Radio - Is - BETTER - With - Dry - Battery - Power

made to run

the full race!

Q/{NY horse can make a good start . . . . . . But it takes
real stamina to finish! 1So it is with batteries. Staying power
is the quality to look for—unfailing power over a long period
of service. Millions prefer Burgess Chrome Batteries for just
this reason. They hold up . . . . . . They last. fINext time,
buy black and white striped Burgess Ckrome Batteries. You
are certain to get longer and better service for your money.

(T/ —the preserving element used in leather, metals, paints
4 /17 0772€ and other materials subject to wear, is also used in Bur-

gess Batteries. It gives them unusual staying power.
Burgess Chrome Batteries are patented.

Ask Any Radio Engineer
BurGess BATTERY COMPANY

General Sales Office: CHIiCcAGO
Canadian Factories and Offices: Niagara Falls and Winnipeg

BURGESS BATTERIES

When writing to advertisers mention of the PROCEEDINGs will be mutually helpful.
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The new

Kolster Radio Compass

provides

Greater Safety—
Visual Bearings—
Simple, Positive Operation

From its aluminum pedestal to the new
enclosed loop, the new Kolster Radio
Compass {Type AM. 4490} embodies
every improvement radio science has
to offer. The insulated cylindrical
housing of the loop affords complete
protection against wind, ice, snow, and
spray. A tiny lamp flashes the signals
of nearby stations. While for long-
distance bearings, a Kolster eight-tube
receiver with a new circuit especially
designed for radio compass work pro-
vides the maximum of selectivity and
sensitiveness.

No knowledge of radio is necessary to
operate the Kolster Radio Compass. It
is built for the navigator. The positive
unidirectional indicator gives instan-
taneous readings without guesswork
or computation. A new and improved
Kolster automatic compensator corrects
all natural errors, and makes direct
readings absolutely accurate.

Kolster Radio is also setting new
standards of performance in brose.

KOLSTER RADIOQCORPORATION

200 Mt. Pleasant Avenue
Newark, N. J.

© 1928, Kolster Radio Corporation

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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RADIOTRONS

for modern

A. C. OPERATION

POWER AMPLIFIER RADIOTRON UZX-171
Filament—s Volts—.s Amperes

Plate Voltage P 5 - 5 90 1356 180  Volts
Negative Grid Bias . . . 164 27 4034 Volta
Plate Current » = 10 16 20  Milliamperes
Plate Resistance (A.C.) .. 25600 2200 2000 Ohms
Mutual Conductance . . 1200 1360 1500 Micromhos
Volta e Amplification Factor . 3.0 3.0 3.0

ndistorted Qutput . . 130 330 700 Milliwatts

R. F. & A. F. AMPLIFIER RADIOTRON UX-226
Filament {A. C.} 1.5 Volts—1.05 Amperes

Plate Voltage . ' 90 135 135 180 Volts
Negative Grid Bias . . 6 12 9 1314 Volta

Plate Current P . 37 3 6 7.5 Milliamperea
Plate Resistance (A.C.) . 9400 10,000 740C 7000 Ohms
Mutual Conductance . 876 820 1100 1170 Micromhos
Voltage Amplification Factor 8.2 8.2 8.2 8.2

Max, Undistorted Qutput . 20 60 % 120 Milliwatts

DETECTOR RADIOTRON UY-227
Heater {A C} 2.5 Volts—1.75 Amperes

Plate Voltage - . 46 90 Volts
Grid Leak v y . ¥ v = v 2.9  }-1 Megohms
Plate Current . ’ - 4 i 2 7 Milliamperes
Plate Resistance (A C) . % N . 10,000 8000 Ohms
Mutual Conductance . . - b 800 1000 Micromhos
Voltage Amplification Factor - - . 8 8

FULL WAVE RECTIFIER RADIOTRON UX-280
A.C. Filament Voltage . N 2 - 5.0 Volts
A.C. Filament Current . - ’ . . 2.0 Amperes
A.C. Plate Voltage (Max. per plate) = - . - 300 Volts
D.C. Output Current (Maximam) . . 4 125 Milliamperes

Effective D.C. Output Voltage of typical Rectlﬁer
Circuit at full output current as applied to Filter 260 Volta

HALF WAVE RECTIFIER RADIOTRON UX-281

A.C. Filament Voltage . v : a 3 7.6 Volts

A.C. Filament Current . & E 3 1.25 Amperes
A.C. Plate Voltage (Max. per plat.e) . . a 750 Volts

D.C. Output Current (Maximam) a = 110 Milliamperes

Effective D.C. Output Voltage of typical Rectifier
Circuit at full output current as applied to Filter 620 Volts

RADIO CORPORATION OF AMERICA

New York Chicago San Francisco
MADE BY MAKERS OF THE RADIO[A

When writing to advertisers mention of the ProcEeviNGs will be mutually helpful.
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SUGGESTIONS FOR CONTRIBUTORS TO THE
PROCEEDINGS

PREPARATION OF PAPER

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

Illustrations—TUse only jet black ink on white paper or tracing cloth. Cross-section paper
used for graphs should not have more than four lines per inch. If finer ruled paper is
used, the major division lines should be drawn in with black ink, omitting the finer
divisions. In the latter case, only blue-lined paper can be accepted. Photographs must
be very distinct, and must be printed on glossy white paper. Blueprinted illustrations of
any kind cannot be used. All lettering should be 3/ in. high for an 8 x 10 in. figure.
Legends for figures should betabulated on aseparate sheet, not lettered on theillustrations.

Mathematics—Fractions should be indicated by a slanting line. Use standard symbols.
Decimals not preceded by whole numbersshould be preceded by zero, 2s0.016. Equations
may be written in ink with subscript numbers, radicals, ete., in the desired proportions.

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

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

PUBLICATION OF PAPER

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

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

Reprints—With the notification of acceptance of paper for publication, reprint order form is
sent to the author, Orders for reprints must be forwarded promptly as type is not
held after publication,
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Ray H. Manson
MEMBER OF THE BoARD oF DIRECTION OF THE INSTITUTE, 192

Ray H. Manson was born in Bath, Maine, on August 25, 1877. He
graduated from the University of Maine in 1898, and received the E.E.
degree from the same institution in 1921. The year following graduation
he was an assistant in the Electrical Engineering Department of the
University of Maine.

In 1899-1900 Mr. Manson was employed in the Telephone Manu-
facturing Department and the Electrical Lahoratory of the Western
Electric Company in Chicago. ¥From 1901 to 1904 he was in the Engineer-
ing and Sales Departments of the Kellogg Switechboard and Supply
Company at Chicago.

During the period of 1904 to 1916 Mr. Manson was connected with
the Dean Electric Company and its successor, the Garford Manufacturing
Company, at Elyria, Ohio, the latter four years being Chief Engineer.
Since 1916 he has been Chief Engineer of the Stromberg-Carlson Telephone
Manufacturing Company at Rochester, New York.

During his association with the manufacturing business over fifty
U. S. patents on telephone, phonograph, and radio subjects have been
granted him,

Mr. Manson has been active in radio standardization work in the
Radio Division of the National Electrical Manufacturers’ Association.
He is Chairman of the Technical Committee of that organization. For
several years he has been Chairman of the Electro-Acoustic Subcommittee
on the I. R. E. Committee on Standardization.

Mr. Manson was appointed a Manager of the Institute by the Board
of Direction in January of 1927, and was elected by the Membership to
the Board for a three-year period on January 3, 1928. He is a Member
of the Institute, a member of the American Institute of Electrical En-
gineers, and a Member of the Society of Automotive Engineers.
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Dahl, O.: (See ProceEDINGS for March, 1928).

Espenschied, Lloyd: Born April 27, 1889 at St. Louis. E. E. course
at Pratt Institute,1909; amateur experimenter and radio operator on ships,
1905-09; assistant engineer Telefunken Wireless Telegraph Company of
America, 1909-10; engineer, Department of Development and Research,
American Telephone and Telegraph Company since 1910. In charge of
transmission of high frequency in wire carrier and radio systems. Re-
sponsible for a number of inventions relative to communication systems,
both wire and radio; also in field of railway signal and speed control
systems and phonograph systems. He has contributed frequently to the
PROCEEDINGS; is a charter member and Fellow of the Institute, and served
on the Board of Direction of the Institute from 1913 to 1927.

Nelson, J. R.: Born on October 27, 1899 at Murray, Utah. Power
Inspector, Western Electric Company, 1922-23; B.8. in E.E., University
Southern California, 1925; Engineering Record Office, Bureau of Power
and Light, Los Angeles, Calif., 1925; Radio Test, Radio Development
Laboratory and Tube Research Laboratory, 1925-27. M.S. in E.E.
degree, Union College, 1927. July, 1927 to date, Engineering Department,
E. T. Cunningham, [ncorporated. Associate member of the Institute.

Owens, Raymond B.: A.B.degree Randolph-Macon College, 1917.
Post-graduate work at George Washington University. In naval radio
service 1918-19; Radio Test Shop, Washington Navy Yard, 1919-21;
Naval Radio Laboratory, Bureau of Standards, 1921-23; Research work
in connection with precision apparatus for Naval frequency standardiza-
tion, Naval Research Laboratory, 1923 to date. Member of the Institute.

Pickard, Greenleaf W.: (See Proceepinas for May, 1928).

Prince, D. C.: Received B.S. in E.E. degree at University of
Illinois, 1912; M.S. in E.E., University of lllinois 1913; General Electric
Company, Test and Railway Motor Department, 1913-14; State Public
Utilities Commission of Illinois, Assistant to Electrical Engineer,
1914-17; Ordnance Department, A.E.F, 1917-19; Research Labor-
atory, General Electric Company, 1923 to date. Fellow, American
Institute of Electrical Engineers and American Physical Society.

Terman, Frederick Emmons: (See ProcEEDINGS for April, 1928).

Turner: H. M.: Born at Hillsboro, Illinois, July 20, 1882. Received
B. S. degree, University of Illinois, 1910; M. S. degree, 1915; assistant
instructor in electrical engineering, 1910-12. Instructor, University of
Minnesota, 1912-18. Assistant professor, Yale University, 1918-26; As-
sociate professor, 1926~ . Frequent contributor to the leading engineer-
ing journals. Member I.R.E., A.LLE.E., and International Union of
Scientific Radiotelegraphy.

Tuve, M. A.: Born on June 27, 1901 at Canton, South Dakota.
Amateur radio operator, 1915-21; Received B.S. in E.E. degree and M.A.
degree from University of Minnesota; Ph. D. degree from Johns Hopkins,
1926; former Instructor in Physics, Princeton University and Johns
Hopkins University. At present, associate physicist, Department of
Terrestrial Magnetism, Carnegie Institution of Washington.
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Van Dyke, K. S.: Born at Brooklyn, N. Y., December 8, 1892;
Received B.S. degree from Wesleyan University, 1916; M.S. degree, 1917.
Ph.D. degree, University of Chicago, 1921. Engineering Department,
American Telephone and Telegraph Company, 1917-19; Assistant in
physics department, University of Chicago, 1919-21; Assistant Professor
of Physics, Wesleyan University, 1921-25; 1925 to date Associate Professor
of Physics, Wesleyan University. Member of the Institute. Secretary
(1927) and Vice-Chairman (1928) Connecticut Valley Section of the
Institute.

Williams, N. H.: Ph.D. degree, 1912. Research Labaratory,
General Eleetric Company, 1923-24, engaged in development of screen-
grid tube and measurement of the charge of the electron by the “shot-
effect.” On staff of Physics Department, University of Michigan, 1909 to
date. At present Professor of Physies.

Worrall, Robert H.: Educated at Lowell Textile School and George
Washington Unversity. With Manchester Traction and Power company,
Manchester, New Hampshire, 191216 in charge of electrical machine
shop; assistant in charge of Transmitter Test Lahoratory, Marconi
Wireless Telegraph Company, 1916-17; in charge of Receiver Test
Laboratory, Washington Navy Yard, 1917-23; research and design per-
taining to frequency standardization, Naval Research Laboratory, 1923
to date. Member of the A. I. E. E. and Associate member of the Institute.

Yagi, Hidetsugu: Born, January 28, 1886 at Osaka City, Japan.
Graduated and received degrees from Tokio Imperial University, 1909,
and Department of Education, Japanese Government, 1919. Lecturer at
Sendai Higher Technical School, 1909-10; Professor in electrical engineer-
ing, Sendai Higher Technical College, 1910-1912; travelling Fellow,
Department of Education of Japanese Government, studying in Berlin,
Dresden, London, and at Harvard, 1913-16; Professor of electrical
engineering, Tohoku Imperial University, Sendai, Japan, 1916 to date.
Fellow of the Institute.



INSTITUTE ACTIVITIES

May MEETING OF THE BoArD oF DIRECTION

A meeting of the Board of Direction was held in the office of
the Institute on May 2nd. The following were present: L. E.
Whittemore, Vice-President; Melville Eastham, Treasurer:
Donald McNicol, Junior Past-President; W. G. Cady, J. H.
Dellinger, R. A. Heising, J. V. L. Hogan, R. H. Marriott, and
J. M. Clayton, Secretary.

The following were transferred or elected to higher grades
of membership in the Institute: Transferred to the grade of
Fellow: C. M. Jansky, Jr.; Transferred to the grade of Member:
W. E. Brindley, J. E. Fetzer, C. W. Horn, C. M. Howard, and
S. R. Montcalm. Elected to the grade of Member: R. W. Acker-
man, A. J. Chesterton, C. R. Hanna, A. H. Morton, O. A.
Pearson, and A. M. Trogner.

One hundred and ten Associate members and ten Junior
members were elected.

A petition from members residing within the vicinity of New
Orleans, Louisiana was submitted to the Board for approval of
the formation of a New Orleans Section of the Institute. The
petition was approved. Prominent in the organization work of
the New Orleans Section were Pendleton E. Lehde, T. G.
Deiler, L. J. N. duTreil, and A. Schiele.

Lewis M. Hull was appointed the Institute’s representative
on the Sectional Committee on Radio of the American Engineer-
ing Standards Committee, to succeed Professor L. A. Hazeltine.

1928 MEMBERSHIP CARDS

As announced on several occasions in past issues of the
ProCEEDINGS, membership cards are available for all members
this year. Cards can be secured only upon specific request to the
office of the Secretary, and are not mailed automatically upon
payment of member dues.

New StyYLE oF I. R. E. EMBLEM

A new membership emblem, in the form of a screw-back
lapel button, approximately one-half the size of the present em-
blem, will be available within approximately thirty days. This
emblem will be finished in the various colors signifying the dif-
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ferent grades of membership. It is of 14 k. gold and can be
purchased from the Secretary for $2.75 postpaid.

1928 YEar Book

The 1928 Year Book of the Institute, containing general
information concerning the Institute, the Constitution and By-
Laws, a catalog of the membership listed both alphabetically and
geographically, and other information of value, is at the printer’s
and should be mailed as a supplement to either the June or
July issue of the PROCEEDINGS.

REFERENCES TO RADIO LITERATURE

Through the cooperation of the Bureau of Standards, with the
July issue the ProceEEDINGs will contain the monthly list of
references to current radio literature as prepared by the Bureau
and printed in the Radio Service Bulletin. The first printing will
consist of a recapitulation of all references compiled since the
first of 1928, to be followed by the monthly list, in each issue of
the PROCEEDINGS.

PaPERS IN PaMpPHLET ForuM

On page xxxiv of this issue will be found a list of papers
which are in pamphlet form and are available for distribution,
free of charge, to members of the Institute. Kindly address re-
quests to the Secretary, indicating the papers wanted numerically
and not by titles. Tonon-membersof the Institute these reprint
copies are sold at fifty cents each.

ErrAaTA

An error exists in Fig. 2 of the paper “Broadcast Control
Operation” printed on page 502 of the April, 1928 issue of the
ProceepinGgs. The total resistances of the potentiometers shown
should be paralleled and connected to the upper end of their
corresponding coil secondaries so that the impedance facing the
amplifier input remains sensibly constant, the audio input to
any of the potentiometers varying according as the microphone
in question is to play a greater or lesser part in the final cutput.

MATERIAL ON FORMATION OF SECTIONS
The 1927 and 1928 Committees on Sections have prepared a
document outlining the steps to be taken in organizing a Section
of the Institute, containing suggestions relative to the successful
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operation of a Section and describing many of the important
functions of a Section. This material was prepared, primarily,
for the information and guidance of members interested in
the organization of a Section of the Institute. Members so inter-
ested may obtain a copy upon application to the Institute
office.

Institute Meetings

NEw York MEETING

On May 2nd a meeting of the Institute was held in the En-
gineering Societies Building, 33 West 39th Street, New York.
L. E. Whittemore, Vice-President of the Institute, presided.

K. S. Van Dyke presented two papers. The first, “The Piezo-
Electric Resonator and Its Equivalent Network,” is published
in this issue of the ProcEEDINGS.

The second, “Some Experiments with Vibrating Quartz
Spheres,” is summarized as follows: Quartz spheres, mounted
between parallel plate electrodes which may have much greater
separation than the diameter of the sphere, respond as piezo-
electric resonators to frequencies in the following ratios: 1,
1.47, 1.61, 1.83, 2.12, 2.18, and 4.12. Some of these response
frequencies appear as doublets which depend for their relative
intensity on the orientation of the sphere in the field. The
lowest frequency corresponds to a radio wavelength of about
108 meters per millimeter diameter of the sphere. The decrement
of the sphere is very small and the sphere behaves as an
oscillator as well as a resonator for some of these modes.
The geometry of the modes listed is indicated by the Giebe
and Scheibe type of luminous discharge on, and near, the
surface of the sphere when it is driven by a sufficiently intense
field. Photographs of these discharge patterns were shown for
the first three of the above modes for a sphere about 5 ¢m. in
diameter. In strong electric fields in which the sphere is resonant,
the sphere becomes very slippery to touch and slides around quite
freely, without rolling, on a flat supporting electrode, or slides
along a track without rolling, or runs around a ring. Though
apparently quite still when resting on a smooth concave electrode,
nevertheless, if centered by a small hole, it selects an axis for
rotation and rotates steadily about this axis, the rotation being
apparently due to the reaction of the sphere on the support
rather than to any winds of the Meissner type which it may give
off. Winds of the latter type are present, however, but in the
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vibration modes observed, apparently have no moment for ro-
tation.

In the discussion which followed these papers, the following,
among others, took part: F. K. Vreeland, L. E. Whittemore,
K. S. Van Dyke, L. M. Hull, and W. C. Bohn.

It is hoped that the second paper may appear in some future
issue of the PROCEEDINGS.

Some three hundred members and guests attended this meet-
ing.

ATLANTA SECTION

A meeting of the Atlanta Section was held on May 9, 1928 in
the Civie Room of the Hotel Ansley, Atlanta. Preceding the
meeting an informal dinner was held in the Ansley Hotel.

F. H. Schnell, of the Burgess Battery Company, presented a
paper, “Aireraft Radio.”

Officers to serve until December 31, 1928 were announced as
follows: Chairman, Walter Van Nostrand; Vice-Chairman, D. C.
Alexander; Secretary-Treasurer, George Llewellyn.

This was the last meeting of the Section until fall.

BuUFFALO-NIAGARA SECTION

A joint meeting of the Canadian Section, Rochester Section,
and Buffalo-Niagara Section, to which members of the Niagara
Frontier Section of the A. 1. E. E. were invited, was held on
April 11th in Foster Hall, University of Buffalo. L. C. F. Horle,
Chairman of the Buffalo-Niagara Section, presided.

J. M. Thompson, of the Ferranti Meter and Transformer
Company of Canada, presented a paper, “Characteristics of
Output Transformers.” The paper dealt with the operating
characteristics of the output transformer, which are developed in
terms of the known speaker, tube and transformer constants.
In the first part of the paper the general formula for the speaker
current is developed and the effect of varying the transformer
constants shown. The turn-ratio of the transformer for maximum
speaker current is considered in relation to the commonly used
impedance ratio formula. The limitation of the impedance ratio
formula is then pointed out and limits set for its general use.
The general form of the current frequency characteristic for
exponential horns and dynamic cone speakers is then obtained
and a general method for matching the speaker to the output
tube is given. In the latter part of the paper, curves are given to
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show the results obtained in the mathematical part of the paper.
The curves also include the results of tests made in the Toronto
laboratory of Ferranti, Ltd., to check the fundamental formula.
The effect of the turn-ratio on the form of the eurrent frequency
characteristic is shown and a method of using the turn-ratio of
the output transformer to match the speaker to the output tube
is given. A perfect transformer is also compared with a good
commercial transformer and the general effect of the leakage
inductance and the self capacity of the transformer was shown.

Messrs. Manson, Million, Horle, Klumb, Hector, and others
participated in the discussion which followed.

The second paper of the evening, “Shielding of Radio Re-
ceivers” was presented by M. L. Levy, of the Stromberg-Carlson
Telephone Manufacturing Company. The paper pointed out the
necessity for electrostatic and electromagnetic shielding in radio-
frequency amplifiers of high gain. No attempt was made to
explain why this shielding was necessary as it was the author’s
intention to cover practical applications of shielding to receivers
of commercial types. With the aid of exceptionally well-prepared
slides, Mr. Levy described the fundamentals involved in both
electrostatic and electromagnetic shielding and how, in certain
applications, combination effects were obtained by the use of
the single shields. Then followed a description of several types
of commercial receivers employing both types of shielding.

Messrs. Horle, Jones, Manson, Graham, Lidbury, and others
participated in the ensuing discussion.

One hundred and seventeen members and guests attended
this meeting.

CANADIAN SECTION

In the Electrical Building of the University of Toronto a
meeting of the Canadian Section was held on April 18th. A. M.
Patience presided.

John P. Minton, of White Plains, New York, presented a
paper, “Soft Magnetic Materials in Radio.” Messrs. Patience,
Thomson, Hepburn, Smith, Richardson, Mott, Price, Pipe, and
others participated in the discussion which followed.

Forty-eight members and guests attended this meeting.

On May 2nd a meeting of the Canadian Section was held in
the Electrical Building of the University of Toronto. A. M.
Patience presided. Mr. Clark, of the Bell Telephone Company
of Montreal, presented a paper, “Carrier Current Transmission.”
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Messrs. Patience, Bagly, Soucy, V. G. Smith, A. H. R. Smith,
Lowry, Price, and others participated in the discussion.

Fifty-nine members and guests attended this meeting

In the election of officers for the Canadian Section 1t was
announced that the results were as follows: A. M. Patience,
re-elected Chairman; V. G. Smith, Vice-Chairman; C. C. Mere-
dith, Secretary-Treasurer; and J. M. Leslie, Assistant Secretary.

On April 18th a “Ladies’ Night Dinner and Concert” was
held in conjunection with the Toronto branch of the A. 1. E. E.

CLEVELAND SECTION

At the May 4th meeting of the Cleveland Section, held in
the Case School of Applied Science, Cleveland, Professor John
R. Martin presided. Five speakers were presented. H. W. Fay,
of the Incandescent Lamp Division of the General Electric Com-
pany, gave a review of the recent I. R. E. paper on the UX-250
Power Tube. The essential features of the paper were set forth
in a very clear and understandable manner. The reasons for
the choice of the various design characteristics were explained.
Comparison with the preceding power tubes, 210, 171, 112, and
120 was made.

M. V. King, of the Sterling Manufacturing Company, gave
a review of the recent 1. R. E. paper on “The Piezo-Electric
Resonator and Its Equivalent Network.” A striking feature was
the simplicity of the equivalent circuit and the extremely low
values of capacities involved. The sharpness of resonance ob-
tained from the crystal oscillator was clearly shown from prop-
erties of the circuit.

Dean S. Kintner, radio editor of the Cleveland Plain Dealer,
gave a “Will Rogers” talk on what a radio editor thinks about.
Fortunately, a lot of it never gets into print. Some of the
thoughts touched upon were the screen-grid tube, television,
and broadeast programs.

Kelvin Smith, of the France Manufacturing Company,
demonstrated the effect of suppressing certain frequencies, over-
loaded amplifiers and the meaning of transmission units by means
of a new set of records issued by the Bell Telephone Laboratories.
Some of the demonstrations bore a striking resemblance to the
familiar “sidewalk” radio.

Ralph Worden, radic editor of the Cleveland News, gave a
critical review of an article “Television Comes to the Home”
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which appeared in a recent radio periodical. The old familiar
static will soon take on new terrors for the radio-looker of the
future. The Kennelly-Heaviside layer will also soon come into
prominence due to the appearance of a secondary or reflected
image.

Forty-six members and guests attended the meeting.

In the discussions Messrs. Curtis, Catterall, Gimy, and others
took part.

CoxNEcTICUT VALLEY SECTION

The Connecticut Valley Section, W. G. Cady, Chairman,
presiding, held a meeting on April 26th in the auditorium of the
Hartford Electric Light Association. B. J. Thompson, of the
General Electric Company, presented a paper, “Characteristics
and Uses of Screen-Grid Tubes.” The paper centered around
approximately fifty lantern slides which gave defails of construc-
tion of the UX-222 screen-grid tube, as well as characteristics
with different screen and plate voltages and with different bias
voltages on the control grid. A very detailed account of how and
why the tube acts as it does was given. Typical circuit diagrams
for radio- and audio-frequency amplification were shown. The
speaker mentioned the advantages of this type of tube over the
standard three-element type for certain applications in radio
reception, and the almost imperative use in the laboratory where
circuits are required in which changes in the plate circuit must
not affect the grid eircuit.

Sixty members and guests attended this meeting.

Los ANGELES SECTION

On April 16th a meeting of the Los Angeles Section was held
in Los Angeles. Dr. R. C. Burt, of California Institute of Tech-
nology, presented a paper on “The Photo Electric Cell.” The
paper pointed out, among other things, that the action of a photo
electric cell can, sofar, beexplained only by the corpuscular theory,
while the phenomenon of radio, light, and heat waves requires
the wave theory. It is probable that both theories are correct,
but the exact relation or connection is not known. The construc-
tion of the cell was explained, and some of its uses described. Its
uses as a light-operated relay are almost innumerable.

PHILADELPHIA SECTION

A meeting of the Philadelphia Section was held on April 27th
in the Bartol Laboratories of the Franklin Institute. J. C. Van
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Horn presided. E. L. Nelson, of the Bell Telephone Laboratories,
presented a paper on “Some Recent Developments in Radio
Broadeasting Apparatus,” which among other things explained
in detail the development work on some of the transmitting
equipment in the experimental development group of stations
located at Whippany, New Jersey.

Messrs. Wilson, Darlington, Frazier and others discussed the
paper.

Eighty members and guests attended the meeting.

SaN Francisco SECTION

The meeting of the San Francisco Section of March 14th was
held in the Club Rooms of the Engineers’ Club, preceded by a
dinner attended by twenty-five members and guests. L. F. Fuller
presided at the meeting. The speaker, A. H. Saxton, operating
engineer of the Pacific Division of the National Broadcasting
Company, delivered a paper on “The Tendencies of Radio Broad-
casting.” The paper was centered around the organization and
operation of the National Broadcasting Company. The general
layout of apparatus used in conjunction with the studios was
deseribed, the speaker explaining how different studios could
be connected to different channels. The necessity of careful
checking of facilities was pointed out. The system used by the
Westinghouse Electric and Manufacturing Company in operating
two stations on the same wavelength was briefly touched upon.

In the discussion which followed Messrs. Fuller, Lippincott,
Brown, and others took part.

Following the meeting the members visited the studios of the
National Broadecasting Company in the Hunter-Dulin Building.
From thence they proceeded to the control room of the Pacific
Telephone and Telegraph Company where, through the courtesy
of C. H. Cole of that organization, a description of the apparatus
used, together with demonstrations, was provided.

SEATTLE SECTION

The Seattle Section held a meeting on March 31st. W. A.
Kleist presided. Major H. C. K. Muhlenberg presented a paper
on “Radio in Aviation.” The paper covered the following points:
A review of radio communication between planes and between
planes and the ground; relative advantages of telegraph and
telephone communication; physical problems of generator loca-
tion on plane; beacon flying with particular emphasis upon
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accuracy, dependability, and distances covered; shielding effect
of metal planes.

Messrs. Wilson, Kleist, Williains, Mason, Renfro, and others
discussed the paper.

Twenty members of the Section were present.

Committee Work
SectioNaL CoMMITTEE oN Rapio, A. E. S. C.

The following were recently appointed officers of the Sec-
tional Committee on Radio, American Engineering Standards
Committee: Alfred N. Goldsmith, Chairman; C. H. Sharp,
Vice-Chairman, and Laurens E. Whittemore, Acting Secretary.

CoMMITTEE ON MEMBERSHIP

A meeting of the Committee on Membership was held on
May 2nd in the Fraternities Club Grill. The following were
present: H. F. Dart, Chairman; I. S. Coggeshall, H. B. Cox-
head, and F. R. Brick. The Committee considered a number of
plans looking to a continued increase in membership in the In-
stitute throughout the year. Its next meeting will be held on
June 6th.

COMMITTEE ON ADMISSIONS

At its meeting held in the office of the Institute on May 2nd,
the following members of the Committee on Admissions were
present: R. A. Heising, Chairman; Lewis M. Hull, E. R. Shute,
F. K. Vreeland. Approximately thirty-five applications for trans-
fer or election to the higher grades of membership in the Institute
were considered. The amount of material on hand for considera-
tion by the Committee during the past few months has been such
that it has been necessary for the Committee to work a number
of hours at each meeting to consider all of the applications.

COMMITTEE ON CoNSTITUTION AND LAw

The first meeting of the newly organized Committee on Con-
stitution and Law was held at dinner at the Fraternities Club
on May 2nd. The following were present: R. H. Marriott,
Chairman; E. N. Curtis, H. E. Hallborg, and G. W. Pickard.
Most of the meeting was occupied in outlining the future work
of the Committee. The Committee is proceeding immediately
with the revision of the Constitution.
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Personal Mention

C. F. Donbar is Chief Engineer of station KQV of Pittsbargh.
Mr. Donbar was formerly with the Bell Telephone Company.

J. P. Putnam, recently engineer, radio department of the
Martin Copeland Company, is now employed as engineer with
the National Company of Malden, Mass.

F. B. Sternberg, formerly director and manager of the Dallas
Radio Laboratories is now associated with the P. F. Collier and
Son Company in the Newark Branch.

Captain Guy Hill, attached to the office of the Chief Signal
Officer, War Department, has been detailed to duty with the
Federal Radio Commission as technical advisor.

E. H. Guilford, late Chief Engineer of the Radiore Company
of Los Angeles, has become General Manager of the Radiore
Company of Canada, Limited, with Headquarters in Montreal.

Captain S. C. Hooper, Head of the Radio Division of the
Bureau of Engineering, Navy Department, has been detailed to
duty with the Federal Radio Commission in the capacity of
technical advisor.

Charles M. Kelly, Jr. has recently become associated with the
Electrical Research Products Corporation of New York City.
Mr. Kelly was formerly assistant sales manager of the Amrad
organization.

0. M. Dunning has recently joined the statf of the Acoustic
Products Manufacturing Corporation of Stamford, doing general
development work on both receivers and electrical phonograph
equipment.

Daniel E. Harnett has recently become associated with the
Acoustic Products Manufacturing Corporation of Stamford,
Connecticut in the design of radio parts. He was formerly in
charge of production of the Murdock Company.
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BEAM TRANSMISSION OF ULTRA SHORT WAVES*

By
HipETSUGU YAGI

(College of Engineering, Tohoku Imperial University, Sendai, Japan)

Summary—Part I of this paper is devoted to a description of various
experiments performed at wavelengths below 200 em. Curves are given lo
show the effect of the earth and various types of inductively excited anfennas
called “wave directors.” Part I is concluded with a discussion of beam and
horizontally polarized radiation.

Part I1 is devoted chiefly to the magnetron tubes used for the production
of very short wavelengths (as low as 12 c¢m.) and the circuil arrangements
employed. Itis shown that the geontetry of the tube and ils external connections
are of great importance.

The effect of variation of plate voltage, magnetic field strength and other
factors on the high-frequency output, is described.

Introduction
HE general term “short wave” loses much of its lucid-
Tness when the range of frequency involved is considered.
For this reason, the term “ultra short waves” will apply to
only those electro-magnetic waves whose length is less than ten
meters.

One of the simplest ways of generating short waves by means
of vacuum tubes is to use the push-pull circuit developed by M.
Mesny. This connection has been fully described by Mr. Englund
in the PrRocEEDINGS of the Institute.

Waves shorter than ten meters may be produced with stability,
but it is difficult to make ordinary tubes operate satisfactorily
below two meters. While electro-magnetie coupling is successfully
used in the method referred to above, it seems much better to
resort to electrostatic coupling in cireuits used for the generation
of waves of the lergth described in this paper. Fig. 1 shows a
circuit which has been used in the generation of waves shorter
than 100 cm.

Stable oscillations were successfully produced using ordinary
tubes in this circuit. Such waves have been utilized to determine
the natural frequencies of the various forms of metallic bodies.
The characteristics of “wave directors”, which will be fully de-
seribed later in the paper, were thoroughly studied with the short
waves produced using this type of generator. However, it was

* Original Manuseript Received by the Iustitute, January 30, 1928;

Revised Manuseript Received by the Institute, March 29, 1928. Presented
before meetings of the Institutein New York, Washington and Hartford.
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impossible to generate waves shorter than 60 ¢cm. even with this
circuit using electrostatic coupling within the tubes.

TNty

Fig. 1—Cireunit Diagram of Osecillator; 60-200 em.
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Fig. 2—The Effect of Varying Receiver Antenna Height. Sending
Antenna Height Equals 1.1 m.
The method of Barkhausen and Kurz enables one to obtain
much shorter waves. By this method, it was possible to re-
duce the minimum wavelength to 36 cm. using plate voltages in
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the order of 300 volts. Schafer and Merzkirch obtained waves
of the order of 34 em. with a plate voltage of 350 volts, and
Scheibe has reported a stable minimum of 30 cm. With somewhat
less stability, he has produced waves 24 em. long.

Mr. K. Okabe, assistant professor at the Tohoku Imperial Uni-
versity, has succeeded in generating exceedingly short, sustained
waves by introducing certain modifications in the so-called
magnetron. These waves are the shortest which it has been
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Fig. 3—The Effect of Varving Receiving Antenna Height. Sending
Antenna Height Equals 6.6 m.

possible to generate so far as the author is aware. He was able to
produce fairly strong radiation at a wavelength of 12 em. and,
by the use of harmonics, was able to obtain a minimum of 8 em.
The practical application of these ultra short waves will be dealt
with in Part II of the paper.

Part I

Beam RapiatioNn For 4-METER WAVES
Mr. S. Uda, assistant professor at the Tohoku Imperial Uni-
versity, has published nine papers in the Journal of the I.E.E. of
Japan on beam radiation at a wavelength of 4.4 meters. Several
papers by Mr. Uda and the author have been presented at the
Imperial Academy of Japan and the Third Pan-Pacific Science
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Fig. 4—The Effeet of Varying Both Sending and Receiving Antenna
Height Simultaneously.
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Fig. 5—The Effect of Providing Sending and Receiving Antenna in Fig. 4
with Trigonal Reflectors.
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Congress held:jn Tokyo in 1926. In the following deseription,
some of the much more notable points of the beam system used in
this work will be explained. The photographs show some of the
actual apparatus used.

WAvVE REFLECTORS AND DIRECTORS
Suppose that a vertical antenna is radiating electro-magnetic
waves in all directions. If a straight oscillating system, whether
it be a metal rod of finite length or an antenna with capacities at
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Fig. 6—The Effect of Varying Receiver Antenna Height When Wave Canal
Is Applied at Sending Antenna. Sending Antenna Height Equals 1.1 m.

both ends and an inductance at the middle, is erected vertically in
the field, the effect of this osci