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PEDER OLUF PEDERSEN 

 

Medal of Honor Recipient, 1930 

 

Peder Oluf Pedersen was born in Sig, Denmark, June 19, 1874, the only son 

 

of a farmer. 

 

He attended the village school and in 1889 sent to the King of Denmark 

 

proposals for a perpetual motion device and a calculating machine. These so 

 

interested the King in his further education that he was transferred to Copen-
hagen where, after the necessary preparatory education, he entered the Royal 

 

Technical College, graduating with honor in civil engineering in 1897. The ex-
pense of his studies was contributed to by the King. 

 

He soon became interested in electrical research work and in 1899 became 

 

associated with Valdemar Poulsen in his development work on the telegraphone. 

 

He later aided in the same inventor's development of the system for continuous 

 

wave wireless telegraphy and telephony which has become known as the Poulsen 

 

Are. 

 

In 1909 he was appointed Assistant Professor in Telegraphy, Telephony. 

 

and Radio at the Royal Technical College at Copenhagen, becoming Professor 

 

in 1912, which chair he is still holding. In 1922 he was appointed principal of this 

 

college. 

 

Professor Pedersen has contributed a great number of papers on scientific 

 

matters in electrophysics and electrotechnics, mainly on experimental researches 

 

carried out by himself. He received his Ph.D. at the University of Copenhagen 

 

in 1929. 

 

He is a member of the Royal Danish Society of Sciences, the Royal Academy 

 

of Natural Sciences (Lund, Sweden), the Academy of Engineering Sciences 

 

(Stockholm), and the Royal Society of Sciences (Trondhjem, Norway). 

 

In 1911-1912 Professor Pedersen was Chairman of the Danish Physical 

 

Society. In 1916-1920 he was President of the Danish Society of Electricians, 

 

and in 1920 he became President of the State Control board for Licensed Tele-
phone Companies of Denmark. From 1920 to 1923 he was President of the 

 

Society of Danish Civil Engineers. 

 

He is keenly interested in standardization work and in 1926 was elected 

 

President of the Danish Section of the International Electrotechnical Commis-
sion, which office he still holds. 

 

} In 1907 he was awarded the Gold Medal of the Royal Danish Society of 

 

Sciences of •Co enhagen for a paper on an experimental investigation of the 

 

oscillations in liquid jets. He was awarded the H. C. Oersted Medal in 1927. 

 

Professor Pedersen is a Fellow of the American Institute of Electrical 

 

Engineers and a Member of the Institution of Electrical Engineers (Great 

 

Britain). He became a Fellow of the Institute of Radio Engineers in 1915. 
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November Meeting of the Board of Direction 

 

The November meeting of the Board of Direction was held at 

 

4:15 P.M., Wednesday, November 5, 1930 at the office of the Institute, 

 

33 West 39th Street, New York City. The following members were 

 

present: R. H. Marriott, (acting chairman); Melville Eastham, treas-

urer; R. A. Heising, J. V. L. Hogan, L. M. Hull, R. H. Manson, A. F. 

 

Van Dyck, and H. P. Westman, secretary. 

 

A petition nominating the following officers for 1931 was presented 

 

to the Board and accepted. 

 

For President— Captain S. C. Hooper, Director of Naval Commun-

ications, U. S. Navy, Washington, D. C. Fellow of the Institute. 

 

For Manager - H. E. Hallborg, Engineer, Radio Corporation of 

 

America, New York City. Member of the Committee on Constitution 

 

and Laws. Fellow of the Institute. 

 

For Manager—H. W. Houck, Chief Engineer, Dubilier Corpora-

tion, New York City. Member of the Institute. 

 

Proceedings Binders 

 

During the last year two sizes of binders for the Proceedings have 

 

been made available. The smaller size was suitable, for containing an-

nual sets of the Proceedings issued before 1928. The yearly copies for 

 

1928 and later years were too bulky for inclusion in the smaller size 

 

and the larger size binder was made available to accommodate them. 

 

At the present time there is such small demand for the smaller 

 

size binder that it is now being discontinued and all futrure orders will 

 

be assumed to call for the larger size. 

 

Incorrect Addresses 

 

On pages XLIX, L, and LI of the advertising section of this issue 

 

will be found the names of two hundred and two members of the 

 

Institute whose correct 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. 

 

Associate Application Form 

 

For the benefit of members who desire to have available each 

 

month an application form for Associate membership, there is printed 

 

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

 

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

 

Application forms for the Member or Fellow grades may be ob-

tained upon application to the Institute office. 
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The Committee on Membership asks that members of the Institute 

 

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

 

section of the PROCEEDINGS each month may be helpful. 

 

Radio Signal Transmissions of Standard Frequency 

 

The following is a schedule of radio signals of standard frequencies 

 

for use by the public in calibrating frequency standards and trans-
mitting and receiving apparatus as transmitted from station WWV 

 

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

 

Further information regarding these schedules and how to utilize 

 

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

 

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

 

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

 

of Standards, Washington, D. C. 

 

Eastern Standard Time Dec. 22  

 

10 

 

10 

 

10 

 

10 

 

10 

 

11 

 

11 

 

11 

 

00 P'M. 550 

 

12 600 

 

24 700 

 

36 S00 

 

48 1000 

 

00 1200 

 

12 1400 

 

24 1500 

 

Committee Meetings 

 

COMMITTEE ON ADMISSIONS 

 

A meeting of the Committee on Admissions was held at 9:30 A.M. 

 

on November,*th at the office of the Institute, the following members 

 

being present: R. A. Heising, chairman; A. V. Loughren, R. H. Mar-
riott, E. R. Shute, A. F. Van Dyck, and H. P. Westman, secretary. 

 

One of three applications for admission to the grade of Member was 

 

approved and five applications of eight for transfer to the grade of 

 

Member were approved. An application for transfer to the Fellow 

 

grade was also approved. 

 

COMMITTEE ON BROADCASTING 

 

The Committee on Broadcasting held a meeting at 1:30 P.M. No-
vember 5, 1930, in

-
the office of the Institute, the following being in 

 

attendance: L. M. Hull, chairman; B. Ray Cummings (represented), 

 

J. V. L. Hogan, C. W. Horn, P. A. Greene, R. Guy, and R. H. Marriott. 

 

The Committee drafted an answer to a letter from the Federal Radio 

 

Commission asking for comments upon a Proposed General Order on 

 

the Limitation of Harmonics Emitted by Radio Stations. The Board 

 

Of Direction later in the day granted approval of this proposed answer. 
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COMMITTEE ON M EMBERSHIP 

 

At 5:30 P.M. in the office of the Institute on Wednesday, November 

 

5, a meeting of the Committe on Membership was held. The meeting 

 

was attended by I. S. Coggeshall, chairman; H. C. Gawler, and S. R. 

 

Alontealm. 

 

COMMITTEE ON STANDARDIZATION  

 

A meeting of the Institute's Committee on Standardization to con-

sider the reports of the various technical committees for adoption as 

 

I.R.]+'. standards was held October 31 and November 1, 1930. During 

 

this two-day meeting a. large number of reports of technical committees 

 

were discussed and approved for adoption as I.R.E. standards and will 

 

be published in the forthcoming 1931 YEAR BOOK of the Institute. 

 

The following were present on October 31st: J. H. Dellinger, chair-

man; Stuart Ballantine (Chairman of the Technical Committee on 

 

Vacuum Tubes), L. G. Bostwick (alternate of H. A. Frederick), R. D. 

 

Brown, (representing W. E. Holland), W. A. R. Brown (representing 

 

Robert Morris), C. M. Burrill, E. T. Dickey (Chairman, Technical 

 

Committee on Radio Receivers), P. H. Evans, H. A. Frederick (Chair-
man of the Technical Committee on Electro-Acoustic Devices), V. M. 

 

Graham, H. E. Hallborg, C. M. Jansky, Jr., 0. T. Laube (representing 

 

A. F. Rose), W. H. Murphy, E. L. Nelson, N. C. Olmstead, (repre-

senting L. E. Whittemore), H. F. Olson, Haraden Pratt, H. M. Turner, 

 

J. C. Warner (representing W. C. White) L. E. Whittemore, Adney 

 

Wyeth (representing L. G. Pacent), H. P. Westman, secretary, and 

 

B. Dudley, assistant secretary. 

 

The following were present November 1st: J. H. Dellinger, chair-

man; J. B. Blanchard (representing W. Wilson), L. G. Bostwick (repre-

senting H. A. Frederick), R. D. Brown (representing W. E. Holland), 

 

W. A. R. Brown (representing Robert Morris), E. T. Dickey, V. M. 

 

Graham, C. M. Jansky, Jr., 0. T. Laube (representing A. F. Rose), 

 

W. H. Murphy, E. L. Nelson, Haraden Pratt, H. M. Turner, L. E. 

 

Whittemore, W. Wilson, Donald Whiting, Adney Wyeth (representing 

 

L. G. Pacent), H. P. Westman, secretary, and B. Dudley, assistant 

 

secretary. 

 

As a result of these two sessions, the Committee on Standardization 

 

is now in a position to forward its report to the Board of Direction for 

 

final approval. 

 

TECHNICAL COMMITTEE ON RADIO TRANSMITTERS 

 

AND ANTENNAS—I.R.E. 

 

A meeting of the Technical Committee on Radio Transmitters and 

 

Antennas was held at 9:30 A.M. on Tuesday, October 21, at the office 

 

of the Institute. Haraden Pratt, chairman; J. B. Blanchard (non-
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member), W. E. Downey, H. E. Hallborg, D. G. Little, W. F. Diehl, 

 

William Wilson, and B. Dudley, secretary, were present. 

 

TECHNICAL COMMITTEE ON RADIO RECEIVERS—I.R.E. 

 

A meeting of the above Technical Committee was held in the office 

 

of the Institute on Thursday, November 6, at 10 A.M., the following 

 

being in attendance: E. T. Dickey, chairman; C. M. Burrill, Malcolm 

 

Ferris, E. J. T. Moore (representing 11. M. Graham), and B. Dudley. 

 

SUBCOMMITTEE ON MISCELLANEOUS TESTS OF THE TECHNICAL 

 

COMMITTEE ON RADIO RECEIVERS—I.R.E. 

 

A meeting of the above subcommittee was field at 10 A.M. on Tues-
day, October 14, 1930, at the office of the Institute, attended by F. X. 

 

Rettenmeyer, chairman; W. Wilson, and B. Dudley, secretary. 

 

SUBCOMMITTEE ON HIGH-FREQUENCY RECEIVERS. OF THE TECHNICAL 

 

COMMITTEE ON RADIO RECEIVERS—I.R.E. 

 

This subcommittee met at 10 A.M. October 16, 1930, in the office 

 

of the Institute, the following being present: C. M. Burrill, chairman; 

 

T. McL. Davis, H. M. Lewis, H. 0. Peterson (representing H. H. 

 

Beverage), and B. Dudley, secretary. 

 

SUBCOMMITTEE ON AIRCRAFT RECEIVERS OF THE TECHNICAL 

 

COMMITTEE ON RADIO RECEIVERS—I.R.E. 

 

The following members were present at a meeting of the above 

 

subcommittee which was held at 10 A.M. on Thursday, October 23, 

 

1930, at the office of the Institute: E. J. T. Moore, acting chairman 

 

(representing V. 1 I. Graham) ; H. Diamond, B. Trevor (representing 

 

H. 0. Peterson), L. A. Hyland (representing T. McL. Davis), H. B. 

 

Fischer (representing S. E. Anderson), W. H. Murphy, R. M. Wil-
motte, and B. Dudley. 

 

SUBCOMMITTEE ON NOMENCLATURE OF THE TECHNICAL COMMITTEE 

 

ON, RADIO TRANSMITTERS AND PARTS—A.S.A. 

 

At 10 A.M. on Wednesday, October 8, a meeting of the above sub-
committee was held in the office of the Institute and was attended by 

 

R. M. Wilmotte, chairman; W. Wilson, and B. Dudley. 

 

Institute Meetings 

 

NEW YORK M EETING 

 

Two papers were presented at the New York meeting of the Insti-
tute held ;n the Engineering Societies Building at 7:30 P.M., November 

 

5, 1930. 

 

The first paper, which was presented by Professor W. G. Cady was 

 

entitled "Rochelle Salt Crystals in High-Frequency Circuits." It is 

 

summarized as follows: 
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"Although the remarkable electrical properties of Rochelle salt have been 

 

known since 1894, it is only in the last thirteen years that any serious attempts 

 

have been made to turn them to practical account. In the present paper the 

 

chief physical characteristics of Rochelle salt are discussed, including its mechan-

ical, elastic, and electrical properties. The technique of preparing Rochelle salt 

 

plates is described, and the limitations of the substance from the point of view of 

 

practical applications are pointed out. Numerical data on the elastic and 

 

electrical constants are presented, based largely on the work of Mandell, and on 

 

the writer's own experiments on high-frequency vibrations of Rochelle salt 

 

plates cut in various orientations. A consideration of the theory of the effect 

 

of the piezo-electric constants uponthe dielectric constant leads to an explanation 

 

of the enormously large values of the dielectric constant which some investiga-

tors have found. The effects of temperature upon the electric constants and upon 

 

the frequency of vibration are discussed. Experiments were carried out on the 

 

various modes of vibration of Rochelle salt plates, and also on their behavior as 

 

high-frequency resonators, stabilizers, and oscillators." 

 

The second paper of the evening by Professor K. S. Van Dyke was 

 

on "The Measurement of the Decrement of Piezo-Electric Resonators." 

 

A summary of this paper is also given. 

 

"The dying away of the vibrations of a piezo-electric resonator is watched 

 

with a cathode-ray oscillograph. The crystal is either driven by a separately 

 

tuned oscillator or forms part of a crystal-controlled oscillator circuit, and is 

 

switched from the oscillator to the oscillograph, where the e.m.f. generated by 

 

the crystal is watched or photographed through all or part of its period of decay. 

 

This interval is less than one-tenth of a second in duration for a 1000-ke quartz 

 

resonator. Both the Western Electric low voltage oscillograph and the General 

 

Electric cathode-ray oscillograph are used, the former necessitating a low im-

pedance load on the crystal during its decay, and thus yielding decrements 

 

greater than characteristic of the crystal on open circuits, while the latter re-

quires for most crystals an amplifier system to step up the crystal e.m.f.'s 

 

before application to the deflection plates of the oscillograph. 

 

"Values of decrement for quartz resonators obtained to date indicate that 

 

the values of resistance quoted four years ago, when presenting the network 

 

equivalent of the crystal resonator, should be decreased by a factor between 

 

5 and 10. This brings them into agreement with observations by Terry on the 

 

conditions for oscillations of crystal-controlled vacuum tube circuits and with 

 

recent measurements of decrement by Vigoreaux." 

 

The meeting was attended by three hundred members and guests. 

 

ATLANTA SECTION 

 

The October 3rd meeting of the Atlanta Section was held at the Cecil 

 

Hotel in Atlanta, Chairman Harry F. Dobbs, presiding. 

 

A paper by J. T. Gardberg on "Volume Control used in Modern 

 

Radio Receiving Sets" brought forth a lively discussion which was 

 

participated in by the majority of the members present. 

 

At the conclusion of this paper, the members proceeded to the office 

 

of the U. S. Supervisor of Radio in Atlanta and were shown the practi-
cal operation of the latest type of frequency measuring equipment used 
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by the supervisors. After this demonstration a number of questions 

 

were asked of George Llewellyn of the supervisor's office. 

 

The meeting was attended by twenty members and guests. 

 

BUFFALO-NIAGARA SECTION 

 

A meeting of the Buffalo-Niagara Section was held on October 14th 

 

at the University of Buffalo, A. B. Chamberlain, chairman, presiding. 

 

A paper on "Sound Reproduction" was presented by George 

 

Stringfellow, Division Superintendent of Service of Electrical Research 

 

Products, Inc. Mr. Stringfellow described the method used in the 

 

motion picture studios to record on both film and wax. Some of the 

 

difficulties encountered in the commercial application of these devices 

 

by the motion -picture industry since 1926 were explained. The diffi-
culties due to interference caused by arc lights and other equipment 

 

and the developments to obviate these were discussed. The methods 

 

and equipment used in both recording and reproduction were con-
sidered in detail. 

 

Messrs. Chamberlain, Hector, Johnson, Waud and others partici-
pated in the discussion which followed the presentation of the paper. 

 

Forty-nine members and guests were in attendance. 

 

CINCINNATI SECTION 

 

The October meeting of the Cincinnati Section was held on the 

 

14th at the Cincinnati Chamber of Commerce, R. H. Langley, chair-
man, presiding. 

 

A paper on "Electrolytic Capacitors; Theory and Application" 

 

was presented by F. E. Johnston, Product Engineer of the Crosley 

 

Radio Corporation. 

 

The speaker briefly outlined the history of the electrolytic con-
denser. The manufacturing process was then described, special empha-
sis being placed on the necessity for pure materials and the care 

 

required in the forming process. The theory of operation of electrolytic 

 

condensers was touched on but it was stated that there is a wide 

 

variance in opinion on the subject among investigators in this field 

 

and much remains to be learned. The actual operating characteristics 

 

under a wide variety of service conditions were discussed in some 

 

detail. The useful life was stated to be indefinite provided the maxi-
mum peak voltage and operating temperature ratings are not exceeded. 

 

The methods of measuring the capacity of this type of condenser were 

 

given. 

 

The paper was discussed by Messrs. Austin, Barton, Hoffman, 

 

Israel, Mlgour, Osterbrock, and Wilson of the forty-three members 

 

and guests in attendance. 

 

A Nominating Committee composed of Messrs. Desh, Dixon, and 

 



Institute News and .Radio Notes 1991 

 

IT-ilgour was appointed to bring in nominations for election of officers 

 

for 1931. This election will take place at the annual meeting to be 

 

held December 16th. 

 

CLEVELAND SECTION 

 

A meeting of the Cleveland Section was held on September 19th 

 

in the Winton Hotel, D. Schregardus, chairman, presiding. 

 

John F. Royal, Managing Director of WTAM, gave an outline of 

 

the relations of broadcasting and the vaudeville stage. 

 

The attendance at the meeting was forty-five. 

 

The October meeting of the Cleveland Section was held in the 

 

Physics Laboratory of the Case School of Applied Science on the 24th, 

 

S. E. Leonard, presiding in place of Dr. Schregardus who was unable 

 

to be present. 

 

T. B. Owens, Assistant Professor of Electrical Engineering of the Case 

 

School of Applied Science presented a paper on "Filters in Electrical 

 

Circuits." 

 

The paper covered the four types of wave filters, giving their cir-

cuit arrangements, transmission characteristics, and other pertinent 

 

data. 

 

Following the presentation of the paper, Bruce David, Chairman 

 

of the Committee on the New Constitution, read the new Constitution 

 

approved by the Board of Direction. This Constitution was adopted 

 

by the Section. 

 

The attendance at the meeting totaled thirty-five. 

 

DETROIT SECTION 

 

L. N. Holland presided at the October 17th meeting of the Detroit 

 

Section held in the Detroit News Auditorium. 

 

W. E. Jackson, Radio Engineer, Airways Division of the Bureau of 

 

Lighthouses, presented a paper on "Development of a Visual Type of 

 

Radio Range Transmitter having Universal Application to the Air-

ways." 

 

This paper is published in this issue of the Proceedings and it 

 

will, therefore, be unnecessary to describe it further. 

 

The discussion which followed the paper was entered into by 

 

Messrs. Case, Firestone, Holland, Worel and others. 

 

A motion picture showing the production of radio receiving sets 

 

was also shown. 

 

Los ANGELES SECTION 

 

A meeting of the Los Angeles Section was held at the Engineers 

 

Club on September 22nd, T. C. Bowles, chairman, presiding. 

 

T. E. Nikirk, Chairman of the Meetings and Papers Committee of 

 

the Los Angeles Section, presented a paper on "Three- and Six-Phase 

 

Rectifier Systems." 
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At its conclusion the paper was discussed by Dr. deForest, who 

 

was present, and Messrs. Breeding, McDonough and several others 

 

of the twenty-five members and guests in attendance. 

 

The October meeting of the Los Angeles Section was held at the 

 

Engineers Club on October 21, T. C. Bowles, chairman, presiding. 

 

A paper on "Recent Developments in Chain Broadcast Control" 

 

was presented by Paul Johnson, a transmission engineer for the 

 

Southern California Telephone Company. 

 

Following the delivery of the paper and the discussion which was 

 

particpated in by Messrs. Anderson, Fox, Nikirk and others, members 

 

and their guests visited the broadcast control section of the long-dis-
tance control office of the Telephone Company. 

 

Dr. Lee deForest introduced John Stone Stone, President of the 

 

Institute for 1915, to the one hundred and twenty-six members and 

 

guests in attendance._ 

 

PHILADELPHIA SECTION 

 

The September meeting of the Philadelphia Section was held on 

 

the 24th of the month at the Franklin Institute, W. R. G. Baker, 

 

chairman, presiding. 

 

Prior to introducing the speaker of the evening the Chairman in-
troduced to the Section members the new officers and also gave an 

 

outline of the various committees appointed together with their duties 

 

and personnel. 

 

The speaker of the evening, C. W. Horn, General Engineer, Na-
tional Broadcasting Company was then introduced. Mr. Horn pre-
sented a paper on "The Problems of Chain Broadcasting." Although 

 

only partly technical in its treatment of the subject, the paper covered 

 

the system of chain broadcasting now employed and outlined many of 

 

the minute details that enter into the successful production of a nation-
wide broadcast. 

 

A general discussion participated in by many of the sixty-six mem-bers and guests in attendance followed. 

 

PITTSBURGH SECTION 

 

The October meeting of the Pittsburgh Section was held on the 

 

21st of the month at Utility Hall, A. J. Buzzard, chairman, presiding. 

 

A paper on "Shaking Down Electrons" was presented in two parts 

 

by R. C. Hitchcock and Lee Sutherlin of the Westinghouse Electric 

 

and Manufacturing Company. 

 

The first portion of the paper presented by Mr. Hitchcock dis-
played and explained the operation of a number of types of photo-electric cells. The wide and varied field of usefulness which these cells 

 

serve was discussed and a practical demonstration of a cell as an "off" 

 

and "on" device was given. 
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The second part of the paper was presented by Mr. Sutherlin and 

 

covered systems for amplifying the output of these devices. Diagrams-

of suitable circuits and a special amplifying tube developed for use in 

 

this work were exhibited and discussed in detail. 

 

After the presentation of both portions of the paper; a discussion 

 

participated in by Messrs. Armstrong, Best, Carman, Johnstone, Mag, 

 

McKinley, and Strainger tools place. 

 

The attendance at the meeting totaled forty-one members and 

 

guests. 

 

ROCHESTER SECTION 

 

The October 2nd meeting of the Rochester Section was held at the 

 

Sagamore Hotel, H. J. Klumb, presiding. 

 

A paper on "Recent Developments in Oscillographs" was presented 

 

by Clare Anderson of the Westinghouse Eectric and Manufacturing 

 

Company of Newark, N. J. 

 

In his illustrated talk, Mr. Anderson discussed the constructional 

 

features of the new multielement oscillographs and the Osiso, a port-

able oscillograph. The older types of oscillographs were first discussed, 

 

particular emphasis being placed on the optical system consisting of a 

 

light source, the rays from which passed through adjustable slits and 

 

thence to the vibrating galvanometer and photograple plate or optical 

 

viewing window, the spot of light striking the photographic strip being 

 

the properly focused image of this adjustable slit. The speaker then 

 

described methods recently, developed to overcome some of the objec-

tions to the older system. This included the use of a strip filament 

 

lamp for a light source, eliminating the use of the adjustable slits. In 

 

addition, self-energizing attachments which could be started to take a 

 

.picture of line transients in less than two cycles and new types of 

 

vibrating elements were covered. The paper terminated with a de-

scription of some of the recent applications of oscillographs to radio 

 

and nonradio problems. 

 

The meeting was attended by eighty-nine members and guests. 

 

SAN FRANCISCO SECTION 

 

The October 15th meeting of the San Francisco Section was held 

 

at the Engineers' Club, C. H. Suydam, presiding. 

 

A paper on "Portable Field Equipment" was presented by Ralph 

 

Heintz of Heintz & Kaufman, Ltd. 

 

Various types of portable radio field equipment developed for the 

 

Army and Navy were described and several pieces of apparatus were 

 

on display. Power supply devices utilizing both foot power and a 

 

small single cylinder gasoline engine were also shown. 

 

The attendance at the meeting was forty-nine. 
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SEATTLE SECTION 

 

The October 10th meeting of the Seattle Section was held at 

 

Philosophy Hall in the University of Washington. Austin V. Eastman, 

 

chairman, introduced the speaker of the evening, J. R. Tolmie, who 

 

delivered a paper on the "Use of Quarter Wavelength Transmission 

 

Lines as Antenna Coupling Elements." 

 

The paper covered the action of parallel transmission lines and 

 

their characteristics. The relative impedences of the antenna, the 

 

coupling elements, and the generator were considered in detail. 

 

Messrs. Eastman, Foster, Williams, and Willson of the thirty-seven 

 

members and guests in attendance discussed the paper. 

 

WASHINGTON SECTION 

 

The October meeting of the Washington Section was held on the 

 

9th in the Continental Hotel, L. P. Wheeler, chairman, presiding. 

 

The paper on "Recent Developments in Radio-Acoustic Position 

 

Finding" was presented by Dr. Herbert G. Dorsey, Senior Electrical 

 

Engineer, Coast and Geodetic Survey. 

 

The use of hydrophones in surveying had already been well estab-
lished on the Pacific Coast prior to 1926. During that year experi-
ments were started on the Atlantic Coast but were failures and 

 

continued as such until the fall of 1929. At that date.a change in method 

 

was tried which consisted in using floating hydrophone stations in-
stead of hydrophones near the shore. It was found that when the 

 

hydrophone was used in water of 20 or more fathoms depth, bombs 

 

could be heard at distances up to 70 miles. During the early spring of 

 

1930 a complete trial was made in waters on the east coast of Florida 

 

and during the past summer was put into successful operation on 

 

Georges Bank where over 22,000 soundings were made with the 

 

author's fathometer in an area of over 6000 square miles and the 

 

surveying ship's position located by a radio-acoustic distance and radio 

 

compass bearing from an anchored ship. The position of the latter was 

 

located astronomically and a system of buoys used as references in a 

 

triangulation system. 

 

A full description was given of the author's system of transmitting 

 

a series of radio dashes automatically by a thyratron from a crystal-
controlled transmitter of 4135 or 8270 kc when a bomb signal was re-
ceived on an electromagnetic receiver and amplifier of new design, and 

 

lantern slides showed diagrams and photographs of the circuits and 

 

apparatus. 

 

During the summer a new submarine valley was discovered which 

 

will be of considerable importance to transatlantic navigation. 
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Volume 18, Number 12 Dec6n.ber, 1930 

 

SOLAR AND MAGNETIC ACTIVITY AND RADIO 

 

TRANSMISSION* 

 

I 

 

BY 

 

L. W . AUSTIN, E. B. JUDSON, I. J. W MORE-SHIEL 

 

(Laboratory for Special Radio Transmission Research, Bureau of Standards, Washington, D. C.) 

 

Summary—In this paper curves are shown indicating a connection be-

tween the annual averages of sun spot numbers and daylight radio signal strength 

 

of Nauen, Germany, as received in Washington from 1915 to 1929. The curves of 

 

the monthly averages of suit spots and daylight transatlantic signals for the years 

 

1924-1999 show little evidence of correlation. On the other hand, the correlation 

 

between these monthly average signals and terrestrial magnetic activity seems definite. 

 

Reception from Monte Grande (Argentina) shows less definite and on the whole 

 

inverse correlation with magnetic activity. This indicates that long waves, like the 

 

ultra short, are more influenced by magnetic activity when traveling across the earth's 

 

magnetic field than when traveling parallel to it. 

 

' N SOME earlier papers' dealing with solar and radio relations, it 

 

was shown that the yearly averages of sun spots and long-wave 

 

` daylight transatlantic signal strength were apparently definitely 

 

connected, and at the same time the possibilities of shorter period 

 

correlation were also suggested. The signal observations which have 

 

been taken since the publication of these papers make it possible to 

 

extend the curves published at that time and to draw somewhat more 

 

definite conclusions as to the reality of these relations. 

 

Fig. 1 shows the curves of annual averages of sun spots and-the 

 

Nauen signals already mentioned, continued to include 1929. This 

 

covers approximately one and one-half sun spot cycles. Although the 

 

irregularities of the peaks of the two curves of the present maximum 

 

do not exactly correspond, and the signal measurements before 1922 

 

are not of high accuracy, the evidences of correlation will be very 

 

strong if no marked discrepancies occur before the next sun spot 

 

minimum. 

 

At the time of writing the earlier papers, it was thought from the 

 

observations that a fair degree of correlation might also exist between 

 

the monthly averages of sun spots and signals. The rapid rise in signal 

 

strength which followed closely on the sudden increase of sun spots 

 

during 1925 was very striking. 

 

Fig. 2 shows the monthly average curves from 1924-1929 of sun 

 

* Decimal classification: R113.5. Original manuscript received by the Insti-
tute, July 28, 1930. Publication approved by the Director of the Bureau of 

 

Standards of the U. S. Department of Commerce. 

 

1 PROC. I. R. E., 15, 825; October, 1927; 16, 166; February, 1928. 
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Fig. 1 

 

spots and of long-wave daylight transatlantic signals from Bordeaux, 

 

France (FYL) (f =15.9 kc, X =18,900 m) and Nauen, Germany (DFW) 

 

(f=23.4 kc, X=12,800 m). 
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In order to eliminate seasonal effects from the signal curve, the 

 

deviations of the individual monthly values from the average values 

 

of the corresponding months of the whole six years are plotted, while 

 

in the solar curve the sun spot numbers are used directly. Both curves 

 

are smoothed by three-inontli running averages. It is seen at once that 

 

there is no simple relationship between the two curves as a. whole. 

 

While the number of peaks is the same in the two, the periods of high 

 

signals in the later years have lagged about six months behind the 

 

sun spot peaks, so that the peaks of one curve correspond roughly to 
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Fig. 3 

 

the troughs of the other. At present it is impossible to say whether 

 

these relationships are significant or not. 

 

Fig. 3 which was published recently as a note in the Journal of the 

 

Washington Academy"- shows the curves of the monthly averages of 

 

sun spots, magnetic activity as expressed in horizontal range  measured 

 

at . Cheltenham, Md., and signals from Bordeaux (FYL) and Nauen 

 

(DFW): In these signal curves the actual monthly averages are 

 

2 Jour. Washington Academy 20, 73, 1930. 

 

3 Horizontal range is defined as the difference between the maximum and 

 

minimum daily values of horizontal intensity and expressed in gammas. One 

 

gamma is equal to 1.10-5 gauss. 
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shown, not. the deviations of monthly averages from the average 

 

monthly means for the six years. The use of the deviations in our 

 

earlier work prevented our noticing the close resemblance between the 

 

signal and magnetic activity curves. 

 

The resemblance of the sun spot curve to the other three curves 

 

is not close, but the similarity in the changes in magnetic activity and 

 

signal strength seems to be unmistakable. The. deep drop of both the 

 

magnetic and signal curves in November (more rarely in December) 

 

is especially striking. This early winter drop in signals has often been 

 

noticed, and in the case of transmission between Europe and America 

 

has been ascribed to the proximity of the signal path to the area of 

 

Arctic darkness at this season, or to a European sunset effect. These 
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curves suggest that the connection between terrestrial magnetism and 

 

transmission may be more marked at the time of greater sunspot 

 

activity; at any rate, the correlation is poorer in 1924 than in the 

 

later years, and it appears to be decreasing in 1929 as the sun spots 

 

again begin to decrease. 

 

Fig. 4 shows the magnetic-radio relationship in the case of recep-
tion from two English stations, Leafield (GBL) (f = 24.4 kc, X =12,300 

 

in) and Carnarvon (GLC) (f = 31.6 kc, X = 9500 in). Leafield in 1928 

 

ceased to transmit regularly at an hour ensuring an all-daylight signal 

 

path across the Atlantic, and was therefore replaced for our purposes 

 

by Carnarvon, a station of approximately the same signal strength. 

 

In Fig. 4, the curves of magnetic activity and signal strength are not 

 

as strikingly alike to the eye as the curves of Fig. 3, but the percentage 

 

of months inwhich the two curves rise and fall together is slightlyhigher. 

 



i 

 

Austin, Judson, Wymore-Slviel: Solar and Magnetic Activity 2001 

 

Thus far the radio signal paths which have been considered he 

 

roughly in an east-west direction. In Fig. 5 the corresponding relations 

 

are shown for reception from Monte Grande in the Argentine (LPZ) 

 

(f = 23.6 kc, A =12,700 m), which lies nearly south of Washington. 

 

Here there seems to be an inverse rather than a direct correlation be-

tween the magnetic and signal curves. It is well known that in short-

wave transmission there is a difference in the effect of magnetic activity 

 

on the north-south and east-west signal paths. According to T. L. 

 

Eckersley,4 the number of occasions in the year October, 1927, to 

 

October, 1928, in which magnetic storms rendered the short-wave 

 

communication between England and Montreal impossible, were 49; 

 

between England and New York, 32; while between England and 
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Fig. 5 

 

points to the south (in Australia, South Africa, India, and South 

 

America), these varied from 4 to 7. These and other observations indi-

cate that the connection between magnetic activity and radio trans-

mission is most marked across the lines of the earth's magnetic field, 

 

and least marked parallel to them; and also that the effect is most 

 

noticeable in the east-west transmission nearer the poles, and less 

 

noticeable nearer the equator. 

 

Attempts have also been made to show a relation between magnetic 

 

activity and signal strength for averages of shorter periods than a 

 

month. For this purpose the magnetic and signal observations used 

 

in Fig. 3 have been averaged in five- and ten-day periods. The re-

sulting curves are not shown in this paper. The five-day averages 

 

4 T. L. Eckersly, .Jour. I.E.T. (London), 992, 1929. 
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showed no definite magnetic-radio relationship. This poor correlation 

 

was perhaps to be expected, as Mrs. Wymore-Shiels has shown that 

 

in the case of severe magnetic storms, at least, the transatlantic sig-
nals rise on an average on the second day after the most .disturbed 

 

magnetic day. The ten-day averages show considerably better corre-
lation than the five-day averages, the agreement sometimes being 

 

excellent for many weeks together and then failing completely over 

 

long periods of time. 

 

S I. J. Wymore, "The relation of radio propagation to disturbances in 

 

terrestrial magnetism," Pxoc. I. R. E., 17, 1206; July, 1929. 
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TEMPERATURE CONTROL FOR FREQUENCY STANDARDS* 

 

By 

 

J. K. CLAPP 

 

(General Radio Co., Cambridge, Mass.) 

 

Suininarh— A brief summary of the factors influencing the stability of temper-

ature-control assemblies, in which control is obtained by adding heat and without 

 

the use of circulating nicchan.isms, is given. These factors include the degree of in-

sulation; rate of ap'�)lication and method of distribution of heat; sensitivity, regularity 

 

of operation,, and position of thcrm.ostat.; degree of "ripple" attenuation; and the 

 

operating tem.perabire. Examples of three types of control units regulating to within 

 

approximately ±0.5 deg., ±0.1 deg., and ±0.01 deg. C, respectively, at 50 deg. C 

 

are given, with heating rates and details of construction. Diagrams and photographs 

 

are included. 

 

N MAINTAINING the frequency of a piezo-electric oscillator 

 

at as nearly a constant value as possible, it is necessary to control 

 

  its temperature very carefully, in addition to controlling other im-

portant factors. This paper summarizes the problems of temperature 

 

control with regard to the final variations in temperature obtained in a. 

 

given assembly. Some practical aspects of construction are considered 

 

with the object of obtaining the desired result with a simple assembly 

 

providing for reasonable accessibility. 

 

The main factors which substantially influence the constancy of the 

 

temperature within the desired space are: 

 

(1) Degree of insulation of entire assembly to external temper-
ature changes 

 

(2) Rate of application of heat 

 

(3) Distribution of heat 

 

(4) Sensitivity and regularity of ope4ation of thermostats 

 

(5) Position of thermostat 

 

(6) Degree of "ripple" attenuation 

 

(7) Operating temperature 

 

These factors will each be given a brief discussion. The influence 

 

of these factors on the design of units for specific problems will then be 

 

illustrated through brief descriptions of certain types of temperature-
control assemblies. 

 

(1) The better the heat insulation of the entire assembly from the 

 

atmosphere (and, in general, the higher the operating temperature) 

 

the easier it is to regulate the inner temperature to a desired degree of 

 

* Decimal classification: R214. Original manuscript received by the Insti-
tute, August 6, 1930. 

 

2003 

 



2004 Clapp: Temperature Control 

 

constancy. The better the insulation, the smaller is the heat-flow 

 

through the walls. A given temperature within the unit is then 

 

maintained through the application of a smaller amount of heat than 

 

is the case when the heat loss is large. This condition is favorable for 

 

the regular operation of most forms of thermostats. It must be borne 

 

in mind that a thermal balance exists and that under stable conditions, 

 

the average amount of heat applied is just equal to the average amount 

 

of heat lost through the walls of the assembly. Balsa-wood was found to 

 

be most effective as the insulation material. 

 

(2) If heat is applied too rapidly there is a definite tendency 

 

to produce "hot spots" near the heaters. If the thermostat is placed 

 

too far from the heaters, the rapid application of heat results in parts 

 

of the assembly being carried to temperatures which are far too high. 

 

When, finally, the heat "surge" reaches the thermostat, that device 

 

is also raised far above the temperature required for its operation. 

 

The result is that the temperature of the unit "overshoots" the 

 

thermostat operating temperature, resulting in poor regulation 

 

(even with sensitive and reliable thermostats), since the average 

 

temperature is controlled, not by the thermostat, but by the rate and 

 

amount of "overshooting" and by the rate of heat loss from the unit. 

 

(3) The distribution of heat as applied to the unit is very im-
portant. Localization of heat application can only be successful in 

 

assemblies in which a. rapid circulation of a fluid (air or liquid) is 

 

maintained. (Because the use of liquid baths is very inconvenient 

 

for general electrical laboratory work, and as the use of any rotating 

 

machinery* is undesirable in units which are to operate continuously 

 

over long periods with minimum attention, emphasis has here been 

 

placed on units involving neither of these elements.) 

 

If circulation of the air within the unit is to be avoided, it is neces-
sary to distribute the heat-flow symmetrically around the space to be 

 

controlled. The ideal form would be a spherical space covered by a 

 

uniformly distributed heating surface. A close approach to this ideal 

 

is a cylinder, covered with a uniformly distributed heater around its 

 

circumference, with properly graded heating on the ends to simulate 

 

the conditions of an "infinite cylinder."' 

 

For reasons of mechanical simplicity in manufacturing and for 

 

ease of access, a rectilinear form is preferable. In the units here 

 

described, heaters are mounted on all six faces of the distribution box 

 

1 W. A. Marrison, "A high precidion standard of frequency," Pxoc. I.R.E., 

 

17, 1103, July, 1929; Bell Sys. Tech. Jour., 8, 493; July, 1929. 

 

V. E. Heaton and W. H. Brattain, "Design of a portable temperature-con-trolled piezo oscillator," Bureau of Standards Journal of Research, 4, 345; March 

 

1930; Pxoc. I.R.E., 18, 1239; July, 1930. 
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and are in the form of open grids,= covering as large n. portion of the 

 

wall surfaces as possible, consistent with standardized construction 

 

of walls and licater elements. 

 

(4) The greater the sensith ity of the thcrmost.Rt, (i.e., the smaller 

 

the temperature difference required to open and close the operating 

 

contacts) the better the possible degree of control, other factors being 

 

equal. The constancy of the operati»g temperature of the thcriaoslat is 

 

just as iinportant ae high srn.Wi6ty. 

 

E,xamples of both bimetallic and mercury types which were 

 

rendered practically useless by extraneous variations in average oper-

ating temperature were encountered in the development work as 

 

follows: In the bimetallic type the friction against which the bimetallic 

 

element operated varied both with the adjusted operating temperature 

 

and with the degree of mechanical vibration to which the unit was 

 

subjected. In -1 mercury-type thermostat of experimental design 

 

having a. thin-walled bulb of greatly flattened form, (for the rapid 

 

absorbtion of heat) the operating temperature varied markedly with 

 

air pressure. 

 

(5) The position of the thermostat, in a given assembly, greatly 

 

influences, the degree of control obtainable. It is at once apparent that 

 

the therinostat should not be placed to the space to be conirnllyd as to da so 

 

requires the kniperature of the sparr to rarg enough to cause the 1hrrinostat 

 

to operate. The space to be controlled :should be enclosed by the neces-

sary distributing and attenuating walls, and the thermostat should be 

 

placed outside of these. In fact, the beat position for the thermostat 

 

is in. intintate contact rrith the outer face of the heat distribution wall, 

 

the distributed heaters being supported outside of the thermostat. 

 

Heat is transferred from the lieater grids to the wall surface mainly by 

 

conduction; there is little convection if heat is not applied too rapidly. 

 

Under these conditions the outer wall of the space is maintained 

 

eery nearly at the average operating thermostat temperature (average 

 

of the "opening" and "closing" temperatures). The "ripples" caused 

 

by rise and fall of temperature necessary to operate the thermostat 

 

may be reduced to practically any desired extent' by suitable construc-
tion of the walls. 

 

(6) If the heaters, thermostat, and heat distribution walls are 

 

properly arranged and operated, but little "ripple" attenuation is 

 

required to smooth out the short-period temperature fluctuations 

 

caused by the thermostat operation. In simple equipment where 

 

2 Manufactured by The States Company, Hartford, Conn., under the trade 

 

name of "Ohm-Spun' resistors. 

 

8 W. A. Marrison, "Thermostat design for frequency standards,' PRoc. 

 

I.R.E., 16, 976; July, 1925. 
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extreme constancy is not required, a distribution wall of aluminum 

 

(1/16 or 1/8 inch thick) will very largely eliminate the "ripples." 

 

To meet more rigorous requirements, several layers of distributing 

 

material (aluminum) and attenuating material (asbestos or felt) may 

 

be necessary. The distributing material should have a relatively low 

 

heat capacity and high conductivity; the attenuating material should 

 

have high heat capacity and low conductivity. The effectiveness 

 

of the layers is also dependent on 
" 
the character of the surfaces; 

 

for example, polished aluminum is superior to coated. 

 

(7) The ease with which a given degree of constancy of temper-
ature may be maintained in a given type of assembly varies with the 

 

operating temperature. It is apparent that if the temperature is to be 

 

maintained entirely by the addition of heat, the operating temperature must 

 

be substantially higher than the highest room temperature under which 

 

control is to be maintained. As the heat lost from the unit depends 

 

on the difference between the operating and room temperatures, given 

 

variations in room temperature will produce less disturbance of the 

 

conditions internal to the unit when the temperature difference is 

 

large, i.e., when the operating temperature is high. 

 

Unfortunately, high temperatures reduce the piezo-electric effects 

 

in quartz crystals, so that for control of these elements it is desir-
able to operate them at as low a temperature as can be main-
tained by the control assembly. General experience shows that an 

 

operating temperature of 50 deg. C (122 deg. F) is a fair compromise 

 

between these conflicting conditions, and this value is now quite 

 

widely accepted as standard for this work. In order that quartz 

 

crystals may be used interchangeably in various systems, it is necessary 

 

to choose a standard temperature by common agreement. For this 

 

reason, fine regulation of the crystal frequency should not be obtained 

 

by adjustment of the operating temperature. As there are other means 

 

for adjustment of the operating frequency, fixing the temperature en-
tails no particular operating difficulties. 

 

Examples of temperature-control units built upon the foregoing 

 

principles will now be given. In the diagrams, a cross section of one 

 

wall of the units is given, indicating the location of the thermostat. 

 

It is understood that the character of the other walls surrounding the 

 

controlled space is similar to that indicated in the sketches. 

 

TYPE I—SIMPLE CONTROL UNIT 

 

The controlled space is surrounded by one-eighth inch aluminum 

 

walls over which, at a distance of one-quarter inch the heater cards 

 

are mounted. One card is supported somewhat farther away to permit 
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the mercury thermostat to be mounted between the heater and the 

 

aluminum wall. The thermostat is in intimate contact with the alumi-

num and is held in place by an aluminum pocket secured to the wall. 

 

(See Fig. 1.) In units hating controlled spaces of the order of 250 cubic 

 

inches, the instantaneous rate of heating required is 60 watts or some-

what less. The thermostat keeps the heat "on" about one-sixth to one-

tenth of the time, so that the average rate of heating is from G to 10 

 

watts. Such a unit will regulate to better than ±0.5 deg. C for room 

 

temperatures of 20 deg. C ± 11 deg. C. 

 

I , 

 

!I i 

 

f 

 

x 

 

a 

 

19 

 

I� 

 

4 

 

i 

 

KA

1f� 

At1MW1� PObICT 

 

S IYAT 

 

1t GOIiTA a 7M/TJM4057AT 

 

IOTA
hM

L ALL MATERS 

 

I 

 

CO
Q

 R
,

 LCb 

 

Fig. 1 

 

XI 

 

WOOD CAOINC7 

 

OALSA Mt 

 

ALUUINU. 

 

%O'C AYCAAGL Trl*"EAATURL GA AO2.Y 

 

  
RIPPLC(NO7 

TO SCUL.C) 

 

TYPE II— SINGLE—STAGE CONTROL UNIT 

 

This unit is very similar to the Type I described above, but in-

cludes a better attenuating and distributing system. (See Fig. 2.) 

 

Such units will regulate to about 0.1 deg. C under heating and temper-
ature conditions given above. 

 

TYPE III—TWO-STAGE CONTROL UNIT 

 

Where great constancy of temperature is desired, it is in general 

 

simplest to obtain the desired result through the use of one temperature-
control unit placed within another. The inner unit then has to operate 
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only against the temperature fluctuations remaining from the operation 

 

of the outer unit. If the room-temperature fluctuations are reduced by 

 

one unit by a factor of 20, for example, so that a single-stage control 

 

would hold the temperature to within one degree for 20 degrees 

 

change in the temperature of the room, then a similar single-stage unit 

 

placed within the first would reduce the variations from one degree to 

 

something of the order of 1/20th degree. In frequency standards the 

 

quartz element may be placed in the inner unit, and the balance of the 

 

driving circuit in the outer to save space. 

 

In the two-stage assembly indicated in Figs. 3 and 4 the inner and 

 

Fig. 4. Top view of complete crystal oscillator with double temperature con-

trol. Shows location of crystal holder in inner unit, with thermostat on right 

 

wall; oscillator tube, circuits, and isolating amplifier are shown in position 

 

in outer unit. Outer thermostat is mounted on left wall. The entire assembly 

 

is mounted in a balsa-wood box, with two-inch walls 

 

outer units have instantaneous rates of heating of about 3.5 and 20 

 

watts, the average rates being 0.3 and 3.0 respectively. A constant 

 

heating of 6 watts due to the filament heating and 0.5 watt due to the 

 

plate dissipation of the two vacuum tubes used is supplied to the outer 

 

unit. This residual heating alone is sufficient to hold the temperature 

 

of the entire assembly about 17 deg. C above a room temperature of 

 

20 deg. C. 
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The arrangement of the unit is shown in the photograph, Fig. 4, 

 

the piezo-electric crystal being placed in the inner unit; the driving 

 

tube and circuits, as well as a coupling tube, are placed in the outer 

 

unit. The temperature of the crystal is maintained at 50 deg. ±0.01 

 

deg. C while that of the circuit is maintained at 45 deg. ±0.1 deg. C. 

 

Fig. 5. The interior assembly of the double temperature-control box is here 

 

shown removed from the balsa-wood insulating container. The unit inside 

 

the larger box has heaters on all six faces, controlled by a thermostat 

 

mounted on the rear face. The outer unit also has heaters distributed over 

 

all six faces, the thermostat being mounted at the center of the front face. 
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SOME EXPERIENCES WITH SHORT-WAVE 

 

WIRELESS TELEGRAPHY* 

 

PY 

 

N . H . EDES 

 

(Captain, Royal signals, Cntterick Camp, Yorkshire, England) 

 

Summary--An analysis is given of the factors that may be expected to dc-

terttti.ne the transtn.issi.on. phenomena pectili.a.r to any given short.-wane channel. 

 

It is considered that the wavelength that uvi-ll give the greatest probability of satis-

factory cotninvn.ica.tion is determined by (a) the great circle distance between sender 

 

and receiver, (b) the geographical positions of the stations, (c) the litne of year, and 

 

(d) the time of day. It is pointed ont why the latitudes of the stations will be a perti-

nent factor. 

 

It is shown how in China. in 19277-4S it became desirable to be able to predict 

 

the effects of the various factors, and in particular to predict the "best tvavelcngth." 

 

The development of the British military short.-icavc system in that co-rtltrtt 

 

and the inauguration. of a series of tests are described. The method employed in 

 

the tests is critically examined. 

 

A sunttnary is given of the tvorhin.g experiences and the results of the tests over 

 

the various "links." The diurnal and seasonal variations of best travclength arc 

 

recorded, and it is shown that the seasonal variations coincide approximately frith 

 

the equinoxes. 

 

The results of traffic-handling experience and tests are con-bined into a "ratige— 

best tvavelangth diagram" for the bell of latitude lying bel.tveen 30 deg. and 10 deg. 

 

North, and the question as to h.oto closely the diagram ?tight apply to other parts of 

 

the -world is discussed. It is anticipated that the curves for daylight would apply 

 

closely to any part of the world, bitt that those for darkness tvo-tld need considerable 

 

ntodificati.on for different latitudes. 

 

I. SCOPE  OF TH1•, ARTICLE 

 

HE writer's aim is to present some data concerning the perform-
ance of short-wave wireless telegraphy which may be of direct 

 

use to wireless engineers, and which may indirectly help to 

 

coordinate and confirm the results of previous physical research. 

 

The data were obtained in China between August, 1927, and 

 

December, 1928, as a result of the working of traffic and organized 

 

tests between the British military wireless stations in that country. 

 

The stations had been improvised for the maintenance of communica-

tion between the British garrisons guarding "foreign"' lives and prop-

erty during the civil war then raging. 

 

The writer justifies himself for bringing the results to notice on the 

 

grounds that, in China, there became available an extensive "labora-

* Decimal classification: R113. Original manuscript received by the Insti-

tute, August 4, 1930. 

 

1 "Foreign," i.e., non-Chinese. 
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tory" stretching over 1200 miles and 17 deg. of latitude.'- "Research 

 

workers" were not lacking, and willing ones at that. 

 

As far as military exigencies would permit, advantage was taken 

 

of such an opportunity. 

 

The writer has merely tried to apply an integrating process to the 

 

many hours of hard work put in by the noncommissioned officers and 

 

men who made up the operating and maintenance staffs of the stations 

 

concerned. This work was always carried out well and cheerfully, 

 

much of it under conditions of traffic congestion and emergency, and 

 

in a bad climate. 

 

II. G EIN ERAL CO\ SIDERATIO\ S 

 

In the last few years the increasing use of the shorter waves for 

 

wireless telegraphy has brought into prominence certain peculiarities in 

 

their behaviour. The earlier instances of successful short-wave com-
munication over long distances with the use of low power were at 

 

first ascribed to transient and unusual combinations of favourable 

 

circumstances. It was thought that they were "freaks." 

 

Further experiment showed that such results were often obtain-
able. But the ratio of the number of failures to the number of successes 

 

was considerable. 

 

.Much of the earlier work was done by amateurs who were, however, 

 

closely followed up by professional investigators and by the commer-
cial companies. 

 

In the last two or three years research on the subject has proceeded 

 

apace. The existence of the phenomenon known as "skip effect" has 

 

come to be generally accepted, the occurrence of "fading" is established 

 

beyond doubt, and to provide at least a partial explanation of the 

 

observed effects the theory of the mechanism of propagation has had 

 

to be both trimmed and embellished. 

 

The problem is complex. There are many variables that may be 

 

expected to affect the motion of a wave between transmitter and re-
ceiver. Any attempt to establish the influence that each factor contrib-
utes towards the observed effect amounts to a problem in statistics. 

 

In considering the prospects of communication between two sta-
tions, the factors that we Inay expect to be operative are: 

 

(a) The power and aerial system of the transmitting station. 

 

(b) The aerial system and circuit arrangements of the receiving sta-
tion. 

 

The writer has here taken the liberty- of including Hong Kong in the 

 

"laboratory." It was a separate Command, and had built the first military 

 

short wave sets to be used in China, just before the Shanghai 

 

landed. _Defense Force 
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(c) The great circle distance between the stations (hereinafter called 

 

the "range"). 

 

(d) The distribution of electrical conductivity over the earth's sur-

face, particularlyin the area near the great circle joining the stations. 

 

(e) The distribution in space of the ionization of the earth's atmos-

phere, particularly in the region near the diametral plane through 

 

the two stations. 

 

(f) The wavelength in use. 

 

Now, although (a) and (b) will always affect the results, we shall, 

 

for the present, assume that they are given. 

 

(c) we shall take to be an independent variable. 

 

(d) is beyond our control and will vary, but it will lie between the 

 

lower limit for the earth's crust and the upper limit for sea water. As 

 

a first approximation it will be assumed that its effect is small com-

pared with that of each of the other factors. 

 

(f) may, for the present, be regarded as an independent variable. 

 

(e) is beyond our control, and we have no direct method of measur-

ing it. But it may be expected to depend in turn on the following more 

 

elemental factors: 

 

(g) The intensity of solar and other ionizing activities at the time of 

 

the experiment. 

 

(h) The geographical positions of the stations. 

 

(i) The time of year. 

 

(j) The time of day (taken at either station). 

 

There is no simple way of measuring (g), which we shall, perforce, 

 

assume to be of sensibly constant value. But (h), (i), and (j) are 

 

known. 

 

With the reservation, then, that there are other factors that may 

 

affect it, we can now restate our problem as being determined by the 

 

f ollowing : 

 

(a) Range 

 

(b) Geographical positions of stations 

 

(c) Time of year 

 

(d) Time of day 

 

(e) Wavelength 

 

If the stations are not to be more than a few hundred miles apart, 

 

we may, as a first approximation, for (b) substitute the belt of latitude 

 

in which both stations are situated.3 

 

a This substitution may, however, introduce discrepancies at the periods 

 

round about dusk and dawn. For at those times the direction of the line joining 

 

the stations relative to the contour-direction of the shift-region of the Kennelly-
Heaviside layer (or layers) may be expected to become significant. 

 

I 

 

I 
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The wireless engineer has no concern with what befalls those waves 

 

that fail to "get through." For him the problem is to be able to pre-
dict, for a given set of conditions, the band of wavelengths that will 

 

give the greatest probability of successful communication. 

 

We shall call the central wavelength of this band the "best wave-
length." 

 

From this point of view the problem may be regarded thus: 

 

Range 

 

Given conditions Belt of latitude of stations 

 

(independent variables) Time of year 

 

[Time of day 

 

Required condition Best wavelength 

 

(dependent variable) 

 

Now the effects of varying range and time of day were apparent 

 

even in the early experiments w ith short waves. They have been 

 

taken into consideration by all investigators. 

 

The seasonal change is, perhaps, less apparent, but it has been 

 

referred to in the work of some investigators. 

 

The writer is not, however, aware that the effect of latitude has 

 

ever been noted. 

 

Yet is it not to be expected that latitude will be a pertinent factor? 

 

For example: 

 

(a) The arctic (or antarctic) regions experience for half the year the 

 

ionizing conditions associated with summer and daylight, and for the 

 

rest of the year those associated with winter and darkness. The varia-
tion is almost entirely seasonal. 

 

(b) The tropics experience an almost regular diurnal change. Sea-
sonal variation is almost nonexistent. 

 

(c) The temperate zones experience both diurnal and seasonal varia-
tions, the relative effects of the two depending on the latitude. 

 

The multiplicity of variables seems to indicate that the establish-
ment of an empirical law for deriving "best wavelength" in terms of 

 

given conditions can be evolved only from the collection of a large 

 

number of statistics obtained under various sets of such conditions. 

 

The data in this article are submitted in the hope that they may 

 

serve to fill a small part of the gap in the statistics hitherto available. 

 

III. THE PROBLEM IN CHINA 

 

In the winter of 1926-1927 the Chinese Nationalist movement 

 

and the resultant civil war assumed large proportions. The advance of 

 

the Cantonese forces threatened Shanghai. For the defense of British 
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interests, the Shanghai Defense Force was dispatched. It reached 

 

Shanghai in February and March, 1927. 

 

The military communication problems immediately encountered 

 

were mainly those connected with the local defense of the Interna-

tional Settlement. 

 

In South China, however, Hong Bong had improvised two 
short-

wave sets for use at Hong Kong and Shameen (an island near Canton 

 

containing a European settlement) and two more which were sent to 

 

Tientsin and Pelting, in North China. The sets were capable of a 

 

wavelength variation from about 20 to 60 meters. 

 

The Shanghai Defense Force had facilities for communication 

 

with North and South China by means of the ordinary cable routes, 

 

the Royal Navy and the Royal Air Force, the last-named working 

 

with the military stations at Tientsin and Hong Bong mentioned 

 

above. 

 

The Nationalist drive having passed Shanghai, and the situation 

 

in and around that city having stabilized, endeavours were made to 

 

complete the military chain of communication. 

 

The construction of a set at Shanghai was completed by August, 

 

1927. Soon afterwards two sets were received from England, and one 

 

of these was manned and sent to leihaiwei. 

 

The positions of the stations and the ranges between them are 

 

shown in Fig. 1. 

 

The earlier experiences with these stations revealed inconsistencies 

 

and discrepancies. 

 

Hong Kong seemed to have little difficulty in working Shameen at 

 

all times and seasons on 30 meters. Yet communication during dark-

ness between Tientsin and Peking, although the range was not very 

 

different, was often impossible on any wavelength. During the winter 

 

nights, communication always failed. 

 

At night, Hong Kong and Tientsin could usually communicate on 

 

30 meters. 

 

The links Shanghai-Tientsin and Shanghai-Weihaiwei worked well 

 

by day on 27 to 29 meters, and at night on 43 meters until winter set 

 

in. It was found that the wavelength for night working then had to 

 

be increased to the upper limit of the sets. 

 

The link Tientsin-Weihaiwei had characteristics similar to, but 

 

not so extreme as, those of Tientsin-Peking. 

 

Broadly, the situation at the time was as follows: A short-wave 

 

chain had been established, lying roughly north and south. The power 

 

(input to the valves) of the stations varied between about 100 and 300 

 

watts. It had been expected that the degree of successful communica-
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tion would ,%,,ary with the range and time of day. It had been expected 

 

that the wavelength used would influence results, but that it Would not 

 

prove to be a critical factor. Some slight seasonal variation had been 

 

anticipated. Latitude had not been regarded as a. pertinent factor. 

 

Expectations were partly- fulfilled, partly- falsified. 
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Fig. 1---Crest circle ranges in miles. 

 

It w.ls tlloullljt..►1 fir: t. tljat the discrepancies were attributable to 

 

Mle different, aerial srstCfus in t►se, E>r tc-1 the indiN•idualities of opera-tor• and sets. 

 

'"Ile first supposition bras tested bN• the trial of various types of 

 

serials. 11ut it Was found tliat the stlppusition did not ft the facts. 

 

The general C6nC1ti IC11ij regarding
. aerials were: 

 

(a) For short-waN-e work the. +iirectiutltll effect. «•as 41111111 compared 

 

w't') t1le effect of other factors. 
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(b) A horizontal half wave Hertzian aerial gave good results for the 

 

wavelength for which it was designed. It was, however, inflexible to 

 

changes of wavelength. 

 

(c) A vertical aerial (including t and T types) working on harmonics 

 

of fairly high order was flexible to changes of wavelength, though for 

 

a. given wavelength its performance was not quite so good as that of a 

 

half-wave aerial designed for that particular wavelength. 

 

(c) The influence of the design of the aerial was swamped by that of 

 

the other factors (to be discussed). 

 

The second supposition (individualities of operators and sets) 

 

was to a large extent negatived by the results of the tests described 

 

later. 

 

The pressing problem was how to ensure the speedy disposal of 

 

traffic which was liable to grow suddenly at short notice (and the 

 

peak might occur on any one of the links). How could the best wave-

length for each link for the continually changing conditions be pre-

dicted? The relative effects of the various factors were not fully known. 

 

The different stations favored different wavelengths, since each 

 

was confronted *ith a set of conditions peculiar to itself. Each link had 

 

its traffic peak-hours. These peak-periods often clashed at any station 

 

serving more than one link. 

 

Factors other than purely physical conditions were involved. Each 

 

new phase in
-the political or military situation was liable to necessitate 

 

the complete recasting of the time and wavelength schedule. These 

 

phases could not always be predicted, and the difficulties of wireless 

 

control became considerable. 

 

IV. INAUGURATION OF TESTS 

 

It was decided that it was essential to be able to anticipate at 

 

least the changes in the purely physical conditions, and to be able to 

 

predict the wave-band that would give the greatest probability of suc-

cessful communication over each link for any particular set of condi-

tions. 

 

In order to obtain some definite data, a series of tests was started 

 

in January, 1928, but completeness was prevented by the very heavy 

 

traffic from April onwards. 

 

In May the already hard-pressed Wireless Section took over the 

 

Royal Air Force station in Shanghai which had been handling the traf-

fic for home and much of the traffic internal to China. In June the 

 

Nationalist advance was approaching the Tongshan area, in North 

 

China, where there were European interests. A military wireless sta-

tion was sent from Shanghai to accompany the force being dispatched 
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to guard the Tongshan area. The station quickly established com-
munication and immediately came in for heavy traffic with Shanghai, 

 

Tientsin, and Wei hai wei. The land-lines on either side of Tongshan 

 

were cut in succession by the rival Chinese armies as the Nationalist 

 

advance approached and passed Tongshan. The wireless station was 
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Fig. 2--Great circle ranges shown in miles. 

 

therefore for some time the only means of signal communication be-tween the garrison and the outside world. 

 

The culminating point of the period of heavy traffic was reached 

 

in September when in one week the two Shanghai stations alone 

 

handled more than 23,000 words. 

 

The links in operation from June to October 1928 are shown in 

 

Fig. 2. 
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V. M ETHOD EMPLOYED IN THE TESTS 

 

The sending station sent daily a series of transmissions on different 

 

wavelengths in accordance with a prearranged program, each wave-

length being distinguished by a pair of letters allotted beforehand. 

 

The receiving station tabulated these wavelengths with the signal 

 

strengths at which they were received. Signal strengths were esti-

mated in the ordinary "R" code (0 to 9). 

 

The records were then collected and divided into batches, each 

 

batch representing half a calendar month. 

 

By taking the arithmetic mean of the signal strengths for each 

 

wavelength throughout each batch, figures were obtained which en-

abled the plotting of a wavelength signal-strength curve for each 

 

half month. 

 

The results obtained between January and June 1928 are shown in 

 

Figs. 3 to 6. 

 

I 

 

VI. W EAKNESSES OF THE M ETHOD 

 

The method was essentially qualitative rather than quantitative, 

 

and suffered from the following defects: 

 

(a) The "R" code contains considerable ambiguity owing to the 

 

physiological differences between operators. 

 

(b) Even if we assume all operators to have the same scale of estima-

tion of signal strength, the figures of the "R" code bear no simple re-

lationship to the actual field strength at the receiving station. They 

 

do, however, give an indication of its magnitude. 

 

(c) Each set and aerial undoubtedly has its own characteristics, which 

 

will influence the results and prevent them from being necessarily 

 

and generally valid. 

 

(d) Changes of operators and of receiving sets were from time to 

 

time unavoidable. 

 

The only way to overcome these weaknesses would have been to 

 

conduct elaborate experiments involving the use of special sets and 

 

recording apparatus. This, of course, was impracticable. 

 

V11. PROBABLE DEGREE OF ERROR 

 

Referring to the above defects in turn: 

 

(a) Reliefs of operators were allowed to follow their normal course, 

 

because the experiments were subordinate to the working of traffic, and 

 

because it was considered that the effect of preferences for different 

 

wavelengths by different operators would thus be merged in the general 

 

results. 
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(b) This does not invalidate the figures for the best wavelength. 

 

(c) When the first curves were plotted it was thought that this source 

 

of error might be influencing results unduly. But the diurnal and 

 

seasonal variations of the curves go to prove the contrary. 

 

(d) These took place without any consideration of the experimental 

 

work. Although possibly causing temporary error, over long periods 

 

they should tend to eliminate "personal prejudice." 

 

The records of normal working experiences and of experimental 

 

work were filed and summarized separately, and compared afterwards. 

 

It is thought that the agreement between the conclusions arrived 

 

at by the two methods lends strong support to a belief in the approxi-mate validity of the results. 

 

VIII. SUMMARY OF NVORKING EXPERIENCES AND RESULTS OF TESTS 

 

OVER THE VARIOUS LINKS, FOR THE PERIOD JANUARY 

 

TO JUNE, 1928) INCLUSIVE 

 

N. B. The links are dealt with in order of range. 

 

(a) Tientsin-Peking. Range 67 nailes. 

 

Perhaps the most interesting of all the links because of the complete 

 

"skip effect" during winter darkness. 

 

1. Daylight. 

 

In January and February all wavelengths between about 36 and 

 

58 meters gave reliable results. 

 

Signals on 30 or 32 meters were very erratic. 

 

In April, 54 meters gave best results, but all wavelengths, particu-larly the higher ones, were subject to occasional fading. 

 

From the end of-April till the end of June, 44 to 46m' appeared 

 

to be best. Communication was reliable on about 5 days out of 7, 

 

but on the other 2 days signals were weak or inaudible over periods 

 

of 3 or 4 hours. On one occasion they were unreadable from 0900 to 

 

1600 hours. 

 

The acute fading of daytime signals on the 40-to 60-meter band, which was first noticed in April, tends to show that summer days are 

 

particularly subject to this effect. Similar results were observed in 

 

the summer of 1927. Day signals on this band during the winter were 

 

fairly steady. 

 

,2. Dusk. 

 

At all seasons signals were good on all wavelengths from about 45 

 

to 58 meters, the best wavelength being about 50 meters. 

 

S. Darkness. 

 

In January and February no signals were heard until February 
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1 

 

L 

 

27th. This was the first occasion on which night signals had been 

 

heard since early October, 1927. 

 

In March, 58 meters became more and more reliable, wavelengths 

 

below 46 meters remaining unreliable. 

 

In April, May, and June, communication remained fairly consistent 

 

on 58 meters. 36 and 32 meters were only occasionally heard. 

 

Occasional interference was caused by dust storms, which some-

times delayed traffic for several hours. (The impact of grains of sand, 

 

etc., on the receiving aerial causes noise somewhat similar to that 

 

caused by. atmospherics). 

 

4. Experimental. 

 

Curves for daylight and dusk periods in January and February are 

 

given in Fig. 3. They show a very definite "best wavelength" of the 

 

order of 50 meters. 

 

It has already been stated that night signals were never heard in 

 

the winter months. The daylight curve for the second half of April 

 

shows a best wavelength of 54 meters. The dusk curve for the same 

 

period shows one of 50 meters, and the darkness curve one of 58 meters. 

 

(b) Tientsin-Linsi.' Range 80 miles. (June to October only). 

 

1. Daylight. 

 

Linsi station came into operation on June 25th. 

 

No tests were held, but while the 44- to 46-meter band did not seem 

 

nearly so good for day working as it was between Tientsin and Peking, 

 

32 meters seemed rather better, though the latter was by no means 

 

reliable. 

 

2. Dusk and darkness. 

 

Results were practically identical with those between Tientsin and 

 

Peking. 

 

(c) Peking-Linsi. Range 112 miles. (June to October only). 

 

While Linsi's strength was often different at Peking from what it 

 

was at Tientsin, the mean strength seemed to be about the same. The 

 

only marked difference noticed was that Peking heard Linsi R8 to R6 

 

on 32 meters at 2200 hours, Linsi,being inaudible at Tientsin. 

 

(d) Tientsin-Weihaiwei. Range 300 miles. 

 

1. Daylight. 

 

From January till March communication was reliable on all wave-

lengths between 28 and 62 meters. In the first half of March 46 to 

 

58 meters was best. In April 28 meters was best. From early May 

 

' Linsi was the actual site of the station serving the Tongshan area. 
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TIENTSIN TO PEKING 

 

PEKING TO TIENTSIN 
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Fig. 3—Tientsin and Peking. Range 67 miles. 
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reliability decreased, the band 28 to 50 meters being best. Sometimes 

 

communication failed altogether. 

 

L. Dusk. 

 

From January till March 18th signal averaged R8 to R9 on 58 

 

meters. From then onwards signals were consistently R9 on all wave-

lengths. 

 

S. Darkness. 

 

From January until March communication was reliable on the 

 

longer wavelengths, but wavelengths below 42 meters were practically 

 

useless. 

 

From May onwards conditions became very bad, fading being 

 

common. Signals averaged R6 on 32 to 58 meters and R5 on 28 meters. 

 

�. Experimental. 

 

Results of tests are given in Fig. 4. 

 

(e) Shanghai-Weihaiwei. Range 450 miles. 

 

1. Daylight. 

 

A wavelength of from 27 to 29 meters was used throughout the six 

 

months and proved consistently satisfactory, signals often being R9 

 

and seldom less than R7. 

 

2. Dusk. 

 

Forty-three to 45 meters gave good results from January to March, 

 

signals usually being R9. Twenty-nine meters was tried in January, 

 

but although signals were sometimes R9, they often faded out com-

pletely. 

 

After the March equinox, 38 and 46 meters seemed equally effec-

tive. 

 

During May and June a wavelength of from 29 to 32 meters was 

 

best, but failed sometimes, and fading often caused difficulty. 

 

S. Darkness. 

 

In January and February it was only on two or three occasions that 

 

communication could be established. On these occasions signals were 

 

weak, and were obtained by the use of the highest wavelengths of 

 

which the sets were capable about 60 meters. 

 

As the spring equinox approached, the ratio of successful to unsuc-

cessful attempts increased, the higher wavelengths still being best. 

 

By the end of April conditions had changed to such an extent that 

 

communication was usually possible, and a wavelength of the order 

 

of 30 meters seemed to give best results. 

 

During May communication on 29, 32, and 46 meters was very 

 

reliable, and much traffic was handled. 
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4. Experimental. 

 

The only tests that it was possible to carry out with any degree of 

 

continuity were a series of daylight tests from April to June. For the 

 

second half of April they indicate a best wavelength of less than 25 
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Fig. 4—Tientsin to Weihaiwei. Range 300 miles. 

 

meters, for the first half of May one of 30 to 35 meters, and for June 

 

one of about 30 meters. See Fig. 5. 

 

(f) Shanghai-Tientsin. Range 620 miles. 

 

u 

 

s 
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f . Daylight. 

 

Throughout the six months daylight communication was alto-

;ether satisfactory, signal strength each way usually being from R6 

 

W R8. 

 

One of the Shanghai stations used 29 meters, the other 23 meters, 

 

i4nd Tientsin 29 meters. 

 

The 23-meter wave proved particularly reliable. 
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'�. Dusk. 

 

During the greater part of January communication was uncertain 

 

on all wavelengths, but throughout February and until the middle of 

 

t' March it was generally good on 58 to 62 meters. During the second 

 

half of March communication failed in one direction or the other as 

 

often as it succeeded. 

 

In April 32 meters usually gave good results. In May 32 meters 

 

f gave generally good results, but atmospherics began to make their 

 

presence felt, and, even when atmospherics were slight, signals on 

 

several occasions were not heard at all. 

 

�i 

 

i 
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From June 1st to 11th, 28-32 meters proved more reliable than it 

 

had been in May. On June 11th the time-table was recast to meet 

 

traffic requirements, and the period at dusk was abandoned. 

 

S. Darkness. 

 

During January all wavelengths obtainable by the sets were tried, 

 

but failed more often than not, particularly in the direction Shanghai 

 

to Tientsin. The higher wavelengths (58 to 62 meters) gave the best 

 

results. 

 

In February there was a marked increase in reliability, a wave-
length of 58 meters failing on one occasion only. 

 

During March 58 meters was again satisfactory, but towards the 

 

end of the month it was found that all wavelengths down to 28 meters 

 

were as good as the higher ones. 

 

Experiences in April, May, and June were similar to those at the 

 

end of March, i.e., all wavelengths from about 30 to 60 meters were 

 

equally satisfactory. From the beginning of May atmospherics in-
creased but, owing to the considerable strength of signals, seldom pre-
vented the passing of traffic. 

. Experimental. 

 

Very little experimental work was possible -in daylight owing to 

 

traffic requirements, but tests carried out in April and May indicate 

 

a best wavelength of about 30 meters for April and the first half of 

 

May, and something less than 25 meters for the second half of May. 

 

Experiments round about dusk (actually at 1830 hours, China 

 

time) were carried out in March and April. For the first half of March 

 

the best wavelengths seem to be from 40 meters upwards. For the 

 

second half the best band is from 35 to 60 meters. 

 

In the first half of April results were somewhat uncertain, 45 meters 

 

probably being about the best wavelength, while in late April the 

 

results were so discordant as to make it impossible to state a best 

 

wavelength. (See Fig. 6.) 

 

The tests carried out over this link during darkness are of con-
siderable interest, first, because they are the most complete of the 

 

series, and second, because they show to a marked degree the influence 

 

of the seasons. (See Fig. 6.) 

 

In the latter half of January practically nothing below 40 meters 

 

was effective, but mean signal strength rose rapidly on wavelengths 

 

between 45 and 55 meters. From then until the end of March the 

 

shorter wavelengths came more and more "into the picture" until 

 

after the spring equinox (March 23rd) all wavelengths between about 

 

30 and 60 meters. (the upper limit of the sets in use) gave a mean 

 

strength of approximately R9. 
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The change from winter to summer conditions was most definite, 

 

1i and coincided closely with the actual astronomical date. 

 

(g) Shanghai-Linsi. Range 620 miles. (June to October only). 

 

Working experiences were almost identical with those for the link 

 

Shanghai-Tientsin. 

 

The heavy traffic prevented experimental work. 

 

(h) Shanghai.-Peking. Range 680 miles. 

 

Working experiences were similar to those for the link Shanghai-

Tientsin except that communication was not quite so reliable. Peking 

 

was much handicapped by local jamming. 

 

Very little traffic was handled, though arrangements were made in 

 

May, when the fall of the native quarter of Pelting to the Nationalists 

 

was imminent, for passing traffic between Peking and Tientsin via 

 

Shanghai in case of need. 

 

The periods allotted to the link often had to be cancelled owing to 

 

i pressure of work between Peking and Tientsin. 

 

No experimental work was done. 

 

(i) Shanghai-Hongkong. Range 780 miles. 

 

Hongkong worked on a fixed wavelength of 30 meters. 

 

i. Daylight. 

 

Communication was maintained throughout January, but Hong-

kong seldom reported Shanghai's strength as more than R.S. Shanghai 

 

1 used 27 to 29 meters. 

 

In February signals in both directions weakened and there were 

 

several complete failures. 

 

` There was a slight improvement in early March, but towards the 

 

end of the month ,communication became very unreliable, usually 

 

failing completely in the direction Shanghai to Hongkong, while 

 

Hongkong's signals were so weak as to be unreadable. 

 

In April and the first half of May communication failed in both 

 

�� directions almost without exception. The daylight period was can-

celled towards the end of May. 

 

11 

 

s 

 

In the summer and autumn it was found possible to send with a 

 

3i fair degree of reliability from Shanghai to Hongkong on 23 meters. 

 

But signals in the reverse direction (on 30 meters) were nearly always 

 

i unreadable through the jamming prevalent in Shanghai. 

 

f 

 

i 2. Darkness. 

 

Communication was satisfactory using the same wavelengths as 

 

for daylight, except that after summer conditions had set in 32 and 
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39 meters gave rather better results as sending wavelengths for Shang-
hai. 

 

In May there were some failures due to atmospherics. 

 

3. Experinaezztal. 

 

Practically no experimental work was possible, owing, chiefly, to 

 

traffic requirements between Hongkong and Shameen. 

 

(j) Tientsin- Hongkong. Range 1130 miles. 

 

Until March 14th no regular tests were held. 

 

Communication had been maintained since January 30th at 1000 

 

hours daily, and traffic passed, both stations using approximately 

 

30 meters. Tientsin received Hongkong at a mean strength of R7, and 

 

Hongkong received Tientsin at a mean strength of R8 to R9. 

 

Hongkong was received occasionally at strength R4 to R5 be-
tween 0800 and 0900 hours, and at strength R5 to R6 between 1600 

 

and 1800 hours, but these periods were inconsistent. 

 

Between March 14th and May Sth pressure of traffic at Tientsin 

 

prevented any daylight tests. 

 

Hongkong on 30 to 32 meters was occasionally heard R3 to R4 

 

between 0800 and 0900 hours, but then faded out and came in again 

 

between 1600 and 1500. Hongkong averaged about R6 at 1900 hours 

 

and heard Tientsin at strength R.6 to R9 at this hour. Hongkong 

 

usually heard Tientsin's sending tests at 2200 hours at strengths vary-
ing between R5 and RS. The longer wavelengths were heard much 

 

more consistently than were the shorter ones. 

 

From May Sth until the end of June daylight tests. in both direc-
tions were carried out, but nothing was heard. Tientsin sent on 20 to 

 

26 meters and Hongkong on about 30 meters. At 1900 hours signals 

 

in both directions were about R4 to R6, with a slight decrease from 

 

flay to June. Hongkong heard Tientsin's tests at 2200 hours at 

 

about the same strength as in March and April. 

 

(k) ,Shanghai-Ismailia (Royal Air Force). Range 6100 miles. Shanghai-
W,ellington UATeur Zealand). Range 6100 miles. 

 

These links had been worked by the Royal Air Force in Shanghai 

 

until May, 192S, when the Royal Air Force Station in Shanghai was 

 

taken over by the Army. 

 

The station at Wellington was erected by the Public Forks De-
partment, Wellington, with the assistance of a Royal Signals Warrant 

 

Officer, and manned by the Central Depot Corps of Signals (New 

 

Zealand Territorial Force). 

 

The work in Shanghai was taken over from the Royal Air Force 

 

at the time of year when atmospherics and fading became trouble-

1; 
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- some. It happened, too, that the events in North China which led 

 

to a very large increase of traffic occurred soon afterwards. 

 

Periods with the two distant stations were worked only while the 

 

I terminal stations were in darkness, on a wavelength of 39 meters. 

 

Throughout the summer and well into the autumn conditions 

 

between Shanghai and Ismailia were unfavorable, signal strength 

 

varying from R7 to R3 or less. Atmospherics were heavy, and fading 

 

:iI usually set in at about 0600 hours (China time). 23 meters was tried 

 

from 0600 hours onwards, but with no success. 

 

Conditions for the link Shanghai-Wellington were much more 

 

I favorable. Wellington usually received Shanghai at strength R9, and 

 

signals in the opposite direction were almost as good. 

 

In November and December conditions on the lint: Shanghai-

Ismailia became favorable again, and traffic could nearly always be 

 

cleared. 

 

IX, THE PERIOD JULY-DECEmBER, 1925 

 

In section VIII has been given a summary of the experiences over 

 

a period embracing both winter and summer conditions. 

 

As winter once more approached, the changes of wavelength ap-

propriate to each link had to be carried out In accordance with the 

 

experience derived in the previous season. 

 

The transition from summer to winter conditions seemed to lag 

 

by about half a month behind the autumnal equinox. The curves de-

rived from the results of tests (not reproduced in this article) showed a 

 

similar transition (in the reverse order) to those for spring, but the 

 

transition was not so abrupt, and was accompanied by discontinuities. 

 

The seasonal change was not perfectly symmetrical about the summer 

 

solstice. An interesting feature which also showed asymmetry was 

 

that atmospherics, although they did not begin to be troublesome 

 

until May, were heavy throughout the summer and early autumn, and 

 

did not become inconsiderable until the end of October. 

 

Once winter conditions had fully set in, the values for best wave-

lengths obtained during the previous winter were completely con- 

 

f firmed. 

 

I

t 

 

X. AN ATTEMPT To GENERALIZE THE RESULTS 

 

The work in China showed the advantages possessed by short-

wave wireless telegraphy as a means of handling comparatively heavy 

 

traffic over medium and long ranges with the use of low power and in-

expensive 'apparatus. 

 

But the limitations to its use were also revealed. 

 

The limitations are chiefly due to the necessity for changing wave-
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lengths to meet different sets of physical conditions. Unless the con-
ditions under which a. group of stations will be required to operate can 

 

be anticipated, and their influence predicted, difficulty will be found 

 

in searching for suitable day and night wavelengths for the various 

 

links, and in readjusting those wavelengths to meet the seasonal 

 

changes. 

 

The question is of commercial as well as of military importance. 

 

Given a large enough number of statistics it should be possible to 

 

construct tables or curves, or even an empirical law, to show the best 

 

wavelength in terms of the conditions. The breadth of the Rave-band 

 

within which successful communication may be expected is also of 

 

practical importance. 

 

In Fig. 7 is shorn an attempt to incorporate the results of traffic 

 

experience and tests in a "Range-Best Wavelength" diagram, for the 

 

belt of latitude lying between 30 deg. and 40 deg. 

 

The following notes supplement the diagram: 

 

(a) The full line shows what is considered to be the best wave-
length for given range. 

 

(b) The dotted lines show the upper and lower limits of wave-
length giving Workable signals. 

 

The effect, of increasing the power of the sending station is to 

 

broaden the strip (shown shaded) bounded by the dotted lines. 

 

For darkness (summer and winter) no upper limit, was found. If 

 

there is an upper limit it. lies beyond the highest wavelength that could 

 

be reached by the sets in use at t.1ie time. 

 

(c) The curves for daylight .ire approximately the sanie for summer 

 

and winter. It is thought. that the same curve would apply closely 

 

for any part of the worl(l, whatever the latitude, provided both stations 

 

were in (laylight. 

 

An approximate last• for hest wavelength is given by: 

 

X=0.046  (1120-d) 

 

where a is the best wavelength in meters and d is the range in miles. 

 

It appears that, witli a power input of the order of that used at the 

 

stations in China, a daylight range of more than about 1200 miles 

 

cannot- be expected. 

 

(d) The curves for darkness: are much more uncertain than those 

 

for daylight. It is thought that they would vary considerably with 

 

the latitudes of the stations. 

 

(e) Best wavelengths for cases where the conditions of spring, 

 

autumn, dusk, or dawn prevail are intermediate between those shown 

 

for the extreme conditions. Within the transition periods near the 
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equinoxes and near dusk and dawn, the value of best wavelength can-

not be accurately computed, since it varies throughout the transition 

 

period. 

 

M To try and solve the difficulties of winter night communication 

 

between Tientsin and Peking, it was decided to raise the upper wave-

length limit of the sets in use at those places. Since his return to this 

 

t. country the writer has learned that this step was carried out, with 

 

complete success. A wavelength of about 80 meters seems to have 

 

provided the solution. 

 

The contrast between the results, as described, for Northern China 

 

and the experiences of Hongkong on 30 meters lends strong support to 

 

the belief that latitude is an important factor in the problem of noc= 

 

turnal communication. 

 

On the other hand the similarity of the range-best wavelength 

 

curves for summer and winter daylight suggests that the influence 

 

of latitude on daytime communication is almost negligible. 

 

It would be interesting to obtain and compare equivalent sta-

i tistics for regions of higher and lower latitudes than those to which 

 

' 11 the data in this article are directly applicable. 

 



Proceedings of the Institute of Radio Pngineers 

 

Volicnte 19, Number 12 Mxe7itber, 1930 

 

BASIS ESTABLISHED BY THE FEDERAL RADIO COMMISSION 

 

FOR THE DIVISION OF RADIO BROADCAST 

 

FACILITIES WITHIN THE UNITED STATES* 

 

T a session of the Federal Radio Commission held at its office in 

 

Washington, D. C., on June 17, 1930, the Commission adopted 

 

the following General Order: 

 

WHEREAS, the Act of Congress approved March 28, 1928, en-
titled "An Act Continuing for One Year the Powers and Authority of i 

 

the Federal Radio Commission under the Radio Act of 1927, and for 

 

other Purposes," provides and declares that "The people of all the 

 

zones established by section 2 of this Act (Radio Act of 1927) are en-
titled to equality of radio broadcast service, both of transmission and 

 

of reception," and 

 

WHEREAS, said Act approved March 28, 1928, above referred to, 

 

also provides and requires that "in order to provide said equality the 

 

licensing authority shall as nearly as possible make and maintain an 

 

equal allocation of broadcast licenses, of bands of frequency or wave-
lengths, of periods of time for operation, and of station power," and 

 

WHEREAS, it was the intent and purpose of Congress to secure an J 

 

equal distribution of radio broadcast service, both of transmission and 

 

of reception between the five zones aforesaid, and 

 

WHEREAS, it is necessary, in order to make and maintain such 

 

equal allocation between said five zones and fairly and equitably be-
tween the states within each of the zones, that the Commission deter-
mine the value of stations of various classes or of various powers in 

 

effecting such allocation, and 

 

WHEREAS, the Commission has sought and obtained the best 

 

advice and information available and has given much time to an inten-
sive study to such values of stations of various powers, and 

 

WHEREAS, the Commission, through its engineers and from stu-
dies made by the Commission has considered all the elements required 

 

by Congress to be considered, and has allowed the paramount intent 

 

and purpose of the Act of March 28, 1928, above referred to, to control, 

 

i.e., "that the people of all the zones* * * * are entitled to equality of 

 

radio broadcast service, both of transmission and of reception," and 

 

WHEREAS, it has been found that, according to the broadcast 

 

service rendered to the people of each zone and of the states within each 

 

zone by stations of various classes, both of transmission and of recep-
tion, each class of station is of the following value in units, to-wit: 

 

* Decimal classification: R007. Original manuscript received by the Insti-tute, July 7, 1930. 
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i.i 

 

Classes of Stations 

 

A. FOR FULL TIME STATION 

 

(1) Stations of a power of 5 kw or Inore, one station 

 

only operating on the channel at night 

 

(2) Stations of a power of 5 kw or more, two stations 

 

operating simultaneously on a common frequency 

 

and separated by 2000 miles or more 

 

Stations of a power of 5 kw or more, two or more 

 

stations operating on a common frequency and 

 

stations separated by less than 2000 miles 

 

Stations of a power of 1 kw, two or more stations 

 

operating simultaneously on a common frequency 

 

Stations with 500-watts power with more than 2 

 

stations operating simultaneously on a common 

 

frequency 

 

(6) Stations with 250-watt power with more than 

 

two stations operating simultaneously on a com-

mon frequency 

 

(7) Stations with 100-watts power or less, with two or 

 

more stations per zone operating simultaneously 

 

on a common frequency 

 

B. DAY STATIONS 

 

Stations of a power of 5 kw operating during 

 

daylight hours only simultaneously with stations 

 

of Class A(1), above 

 

Stations of a power of 2.5 kw operating during 

 

daylight hours only 

 

Stations of a power of 1 kw operating during 

 

daylight hours only 

 

500-watt, 250-watt, or 100-watt stations operating 

 

during daylight hours only, one-half values given 

 

for corresponding full time stations above 

 

C. FULL TIME STATIONS HAVING EXCESS DAY POWER 

 

All stations shall have their values in units based on 

 

one-half the units for full time stations of same power 

 

as the stations have at night plus the value in units 

 

for a day station of the same power as the station has 

 

in daytime as follows: 

 

1 kw night 22 kw day equal 

 

500 watts night 1 kw day equal 

 

250 watts night 500 watts day equal 

 

100 watts night 250 watts day equal 

 

(3) 

 

(4) 

 

(5) 

 

Value in Units 

 

5 units 

 

4 units 

 

2 units 

 

1 unit 

 

0.6 unit 

 

0.4 unit 

 

0.2 unit 

 

1.5 units 

 

0.75 unit 

 

0.5 unit 

 

1.25 units 

 

0.8 - unit 

 

0.5 unit 

 

0.3 unit 
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For stations of more than 5 kw the value of units will 

 

be the same for all powers. The units will be based 

 

on 5 units. The units for each station will therefore 

 

be 2.5 for day operation plus 2.5 times hours used 

 

between 6:00 P.M., and 12:00 P.M., Local Time, divided 

 

by 12. 

 

Stations over 5 kw operating 1 night hour 

 

2 night hours 

 

3 night hours 

 

For stations of 5 kw the basis shall be 1.5 units for 

 

day operation the same as a 5 kw day station given 

 

above, plus 2.5 units times hours used between 6:00 

 

P.M. and 12:00 P.M., Local Time, divided by 12. 

 

Stations of 5 kw operating 1 night hour 

 

2 night hours 

 

3 night hours 

 

For stations operating with power of 1 kw, 500 watts, 

 

and 250 watts, the value in units shall be the same as 

 

for a day station plus the value in units of day station, 

 

times number of night hours used between 6:00 P.M. 

 

and 12:00 P.M., Local Time, divided by 12. 

 

1000-watt stations operating 1 night hour 

 

2 night hours 

 

3 night hours 

 

500-watt stations operating 1 night hour 

 

2 night hours 

 

3 night hours 

 

250-watt stations operating 1 night hour 

 

2 night hours 

 

3 night hours 

 

2.7 units 

 

2.9 units 

 

3.1 units 

 

1.7 units 

 

1.9 units 

 

2.1 units 

 

0.54 unit 

 

0.58 unit 

 

0.62 unit 

 

0.32 unit 

 

0.35 unit 

 

0.38 unit 

 

0.22 unit 

 

0.23 unit 

 

0.25 unit 

 

For stations dividing time on the same frequency the 

 

value assigned will be in proportion to the time as-
signed. 

 

It is therefore 

 

ORDERED that the values of radio broadcast stations of the 

 

various classes, powers, and time of operation be and they are hereby 

 

fixed in units as above set forth, and 

 

IT IS FURTHER ORDERED that each of the five zones created 

 

by Section 2 of the Radio Act of 1927 shall each have broadcast sta-tions the total value in units of which shall be equal, and shall be fairly 
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and equitably distributed among and allocated to the states within each 

 

of said zones in proportion to the population each of said states bears to 

 

the population of the zone, and that the quota of broadcast facilities 

 

to which each state is entitled shall be determined and fixed as herein 

 

provided and in accordance with values in units for various classes of 

 

stations above set out. 

 

EXPLANATORY STATEMENT AND RLVISLD QUOTA TABLLS
* 

 

The "Davis Amendment" to the Radio Act, approved March 2S, 

 

1928) requires that the radio supervising authority of the United States 

 

it .... shall as nearly as possible male and maintain ail equal alloca-

tion of broadcast licenses, of bands of frequency or wavelengths, of 

 

periods of time for operation, and of station power, to each of said 

 

(five) zones .... and shall make a fair and equitable allocation of 

 

licenses, wavelengths, time of operation, and station power to each of 

 

the States .... within each zone, according to population (of each 

 

state)." 

 

The proportion of the maximum possible national broadcast facili-

ties due each State is, therefore, fixed by law. The percentages or num-

ber of units due each State are based upon official estimates of 1930 

 

populations prepared by the IT. S. Census Bureau. 

 

It is evident from a consideration of the estimated and variable 

 

factors and the different economic and geographic conditions in various 

 

parts of the United States that the quota allocation can never be exact. 

 

The ratios will vary from time to time as conditions are further im-

proved by continued development of the radio art and decisions of the 

 

Radio Commission. 

 

General Order No. 40, adopted by the Commission, August 30, 

 

1925, is an outline basis for an equitable distribution of broadcast 

 

facilities in accordance with the "Davis Amendment," considering 

 

public interest, convenience, and necessity. As amended, it provides for 

 

s
 a certain number of high power stations on interference free channels to 

 

3 serve rural and sparsely settled areas over long distances under favor-

able conditions. It also provides for a comparatively large number of 

 

smaller stations to serve state, regional, and city local areas. The sta-

tions assigned to these three classes of service, by virtue of power, fre-

quency, and service area, have become known popularly as Clear, 

 

Regional, and Local Channel Stations. 

 

Based on the frequency allocation specified in General Order No. 

 

401 it was necessary for the Commission to determine the maximum 

 

number of stations of various powers which could operate simultane-

�, * Prepared by the Engineering Division of the Federal Radio Commission. 

 



2036 Badio Broadcast Facilities 

 

ties due. 

 

The following table was established in 1928: 

 

40 night stations on clear channels, each 5 kw or more 

 

130 night stations on regional channels, each 500 to 1000 watts 

 

150 night stations on local channels, each 100 watts or less 

 

In accordance with this table, two or more stations dividing time i 

 

on one assignment were considered as one station. ("Limited Time i 

 

Stations" operating on clear channels and "Day Stations" were not 

 

charged to "quota") 

 

The "quota" system adopted in 1928 showed the number of full time 

 

station assignments of each of the three classes due each state as com-
pared to the number of full time assignments licensed. These figures 

 

nearly all came out in fractions showing further the impossibility of an 

 

exact allocation among states based on population. 

 

Under the 1928 system, if a State was "under quota" on one class of 

 

service and "over-quota" on another class, it was not practicable to 

 

determine the total value of the three classes of assignments so that 

 

one could be balanced against another to determine if a State was 

 

actually "under or over quota" on total radio facilities. 

 

Therefore, the development of a "unit system" was undertaken to 

 

evaluate stations, based on type of channel, power, hours of operation, 

 

and all other considerations required by law. 

 

The result of this research is General Order No. 92, adopted June 17, 

 

1930, specifying the "unit value" of stations of various types, powers, 

 

etc., including "Limited Time" and "Day" stations as- chargeable to 

 

"quota." 

 

In order to calculate the number of units due each zone and each 

 

state in accordance with population, it was necessary to determine the 

 

number of channels of different classes and number of stations of vari-
ous powers which could be used for simultaneous operation without 

 

objectionable interference, and calculate the unit values. The following 

 

table, based on General Order No. 40 and Amendments, was adopted 

 

by the Commission June 25, 1930. 

 

CLEAR CHANNELS 

 

40 Channels-5 kw up—full time 200 units 

 

Day stations-5 watts to 5 kilowatts 10 « 

 

Limited time stations-100 watts to 50 kilowatts 25 

 

ously at night in the United States without objectionable interference, 

 

so that quota tables could be prepared showing the facilities assigned' } 

 

to each Zone, and each State within a Zone, for comparison with facili-'` 

 

131 
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REGIONAL CHANNELS 

 

4 Channels-5 kw-two stations per channel 

 

31 Channels-1 kw-three stations per channel 

 

9 Channels-500 watts-four stations per channel 

 

16 units 

 

93 

 

18 

 

1- 127 units 

 

2
250 watts 

 

(Including day stations and additional day power) 

 

LOCAL CHANNELS 

 

6 Channels-100 watts-thirty stations per channel 36 units 

 

(Including day stations and additional day power) 36 units 

 

Total 398 

 

Round Total 400 

 

44 

 

ic 

 

TO BE DIVIDED IN EACH ZONE 

 

Clear Regional Local Total 

 

47 Units 26 Units 7 Units 80 Units 

 

A complete tabulation of the revised quota figures by zones and 

 

states follows, giving units due, based on preliminary population 

 

figures for 1930 issued by the U. S. Census Bureau, and units assigned 

 

as of July 31, 1930. 

 

The number of units assigned will vary from time to time as changes 

 

are ordered or approved by the Commission. 

 

TABLE I 

 

FIRST ZONE 

 

State 

 

Population of 

 

Zones and 

 

tats

 
s 

 

State 

 

Percentage of 

 

Facili 
Zone ties a Due 

 

Each State 

 

1930 

 

Total Units 

 

Due Each State 

 

1930 

 

Total Units As- 

 

signed Each 

 

State as of 

 

July 31, 1930 

 

Total Units 

 

Under or Over 

 

Quota as of 

 

July 31, 1930 

 

Connecticut  

 

Delaware  

 

Dist. of Columbia. 

 

Maine  

 

Maryland  

 

Massachusetts  

 

New Hampshire. 

 

New Jersey  

 

New York  

 

Rhode Island  

 

Vermont  

 

Porto Rico  

 

Virgin Islands   

 

1,604,711 

 

238,380 

 

486,869 

 

800,056 

 

1,629,321 

 

4,253,646 

 

455,293 

 

4,028,027 

 

12,619,503 

 

687,232 

 

359,092 

 

1,543,913 

 

22,012 

 

5.58 

 

.83 

 

1.67 

 

2.78 

 

5.70 

 

14.80 

 

1.64 

 

14.01 

 

43.87 

 

2.39 

 

1.25 

 

5.40 

 

.08 

 

4.46 

 

.67 

 

1.33 

 

2.22 

 

4.56 

 

11.85 

 

1.31 

 

11.21 

 

35.10 

 

1.91 

 

1.00 

 

4.32 

 

.06 

 

3.62 

 

0.7 

 

1.3 

 

2.0 

 

3.8 

 

10.08 

 

0.2 

 

11.43 

 

38.65 

 

1.4 

 

0.3 

 

0.6 

 

.0 

 

-0.84 

 

±0.03 

 

-0.22 

 

-0.76 

 

-1.77 

 

-1.11 

 

-{-0.22 

 

x-3.55 

 

-0.51 

 

-0.70 

 

-0.05 

 

28,738,055 

 

100.00 

 

80.00 

 

74.05 

 

-5.92 
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TABLF, 11 

 

8W.-OND ZONH 

 

State 

 

Population 

 

Zones and 

 

States 

 

1930 

 

Percentage of 

 

'lbtui '
s

 
D

 

 

Facilities Duo 

 

Euoh State 

 

1930 

 

Total IUuitx 

 

13ue Each ;state 

 

1030 

 

Total lhiits 

 

Assigned I:urh 

 

Mute as of 

 

July al, ,,;If 

+5 

 

Tutul l'nitr 

 

(.'rider or Over 

 

(oafs an ..f 

 

July ai, 19aU 

 

-2.9h
 

 

-0.50 

 

-14.47 

 

1-2.56 

 

-I.a5 

 

Kentucky  

 

Michigan  

 

Ohio  

 

Pennsylvania  

 

Virginia  

 

West Virginia  

 

2,023,008 

 

4,842,280 

 

6,6:39,837 

 

9,040,802 

 

2,419,471 

 

1,728,510 

 

9.42 

 

17.36 

 

23.80 

 

34.50 

 

8.67 

 

6.19 

 

7.54 

 

13.88 

 

10.05 

 

27.64 

 

6.94 

 

4.05 

 

7.02 

 

10.110 

 

18.55 

 

10.17 

 

9,50 

 

:3.(10 

 

Total 

 

27,R94,568 

 

100.00 

 

80.00 

 

69.34 

 

-10.60 

 

TABLE: III 

 

TutnD ZoNr•. 

 

State 

 

Population 

 

Zones and 

 

States 

 

.1930 

 

Percentage of 

 

Total  

 

Facilities Due 

 

Each State 

 

1930 

 

Due 
Total Units 

 

ue Each State 

 

1930 

 

Total Units 

 

Assigned 

 

g ed I.acl► 

 

state as of 

 

July 31, 1930 

 

Total Units 

 

Under or Over 

 

Quota as of 

 

July 31, 1930 

 

Alabama  

 

Arkansas  

 

Florida  

 

Georgia  

 

( 

 

Louisiana  

 

AliasiasipPi  

 

North Carolina  

 

Oklahoma  

 

South Carolina  

 

Tennessee  

 

Texas  

 

2,645,297 

 

1,853,981 

 

1,460,625 

 

2,902,443 

 

2,094,406 

 

2,007,079 

 

3,170,287 

 

2,391,777 

 

1,732,567 

 

2,608,759 

 

5,821,272 

 

9.23 

 

0.46 

 

5.11 

 

10.11 

 

7.29 

 

7.00 

 

11.05 

 

8.34 

 

6.03 

 

9.10 

 

20.28 

 

7.39 

 

5.17 

 

4.09 

 

8.09 

 

5.83 

 

5.60 

 

8.83 

 

6.67 

 

4.82 

 

7.29 

 

16.22 

 

4.50 

 

4.40 

 

8,35 

 

7.00 

 

8.50 

 

2.00 

 

7.82 

 

7.75 

 

1.70 

 

13.0
 

 

22.77 

 

-2.80 

 

- .77 

 

} 4.20 

 

.411 

 

-3.2.67 

 

-3. 00 

 

-1.01 

 

+1.0ti 

 

-3.12 

 

-1-5.71 

 

+13.55 

 

Total 

 

28,695,483 

 

100.00 

 

80.00 

 

88.99 

 

-1-8.01) 

 

TABLE IV 

 

FOURTH ZONr 

 

State 

 

Population 

 

Zones and 

 

States 

 

1930 

 

of 

 

Percentage 
Zone 

 

Total 
s

 
D 

 

Facilities Due 

 

Each State 

 

1930 

 

Total Units 

 

Due Rach State 

 

1930 

 

Total Units 

 

Asei fined Each 

 

State as of 

 

July 31, 1930 

 

Total Units 

 

Under or Over 

 

Quota as of 

 

July 31, 1930 

 

Illinois  

 

Indiana  

 

Iowa  

 

Kansas  

 

Minnesota  

 

Missouri  

 

Nebraska  

 

North Dakota  

 

South Dakota  

 

Wisconsin  

 

7,007,684 

 

3,225,000 

 

2,467,900 

 

1 879 , 946 

 

, 

 

2,579,445 

 

3,020,961 

 

1,378,000 

 

082,448 

 

090,755 

 

2,930,282 

 

28.16 

 

11.94
 

 

, 

 

x12 

 

6

.48 

.94 

 

13.40 

 

5.10 

 

2 52 

 

2.55 

 

10.83 

 

._ _ 

 

22.50 

 

9.53 

 

7 .30 

 

5 .56 

 

10.72 

 

4.08 

 

2.02 

 

2.04 

 

8.06 

 

32.R0 

 

0.07 

 

12.02 

 

4.81 

 

12

7.59 .
0 
01 

 

r x.83 

 

2.30 

 

:3.41 

 

i .:i:3 

 

+10.:30 

 

-3.40 

 

-1.5.:32 

 

-0.75 

 

-3-1.42 

 

1.28 

 

-1-1.75 

 

-1.0:28 

 

-11.37 

 

-1.:33 

 

Total 

 

27,0.50,921 

 

100.00 

 

_ 

 

80.00 

 

96.18 

 

+1G.1R 
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TABLE V 

 

Ftr-rti ZONE 

 

2039 

 

State 

 

Population 

 

Zones and 

 

States 

 

1930 

 

Percentage of 

 

Total Zone 

 

Facilities Due 

 

Each State 

 

1930 

 

Total Units 

 

Duo Each State 

 

1030 

 

Total Units 

 

Assigned Each 

 

State as of 

 

July 31, 1930 

 

Total Units 

 

Under or Over 

 

Quota as of 

 

July 31, 1930 

 

1930 

 

Arizona  

 

California  

 

Colorado  

 

Idaho  

 

-Montana  

 

Nevada  

 

*eel• Mexico  

 

Oregon  

 

Utah  

 

Washington  

 

Wyoming  

 

Alaska  

 

Hawaii 

 

435,833 

 

5,672,009 

 

1,035,043 

 

445,837 

 

536,332 

 

90,981 

 

427,216 

 

952,601 

 

502,582 

 

1,561,067 

 

224,597 

 

58,755 

 

36S,336 

 

3.53 

 

46.06 

 

8.42 

 

3.62 

 

4.31
5) 

 

.74 

 

3.47 

 

7.74 

 

4.08 

 

12.70 

 

1.82 

 

.48 

 

2.99 

 

2.83 

 

36.85 

 

6.74 

 

2.89 

 

3.48 

 

.59 

 

2.77 

 

6.19 

 

3.27 

 

10.16 

 

1.46 

 

.38 

 

2.39 

 

2.60 

 

30.53 

 

0.02 

 

2.25 

 

2.00 

 

0.80 

 

2.37 

 

8.41 

 

6.60 

 

15.02 

 

.20 

 

1.00 

 

1.00 

 

-0.23 

 

+2.68 

 

x-2.88 

 

-0.04 

 

-0.58 

 

+0.21 

 

-0.40 

 

}2.22 

 

$3.33 

 

+5.76 

 

-1.26 

 

+0 63 

 

-0.79 

 

Total 

 

12,31.2,182 

 

100.00 

 

80.00 

 

93.80 

 

+13.80 

 

Table VI gives the number of units and the percentage of units 

 

by which the states are over or under quota. 

 

TABLE VI 

 

Noatnr.lt OF UNITS OVER AND U\DEU QUOTA 

 

PFnrENTAtIt. OF TWITS Ovrn A\D UNDRIt QUOTA 

 

Over 

 

Over 

 

Illinois 

 

10.30 

 

Alaska 

 

163 

 

Texas 

 

6.55 

 

Florida 

 

104 

 

Washington 

 

5.76 

 

Utah 

 

102 

 

Tennessee 

 

5.71 

 

Tennessee 

 

7N 

 

Iowa 

 

•i.32 

 

Iowa 

 

73 

 

Florida 

 

.1.26 

 

South Dakota 

 

67 

 

New York 

 

3.55 

 

Washington 

 

57 

 

Utah 

 

3.33 

 

Louisiana 

 

46 

 

Colorado 

 

2.8S 

 

Illinois 

 

46 

 

California 

 

2.63 

 

Nebraska 

 

43 

 

Louisiana 

 

2.67 

 

Colorado 

 

43 

 

Virginia 

 

2.56 

 

Texas 

 

40 

 

Oregon 

 

Nebraska 

 

2.22 

 

1.75 

 

Virginia 

 

Oregon 

 

37 

 

36 

 

Minnesota 

 

1.42 

 

Nevada 

 

35 

 

South Dakota 

 

1.37 

 

Minnesota 

 

IQ 

 

Missouri 

 

1.2S 

 

Oklahoma 

 

16 

 

Oklahoma 

 

1.08 

 

North Dakota 

 

14 

 

Alaska 

 

0.62 

 

Missouri 

 

12 

 

North Dakota 

 

0.25 

 

New York 

 

10 

 

New Jersey 

 

0.22 

 

California 

 

7 

 

Nevada 

 

0.21 

 

Delaware 

 

Kentucky 

 

0.08 

 

New Jersey 

 

2 

 

Delaware 

 

0.03 

 

Kentucky 

 

1 

 

Under 

 

Under 

 

Dist. of Columbia 

 

0.03 

 

Dist, of Columbia 

 

2 

 

Virgin Islands 

 

0.06 

 

Ohio 

 

3 

 

Maine 

 

0.22 

 

Georgia 

 

6 

 

Arizona 

 

• 0.23 

 

Arizona 

 

S 

 

New Mexico 

 

0.40 

 

Maine 

 

10 

 

Georgia 

 

0.49 

 

North Carolina 

 

11 

 

Ohio 

 

0.50 

 

I{ansas 

 

1:3 

 

Rhode Island 

 

0.51 

 

New Mexico 

 

14 

 

\lontana 

 

0.55 

 

Massachusetts 

 

15 

 

Idaho 

 

0.64 

 

Arkansas 

 

15 

 

Vermont 

 

0.70 

 

Wisconsin 

 

15 

 

Kansas 

 

0.75 

 

Montana 

 

17 

 

Maryland 

 

0.76 

 

Maryland 

 

17 

 

Arkansas 

 

0.77 

 

Connecticut 

 

19 

 

Hawaii 

 

0.79 

 

Michigan 

 

21 
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V 

 

TABLE VI—(Continu4 

 

NUMBER OF UNITE OVER AND UNDER QUOTA 

 

Connecticut 

 

North Carolina 

 

New Hampshire 

 

Wyoming 

 

Wisconsin 

 

West Virginia 

 

Massachusetts 

 

Alabama 

 

Michigan 

 

Mississippi 

 

South Carolina 

 

Indiana 

 

Porto Rico 

 

Pennsylvania 

 

Under 

 

0.84 

 

1.01 

 

1.11 

 

1.26 

 

1.33 

 

1.35 

 

1.77 

 

2.89 

 

2.98 

 

3.00 

 

3.12 

 

3.46 

 

3.72 

 

8.47 

 

PERCENTAGE OF UNITS OVER AND UNDER QUOTA 

 

Idaho 

 

West Virginia 

 

Rhode Island 

 

Pennsylvania 

 

Hawaii 

 

Indiana 

 

Alabama 

 

Mississi pi 

 

South Carolina 

 

Vermont 

 

New Hampshire 

 

Porto Rico 

 

Wyoming 

 

Virgin Islands 

 

Under 

 

22 

 

27 

 

27 

 

31 

 

33 

 

36 

 

40 

 

53 

 

65 

 

70 

 

85 

 

86 

 

86 

 

100 

 

A comparison of the revised unit quota system with the super-
seded system shows that the differences are relatively small and that 

 

the radio set-up of the country will not be unduly disturbed by the 

 

adoption of the improved system. 

 

.Concluding, it appears that the United States was 22.39 units over 

 

the maximum 4C0 as of July 31, 1.530, averaging i unit per state. 

 

Twenty-five states were under quota as compared to twenty-three 

 

states over quota. This is quite a fair balance considering the many 

 

technical complications and conflicting interests. 

 

As pointed out, the distribution of radio facilities can never be 

 

exactly proportional but it is evident that conditions will be gradually 

 

improved as some stations which are financially unsound "go off the 

 

air" and other assignments are transferred from over quota to under 

 

quota areas. 

 

6j: 

 

I 
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A STUDY OF THE HIGH-FREQUENCY RESISTANCE 

 

OF SINGLE LAYER COILS* 

 

BY 

 

A. J. PALERMO AND F. W. GROVER 

 

(Electrical Engineering Department, Union College, Schenectady, N. Y.) 

 

Summary--Existing formulas for the high frequency resistance of single 

 

layer coils have all been obtained by making simplifying assumptions. The errors 

 

i due to these assumptions are di f cult to estimate and the data available are not 

 

_ r; conclusive. 

 

This paper gives the experimental results of a systematic study of the high- 

 

frequency resistance of single layer coils of .the forms and sizes usual in radio 

 

',I circuits in the broadcast range of frequency. 

 

New formulas are derived by expanding Hickman's low frequency formulas 

 

in asymptotic.series, thus making the formulas applicable to high frequencies. An 

 

z empirical formula for coils of intermediate lengths is also found. These formulas 

 

are compared with the experimental results. 

 

INTRODUCTION 

 

T IS well known that the resistance offered by a conductor to the 

 

flow of alternating current at high frequencies is much greater 

 

  than that offered to direct current. For example, resistance ratios, 

 

i.e., the quotients of the high-frequency resistance by the direct-current 

 

'i resistance, of the value of 10 are not uncommon. The elements of a 

 

i� straight, isolated conductor near the center have more flux inter-

linkages and consequently more inductance than do those elements 

 

' near the surface of the conductor. Accordingly, most of the current 

 

will flow at the surface of the conductor when extremely high fre-

quencies are used. For this reason the phenomenon is called skin 

 

b+ effect. Thus the shape of the cross section of a conductor to be used at 

 

high frequencies is of practical importance. Antenna wires made of any 

 

af' material subject to oxidation, should have some surface protection. 

 

l� In the study of skin effect, what is desired is not so much the
-
actual 

 

resistance as the resistance ratio. 

. V Due to the work of Maxwell,' Heaviside,2 Kelvin,' and Raleigh,
4 

 

the theory for the straight, isolated conductors of circular cross section 

 

is complete and tables of the resistance ratio for this case are avail-

' * Decimal classification: R144. Original manuscript received by the 

 

Institute, July 7 1930. 

 

' Maxwell, 'Elect. and Mag,, 2, paragraph 690. 

 

2 Heaviside, Electrician, p. 583, 1884. p. 583, 1885; Elect., papers, 1, pp. 

 

353, 429; 2, pp. 50, 97. 

 

3 Math. and Phys. Papers, III, 491, 1889. 

 

4 Raleigh, Phil. Mag., 21, 381; 1886. 
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able.b The theory for isolated, thin tubular conductors has been ` 

 

developed by Dwight.s 

 

The case of two parallel, cylindrical conductors is more complicated 

 

owing to the so-called proximity effect, that is, the mutual effect of the 

 

magnetic field of one conductor in bringing about an asymmetrical dis-
tribution of current density about the axis of the other. The case of .1 

 

two such conductors forming a return circuit, has been treated by 

 

Curtis' by means of an integral equation method in a form applicable 

 

to low' frequency and confirmed by his experiments. Butterworth$ cu 

 

has treated the same problem by solving Maxwell's equations for cc 

 

circular conductors with the current flowing in the same or in opposite in 

 

directions. His equations, which apply both to low and high fre- r. 

 

quencies, are confirmed by the very accurate work carried out experi- u 

 

mentally by Kennelly, Laws, and Pierce.9 The same problem has also p 

 

been solved by Carson" and Snow." c 

 

The treatment of skin effect in simple, single layer coils is still more 

 

difficult, and a rigid mathematical solution appearing out of the 

 

question, it is necessary to make certain simplifying assumptions. 

 

Thus Sommerfeld12 has obtained a solution for an infinitely long l 

 

helical winding of wire having a rectangular cross section with the i 

 

turns in contact and having a coil radius very large in comparison 

 

with the thickness of the wire. To agree with the experimental results 

 

of Wien13 and Blacks{ whose work had to deal with wire of circular E 

 

cross section, Sommerfeld found it necessary to introduce into his 

 

final formula a numerical factor, 0.58. In a later paper, Sommerfeld 

 

took into account the pitch of the winding and treated the case of 

 

round wires. This latter work gave a theoretical confirmation of the 

 

numerical constant indicated in the earlier investigation and showed 

 

the influence of the pitch of the minding. It is not to be expected that 

 

Sommerfeld's formulas should apply accurately to the short coils 

 

common in radio work. 

 

Butterworth$ has extended his formula for the skin effect in parallel 

 

cylinders to the case of an array of them equally spaced in a plane. 

 

To this he applied a correction to take account of the curvature of the 

 

s Bureau of Standards Scientific Paper 169, Tables xxii—xxiv inclusive. 

 

e H. B. Dwight, Trans. A.I.E.E., p. 1379, 1918; Jour. A.I.E.E., p. 203, 1922. ' 

 

7 H. L. Curtis, Bureau of Standards Scientific Paper 374, 1920. 

 

a S. Butterworth, Phil. Trans. A. 222, 57, 1921. 

 

9 A. E. Kennelly, F. A. Laws, and P. H. Pierce, Trans. A.I.E.E., p. 1953, 

 

1915. 

 

to J. R. Carson, Phil. Mag., 41, 607, 1921. 

 

11 C. Snow, Proe. International Mathematical Cong., Toronto, 1924. 

 

12 A. Sommerfeld, Ann. der Phys., (4) 15, p. 673, 1904; (4) 24, 1907. 

 

12 M. Wien, Ann. der Phys., (4) 14, p. 1, 1904. 

 

11 T. Black, Ann.. der Phys., 19, 157, 1906. 
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turns in an actual coil, but under the assumption of a large number of 

 

14,turns in the coil. The approximate formula thus derived would not, 

 

!J, therefore, 
be expected to apply to the case of very short coils. Butter-

-J4 worth showed that his expression for the resistance ratio checked the 

 

first and more important term of an empirical formula derived by 

 

4 i Lindemann and Hiietert6 from their measurements on short coils. 

 

Hickmantb has also made use of the idea of representing the 

 

coil by an array of parallel cylinders. To take account of the 

 

curvature of the turns he has assumed two parallel floors of cyl- 

 

inders, the current direction in one being opposite to that in the 

 

1 other, and has determined from the inductance formulas the distance 

 

ii necessary between the floors to make the mutual inductance of two 

 

►:, pairs of go and return cylinders equal to the mutual inductance of the 

 

corresponding turns. The distance between floors was found to be 

 

0.54 of the diameter of the coil. This assumption enabled him to 

 

consider the flux distribution between floors to be the same as that in 

 

r the coil. To find the resistance ratio of the parallel floor system, 

 

k; Hickman has used the integral equation method of Curtis, assuming 

 

6 the distribution of current density to be the same in all of the wires. 

 

Measurements at low frequencies, made by Hickman in certain 

 

t long coils wound with thick wire in an open pitch, gave results con-

firming his formula for the resistance ratio, but differed largely from 

 

i the values calculated by the formulas of Butterworth and Sommerfeld. 

 

In view of the lack of agreement between the existing formulas 

 

for the single layer coil, all of which refer to idealized cases, further 

 

experimental evidence has seemed necessary. 

 

The present paper has for its purpose a systematic study of the 

 

i resistance ratio of the single layer coil of the forms and sizes common 

 

in radio circuits and for the broadcast range of frequency. 

 

The cases covered are as follows: 

 

Sizes of wire: 20, 32, 40, and 51 roil copper wire. 

 

Diameter of winding: 3.86, 3.27, and 2.68 inches. 

 

Number of turns: 20 to 50 turns. 

 

Frequency range: 600 to 1500 kilocycles in steps of 100 kilocycles. 

 

11 It is hoped that the curves which embody the results of the experi-
t mental part of the paper will prove generally useful in the design of 

 

coils for radio circuits. 

 

The experimental results show that the resistance ratio depends 

 

not only upon the frequency, size of wire, and pitch of winding but 

 

Y also upon the ratio of the length to the diameter. The measurements 

 

'b R. Lindemann and W. Hiieter, Verh.. deutsch. Ph.ys. Ges., 15, 219, 1913. 

 

�e C. N. Hickman, Bureau. of Standards Scientific Paper 472. 

 

I 
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have been compared with formulas obtained below by expanding 

 

Hickman's low-frequency formulas in asymptotic series applicable to. 

 

the high-frequency range. 

 

EXPERIMENTAL 

 

The resistance variation17 method was employed to obtain the 

 

high-frequency resistance. The essential parts of the set-up are shown 

 

in Fig. 1 and consist of an oscillator with a 201-A tube and a resonance 

 

circuit. This latter contained the coil to be measured, a variable air 

 

condenser of the Bureau of Standards type having a maximum ca-
pacity of 1000 mmf and a minimum capacity of 70 µµf, a thermo-
couple whose heater resistance was 1.2 ohm and made of advance wire, 

 

a galvanometer and several standard resistances also made of advance 

 

wire and sealed in glass tubes. The resistance standards had 2-mil 

 

advance wire. The resistivity for advance is 49 microhms per centi-

COIL 

 

GALVANOMETER 

 

STANDARD 

 

RESISTANCE 

 

Fig. 1 

 

TUNING 

 

CAPACITY 

 

OSCILLATOR 

 

meter tube. The standards had resistances of 2.49 and 5.05 ohms and 

 

lengths of the order of 5 centimeters. For 2-mil advance wire the 

 

resistance ratio at the highest frequency used, 1,500,000 cycles, was 

 

less than 1.0003. The thermocouple heater had still smaller advance 

 

wire so that from the above it can be seen that the change in resistance 

 

as the frequency increased had no appreciable effect on the measured 

 

values either in the standards or in the thermocouple. The ends of 

 

the standards were dipped into two mercury wells to insure good 

 

contact. 

 

The greatest deviation from the mean reading was 0.5 per cent at 

 

600 kilocycles and 1.5 per cent at 1500 kilocycles in the measurements 

 

of this paper. These deviations compare with measurements made 

 

at the Bureau of Standards on some of the coils as follows: 0.2 per 

 

cent at 685 kilocycles and 0.6 per cent at 1375 kilocycles. 

 

At our request the Radio Division of the Bureau of Standards 

 

' Resistance variation method, Bureau of Standards Circular 74, page 180, 
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kindly made measurements on two of the coils used in this paper. 

 

The results of this comparison, which are given in the following table, 

 

show that constant errors of practical importance in the apparatus 

 

and method of measurement have been successfully eliminated. 

 

TABLE I 

 

U 

 

e 

 

I 

 

COIL 

 

A 

 

B 

 

IiREQUENCY 

 

IN KILOCYCLES 

 

635 

 

1375 

 

685 

 

1375 

 

RESISTANCE 

 

B.S. 

 

3.2S 

 

5.00 

 

3.14 

 

6.50 

 

OURS 

 

3.30 

 

8.1 

 

3.16 

 

6.53 

 

The coiling effect is plotted, rather than the resistance ratio, for 

 

greater convenience in malting interpolations, and because of its 

 

interest in showing the proportionate increase in high-frequency 

 

resistance brought about by (a) the increased magnetic field due to 

 

coiling of the wire, and (b) the mutual distorting effect on the current 

 

density in the wire's cross section. The resistance ratio is found by 

 

taking the product of the coiling effect and the resistance ratio of the 

 

same wire stretched out straight. The latter may be obtained with 

 

more than requisite accuracy from the Bureau of Standards Circular, 

 

No. 74, table 17, page 309. 

 

The measured values, given below, were obtained with the e.m.f. 

 

of the resonance circuit induced into the test coil as is customary. 

 

The effect of the self-capacity of the coil is to multiply the effective 

 

resistance of the combination of the standard resistance and the 

 

thermocouple in series by a fraction, 1/(I+Co/C)
2, where Co is the 

 

self-capacity of the coil and C is the capacity of the tuning condenser. 

 

With the small values of the self-capacity found in single layer coils 

 

and the usual large values of the tuning capacity, this factor is not 

 

important. Thus, in these measurements, Co did not exceed 5 µµf 

 

and the correction factor does not decrease the resistance by more 

 

than two per cent. If the coil is to be used in series with the coupling 

 

coil, the effective resistance, Ra, is found from the true high-frequency 

 

resistance, R, by the well known equation 

 

R 

 

[1 — (.02LCo]2 -I- W2co2R2 

 

For a coil of 100 mh, with, Co = 5 µµf, the effective resistance at 

 

1500 kc is 8 per cent less than the actual. however, at a frequency of 

 

the order of the natural frequency of the coil, Ra must become very 

 

large and the coil would act as a trap. 

 

In the following figures the coiling effect, i.e., the ratio of the 

 

Ra = 
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coil's high-frequency resistance to the high-frequency resistance of 

 

the same wire stretched out straight, is plotted versus the frequency 

 

in kilocycles on the right of each sheet. The curves shown on the 

 

left are rearrangements of the same data showing the coiling effect 
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versus the number of turns at a fixed frequency. These latter curves 

 

are helpful in extrapolating for particular coils desired. All the curves 

 

shown on Figs. 4 to 9 are data curves. 

 

These curves show some interesting facts about the coiling effect. 

 

In Fig. 4, for 207mil wire the coiling effect increases more rapidly 
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than for larger sizes of wire. As the wire increases in size the coiling 

 

effect increases less than linearly with the number of turns, although 
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it is true that at a given frequency, two coils that are the same ex-

cept for the 'size of wire will have the resistance ratio greater for the 

 

coil having the larger wire. It is also interesting to note that the 

 



2048 Palermo and Grover: Tligh-Frequency Resistanc0 

 

coiling effect increases almost linearly with the number of turns for 

 

20-mil wire at a fixed frequency of about 1,100,000 cycles. 
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By comparison with some specific values on the curves it can be 

 

seen that the important parameters are: size of wire, number of turns, 

 

diameter of winding, and pitch of winding. 
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voltage consumed by self-induction in liis integral equation since the 

 

current and consequently- the flux of the infinitesimal element, will, 

 

in the limit, approach zero. He equates like coefficients in two different 

 

equations; the one equation being his integral equation and the other 

 

7 See footnote 7. 
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being a Fourier expansion of the sinusoidal current density function 

 

over the cross section of the wire. 

 

Hickman" adapts Curtis' method to two parallel floors of wires, a 
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the mutual inductance of any two pairs of wires of the parallel floors
 

 

16 See footnote 16. 
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is the same as that of two corresponding turns of the coil. This treat-

iment allows Hickman to assume the flux distribution of the coil to be 

 

Ithe same as that in the parallel floor system. 
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The following formula obtained by Hickman holds for coils 

 

whose lengths are great compared with their diameters and are not 
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applicable to cases where the frequency is greater than a few kilo-
cycles, depending upon the size of wire used. The limit of appli-
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cation is for X2 equal to 10, whereas the value of X2 in the present 

 

paper goes to 5000. 
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Uo/2 = 

 

r1 
Ns 

sl 
0.5" 

 

G = 4A2a2 
1 8 (tan

- ' 
2D
 —tan-' 

2D + D ] � 
(b) 

 

To illustrate the type of function exemplified in the U's and V's 

 

one of them is shown below in as brief a form as is possible: 

 

00 X2k X2 X4 

 

k- Iklk + 1 2k + 1 
1+
24

+
4320 

 

X2k 
-
A2 _4 

 

I k I  k+ 212k + 2 
1+ 

36 + 8640 

 

These series are uniformly convergent, it is true, but for values 

 

of A2 greater than 10, the labor of calculation becomes prohibitive, if 

 

not impossible, from a practical standpoint. In the present paper ),2 

 

takes on values as great as 5000. 

 

A. Russel118 treated Kelvin's ber and bei functions and obtained 

 

the well known X, Y, Z, and W functions which are various com-
binations of the ber and bei functions and of their derivatives. Russell 

 

not only obtained convergent series for these functions but also ob-
tained asymptotic series for each of them. To illustrate, the X function 

 

is given below both in its convergent form (8) and in its asymptotic 

 

form (9) : 

 

00 

 

'

G)
'+
 

 

xl 

4 1 x 8 1 x 12 1 x is 

 

X = I + 
2(2 / + 4 4(2) 

+
,36 6 2 + 64 9 2 

 

In its asymptotic form X function is: 

 

X 
exponential (x V2

-
 + 1/(4N/2x) 

 

= 

 

27rx 

 

In both (8) and (9) x = 2N/). 

 

The asymptotic form of Russell's Z function is: 

 

Z = 
X(0.707 

— 
0.5 

— 1 

 

X 11.312x2) 

 

(7) 

 

(8) 

 

(9) 

 

(10) 

 

The first step in the theoretical work of the present paper was to 

 

find those combinations of the convergent forms of Russell's functions 

 

that would express each of Hickman's U and V functions. The next 

 

step was to carry each of these expressions, thus found, over into their 

 

asymptotic forms. This second step involved the integration of an 

 

18 A. Russell, "Effective resistance and inductance of a concentric main," 

 

Phil Mag., 17, 524, 1909. 
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r exponential of high order; the work involved integration by parts. 

 

The results obtained are as follows and these expressions enable the 

 

k. calculation of the U and V functions to be carried out in the high-

frequency region with comparative ease: 

 

Uo/1 = 0.3535x + 0.25 + 
0.1325 

(11) 

 

x 

 

i 

 

2.018 1.6384 6.7171 

 

Uo/�, = 0. 1767x 1 
+1, 

 +
,L 2 i3 

 
I 

(12) 

 

U1/s = 0.1178x + 0.3748 + 
2.633 15.91 

(13) 

 

X 1 

 

170111 =   

 

-
\/
-
20.5305 0.75 

(14)

 

 

-   

 

X Z:3 x4 

 

Vo/I does not occur in the resistance ratio but does occur in the in-

ductance ratio which is outside the scope of the present paper. 

 

4.007 

 

Vo/2 = 0.5 + 0.707x--   (15) 

 

2
.3 

 

1 0.4701 4.28 

 

VI/3 = - +  (16) 

 

6 x x
3 

 

The curves for expressions (11) and (16) inclusive are shown on 

 

sheets 1 and 2. Below there is given a table of values for the same. 

 

The values of the six U and V functions for x ranging from 4 to 

 

20 are given in the following table: 

 

X U O/I UO/2 UI/3 VO/I V O/2 1/- 1/3 

 

4 1.670 1.24 1.07 0.342 0.646 0.24 

 

6 2.375 1.55 1.22 0.233 0.596 0.22 

 

8 3.081 1.86 1.41 0.172 0.582 0.212 

 

10 3.787 2.17 1.63 0.141 0.568 0.208 

 

12 4.494 2.55 1.82 0.118 0.555 0.200 

 

14 5.200 2.87 2.09 0.101 0.545 0.192 

 

16 5.907 3.25 2.35 0.090 0.536 0.190 

 

18 6.614 3.56 2.65 0.080 0.528 0.1898 

 

20 7.321 3.87 2.92 0.071 0.525 0.1892 

 

Formula (1) gives the resistance ratio for a coil whose length 'is 

 

great compared with its diameter, and (2) gives the resistance ratio for 

 

JI 
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a coil whose length is small compared with its diameter. The second 

 

term of (2) represents end effect. The coils .treated in this paper have, 

 

for the most part, lengths of the order of their diameters. Therefore, 

 

not only their lengths of winding but also their end effects must be 

 

considered in any formula that is to give their net resistance ratio. 

 

Furthermore the effect of their end turns become more pronounced 

 

as the frequency is increased. For a very short coil, or a single turn 

 

of wire, the end effect is given by (2), second term, having recourse 

 

to the asymptotic series for high-frequency effects. This second term 

 

gives an end effect proportional to the square root of the frequency 

 

as the frequency becomes very great. However, as is shown by 

 

Butterworth, page 78 of the reference given above, with increase of 

 

frequency, the turns farther in from the end becoma- more and more 

 

important in adding to the effective resistance. Thus the end effect 

 

of a coil which is not very short compared with its diameter would 

 

increase more rapidly with the frequency than indicated by the second 

 

term of (2). Formula (A), in which the frequency appears also an ad-
ditional direct factor in the numerator in an attempt to combine em-

pirically (1) and the second term of (2) for coils of intermediate 

 

lengths. This formula represents the measured values with a fair 

 

degree of accuracy as is illustrated below. 
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In the above formula f is the frequency in cycles and 59.4 is 54 times 

 

1.1. 

 

Two coils were tested by the Bureau of Standards and their meas-
ured and calculated values are given below. For convenience these 

 

coils are called Coil A and Coil B. 

 

Coil A had the following data: 

 

f = 685,000 cycles, N = 45 turns, a = 0.06481 D = 5.241 A = 32.9, 

 

x = 11.47, s = 0.162 

 

Uo/1 = 4.3, Uo/2 = 2.45, U1/3 = 1.77, Vo/2 =0.558, V1/3 = 0.2 

 

G = 244, 'K = 48.8, E'= 0.821, F = 0.2277. 
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By calculation from (A) the resistance ratio was' 16.47 

 

As measured by the Bureau of Standards the resistance ratio was 15.65 

 

At f =1,375,000 : 

 

By calculation from (A) the resistance ratio was 37.36 

 

As measured by the Bureau of Standards the resistance ratio was 37.7 

 

Coil ,B had the following data: 

 

f = 685,000 cycles, N = 50 turns, a = 0.0406, s = 0.1113, D = 3.81, 

 

A = 12.9, x = 7.2, Uo/l = 2.772 Uo/2 = 1.73, U113 = 1.32, 

 

V o/2 = 0.584, V1/3 = 0.215 

 

E = 0.801, F = 0.2342, G = 34.6, K = 5.44. 

 

As calculated by means of (A) the resistance ratio was 7.69 

 

As measured by the Bureau of Standards the resistance ratio was 7.61 

 

For ,f =1,375,000 cycles: 

 

As calculated by means of (A) the resistance ratio was 16.93 

 

As measured by the Bureau of Standards the resistance ratio was 15.8 

 

It is understood that all but the geometrical constants are changed 

 

with a change in frequency, i.e., the U's and V's, etc., are evaluated 

 

for the new frequency. 

 

CONCLUSION 

 

`I 

 

The experimental results make clear that a theoretical formula 

 

for the resistance ratio of a single layer coil must involve not only the 

 

frequency, size of wire, and pitch of winding but also the number of 

 

turns and the diameter of the winding as well. Of existing formulas 

 

only Hickman's include all of the parameters but they are not adapted 

 

to the high-frequency range. This difficulty has been removed in the 

 

present paper by the development of asymptotic expansions. In 

 

view of the fact that Hickman's expressions apply strictly only to very 

 

long or to very short coils compared with their diameters, it is to be 

 

expected that resistance ratio values measured with coils of inter-

mediate lengths will not agree closely with values calculated from 

 

one or the other of Hickman's formulas. The empirical formula (A) 

 

given in the present paper which is a combination of the two limiting 

 

formulas of Hickman is found to give much closer agreement with 

 

the measured values of this paper. 
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Surninary—This paper deals frith the demlopinent of a visual type of radio range 

 

which has unit,ersal application to the civil airtrays of the United States. Following 

 

a discussion t?f the relatire inerrts of the aural and visual syslcrrts of course indication, 

 

the theory of the production of tirelvc courses by utilizing n three-phase radio-frequency 

 

source is presented, folloteed by a general description of the transmitter. The itcces-

sary requisites of gouionieler design are inuched upon, and peiformarice curtres of the 

 

final gottionicler illustrate the effect of these factors nit the results. The detrimental 

 

effects of cross-couplings beltreen the loop antennas are pointed oul, and r irthods given 

 

whereby these couplings inay be eliniiriated. Further discussimi rorer•s the adranlagcs 

 

of neutralization in the tronnitter, the relalire merits of carious types of interdage 

 

coupling, and the inethod used to obtain and drter•niine a three-phase radio Arquency 

 

supply. 

 

A description of the installation includes a discussion of the characteristics of 

 

the. loop an.tenias used ,for trarisnrissiarr, higrther frith a nieasured field intensity 

 

curve. A cotirsc indicator is developed which is useful in aligning and Monitoring 

 

the courses. Polar space patterns of reef anrplittide shots the characteristics of the 

 

courses obtained with the bro-, four-, and lerelr•c-cotirsc ranges. 

 

The installation is designed to girt contiutious operation with a ntinitnunt 

 

number of inlerrtiptiorts dire to fai.litre of the apparatus, a condition neressary to the 

 

eslabli.shment of nn aid to air i4arigation. 

 

INTRODUCTION' 

 

VIATION, most rapidly growing of the industries arising out of the 

 

present demand for speed of transportation and communication, 

 

depends for its successful establishment on safety of opera-
tion and maintenance of scheduled trips. One of the largest single fac-
tors in the ultimate attainment of both of these requirements is the 

 

use of radio as an aid to air navigation, both as a means of supplying 

 

weather information and marking out courses along the established 

 

highways of the air. The use of the radiotelephone as a means of fur-

nishing weather information to aircraft has been described in a paper 

 

by H. J. Walls' of the Airways Division of the Department of Com-
merce. 

 

* Decimal classification: R526.12. Original manuscript received by the 

 

Institute, April 28, 1930. 

 

1 H. J. Walls, "The civil airways and their radio facilities," PROC. I. R. E., 

 

17, 2141-2157; December, 1929. 
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The development of the directive type of radio beacon, known as 

 

the radio range, has been outlined in various papers2 which cover the 

 

fundamental principles underlying the establishment and detection of 

 

equisignal zones in space. It is the presence of these zones which pro-
vides the courses, regardless of whether the courses are indicated by 

 

aural or visual means. The aural method of indication, which pre-
sented fewer practical difficulties, underwent rapid development and, 

 

consequently, was available when the need for a •radio aid to air 

 

navigation became apparent. The visual system of course indication 

 

has been developed sufficiently to warrant a trial under practical con-

ditions which would bring out the relative merits of the two systems. 

 

A comparison of the advantages and disadvantages of the aural and 

 

visual radio ranges follows: 

 

AURAL 

 

Advantages: 

 

1. Simplicity of ground equipment 

 

insures reliability of operation and 

 

ease of maintenance. 

 

2. Installation and maintenance is 

 

more economical than visual system. 

 

3. Location of courses is not de-

pendent upon transmitting tube char-
acteristics. 

 

Disadvantages: 

 

1. Logarithmic characteristic of the 

 

ear tends to broaden the course. 

 

2. Presence of static obliterates 

 

signal and reduces the useful range. 

 

3. Requires conscious effort to 

 

determine side off course. 

 

4. Apparent course width varies 

 

widely with different observers de-
pending upon their experience. 

 

5. Difficulty of maintaining a per-
fectly interlocked signal at the trans-
mitter. 

 

VISUAL 

 

Advantages: 

 

1. Reed indicator provides an op-
tical comparison of the amplitudes of 

 

the received signals. 

 

2. Deflection of the reeds is a linear 

 

function of the signal voltage. 

 

3. Operates satisfactorily with high 

 

ipterference level, due to the audio 

 

selectivity. 

 

4. Longest reed always indicates 

 

side off course, making guidance in-

stinctive. 

 

Disadvantages: 

 

1. Complication of ground equip-
ment requires more constant attention 

 

by trained personnel. 

 

2. Cost of installation and main-

tenance is relatively higher than in the 

 

aural system. 

 

3. Loss of emission of tubes in any 

 

one channel will change position of 

 

courses. 

 

While the above tabulation does not include all of the possible 

 

advantages and disadvantages of the two systems, it serves to illus-
trate the major points of comparison between them. 

 

One of the first problems which arises with any radio range system 

 

is that of fitting the available courses to the established airways. Vari- 

 

2 See bibliography, 2. 
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ous methods whereby the courses of a simple aural range transmitter 

 

may be "bent" or shifted to fit the requirements have been described by 

 

Jackson and Kear.3 A similar study of course bending as applied to the 

 

four-course double-modulation (visual) type range has been made by 

 

Diamond.' 

 

The maximum number of courses which may be served under any 

 

circumstance with either of these systems is limited by the number of 

 

existing courses, which in both cases is four. There are numerous 

 

locations, however, where it is impossible to apply all of the four 

 

courses to existing airways due to practical limitations which are en-

countered in course bending. There are also many cases where there 

 

are eight or ten courses emanating from a single airport. The existence 

 

of such a condition would require several complete installations of the 

 

four-course type, each operating on a different radio-frequency channel. 

 

Such a system would be economically impractical, wasteful of fre-

quency channels, and productive of severe interference in the vicinity 

 

of the airport. 

 

The need for a multicourse radio range was realized at an early date. 

 

Original development work on this project was carried on at College 

 

Park, Maryland, by the Bureau of Standards in co6peration with the 

 

Airw%ys Division of the Department of Commerce. The results ob-

tained during these tests were considered satisfactory enough to war-

rant the design of a polydirectional radio range which would meet the 

 

rigid requirements of the Airways Division. The theoretical and 

 

practical problems arising in the design of such a transmitter are dis-

cussed in this paper. 

 

THEORY OF THE POLYDIRECTIONAL RADIO RANGE 

 

The problem of producing two or four courses by means of the 

 

double-modulation system has been thoroughly discussed by various 

 

writers.' It should be noted that the four-course range is made possible 

 

by displacing the carriers of the two modulation channels ninety de-

grees (time phase). This, in effect, establishes a rotating field in space, 

 

the instantaneous pattern of the field being a figure-of-eight. Modula-

tion of each channel by a separate audio frequency produces side bands 

 

having figure-of-eight fields fixed in space and separated by ninety 

 

degrees. These side-band fields beat with the carrier to produce in the 

 

receiver audio-frequency components of the original modulation fre-

quencies. There are four angular positions about the transmitter at 

 

a Jackson and Kear, "Applying the radio range to the airways," PnoC. I. R. 

 

E., 17, 2268-2282; December, 1929. 

 

4 Diamond, "Applying the visual double-modulation type radio range to the 

 

airways," PnoC. I. R. E., 17, 2168-2184; December, 1929. 

 

G See bibliography, 6 and 7. 
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which the received signals from the two modulation channels are ;i�, 

 

equal, thereby establishing four courses. 

 

A full understanding of the principles outlined briefly in the pre-
ceding paragraph leads to the conclusion that a greater number of 

 

courses can be obtained by introducing a third channel in which a 

 

carrier, differing in time phase from the other channels, is modulated (it 

 

by a third audio frequency. It is logical to assume that in a symmetri= I %i 

 

cal system the three carriers should be displaced 120 degrees in time I r 
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Fig. 1—Theoretical space pattern of side band fields of the 

 

triple modulation radio range. 

 

phase. The production of a field having the characteristics of a uni-
formly rotating figure-of-eight, as in the four-course range, would then 

 

require that the fields due to the three carriers be displaced in space 

 

by 120 degrees. This is accomplished by a corresponding displacement 

 

of the goniometer primaries. In this case, the three side-band fields 

 

appear in space as figures-of-eight fixed at 120 degrees. Fig.1 shows the 

 

position of these side-band fields and indicates that there will be twelve 

 

courses established, six "broad" and six "sharp." The sharp courses 

 

will have less amplitude and, therefore, less range than the broad 

 

courses. 
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The following section describes a transmitter which has been de-

signed by the Airways Division for use either as a twelve-course 

 

"polydirectional" radio range or as a simple two- or four-course range. 

 

GENERAL DESCRIPTION OF TRANSMITTER 

 

A description of the transmitter is given here in order to present a 

 

clear view of the equipment to be discussed in this paper. A general 

 

view of the completed transmitter with its associated goniometer and 

 

antenna tuning unit is shown in Fig. 2, while Fig. 3 shows the construc-

tional details of the transmitter. 

 

Fig. 2—General view of transmitter installation showing 

 

modulation frequency controller on the right. 

 

i 

 

i 

 

The master oscillator consists of two UX-860 tubes in parallel in a 

 

conventional Hartley circuit (Fig. 4). The output of the master os-

cillator excites three identical chains of radio-frequency amplifiers 

 

through a phase splitting arrangement which supplies equal voltages to 

 

each chain, the time phase between them being 120 degrees. The first 

 

intermediate amplifier in each chain is a single UX-860 tube which is 

 

impedance coupled to the grid of a second intermediate amplifier made 

 

up of two UX-860 tubes in parallel. These in turn are impedance 

 

coupled to the grid of a single UV-851 tube in each channel, which acts 

 

as the final power amplifier. The output of each channel feeds into a 

 

corresponding goniometer stator; the energy in each stator being cou-

pled independently into two loop antennas in the correct time and 
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Fig. 3—Rear view of the transmitter. 

 



i 

 



C i, 

 



Jackson and Pailey: Radio Range Transmitter 2065 

 

Fig. 5—Rear view of the antenna tuning unit. 
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space phase. An antenna tuning unit (Fig. 5) is included in the installa-
tion for the purpose of tuning the antennas to resonance. 

 

A double commutator 2000-volt d-c generator supplies 1000 volts. 

 

to the master oscillator plate and 2000 volts to the plates of the first 

 

intermediate amplifiers as well as the final power amplifiers. The 

 

plate supply of each of the three second intermediate amplifiers is 

 

completely modulated at a separate audio frequency (65, 86.7, and ' 

 

108.3 cycles, respectively). These frequencies are obtained from three 

 

alternators driven through a silent chain drive by an inverted rotary 

 

converter running as a d-c motor. Both the high voltage generator 

 

Fig. 6—View showing the high voltage generator, triple frequency ;machine, 

 

and low voltage d-c generator with voltage regulator. 

 

and the triple frequency machine are shown in Fig. 6. The speed 

 

of the latter machine (and therefore the frequency of the alternators) 

 

is maintained constant by a frequency controller which operates 

 

from the a-c winding of the inverted rotary converter and controls 

 

a motor driven rheostat in the d-c field of the converter. This method 

 

holds the modulation frequencies constant to within one-tenth of 

 

one per cent of the required values. The control apparatus may be 

 

replaced by synchronous motors in locations where the frequency of 

 

the power supply is maintained within limits of plus or minus fifteen-
hundredths of one per cent. However, the transmitter in its present 

 

form is designed to meet the most severe conditions which are likely 

 

to be encountered in the United States. Fig. 7a shows the frequency 

 

variation of a large commercial power network, while Fig. 7b indi-
cates the stability obtained when using the frequency controller. 
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CONDITIONS GOVERNING THE SELECTION OF TUBES FOR 

 

THE TRANSMITTER 

 

Before going into the details of transmitter development, it may 

 

? be of interest to explain the reasons for the choice of tubes as outlined 

 

in the preceding paragraphs. The following tabulation sums up the 

 

:d requirements considered in the selection: 

 

(1) Tubes should be air-cooled in order to simplify design and 

 

:'r j eliminate the additional equipment required with water-cooled tubes. 

 

r + (2) The life of the tubes should be equal to the best tube life 

 

obtained in commercial transmitters. 
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Fig. 7—(a) Frequency variation of commercial power network manually con-
trolled. (b) Frequency variation of sixty cycles obtained from the inverted 

 

rotary converter when using frequency controller. 

 

(3) Tubes should be selected which allow the use of the simplest 

 

practical circuits. 

 

(4) The number of different types of tubes used should be reduced 

 

to a minimum in order to facilitate replacement from stock. 

 

With these conditions in mind, the UX-860 (a 75-watt four-
element tube) was selected for all stages except the power amplifiers. 

 

The obvious advantage of this tube is that the extremely low grid 

 

to plate capacity obtained by the use of the shield grid and asso-
ciated shielding allows its use as an amplifier without the necessity 

 

of neutralization to obtain stable amplification. The UV-851 tube 

 

was chosen for use in the power amplifiers because of its exceedingly 
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long life in normal service, as shown by its use in transmitters of the 

 

Airways Division, the Navy, and various commercial companies. 

 

One disadvantage of this tube is its high grid-to-plate capacity, which 

 

requires neutralization for stable amplification. This neutralization 

 

is supplied by the Rice method in the transmitter under discussion. 

 

.Consideration was given to the use of the UV-861 (500-watt four-

element tube) in place of the UV-851, but this possibility was dis-

carded because of the short life and lower output rating of the former 

 

tube. The higher plate voltage (3000 volts) required by the UV-861 

 

is a disadvantage only from an economic standpoint, since it does not 

 

materially increase the technical or mechanical difficulties in design. 

 

45 90 115 

 

/60 
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Fig. 8—Linear characteristics of a theoretical goniometer, showing the re-
lation between goniometer setting and antenna current. 

 

In conclusion, it might be stated that if a satisfactory one-kilowatt 

 

four-element tube were available having a life comparable to the 

 

UV-851, it would undoubtedly be used in place of the three-element 

 

tube. 

 

GONIOMETER DESIGN 

 

There are several difficulties which are encountered in the prac-
tical design of any goniometer. These difficulties present themselves 

 

in varying degrees, depending upon the particular system in ques-
tion, i.e., aural system, two-course, four-course, and twelve-course 

 

visual systems. Regardless of the system in use there are certain 

 

fundamentals which are common to all systems in question. These 

 

fundamentals are briefly as follows: 

 

(1) The goniometer should give a sine wave variation in antenna 

 

currents when excited by only one stator coil, as the goniometer is 

 

rotated through 360 degrees. 
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(2) Direct magnetic and capacitive coupling between the loops 

,should be reduced to a negligible degree. 

 

(3) Indirect coupling by means of capacity coupling between the 

 

,j �, stators, direct magnetic coupling between the stators, and indirect 

 

L t+,oupling between the stators by way of the rotors should be eliminated 

 

r 
} )r reduced to a minimum. 

 

Each of these factors will be discussed in turn. For convenience 

 

,r .n observing the effects derived from a nonsinusoidal goniometer 

 

f;
 characteristic, let it be assumed that the antenna current for each 

 

ri loop is linear with respect to angular rotation (Fig. 8) . 

 

The effect of the goniometer is to set up field patterns in space 

 

F displaced any desired number of degrees from the plane of either loop, 

 

thus allowing the courses to be rotated at will. These displaced fields 

 

may be considered as being radiated from imaginary or "phantom" 

 

loops rotated in space by an angle which is a function of. the angular 

 

,rotation of the goniometer. It may be shown mathematically that 

 

i the current in the phantom loop equals the square root of the sum 

 

of the squares of the currents in the two loops for any position of the 

 

,
(goniometer.  Also it may be shown that the angular position of the 

 

axis of the resultant figure-of-eight field with respect to one loop 

 

,is equal to the angle whose tangent is the ratio between the two 

 

v!antenna currents for any angular position of the goniometer 

 

j; Mathematically 

 

IA, 
_ \11A 12 + IA22 

 

IA, 

 

and 0 = tan
- ' --for. any setting of (3 

 

IA� 

 

where I A
p
 = the current in the phantom loop 

 

IA , = the current in loop 1. 

 

IA , = the current in loop 2. 

 

0=the angle between loop 2 and the axis of the resultant 

 

figure-of-eight in space. 

 

(3 = goniometer setting. 

 

{ From these two equations and the curves given in Fig. 8 it is possible 

 

i' to plot 0 against 0 and I
AA against 0. (See Figs. 9 and 10). These 

 

two curves may be used as an indication of the relative merits of 

 

any goniometer. 

 

From these results it will be noted that the effect of a goniometer 

 

{ having a linear or nonsinusoidal characteristic is to rotate the phantom 

 

figure-of-eight space diagram at a rate different than that indicated by 

 

O° the actual rotation of the goniometer rotors. It will also be rioted 
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that the amplitude of the resultant figure-of-eight does not remain a 

 

constant but varies depending upon the position of the goniometer 

 

rotors with respect to the stator. These two features are particularly 
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Fig. 9—Effect of the goniometer characteristic on the 

 

position of the phantom loop in space. 

 

annoying in that the angles between courses will not remain the same 

 

with rotation of the goniometer. It is, therefore, desirable to reduce 

 

these effects to a negligible degree by designing the goniometer to 

 

follow as closely as possible a sine wave characteristic. 
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Fig. 10—Effect of the goniometer characteristic on 

 

the current in the phantom loop. 

 

Many different goniometers have been made with characteristics 

 

of varying types. The final goniometer characteristic adopted is 

 

plotted in Fig. 11. 
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The effects of idiosyncrasies in goniometer design on the position 

 

I of the courses of the polydirectional system are shown in Fig. 12. It 

 

Irs( will be noted that the angular position of the courses with respect to 

 

each other varies as the goniometer is rotated. The effect is elim-

r inated only when the goniometer has a true sine wave characteristic, 

 

a condition difficult to obtain in practice. 

 

Cross-coupling effects may be defined as the effects due to the 

 

v existence of unwanted couplings between the two loop antennas. 

 

Their presence is detrimental to the proper functioning of a poly-

directional radio range and due caution must be exercised to elim-

��E 
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Fig. 11—Final goniometer characteristic showing de-
viation from theoretically perfect type. 

 

inate them. Direct magnetic coupling between the loop antennas is 

 

reduced to a minimum by placing both the loop antennas and associ-

ated goniometer rotor coils at right angles to each other, and by shield-

ing the loading coils in one antenna from those in 'the other antenna. 

 

Capacitive coupling between the two loops is minimized by adequate 

 

spacing of the loop lead-in wires and connections between the loop 

 

tuning unit and the goniometer. The crossed coils in the goniometer 

 

rotor are staggered slightly in order to reduce the capacitive coupling 

 

between them. 

 

In addition to the direct forms of coupling already discussed, 

 

there exist various indirect couplings, the first appearing as coupling 

 

between stators by way of the rotors which induces undesired cur-
rents in both of the loop antennas. The effect of this type of cross 

 

coupling may be reduced considerably by utilizing untuned stator 

 

circuits, i.e., circuits having a fundamental outside of the band of 

 

frequencies in which the transmitter is to be worked. This method 

 

may be utilized under certain conditions, but does not prove to be 
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entirely satisfactory since some cross coupling is always present.` 

 

However, when the three stator coils are set at 120 degrees to each 

 

other, this type of coupling is almost entirely eliminated because the 

 

phase and amplitude of the undesired voltages are such that they; 

 

will cancel each other. 

 

The second of these effects occurs as a result of the direct coupling' 

 

between stator coils which also has the effect of introducing undesired; 

 

couplings between the loop antennas. Theoretically, the effects of I 
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Fig. 12—Effect on course positions caused by deviation of actual 

 

goniometer from the' perfect sinusoidal characteristic. 

 

these magnetic couplings may be eliminated by coupling the stator 

 

coils at 120 degrees to each other in a single compartment. This 

 

method was not deemed practical due to difficulties which would be 

 

encountered in the electrical design and mechanical construction of 

 

such a goniometer. Considerable capacity coupling would also occur 

 

between each of the stator coils which would introduce coupling effects 

 

rather difficult to eliminate. It was, therefore, decided to simplify 

 

the construction of the goniometer and to minimize the magnetic and 

 

capacitive coupling effects by placing each stator coil in a separately 

 

shielded compartment together with each pair of cross-coil rotors. 

 

(Fig. 13). 

 

The completed goniometer embodies all of the fundamentals pre-
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Fig. 13—Side view of the goniometer used with the polydirectional radio range. 
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viously discussed and although the characteristic obtained is not exact-
ly sinusoidal, the results indicate that the approximation is close 

 

enough for satisfactory operation. It has been pointed out that small 

 

variations in the characteristic cause the angular spacing between 

 

adjacent courses to shift as the goniometer is rotated. Under certain 

 

conditions, this may prove to be an advantage rather than a disad-
vantage, as it will aid in the alignment of courses along established 

 

airways. 

 

NEUTRALIZATION 

 

The two types of indirect coupling already described introduce 

 

undesired voltages in the stator coils of the goniometer, which in turn 

 

are connected to the plates of the power amplifier tubes. It is evident 

 

that if these tubes are not neutralized, the undesired voltages will be 

 

fed back to the grid circuit and amplified, thus accentuating the 

 

effects of the coupling. This type of amplification is prevented by 

 

the -use of neutralization, which also increases the stability of the 

 

amplifier by preventing self oscillation. The Hazeltine method of 

 

neutralizing was considered, but was rejected in favor of the Rice 

 

method for the reason that the former method would require a plate 

 

neutralizing coil as a part of each goniometer stator, thus compli-
cating the construction. In the Rice method the neutralizing circuit 

 

can be confined to the transmitter proper, thus reducing the effects 

 

of stray cross coupling between the amplifier branches. This method 

 

was finally adopted and has proved entirely satisfactory. The use of 

 

neutralization has practically doubled the plate efficiency of the power 

 

amplifiers over that obtained in circuits employing no neutralization. 

 

COUPLING BETWEEN THE INTERIZEDIATE POWER AMPLIFIER 

 

AND THE POWER A,-uPLIFIER 

 

Theoretically the best arrangement for coupling between the 

 

second intermediate power am plifier and the power amplifier is a tank 

 

circuit tuned to the working
-
frequency of the transmitter (Fig. 14a). 

 

This circuit may be adjusted to present the optimum output impe-
dance to the intermediate power amplifier tube, and at the same time 

 

may be used to obtain a voltage 180 degrees out of phase with that 

 

applied to the grid for neutralizing the power amplifier. Development 

 

has indicated that the degree of neutralization possible with this 

 

type of circuit is exceedingly good, but it requires accurate adjust-
ment for each change in frequency. For this reason it was decided to 

 

eliminate the tuned tank and use transformer coupling. (Fig. 14b). 

 

This method of coupling was tried and found to work very well for 

 

relatively narrow frequency bands. Considerable difficulty was en-
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countered with series and parallel resonant circuit conditions in the 

 

power amplifier which gave erratic results in the form of self-oscilla-

tion, transient voltages, and unstable operation. However, these 

 

conditions were each eliminated and satisfactory results were obtained. 

 

It was observed that the output varied appreciably with wide changes 

 

in frequency (285 kc-350 kc), and that irregular changes in plate 

 

current occurred when tuning the antenna under conditions of low 

 

IPA. P.A. 

 

N 

 

I.P.A. 

 

-F 

 

P.A. 

 

1C) 

 

Fig. 14— (a) Schematic diagram of tuned tank coupling. (b) Schematic diagram 

 

of transformer coupling. (c) Schematic diagram of impedance coupling. 

 

grid excitation. In order to improve these conditions, it was decided 

 

to try impedance coupling. (Fig. 14c). The coupling impedance 

 

used was a center tapped triple layer bank wound coil similar in all 

 

respects to the usual type of impedance coupling coil except that it 

 

included larger wire and extra turns for neutralizing the power am-

plifier. With this type of coupling many difficulties similar to those 

 

encountered when using transformer coupling were observed and 

 

'eliminated. This system of coupling had the advantage over the 
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transformer coupling in that much more uniform grid excitation and 

 

output could be obtained over the relatively wide frequency band in 

 

which these transmitters were required to work. The degree of neu-
tralization obtainable with both the transformer and impedance cou-

pling was not quite as complete as that obtained with the tuned tank 

 

coupling, but was found to be adequate for all requirements imposed 

 

upon it. Incidentally, the result of neutralizing this particular cir-
cuit was to reduce the amount of energy fed directly to the antenna 

 

by the intermediate power amplifier to approximately one four-hun-
dredth the value obtained when neutralization was omitted. Thus, 

 

neutralization has the additional advantage of reducing the load and 

 

decreasing the reaction on the intermediate power amplifier. 

 

M ETHOD FOR OBTAINING THREE-PHASE RADIO-FREQUENCY SUPPLY 

 

The theory of establishing twelve courses is dependent upon the 

 

production of a three-phase radio-frequency supply in which the 

 

phases are symmetrically displaced. Due to the lack of accurate 

 

Fig. 15—Diagram showing fundamental circuit utilized in obtaining 

 

three-phase radio-frequency supply. 

 

information on this subject, it was necessary to devote considerable 

 

time to the development of a satisfactory system. The problems en-
countered and the final results obtained will be discussed in succeeding 

 

paragraphs. 

 

. First attempts at the production of a three-phase radio-frequency 

 

supply involved the use of a three-phase oscillator utilizing three 

 

tubes, the tank circuit of each tube providing a separate phase of the 

 

three-phase supply for exciting each audio-frequency channel. This 

 

idea was soon discarded because of the difficulty which would prob-
ably have been encountered in keeping each of the individual plate 

 

circuits tuned to give the same frequency. Furthermore, it was 

 

realized that an individual oscillator tube for each phase was not to 
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be desired since different tube parameters would give various outputs 

 

and phase relationships, a condition which would be most pronounced 

 

in cases of tube failure and would require trained personnel to realign 

 

the phases to their normal positions. It was finally decided to make 

 

use of the so-called phase splitting idea, utilizing a single master 

 

oscillator of the Hartley type (Fig. 15). The plate of this oscillator 

 

was supplied by a d-c source in the ordinary manner and the frequency 

 

was controlled by the usual tank condenser. Inasmuch as the radio 

 

frequency voltage applied to the plate and grid are essentially 180 

 

degrees out of phase, it is obvious that the voltage (Ee) across the 

 

grid side of the tank is 180 degrees out of phase with the voltage (EP) 

 

E
RZ
 

 

Fig. 16—Vector diagram showing fundamental phase relationships 

 

of voltages across R1j R2, and Ra in Fig. 15. 

 

across the plate side of the tank. If the voltage across the plate side 

 

of the tank circuit is applied to a condenser and resistance in series, 

 

and simultaneously applied to an inductance and resistance in series 

 

(Fig. 15), it will be noted that the phase of the voltages across Rl 

 

and R2 will vary in accordance with the ratio of X L/R2 and Xc/Rl, i.e., 

 

0' = tan-1 X L/R2, where 0' equals the phase displacement between the 

 

applied voltage across XL, R2, and the voltage across R2. In the same 

 

way B" =tan-1 X,/R, where 0" equals the phase displacement between 

 

the applied voltage across Xc, R1, and the voltage across Rl (Fig. 16). 

 

It then follows that the phase angle between the voltages applied 

 

across Rl and R2 (0) will be equal to 0' +0". Also, if X L =1.73 X R2, 

 

X c =1.73 X Rl, and R1= R2, then 0'=60 deg., 0"=60 deg., 0=0/+01/ 

 

=120 deg., and the voltage ER, across Rl equals the voltage ER2 

 

across R2. The voltage ER, across Ra is equal to and in phase with 

 

voltage across the grid side of the tank coil (E,). It then follows that 
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ER, is 180 degrees out of phase with the voltage E, Inasmuch as 

 

E, lags ER1 by 60 degrees and leads ER , by 60 degrees it follows that 

 

the voltages across the resistors R1, R2, and R3 are displaced from each 

 

other by 120 degrees, i.e., B =a =O. It will be noted that if Ep = 2 Ee 

 

that the resulting voltages ER11 ER,, and ER, will be equal since 

 

ER, = ERZ = Ep cos 60 deg. = 0.5 E, = Ea. This. preliminary discussion 

 

explains the fundamental principles involved in the obtaining of a 

 

three-phase radio-frequency supply. It will be seen that if the respec-
tive voltages across R1, R2, and R3 are individually applied to the grids 

 

of three separate radio-frequency amplifiers, the phase relationship 

 

of the resulting a-c plate voltage generated in each plate circuit will 

 

be displaced by 120 degrees. This assumes that the phase displace-
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Fig. 17—Diagram showing final circuit adopted to obtain 

 

a three-phase radio-frequency supply. 

 

ments between the voltages of each grid and plate circuit are equal 

 

and that the tube input impedances are infinity. If the input and out-
put circuits of separate amplifiers are the same, the respective phase 

 

displacements between the grid and plate circuits are essentially equal. 

 

However, the input impedance of any tube cannot be equal to infinity, 

 

therefore, the effect of this impedance must be taken into account 

 

when adjusting for the proper phase relationships. The stray capacity 

 

in the input circuit of the first intermediate power amplifier makes it 

 

difficult to determine the accurate value of input impedance. This com-
plicates the possibility of determining the values of XL and Xc that 

 

should be chosen in order to obtain the desired radio-frequency rela-
tionships. A mathematical analysis of this input. circuit using effective 

 

measured values indicates that the resultant circuit is fundamentally 

 

a capacitive reactance in shunt with R1j R2, or R3. This capacity 

 

has the effect of changing the phase relations between the voltages 

 

applied across each of the tubes. Fig. 17 shows the fundamental cir-
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cuit required in order to obtain the correct phase displacements. The 

 

introduction of Xc, across R, and R2 results in requiring Xc to be 

 

reduced and XL to be increased if the voltage across Ri and R2 are 

 

to remain equal and displaced in phase by 120 degrees. The intro-

duction of X c, across Rl and R2 has another effect which must be dealt 

 

with in the following manner. The voltage across R,(Fig. 18) will be 

 

displaced from the voltage Eo existing across Xc and Rl by some 

 

angle less than 60 degrees, i.e., (60 deg. —4) and the voltage across 

 

R2 will be displaced from the voltage Eo existing across XL and R2 

 

by some angle greater than 60 degrees, i.e., (60 deg.+O). From this 

 

it is noted that the voltages applied across R, and R2 are not symmetri-

h'e 

 

X
e
 

 

R, )(C"  

 

R � + Xcr 

 

)e'ZXCT  

 

e - 120
°
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Fig. 18—Vector diagram showing phase relationships 

 

of voltages existing in Fig. 17. 

 

tally displaced with respect to the voltage Eo, common to both the Xc 

 

and XL branches. If X cJs set equal to zero (short circuited) it is obvious 

 

that E,, and Eo would be identical and E, applied to R3 would be 180 

 

degrees out of phase with Eo. Then El?,, would be displaced from ER , by 

 

120 deg. +0 and from Ent by 120 deg.—(h. In order to compensate 

 

for this asymmetrical .arrangement of phases, X r, is introduced and 

 

may be adjusted to a value which will permit all phases to be dis-

placed from each other by 120 degrees. It is then possible by a slight 

 

adjustment of tap A. (Fig. 17) to adjust the ratio of E,/E, so that 

 

the voltages across Rl, R2, and RZ are equal as well as being displaced 

 

by 1.20 degrees. It is of interest to observe that shifting the sliding 

 

tap A does not, affect the phase relationships between E,, and E,, but 

 

only affects the ratio of the voltages (E,IE,). 
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Grid current flowing in each first intermediate power amplifier 

 

has an important effect which has been neglected up to this point in 

 

the discussion of. phase displacements. The presence of grid current 

 

reduces the tube input resistance which is otherwise essentially in-

finity, thus in effect placing a resistance in parallel with the fixed 

 

external shunt resistance which will vary in value depending upon the 

 

portion of the radio-frequency cycle under consideration. This varia-
tion in resistance shifts the radio-frequency phases from their normal 

 

respective displacements. In order to eliminate this effect and to 

 

predetermine the values of XL, X c, and X co for different radio fre- 

 

quencies, each first intermediate amplifier is biased high enough to 

 

prevent flow of grid current. These tubes merely amplify the voltage 

 

across R1, R2, and R3 without disrupting the existing phase displace-
ments between the respective voltages. 

 

,METHODS USED TO DETERMINE PHASE DISPLACEMENTS 

 

The first system used to determine when the three radio-frequency 

 

phases were displaced 120 degrees depended upon the following rela-
tionship: When each goniometer primary is excited with an individual 

 

phase of a symmetrically displaced three-phase radio-frequency source 

 

(no modulation being applied) the current in each loop antenna will 

 

remain a constant when the goniometer is rotated through 360 degrees. 

 

The restrictions are that the goniometer shall have a sine wave char-
acteristic and the voltages applied to each goniometer primary shall 

 

be equal and remain a constant. From the following expressions it 

 

will be observed that the current in each loop antenna will remain a 

 

constant, and that these currents will be equal to each other for any 

 

setting of the goniometer, assuming that exact 120-degree time phase 

 

relationships exist between currents in each goniometer primary and 

 

that the goniometer primaries are displaced 120 degrees in space. 

 

Il = I' cos wt cos 9 -1- I" cos (wt + 120) cos (0 -1- 120) 

 

-I- I' " cos (wt + 240) cos (9 + 240) 

 

12 = P cos wt cos (B + 90) + I" cos (wt + 120) cos (B + 210) 

 

+I' " cos (wt + 240) cos (B + 330) 

 

where Il and 12 represent the instantaneous current flowing in loop 1 

 

and loop 2, respectively, for any setting of the goniometer (9) in polar 

 

coordinates assuming the maximum currents I', I", and P " are each 

 

equal in amplitude when maximum mutual occurs. 

 

It will be noted that I, plotted against 9 will give a circle having a 

 

radius equal to I,, and 12 will also give a circle having a radius equal 
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to Ia. A space pattern of field strength e w ill also give a circular pat-

tile in space for any setting of the goniometer since we have an ex-

pression which is similar in form. 

 

e = KEo [cos tvt cos 0 + cos (W + 120) cos (0 + 120) 

 

+ cos (id + 240) cos (0 + 240)]. 

 

It is, therefore, of interest to note that the space pattern for any setting 

 

of the goniometer is similar to the pattern obtained by plotting the 

 

�'loop antenna current for either loop against the goniometer setting 

 

0 as the goniometer is rotated through 360 degrees. It will be noted 

 

that the field strength space pattern or the polar diagram of current 

 

/0,000 -[
-1- � �o, o0o _CL 

 

B 

 

Fig. 19--Diagram shoeing delta arrangement used to determine the radio-

frequency time phase relationship between each of the phases. 

 

in either loop is a direct indication of symmetrical arrangement of 

 

the radio-frequency phase displacements, i.e., a circular pattern is 

 

obtained when the phases are displaced 120 degrees time phase; if 

 

the phases are not displaced 120 degrees the pattern will deviate from 

 

a circle by an amount depending upon the deviation from the 120-

degree time-phase displacement. This can readily be seen by substi-

tuting values of time-phase displacement in the above equations. 

 

This system is somewhat cumbersome except as a check on the 

 

required condition, as it is a tedious cut and try process to determine 

 

exactly how the radio-frequency vectors are displaced with respect to 

 

each other. If it were possible to observe these time-phase displace-

ments for any particular condition, considerable time would be saved 
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b 

 

in adjusting for the required 120-degree displacements, a considera= 

 

tion which led to the development of the following method: It is a 

 

well-known fact that the voltages across each side of a balanced delta 

 

system which is connected to a three-phase supply will be equal pro-
vided the voltages between each junction and ground are equal, and 

 

the phase displacements are 120 degrees. Any variation from this 

 

condition will cause unequal voltages to occur across the sides of the 

 

delta, thus making it possible to determine the phase angles by mea-
surement of these voltages. This was done by placing two 10,000-ohm 

 

resistors in series across each phase at the output of the transmitter 

 

and measuring the current through the resistors by placing a current 

 

B 

 

Fig. 20—Vector diagram showing method used to determine the phase relation-ships between each of the phases when knowing the voltages across each 

 

delta branch. 

 

squared galvanometer in series with them. Fig. 19 shows a schematic 

 

diagram of the arrangement. An example of the results obtained 

 

using this system follows. A given setting of the phasing controls 

 

gave the following voltages across the phases: 

 

Branch E Phase Angle Between Voltages 

 

A C 1360 130 deg. 

 

C B 1240 113 deg. 

 

B A 1274 117 deg. 

 

The phase angles were determined by constructing a triangle hav-ing its respective sides directly proportional to the voltages obtained 

 

across each of the branches (Fig. 20). The perpendicular bisectors of 

 

each of these sides were erected, intersecting at a single point. The 
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Fig. 21—View showing device used in determining the radio-

frequency phase relationships. 

 

7 

 

I� 

 

Switch Plv9 

 

Fig. 22—Diagram showing the connections used 

 

in the instrument shown in Fig. 21. 
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angles between vectors drawn from this point to each corner of the'. 

 

triangle represent the phase displacements between the voltages ap=` 

 

plied to the junction points of each branch. This system of obtaining 

 

phase displacements has proved to be extremely helpful in adjusting 

 

Xco, X c, and XL to the proper values to give 120-degree phase re 

 

la.tionships. 

 

In order to eliminate the necessity of using three galvanometers 

 

and three calibration charts, the resistors were mounted on a panel 

 

with a single galvanometer which could be inserted in any branch by 

 

means of a rotating hand-operated plug (Fig. 21). A schematic diagram 

 

of the device is given in Fig. 22. This arrangement obviated the neces-
sity of taking readings from more than one curve, thus permitting 

 

the voltages to be read quickly and accurately. 

 

RESULTS OBTAINED WITH THREE-PHASE ARRANGEMENT 

 

Representative results obtained with the three-phase arrangement 

 

described above are given in Figs. 23a to 23d inclusive. Accompanying 

 

each figure is a vector diagram indicating the time-phase relationships 

 

existing between each of the goniometer stator voltages as determined 

 

by the delta-phase measuring system described. Each figure also in-
cludes a polar diagram of the current in one loop plotted against the 

 

goniometer setting in degrees. These polar diagrams have been found 

 

to coincide for all practical purposes with the field strength patterns 

 

obtained in space. Figs. 23a to 23c inclusive show clearly the results 

 

of varying Xco from 0 (short-circuited) to 6420 ohms (Co=87 µµf). 

 

From these results it is quite obvious that the correct value of Xco 

 

for 285 kc is approximately 2820 ohms (C =198 µµf). Only a few polar 

 

diagrams are given here since the material on hand is voluminous and 

 

could not be published in this paper. However, the information given 

 

herewith is sufficient to indicate that the time-phase vectors bear a 

 

definite relationship to the polar diagrams and that both methods of 

 

checking time phase relationships concur, since the three-phase vec-
tors are approximately 120 degrees displaced when the polar diagram is 

 

nearly circular. The variations in amplitude which occur in the polar 

 

diagram are undoubtedly due to variations in the goniometer char-
acteristic, i.e., the goniometer characteristic is not exactly sinusoidal 

 

as has been assumed. 

 

The above results were obtained using a resistance of 5000 ohms 

 

across the tube input. Fig. 23d indicates the results obtained when 

 

this resistance is increased to 10,000 ohms. It will be observed that 

 

the value of Xco necessary to give 120-degree time-phase relationships 

 

when using 10,000-ohm resistors in parallel with each tube is rela-
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Fig. 23—Vector diagram showing time-phase relationships and the resultant 

 

polar diagram of IA plotted against the goniometer setting, (a), (b), and 

 

(c) show the effect of varying Co. (d) shows the effect of making R relatively 

 

large. 
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Fig. 24—Vector diagram showing the greatly reduced effect of C0 on the avail-
able voltage supplidd to the tube when utilizing a low value of shunt 

 

resistance. 

 

I. Co • stray Capacity in .0 u f 

 

Fig. 25—Curves showing the value of Co required to maintain 120-degree time-
phase displacements for different values of stray capacity when utilizing 

 

two different values of tube shunt resistance. 
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tively high (XCo=37,200 ohms Co=15 µµf). This results in an ab-

normally high voltage drop across X C,, thus limiting the maximum 

 

possible voltage that can be applied to the grids of the first inter-
mediate power amplifiers to about 140 volts; whereas about 380 volts 

 

may be obtained if 5000-ohm resistors are used with the required 

 

values of XCo, X C, and XL to give 120-degree time-phase relationships. 

 

The widely varying results obtained in the available voltages when 

 

the required phase relationships are obtained can be accounted for 

 

only by taking into account the stray capacity (CG) of XL, X C, and 

 

XCo to ground. It will be observed in Fig. 24 that the voltage vector ER, 

 

0  t t f I I I I t { I i I 

 

0 /0 20 .30 40 SO 60 

 

C
6
 - Stray Copaclty h7 .0 of 

 

Fig. 26— Curves showing effect of stray capacity upon the per cent of total vol-
tage Ep capable of application to the tube with different values of R,. 

 

reduces very rapidly with respect to the constant applied voltage 

 

E, as CG is increased. Fig. 25 shows the value of Co required in order 

 

to maintain the 120-degree phase displacements with different values 

 

of CG and Ri, while Fig. 26 indicates the effect of stray capacity upon 

 

the voltage applied to the tube with different values of Rl. These 

 

curves clearly indicate the reason for choosing 5000 ohms instead of 

 

10,000 ohms. 

 

DETERMINATION OF XL, XC, AND XCo FOR DIFFERENT 

 

FREQUENCIES 

 

In order to determine the value of XL, X C, and XCo for various 

 

frequencies, it was necessary to ascertain the absolute value of the 
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iput impedance. This was attempted in several different ways which 

 

roved to give widely varying. results of an erroneous nature. From 

 

�ese preliminary experiments and calculations, it was eventually 

 

'ecided that the only method which would give the required results 

 

rould be to obtain a three-phase radio-frequency supply at a given 

 

equency and then knowing the values of XL, X c, and X co used, 

 

I vrork backwards, and determine the characteristics of the input im-

"r .� iedance. This procedure was undertaken and is given here as there 

 

re several points of interest. The following values of XL, XC, and 

 

iCa were taken at 285 ke and were found to give a symmetrically 

 

)base-displaced three-phase radio-frequency supply to within the 

 

precision of measurement. 

 

. 

 

�f 

 

X L = 8730 ohms 

 

L = 4880 µh 

 

,Xc = 5760 ohms 

 

C = 97 µµf 

 

Xce = 2820 ohms 

 

Co = 198 µµf 

 

Eo
 

Eo
 
Zo
 
Zo

, 

 

Ratio of voltage -- = = — = ---- = 1.90. 

 

ER, ER, Ze Ze 

 

;The determination of this voltage ratio is explained in a following 

 

paragraph.) 

 

With this data at hand it is possible to determine X, (the equivalent 

 

series reactance of the tube input circuit). 

 

XL — Xc 8730 — 5760 

 

X, =  _ ---- = 1485 ohms. 

 

,. 2 2 

 

r 

 

c � This is apparent from observing the vector diagram in Fig. 27. Angle 

 

is equal to angle a. 

 

Re (the equivalent series resistance of the tube input circuit) 

 

may be solved as follows: 

 

Zo 

 

— = 1.90 

 

Ze 

 

Reg + Xe2 = Ze2 

 

R e
g + (Xe + XC)

2
 = Z0

2
 

 

Z0
2 R e

2
 + (Xe + XC)2 

 

Z e
2 R e

2 
.+ Xe2 
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Substituting the known values of X. and Xc and solving for R. 

 

Re = 4130 ohms. 

 

Angle (3 (Fig. 27) = tan- ' (Xc+X 
e) 

and angle a= tan-'
(XL—Xe) 

 

Re R e 

 

a = = 60.33 deg. 

 

By phase angle measurement oz+p was found to equal 120 degrees 

 

or a = f3 = 60 degrees which compares very favorably with the cal= 

 

culated value. In order that all calculated values would be consistent, 

 

(3 and a were each set equal to 60 degrees and Xc and XL were solved 

 

for, since it is apparent that X e and Re would remain constant for the 

 

same frequency. 

 

Fig. 27—Impedance vector diagram showing rela-
ship between different vectors. 

 

Solving for the revised values of Xe and XL to make a and 0 both 

 

equal to 60 degrees, we have 

 

Xc = 5665 ohms 

 

C = 98.6 µµf 

 

XL = 8635 ohms 

 

L = 4820 µh 

 

Revised ratio of impedance = Z
0
 = 1.88 . 

 

Z e 

 

Knowing the values of X. and Rej it is possible to determine X, 

 

from the following equations: 

 

�,- �_ 
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RX t2 

 

Re =   

 

R2 -f- Xt2 

 

—  

 

XtR2 

 

Z'e �  — 

R 2 +. Xt
2 

 

x 

 

..4cF 

 

a 

 

t 

 

s 

 

r; 

 

k 

 

t 

 

nom which 

 

Xt = 

 

Xe 

 

Now substituting the values of Re and X , previously determined 

 

Xt = 13, 000 ohms 

 

C, = 43 µµf 

 

It is now possible to determine the value of R (the effective shunt 

 

esistance) from the following simple relationship 

 

Reg + Xe2 

 

Xe 

 

R = —Xt. 

 

Re 

 

Substituting values of X , Xt, and Re. 

 

R = 4670 ohms. 
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�. Tig. 28—Curves showing values of C, L, and Co required for different frequencies. 

 

It is now assumed that the values of R and C obtained for the 

 

.`,ube input circuit remained constant for different frequencies. With 

 

'�`,hese values available it is possible to predetermine the values of 

 

KC, XL, and XCo required for adjusting the three time-phase displace-
rnents to 120 degrees for various frequencies. Values of C, L, and Co 

 

m plotted against frequency in Fig. 28. These curves made it possible 

 

6 calibrate C, L, and Co and plot curves of their respective dial set-

tings against frequency. 
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DETERMINATION OF 17OLTAGE RATIO �'MP 

 

It will be observed from the foregoing discussion that the detery� 

 

mination of the impedance ratio Zo/7, e has played an important pa4 01 

 

in obtaining the absolute value of the tube_ input impedance. Th=' 

 

accuracy with which Re, Xt, and R may be determined depends],_ 

 

directly upon the accuracy of the ratio Zo/Ze. The method originally I. 

 

used to determine this ratio was as follows: A thermogalvanometerl 

 

(Gl) was placed in series with the phasing condenser as shown in 

 

Fig. 29 and a single-pole single-throw switch (Sl) was placed across' i 

 

the phasing condenser. The voltage E, applied to the system was s. 

 

measured by the TRH drop occurring across the resistor RM . A given 

 

voltage E, was applied to the system with Sl in a closed position: 

 

The current h flowing in the meter Gl was then recorded together 

 

I S, 

 

O 

 

P 

 

MO 

 

T nk 

 

Fig. 29—Schematic diagram shoR-ing methods 

 

used in determining the voltage ratio. 

 

«ith the applied voltage E, The switch Sl was then opened and the 

 

Nroltage across R.,I was readjusted to its normal value Ep byreducing 

 

the plate voltage of the Toaster oscillator. The current h flowing in 

 

Gl was then recorded, particular care being taken to see that the volt-

age across Rif was identical to the reading taken when S, was closed, 

 

It will now be seen that 

 

Ep 

 

= Ze 

 

I, 

 

and 
Er
-- = Zo 

 

12 

 

Ep 

 

Ratio of 
Zo 
— _  

12 
 

 

Ze Ep 

 

11 

 

I1 

 

L 
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hat is, the ratio of the currents Il/I2 is a direct indication of the 

 

dH
.

 tio of Z,/Z,,. Theoretically, this procedure appears to be valid. 

 

bwever, practically this is not true, since the values of II and 12 are 

 

accurate and cannot be depended upon to give correct results be-

.r.,ir'�:,r ' .1 

 

Fig. 30—Antenna system for the polydirectional radio 

 

range at Wayne County Airport, Detroit, Michigan. 

 

Fieyuency in Kdocrcles 

 

Fig. 31—Variation of antenna resistance and 

 

effective inductance with frequency. 

 

cause of the capacity between the meter and ground. It might be 

 

expected that by isolating the meter G, from ground fairly accurate 

 

--esults would be obtained with this method. However, experiment 

 

ndicated that the results obtained by further isolating the meter Gl 
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from ground gave only a slight improvement. The meter Gi w , 

 

then removed from this position and inserted at point 0 Fig. 29. Tli ; 

 

results obtained with the meter in this position were a great improve 

 

ment over those obtained with the meter in the original position 

 

However, the effect of the stray capacity of the meter to ground wa 

 

still present and the results obtained were in error by several per cent 

 

In order to reduce the effect of meter distributed capacity to groun' ` 

 

and thus obtain accurate current readings, the following method was 

 

adopted. The meter G, was placed at point P in Fig. 29, and thy; 

 

switch Sl was omitted from the circuit. It is true that the ratio o 

 

the voltage across Rm to the voltage across Rl is equal to the rati- 

 

of Zo/Ze since 

 

ERM = Z0I2 

 

and ER, = Z,I2 

 

ERu Z0I2 z  

 

then = _ — 
En, Z112 Z' 

 

This method gave results which were reasonably accurate and had 

 

the additional advantage of balancing the voltages applied to the. 

 

inductive and capacitive branches. 

 

CHARACTERISTICS of Loop A\TTENNAS 

 

Two loop antennas placed at right angles to each other are used 

 

to radiate the carrier and side bands due to the three modulation 

 

frequencies according to their respective space pattern requirements. 

 

The loops employed are 212 feet long and have an average height of 

 

40 feet. An outside view of a polydirectional radio range station is 

 

given in Fig. 30 and should give a clear conception of the arrangement 

 

of the loop antennas. A diagram giving the dimensions of one of the 

 

loops is given in Fig. 31, together with the measured values of antenna 

 

resistance, and effective inductance for different frequencies. The 

 

distributed capacity* of the above loop antenna is 57 jilAf. Fig. 32 i 

 

gives two curves of effective height for different frequencies. One 

 

curve is calculated by formula knowing the physical dimensions,: k 

 

while the other curve is determined by the Austin-Cohen formulaf 

 

knowing the field strength and attenuation constant. Particular` 

 

attention should be given to the fact that the loop antenna has been 

 

reduced in height from the type formerly used in order to permit a 

 

placing the polydirectional radio range as close as possible to airports :, 

 

without creating an obstruction, since it is essentially a homing f 

 

device. 1P 
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COURSE INDICATOR 

 

In order to check rapidly the position of courses about the poly-
rectional radio range, it was necessary to provide the station with a 

 

►rtable course indicator which could be conveniently located at 

 

7 
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240 2.0 2-0 3.0 320 340 3.0 - 

 

Frequency in dilacycles 

 

Fig. 32—Variation of effective height with frequency 

 

of antenna shown in Fig. 31. 

 

,;�gg'',ay given point around the intersection of the loop antennas. Fig. 33 

 

Fives the schematic diagram of a course indicating device which fully 

 

Teets these requirements and has the additional advantage of indi-

UX /99 
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2 Stage Audio-

Frequency Amp. 
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L ___ _J 
I
 Reed 

 

Reed Indicator, Box 

 

Pickup Device 

 

Fig. 33—Schematic diagram of course indicating device. 

 

ating the position of the courses in the radio range building. The reed 

 

adicator pick-up device shown in Fig. 34 consists of a tuned circuit 

 

Thich is excited by a five-foot vertical rod antenna. The voltage set 

 

OIp across the tuned circuit is rectified by a UX-199 tube and then 
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delivered to the radio range building through a flexible triple condui I & 

 

for shielded cable. The UX-199 filament supply is furnished by i,,A 

 

battery located in the radio range building, thus making the pick 'i 10 

 

device as portable as possible. Radio-frequency chokes are place 

 

Fig. 34— Pick-up unit of course indicating device. I 

 

in each lead at the rectifier unit in order to prevent radio-frequency, 

 

pickup on the line from combining with the desired voltages induced 

 

in the antenna. A conventional two-stage amplifier is used to raise 

 

the audio-frequency voltage supplied by the reed indicator pick-up 
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;,device to a level suitable for a.pplica.tion to a. reed box which is located 

 

at the operator's desk. This unit lia.s proved valuable not only as a 

 

' i course positioning device, but also as a coin;se monitor. 

 

FIELD OBSERVATIONS OF 1h.I:sULTS 

 

A brief summary of the results obtained using the equipment des-

cribed above is given in the following paragraphs. 

 

The versatility of this equipment to fit the requirements of the 

 

Airways llivision is probably best demonstrated by showing the ob-

65.v ,?Ged Amp/Rude 

 

65. 7.,v Peed 

 

AmP/itude 

 

Fig. 35---Observed reed amplitude space patterns of a two-course radio range. 

 

served field patterns which may be obtained when working the equip-
ment under different time-phase and space-phase conditions. The 

 

three standard systems of application are the two-, four-, and twelve-

course arrangements. The two-course system is established by utilizing 

 

only two of the radio-frequency amplifier channels which excite two 

 

c, of the goniometer stators which are placed at right angles to each 

 

} other. The radio-frequency voltages applied to each of the channels 

 

are in phase (0-degree phase displacement). Observed reed amplitude 

 

space patterns of the two-course radio range are shown in Fig. 35. 

 

The four-course system is established in a similar manner except that 

 

the radio-frequency phases are displaced by 90-degrees. Fig. 36 shows 

 

r the observed reed amplitude space patterns obtained when the equip-

r 
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Fig. 36—Observed reed amplitude space patterns of a four-course radio range. 
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Fig. 37—Observed reed amplitude space patterns of a twelve-course radio range. 
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ment is used as a four-course range. As has already been explained, 

 

twelve courses exist when three channels are excited at 120-degree 

 

ii time-phase and the resulting outputs applied to the three goniometer 

 

stators which are placed at 120 degrees. The observed reed amplitude 

 

'< space patterns obtained using this arrangement are shown in Fig. 37. 

 

From these figures it may be observed that a radio range trans- 

 

%rmitter having such an array of potential courses may be used to serve 

 

r any particular case which may arise. The comparative reed amplitudes 

 

obtained when flying on the different courses are approximately as 

 

I follows: (a) Both courses of the two-course range give thirty per cent 

 

I 

 

Distance in Mi/es 

 

Fig. 38—Attenuation curve showing the field strength of the polydirectional 

 

radio range at different distances from the station. 

 

J- greater reed amplitude than the four-course range: (b) The six 

 

strong courses of the twelve-course range give reed amplitudes equal 

 

t- to seventy-five per cent of those obtained with the four-course range, 

 

while the six weak courses have but half the amplitude of the strong 

 

courses. The relative amplitudes of these courses may be altered 

 

considerably by varying either the time-phase or space-phase relation-

ships. However, these amplitudes are approximately correct, assum-

ing normal space and time phases and a fixed plate voltage of 2000 

 

volts in every case. 

 

rjg�, Experiment has indicated that the four-course range may be fitted 

 

to the different airways in many cases by reducing the plate voltage 
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on one of the power amplifier branches. This -may be accomplished 

 

readily by placing a resistance in series with the plate supply. This 

 

reduces the amplitude of one of the side-band figure-of-eight patterns, 

 

thus permitting the angle between adjacent courses to be adjusted 

 

to any angle between 45 degrees and 135 degrees instead of the normal 

 

90-degree displacement. Adjusting the courses in this manner instead 

 

of varying the plate voltages on the second intermediate power am-., 

 

plifier has the advantage that the power amplifier grids may be worked 

 

always at high excitation, thus permitting smooth operation and high 

 

efficiency. An added advantage of varying the plate voltage of one 

 

of the power amplifiers is that the amplitude of the side-band pattern 

 

is nearly a linear function of plate voltage over the range of normal 

 

operation. 

 

Fig. 38 shows the field strengths produced by a twelve-course radio 1t 

 

range under normal operating conditions. These measurements indi-
cate the relatively poor radiating qualities of loop antennas and also 

 

show a very high attenuation constant of 0.0146 which is considerably 

 

higher than is normally obtained at these frequencies. 

 

CONCLUSION 

 

The results outlined in the previous paragraphs indicate that the 

 

twelve-course visual radio range as developed by the Airways Divi-
sion is capable of installation as an established aid to air navigation. 

 

Every effort has been made to simplify the operation of the trans-
mitter and to reduce to a minimum the possibility of failures in regu-
lar operation. Attention has been given to details which will permit 

 

the servicing of the equipment by operators of average ability. 

 

- The design of the completed transmitter permits its use either as a 

 

multicourse radio range or as a simple two- or four-course type. This 

 

flexibility of design is particularly valuable. when all conditions en-
countered along the airways are considered. It is true that in a ma-

jority of cases the two- or four-course range will fill the requirements, 

 

the polydirectional installation being confined to terminal locations 

 

where there is a concentration of airways. 

 

No attempt has been made to establish definitely the relative 

 

superiority of either the visual radio range, such as described in this 

 

paper, or the aural type which is now in use. The final acceptance of 

 

either type should be based upon the opinions of pilots who have had 

 

experience with both types of ranges under all conditions encountered 

 

in commercial transport service. 

 

c The Supervisor of Radio of Detroit, Michigan, made these measurements 

 

on the radio range installation at Detroit, Michigan. 

 

5 

 

6h 

 



Jackson and Bailey: Radio Range Transmitter 2101 

 

ACKNOWLEDGMENT 

 

The authors desire to acknowledge the parts played by the per-

' Dnnel of the Radio Division of the Bureau of Standards in lending 

 

" E'-heir valuable cooperation toward this development. The transmitter 

 

7as constructed for the Airways Division, Bureau of Lighthouses, 

 

'Jib , Department of Commerce, at the shops of the Eleventh Lighthouse 

 

)istrict, Detroit, Michigan. Special appreciation is due to Captain 

 

P. C. Hingsburg, Chief Engineer, Airways Division; H. J. Walls, 

 

tadio Engineer, Airways Division; C. A. Park, Superintendent of 

 

� Lighthouses, Eleventh District; R. H. Robson, Mechanician-in-

.li;harge, and the shop mechanics and electricians who have all assisted 

 

n malting this work possible. 

 

AUTHORS' NOTE—Since completing the above paper, the authors 

 

lave had an opportunity to check the theory by actual flight tests on 

 

U completed installation. These flight tests have indicated that the 
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REDUCTION OF DISTORTION AND CROSS-TALK IN RADIO' 

 

RECEIVERS BY MEAN OF VARIABLE-MU TETRODES* 

 

BY 

 

STUART BALLANTINE AND H. A. SNOW 

 

(Boonton Research Corporation, Boonton, N. J.) 

 

�G 

 

Summary—In attempting to control the audio output of a radio receiver employ- ! 

 

ing the present types of tubes by varying the control-grid bias or screen-grid voltage: 

 

distortion, due to nonlinearity of the output-input voltage relation for the tube, and 

 

cross-talk are encountered at the higher signal voltages. Both effects are largely due 4 i 

 

to the rapid increase in the higher-order curvature parameters of the tube characteristic '10 

 

which occurs as the grid bias increases negatively, or screen-voltage decreases. �,.. 

 

Two tubes, designated as Types 550 and 551, have been developed to reduce . 

 

these effects. They are shielded tetrodes of which the characteristic has been specially 

 

shaped to reduce the higher-order curvature in relation to the transconductance. The 0� 

 

desired shape of characteristic is attained by a composite structure by virtue of which IV 

 

the tube acts as a high-mu tube at normal grid biases and automatically changes into Jhf 

 

a device of low-mu as the grid bias increases negatively. 

 

The 550 tube will handle an input voltage of 15, and the 551, 7 volts, with negli ` 

 

Bible distortion. These represent improvements of 50 and 25 times over present 24 
BJ
 

 

tubes. Cross-talk is reduced to 11500th that obtained with the present type at input. 0l" 

 

voltages of 0.1 volt. •.le: 

 

A general discussion of the problem of distortion and cross-talk is given from: 

 

both the theoretical and experimental viewpoints. Both effects are shown to be.. 

 

approximately proportional to the ratio of the third derivative to the first derivative of 

 

the plate current-grid voltage characteristic. A factor called the cross-talk factor is 

 

defined which represents the ratio of audio output due to the interfering signal to lf' 

 

that due to the desired signal. This is shown to vary with the square of the interfering 

 

signal voltage. Graphical methods of analysis of distortion and cross-talk in multi-
stage amplifiers are described. 

 

The principle of the variable-mu tube is outlined and a number of structural 

 

embodiments illustrated. The paper concludes with curves and a table of characteris-
tics of the type 650 and 551 tubes and the results of tests of reliability, reproducibility, 

 

and longevity in the manufactured product. 

 

N RADIO broadcast receivers the control of audio output for. 

 

varying antenna signal voltages is commonly effected by varying 

 

  an electrode voltage, such as the control-grid bias, of the radio 

 

amplifier tubes. With ordinary triodes and tetrodes as heretofore em-
ployed, the range of antenna r—f voltage over which satisfactory 

 

control by this means can be obtained is limited, the results being un-
satisfactory when the receiver is so located that the. signal voltage ► 

 

from neighboring transmitting stations is high. In these cases several 

 

undesirable effects accompany the increasing negative control-grid e 

 

* Decimal classification: R148.1 XR334. Original manuscript received by 
0 

 

the Institute,. October 20, 1930. 

 

2102 

 



t 

 

Bnilnntin.c and Snow: Red-notion of Distortion. 2103 

 

r iias which is necessary to secure constant, audio output with increas-

kng signal voltage: 

 

(1) Distortion due to nonlinea.rity in the relation between the r-f 

 

output voltage of the amplifier and the r-f input voltage; 

 

(2) Increased intermodulation or cross-talk effects; 

 

(3) Increased hum in a-c operated receivers due to modulation 

 

of the carrier by low-frequency hum voltages inadvertently 

 

present in the control-grid and screen-grid circuits. 

 

The underlying cause of the first two of these effects is the increase 

 

'#n the higher-order curvature of the. tube characteristic in relation 

 

tf;o the effects of the first order, which takes place as the applied r-f 

 

,;voltages arc increased. 

 

E' The type 550 and 551 tetrodes have been developed with the object 

 

reducing the difficulties enumerated above with a minimum of 

 

Inconvenience and readjustment. This has been achieved by shaping 

 

the plate current-grid voltage characteristic so as to minimize the 

 

higher-order curvature over an extended range of control-grid voltage. 

 

Before discussing the structure of these tubes and the principles of their 

 

;operation it will be of interest to consider briefly the underlying prob-
Aenis of distortion and cross-talk which they are intended to solve. 

 

I. PROBLEM of VOLUam COINTROL BY VARIATION or CMD-Bi.is 

 

The problem to be discussed is the special one associated with 

 

the control of amplification in the radio amplifier by variation of an 

 

ao 

 

I 

 

A .6 .8 to 

 

R.F INPUT VOLTME 

 

Fig. 1—Relation between input and output voltages in a 4-stage r-f amplifier 

 

emplo3ing 227 tubes (Eb = 90 v) showing nonlineanty at high input voltages. 

 

< electrode voltage, usually the control-grid bias. The broad problem 

 

of volume control by this and other methods, such as antenna voltage. 

 

control, combination control of grid-bia-s and antenna voltage, etc., 
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has been discussed elsewhere.' Important undesirable effects which 

 

arise in an amplifier so controlled are brought out in Fig. 1, which 

 

shows the experimental relation between the output voltage and input 

 

(or antenna) voltage in a 4-stage 227 r-f amplifier designed to supply 

 

a maximum of 20 volts for the operation of a linear detector. Each 

 

curve represents the relation for a specified value of grid bias. For 

 

values of grid bias below —9 volts the relation between output and input 

 

is linear up to the dotted curve. Beyond this point the curve is bent 
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R.F INPUT VOLTAGE-

Fig. 2—Input-output voltage diagram for a single tuned r-f amplifier stage em-
ploying type 24 tetrode (Eb =180 v; Ea = 90 v). The dotted lines are con-
tours of constant modulation rise. 

 

over by overloading due to grid current in the final tube. Above 

 

—9-volt bias, however, the output-input relations become nonlinear 

 

and an attempt to' operate over this range of input voltages will re-
sult in a distorted output. This distortion is most severe for high de-
grees of modulation. The curved characteristics shown also have the 

 

1 This discussion is contained in a paper entitled "Recent developments in 

 

RFL broadcast receivers," presented at a meeting of the Philadelphia Section, 

 

Institute of Radio Engineers, held in Philadelphia, November 7, 1929. 
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�' affect, for small degrees of modulation, of effectively increasing the 

 

iJ'!iegree of modulation. At E, _ —11.5 v, for example, a signal of a 

 

i,aertain amplitude having a modulation of 5 per cent will have its 

 

' Imodulation increased to about 70 per cent in passing through the 

 

if lamplifier. This rise in modulation shall be referred to as modulation rise. 

 

For a more detailed investigation and analysis of this problem 

 

,i1he input-output relations for a single stage are of fund, i ental im-

portance. Fig. 2 shows the experimental relation between the input; and 

 

f+output voltages of a single stage employing a shielded tet.rodc of the 

 

t 24 type (Eb =180 v, s,, = 90 v), and a conventional tuned transformer. 

 

Logarithmic voltage scales are used in order to cover the wide ranges 

 

of magnitudes involved. Each curve represents the output input 

 

Y voltage relation for a specified control-grid bias. Each curve comprises 

 

a portion over which the output varies linearly with input and a curved 

 

portion over which the output increases at a greater rate than the 

 

input. For small values of grid bias the curved portion practically 

 

,disappears, but as the bins increases negatively this part continuously 

 

x encroaches upon the straight portion. 

 

The straight lines in the lower right-hand corner of Fig. 2 marked 

 

"residual transmission" represent the signal which leaks through the 

 

stage independently of the repeater action of the tube. This is of course 

 

linear. Such residual transmission may arise in several ways. In a 

 

shielded tetrode stage without provision for balancing out the cou-

pling due to the small plate to control-grid capacity, it would arise 

 

from coupling through this capacity. In the case of an ordinary triode 

 

with a balancing network, it may arise from a slight unbalance, in-

tentional or accidental.2 It may also emst, or be intentionally provided, 

 

by coupling in the associated circuits. 

 

The dotted lines on Fig. 2 represent the voltages at which various 

 

degrees of modulation distortion due to curvature, as measured by 

 

the percentage rise in modulation, occur. A series of such contours 

 

of constant modulation rise have been drawn and are useful in pre-

"'. dicting the over-all distortion in an amplifier composed of several 

 

stages by a graphical method which we shall describe later. A re-

versal of the course of these contours occurs in the region in which the 

 

residual transmission is of importance due to the promotion of linearity 

 

-�• by this linear coupling. 

 

Inspection of Fig. 2 shows that the range over which the ampli-

fication of the stage can be varied without exceeding a given distortion 

 

decreases as the input voltage increases. For this reason, wherever 

 

a A detailed discussion of the effects contributing to residual transmission 

 

and methods of rendering an amplifier stage perfectly monodic have been given 

 

• by Ballantine, U. S. Patent No. 1,760,871. 
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possible, the burden of control in a multistage amplifier should be ; 

 

placed upon those stages in which the input voltages are low. We have" R
,
 

 

found that a considerable extension of the range of distortion less, a�I 

 

control can be secured by means of a judicious graduation of control fir' 

 

bias among the stages of a multistage radio amplifier and this method 

 

has been successfully used in broadcast receivers for some time. It is 

 

especially valuable where a linear detector ,3 requiring a high input 

 

voltage, is employed. In the latter case the stage preceding the high: x 

 

voltage detector is left out of control altogether, or the variation of=q �` 

 

its control-grid bias is considerably reduced in comparison with the 

 

ranges of variation of the earlier stages. 

 

Fig. 3 shows the audio output versus antenna carrier voltage for an 

 

old experimental receiver employing an automatic volume control and f ll' 
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RFL Model Z& AC-Tetrode Receiver 
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Fig. 3—Relation between audio output and antenna voltage in a receiver em-
ploying automatic volume control, exhibiting modulation rise and distortion 

 

at high input voltages. 

 

high voltage linear detector with a fully graduated grid bias in the 

 

radio stages. The rise in audio output at the higher antenna voltages 

 

is due to modulation rise, as mentioned above, since the carrier voltage 

 

at the detector is maintained at a constant level by the automatic 

 

volume control. This rise is more marked for the lower values of 

 

modulation, as one should expect. There is no simple relation between 

 

the actual distortion produced, as measured by the generation of har-
monics in the case of a pure tone modulation, and the modulation rise. 

 

At low modulations a considerably greater increase in the effective 

 

modulation can occur before the distortion (introduction of extraneous 

 

tones) becomes objectionable than in the case of high modulation. 

 

This is suggested qualitatively by the curve in Fig. 3 marked "objec-
tionable distortion." 
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dd G The modulation distortion, or rise in modulation, exhibited by 

 

'4 TFig. 3 is a useful criterion in studying and comparing tubes for, the 

 

() l(-r curvature effects under consideration. Such a curve may be con-

)ntij structed by taking a cross-section of the stage diagram of Fig. 21' 

 

u6c ,i that is to say, the points of intersections of a line of constant output 

 

If.ia with the dotted contour lines for constant modulation rise. The effee-

i pnfrtive modulation rises at first and then returns to the original level. 

 

GiQI
-'This decrease is due to the effect of residual transmission through 

 

r•'i the stage which, being linear, reduces the distortion. A maximum 

 

}I is obtained by crossing the Fig. 2 stage diagrams at constant output, 

 

,starting in the region of linear response to the left and passing through 

 

region of curvature to the linear residual transmission curve at 

 

!o;t'._the right. 
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Fig. 4—Control analysis: Diagram of input voltages in a 3-stage amplifier 

 

employing 24 tetrodes; controlled by common grid bias in all stages. 

 

A graphical method of applying the data for a unit stage to the 

 

.f;rl prediction of the performance, control characteristics, overload, and 

 

r selection of control bias graduation in an amplifier comprising several 

 

x such stages, is shown in Fig. 4. In this diagram the values of grid 

 

bias do not appear explicitly but are represented by the corresponding 

 

1' values of transconductance (mutual conductance) s,, of the tube, 

 

which are plotted as ordinates. The right-hand curve, marked "maxi-

mum input voltage for 20 per cent modulation rise" represents the 

 

values of input voltage at the specified values of s.. which result in a 

 

modulation rise of 20 per cent. These values may be obtained from 

 

Fig. 2 or by direct measurement. Fig. 4 represents the case of com-

mon bias control in three stages. The voltages at the grids of the 

 

various stages under standard conditions (s„, =1000 micromhos) are 
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taV 

 

�P 

 

average listening conditions an audio voltage output of approximately 11!E(
f 

 

ten times (100x power) is also represented. The significance of the. 

 

straight lines will be apparent. At the grid of the 3rd stage, for ex- , ; p 

 

ample, when the bias has been adjusted so that the transconductance . m3 

 

has been decreased from 1000 to 100 micromhos, or to one-tenth , ect 

 

of its initial value, the voltage will have been increased.ten times to 

 

.i 

 

preserve constant input to the detector; in the 2nd stage the voltage 

 

will have been increased 100 times for standard output; and in the 

 

1st stage to one thousand times, and so forth. It will be observed that 

 

overload occurs first in the 3rd stage and limits the range of distor-
tionless control. In the case of standard output the overload at the L

 

 

3rd stage occurs when sm equals 60 and the input voltage equals 0.05 

 

volt. The corresponding range of control is 5000x. For 10x output, , 

 

overload in the 3rd stage occurs when sm equals 250 at an input voltage 

 

of 9 X 10-' v, corresponding to a range of control (input voltage) of F 

 

only 90x. The unsuitability of this method of control (i.e., common ` 

 

grid bias) when high voltage detectors are to be operated with 24-type 

 

tetrodes is thus apparent. The method was more satisfactory when z 

 

small-signal square-law detectors were employed because the voltages 

 

involved were lower. 

 

The advantage of a graduated bias control, in which the 3rd stage 

 

is not controlled and the first and second stages are controlled by a 

 

common bias, is brought out in Fig. 5. The other conditions here 1 

 

are identical with those contemplated in Fig. 4. In the case of stand-
ard output the 1st stage reaches overload first at point A for s,,,

-
= 6 

 

micromhos and an input voltage of 0.3 volt. The range of control F 

 

is 30,000x. At 10x output, overload is reached simultaneously in the 

 

first two stages at point B. Since the modulation distortion curve 

 

is vertical in this region the maximum input voltage for 20 per cent 
a 

 

distortion is about the same for 10x as for normal output. This is 

 

<� o 

 

enormously greater than in the case of common bias illustrated in 

 

Fig. 4, where the range was only 90x. It will be seen that the best. 

 

graduation of bias depends in general upon the level of voltage at 

 

which the detector is to operate, and upon the distortion contour of 

 

the tube. A further graduation of bias between stages 1 and 2 gen-
erally results in an additional improvement. 

 

It should be pointed out that the representation of the stage input 

 

A Report of the Standardization Committee, YEAR BooK I.R.E., p. 107. 1929. 
1
 

 

obtained by the conventional methods of receiver measurement using::
, 

 

a standard signal generator. These constitute starting points at the`,` 

 

upper edge of the diagram. Since the standard output' (50 milli 

 

watts) adopted for such measurements is somewhat low in terms of 
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,. 

 

t4 l;`,roltages in the preceding diagrams by straight lines assumes that the 

 

j1'j
` wansconductance is independent of the voltage. In the range of volt-

"'ll
ajges over which the input-output relations are nonlinear (see Fig. 2) 

 

":.;his is not strictly true, and curved lines would be required in a per 

ktly accurate representation. 

 

We may digress for a moment to consider how nonlinearity in the 

 

4}
'J 'nput-output relations of an amplifier tube arises. A rough explanation 

 

nay be based on the case of a tube, such as a tetrode with negligible 

 

?xternal impedance in the plate circuit, and for which the i,—e° char-
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Fig. 5—Control analysis for graduated bias control; stage 3 uncontrolled; 

 

stages 1 and 2 controlled by common bias. Other conditions identical 

 

with Fig. 4. 

 

acteristic is such that over a useful range of voltages the variable part 

 

°' �' of the plate current can be represented in a convergent series: 

 

a  1 a2iP 

 

ae° 2 aeo 

 

Now if e° = E° sin wt we find that effects of the 1st, 3rd, 5th ... orders 

 

pi 
contribute terms of fundamental frequency to which the tuned output 

 

t0 f circuit of the stage is resonant. Collecting these 

 

Sul 
p i I cos wt 

=(Ig "P 
E,, + 

1 a3i
PE3+

 1 a5ip 
E
5
+ cos Wt. (2) 
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The relation thus departs from linearitywhen the effects in E,1, Ep1.... 

 

etc., become of importance. 

 

Assume for the moment that conditions are such that most of the 

 

distortion can be accounted for by the 3rd-order term. In these cir-

cumstances the modulation rise will be 

 

M, al, 
ra 

l 
�1 

Eat a2s„� 

 

D 
0 M aE / LaEoJo 

1
 + 4s„n aep2 

 

(3) 

 

approximately, for small m (degree of modulation). 

 

It is of interest to see what sort of ip—eo characteristic would cor-

respond to a constant distortion for all values of Eo (grid bias). 

 

Assuming control by bias variation in one tube Eo is allowed to vary 

 

and the grid bias is to be adjusted to give a value of sm such that the 

 

output I, is constant. That is 

 

Eg = Iplsm. (4) 

 

Substituting this in (3) we have to solve the equation 

 

1 a'sm 

 

  = k = const . (5) 

 

Sm3 aep2 

 

A general solution under the condition that as.lae, = 0 when s,, = 0 is 

 

2 1 

 

k eo — eo 

 

where eo is a constant. The form of this function is obvious. It differs 

 

considerably from that of ordinary tubes. 

 

II. THE PROBLEM OF CROSS-TALK 

 

The term cross-talk is employed here to designate that species of 

 

interference which originates in the r-f amplifier tubes by modulation 

 

between two or more signals. These modulation effects depend upon 

 

the higher-order curvature parameters of the tube and are to that ex-
tent related to the problem of distortion which has just been discussed. 

 

It is to be expected, therefore, that characteristics and applied voltage 

 

amplitudes which conduce to distortion will be commensurably 

 

troublesome from the viewpoint of cross-talk and any improvement 

 

which can be effected in a tube to reduce distortion will also reduce 

 

a large part of the cross-talk. 

 

There are several kinds of cross-talk, of various degrees of practical 

 

importance. For our present purposes we shall distinguish between 

 

two main classes. 

 

p 

 

ba 

 

Wb 

 

6a 

 

I 

 



�i 

 

In the first class (Class A) we shall include effects due to beating 

 

)etween two signals whose frequencies differ from each other and from 

 

k ,hat to which the the receiver is tuned. Examples of this are the cases 

 

. Aiere signal frequencies f, and f2 form combination frequencies of 

 

1 

 

°
t +f2 within the tuning range of the receiver. Combinations of harm-

niics also occur. Effects of theft ±f2 type are due to even-order effects 

 

.n the tube, and depend mainly on the second derivative of the tube 

 

;� ,haracteristic. Since distortion is not influenced by this derivative, 

 

xcept when the effect of the external load is important) this type 

 

of cross-talk is not directly* related to the production of distortion. 

 

Nevertheless  it is found experimentally that the measures which we 

 

have found effective in reducing the third and other derivatives and 

 

t so shape the characteristic as to reduce distortion generally reduce 

 

4he second derivative and combination cross-talk also. 

 

o In a second class (Class 13) we shall include cross-talk which is 

 

heard in circumstances of the following type.. The receiver is tuned 

 

to a signal, which we shall call the desired signal. A second signal, 

 

t called the extra signal, of different frequency, is also present at the 

 

t grid of the first tube. We shall also suppose that the selectivity of 

 

} the receiver and the frequency difference between the signals are such 

 

;as to exclude the possibility of the extra signal being heard by simple 

 

interference in the absence of the desired signal. If the desired signal 

 

be modulated both signals are head simultaneously; if unmodulated 

 

I the extra signal is heard. 

 

This type of cross-talk depends mainly upon the thii�d-��rdcr de-

This rivative of the tube characteristic, that is, upon the same derivative 

 

i that causes distortion. A sufficiently good mathematical theory, ac-

counting for the more important experimental facts, can be developed 

 

by a method previously employed in developing a theory of high 

 

s. voltage detection.' 

 

For facility of expression we shall employ a term,called the cross-

talk- factor, which is defined as the ratio of the audio output due to 

 

V. cross-talk to that due to the desired signal. In many cases it will be 

 

convenient to specify further that the modulations of the two signals 

 

J 

 

are equal. Such a factor should be found useful as an additional index 

 

of receiver performance. 

 

Consider the ;simplified case where the desired and extra signals 

 

produce at the grid of the tube voltages of the forms 

 

Desired signal: el = Ei cos wit (7) 

 

Extra signal: e2 = E2(1 + M2 sin at) cos colt . (8) 

 

,I
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I P. 1161 of footnote 3. 
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The mathematical theory can be developed along the lines of the` 

 

following physical picture. j 

 

Fig. 6 represents the relation between the amplitude of the r—f 

 

output current of the tube and the grid bias with the desired signal (7)' 

 

impressed on the grid. This relation is derivable from the input-output.; 

 

data of Fig. 2 and is in general nonlinear. We shall now regard the„. 

 

extra signal (8) as varying the grid voltage about the point E, which;!:. 

 

1. 

 

represents the grid bias. In order that the output of the tube shall be 

 

audible after detection, it should be of the modulated signal type, that;. 

 

is, it should contain terms of the general form 

 

E(t)El cos wit 

 

where E(t) is an audio-frequency variation. An output of this type 

 

would be produced directly by the application of an audio-frequency.; 

 

voltage E(t) to the grid. This is a familiar type of modulation, de-
pending mainly on the slope of the relation shown in Fig. 6, and occurs 

 

in a-c operated receivers as "hum in the presence of carrier" when 

 

hum voltages are inadvertently present in the grid or screen-grid 

 

circuits. An output of type (9) is also produced by a voltage of the 

 

type of the extra signal (8) when the relation shown in Fig. 6 is non-
linear. This is the origin of Class B cross-talk. 

 

This viewpoint may be put in mathematical form by employing 

 

the power series representation of the tube characteristic, given in (1), 

 

neglecting external impedances in the plate circuit. Inserting the signal 

 

voltages (7) and (8), 

 

eo = e2 + E1 cos wit, (10) 

 

in (1) and expanding we have 

 

ip = D 1(e2 + El cos colt) + D2(e22 + 2e2E1 cos colt -}- E12 COS2 Wlt) 

 

+ D3( . ..) + 

 

where D„ = 1/n! (9-ip/aeD11. 

 

Now collecting coefficients of e2 

 

i, = D1E1 Cos Wit + 4 D3E13 COS colt 

 

• e2(D1 + 2D2E, sin colt + 3D3E12 sin2 Colt + ) (12) 

 

+ e2
3

(D3 + ) + 

 

In type B cross-talk we are interested only in the part of the plate 

 

current of frequency wl. Collecting these terms 
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,, 

 

3; 

 

_ (D1 + 
3 

4 
D3EI

2 +.... .+ (2D2 + ... )e2 

 

\/ 15 

 

+ (3D3 + —E1
2D5 + . 

/ 
e22 + (... )e23 E1 cos wit. 

 

2 l 

 

.�j 

 

;c°the physical significance of this formulation may be brought out by 

 

,c>bserving that this is precisely the form of expression we would 

 

f: save obtained by starting with the characteristic shown in Fig. 6 and 

 

developing it in a power series in the grid voltage. The coefficients 

 

M (13) should thus be equal to the successive differential derivatives 

 

"A (2), which is the power series representation of the Fig. 6 relation. 

 

1 This will be seen to be true by differentiating (2). A more accurate 

 

.' method, of course, consists in starting with the experimentally de-

termined relation of Fig. 6, and developing it in a power series in the 

 

grid voltage. 

 

Now let us further develop (13) by substituting the value of e2, 

 

f,the extra signal, (8). Terms in e22, e2
4, etc., will yield output currents 

 

of the type (9). Collecting terms of this type we have 

 

3 E22 

 

iP = (D1 + 
4 
D3E12 + ... 

/ 
+  

2 
(3D3 

 

�\ / 

 

(13) 

 

15 

 

+ 
2 
D5E12 -� (1 + 2�Ia2 sin at + 9112

2 sine at) (14) 

 

+ • . }El cos wit. 

 

Neglect the term in sin2at if 99z is small. It will be seen that (14) is 

 

I of the form of a standard modulated signal of the type iP=IP (1+m 

 

i sin at) cos wt. 

 

Retaining the first terms only we have approximately 

 

E22 a3iP \ 

 

iP = smEi 1 + — sin at
/I

1 cos wit (15) 

 

2s,,,aeo3 

 

where sm =ai,1aep= the transconductance. The audio output after 

 

detection of such a signal by a square-law detector will be propor-
i tional to 

 

s..Ei
2
E2

2
m2 0

3

iP 

 

(16) 

 

2 ae" 

 

The cross-talk factor can be computed by assuming the desired 
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signal to be modulated to the same degree of modulation. Then the 
If 

 

ratio of cross-talk output to desired output at the detector will be je 

 

�T 

 

E2
2 aliP 11 

 

Cross-talk factor = (17) 

 

2s..ae9 
��. 

 

The thud-derivative of the tube characteristic again appears as a 1` 

 

conspicuous cause of cross-talk of the type under consideration. It is 

 

interesting to note that to the order of approximation represented by 
1̀ 

 

this equation the cross-talk varies as the square of the extra signal 

 

and is independent of the desired signal voltage per se, except in so 

 

far as this determines the point of the characteristic and values of s,,,, 

 

etc., at which operation takes place. 
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Fig. 6—Illustrating the production of Class B cross-talk. Heavy curve represents 

 

the relation between amplitude of plate current of desired-signal frequency 

 

and grid bias, with the desired signal impressed on the grid. 

 

The similarity of the above expression to that for the distortion (3) 

 

may be noticed. The same tube parameters are involved and the cross-
talk varies with the extra signal in the same way that distortion varies 

 

with the input voltage. 

 

Turning now to the experimental aspects, Fig. 7 shows the relation 

 

between the cross-talk factor for an average 24 tetrode (dotted 

 

curves) and the new type 551 tetrode (solid curves) and the input 

 

voltage at a fixed output voltage level, and for several fixed values of 

 

extra signal. The modulations of the two signals were the same 

 

(30 per cent). The output voltage Ievel was such that 1000 microvolts 

 

were required at normal bias (— 3 v; s,„ =1000 micromhos) to produce 
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`tt t. A sufficient attenuation between this stage and the one follow-

'''F ng it was used to avoid any cross-talk effects in the second stage. 

 

The desired signal frequency was 1000 kc and that of the extra signal 

 

i7) was 900 kc. This frequency difference was not critical at the value 

 

employed, but was sufficient to preclude direct interference on the one 

 

1' i,and, and combination cross-talk of Class A on the other. Both 

 

Desired and extra signals were applied directly to the grid of the tube. 

 

The measurement procedure was as follows: The desired signal, 

 

modulated at 30 per cent, was set at 10-3 volts with a bias on the tube 

 

corresponding to a transconductance of 1000, and the amplifier ad-

justed for a standard, or fiducial, audio-voltage output. The modulated 

 

desired signal was then set at a desired value and the bias of the tube 
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Fig. 7—Experimental curves showing cross-talk production in 24 and 551 te-

trodes. Constant output maintained, corresponding to 0.001 volt desired 

 

signal at -3-volt bias. 

 

adjusted for fiducial output. The modulation of this signal was then 

 

removed (leaving the carrier), and the modulated extra signal was then 

 

superposed. The audio output, corresponding to the cross-talk,. is 

 

then noted and expressed as a percentage of the fiducial audio output, 

 

which is taken as 100 per cent. 

 

These experimental curves confirm (17) in so far as it predicts a 

 

variation of cross-talk with the square of the extra signal voltage at a 

 

given operation point. The existence of a maximum at high desired 

 

signal voltages may be accounted for by the increase in modulation 

 

distortion and effective s„a which would produce an abnormal direct out-

put of the desired signal, thus lowering the measured cross-talk factor. 
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The effect of changing the output level in the case of the 24 tube,,̀ 

 

is also shown in Fig. 7, the extra signal being maintained at 0.4 volt. 

 

Two extra curves are shown for outputs corresponding to input volt 

 

ages of 10-2, 10-1 volts at —3-volt bias. The curves are roughly simi- 

 

lar in shape and start up at points on the desired signal axis which 

 

are multiples of 10, or roughly at points at which the bias is so adjusted'
..
 

 

that the transconducance is the same. This confirms the approximate 

 

independence at low voltages of the variation of cross-talk with re-

spect to the desired signal voltage which is expressed in (17). This;: 

 

independence does not persist at high desired signal voltages, as the 

 

drooping of the maxima with increasing voltage shows. 
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�t} tube and a type 551 tube. Several other contours are given for the 24 

 

and represent the extra signal voltages required for cross-talk factors 

 

of 1, 5, 20, and 40 per cent. The desired signal voltage varied from 

 

£ 10,' at s,„ =1000 to 1 volt at sm =1. To avoid confusion only the curve 

 

4 for 20 per cent cross-tall: is given for the 551 tube; the positions of the 

 

ii contours for other values are easily found by applying the square-law 

 

relationship whose approximate validity appears from the curves for 

 

i the 24 tube. 

 

The reduction in cross-talk at higher desired signal voltages which 

 

has been achieved in the type 551 tube will be seen to be considerable. 

 

f3 At s.=2.5 nlicromhos, for example, the ratio of extra signal voltage 

 

i; for 10 per cent cross-talk amounts to about 2:1 t.o 1. This means that 

 

with a given extra signal voltago the cross-talk for the type Ml will 

 

be only 1j 500th of that for the 2.1 type. 

 

Figs. 7 and. 3 bring out the important fact that. for reduction of 

 

cross-tall, attention must be paid to the tube parameters at large 

 

transconductance (low negative bias), whereas in the case of distortion 

 

the control diagrams of Figs. 4 and 5 show that their proper adjust-
ment at lower values of s. is of more importance. 

 

Such limiting curves resemble very closely those which represent 

 

)` the relation between input volt-age fora given distortion and transcon-

ductance (See Figs. 4, 5, and 16). 

 

A typical cross-talk analysis diagram is shown in Fig. 9. The case 

 

f considered is a 3-stage amplifier controlled by common variable con-

trol-grid bias in stages 1 and 2. The maxiiuunl amplification per stage 

 

i is 40x and is attained at a grid bias corresponding to a transconduct-

3 ante of 1000 micromhos in the tubes. At the right-hand part of 

 

I the diagram are plotted the cross-talk contours from Fig. S. The out-

put level (2.5 watts) corresponded to 10-3 volts at the grid of the 

 

E first tube at 30 per cent modulation. The desired signal voltages are 

 

_ F show by solid line 1. The extra signal voltages at the 2nd grid are 

 

based on the following assumptions: 

 

(1) That the frequency difference between the signals is 20 kc; 

 

(2) that the selectivity of the two tuned circuits beyond the 2nd grid 

 

is such that a transmission of 0.5 is obtained for the extra signal; 

 

(3) that the attenuation in the tuned circuit between the 1st and 2nd 

 

stages provides a transmission of 0.2 for the extra signal. 

 

The lines 3, 4, and 5 represent the voltages at grid 2 f or extra 

 

signals of 0.1, 0.2, and 0.5 volt at the 1st grid. 

 

Consider the cross talk in the first tube (24) with an extra signal 

 

EQ of 0.2 volt. As the desired signal El increases cross-talk of 1 per cent 

 

is reached at point A at which point the desired signal reaches 0.03 

 

I 

 

I 
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The effect of changing the output level in the case of the 24 tube' 

 

is also shown in Fig. 7, the extra signal being maintained at 0.4 volt.." 

 

Two extra curves are shown for outputs corresponding to input volt-.' 

 

ages of 10-2, 10-1 volts at —3-volt bias. The curves are roughly simi- 4-1 

 

lar in shape and start up at points on the desired signal axis which - 1 

 

are multiples of 10, or roughly at points at which the bias is so adjusted '! 

 

that the transconducance is the same. This confirms the approximate 'd + 

 

independence at low voltages of the variation of cross-talk with re-
spect to the desired signal voltage which is expressed in (17). This r. 

 

independence does not persist at high desired signal voltages, as the; 

 

drooping of the maxima with increasing voltage shows. 
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Fig. S---Diagram showing relation between tube transconductance, produced by 

 

grid bias variation, and maximum voltage of interfering signal for various 

 

percentages of cross-talk. 

 

1000 

 

For cross-talk analysis in a multistage amplifier we have em-
ployed a graphical method similar to that used for distortion analysis 

 

which was illustrated in Figs. 4 and 5. This is based on the fact that 

 

the cross-talk is approximately independent of the desired signal volt-
age. The basis of the method is a contour curve for the tube which 

 

shows the relation between the extra signal voltage which has to be 

 

applied to the grid to attain a given percentage of cross-talk, and the 

 

operating point on the characteristic, as represented by the tra.nscon-
ductance at that point. A typical set of such contours is shown in 

 

Fig. S. The solid curves represent 10 per cent cross-talk for a type 24 
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tube and a type 551 tube. Several other contours are given for the 24 

 

and represent the extm signal voltages required for cross-talk factors - 

 

of 1, 5, 20, and 40 per cent. The desired Signal voltage varied from 

 

s. 10-3 at sm =1000 to 1 volt at sn, =1. To avoid confusion only the curve 

 

for 20 per cent cross-talk is given for the 551 tube; the positions of the 

 

contours for other values are easily found by applying the square-law 

 

relationship whose approximate validity appears from the carves for 

 

the 2.1 tube. 

 

The reduction in cross-talk at higher desired signal voltages which 

 

has been achieved in the type 551 tube will be seen to be considerable. 
. At s,,, =2.5 micronihos, for example, the ratio of extra signal voltage 

 

for 10 per cent cross-talk: amounts to about 23 t o 1. This means that 

 

with a given extra signal voltage the cross-talk for the type 5.51 will 

 

be only 1/500th of that, for the 24 type. 

 

Figs. 7 and 3 bring out the important fact that, for reduction of 

 

cross-talk attention must be paid to the tube parameters at, large 

 

transconductanco (low negative bins), whereas in the,, case of distortion 

 

the control diagrams of Figs. 4 and 5 show that their proper ndjust,-
nient at lower values of s„ is of more importance. 

 

Such liiniting curves resemble very closely those which represent 

 

the relation between input voltage for a given distortion and transcon-
ductaace (See Figs. 4, 5, and. 16). 

 

Atypical cross-talk analysis diagram is shown in Fig. 0. The Case 

 

considered is a 3-stage aniplifier controlled by common variable con-

trol-grid bias in stages 1 and 2. The ma.xinium amplification per stage 

 

is 40x and is attained at a grid bias corresponding to a transconduet-
ance of 1000 micromhos in the tubes. At the right-hand part, of 

 

the diagram are plotted the cross-talk contours from rig. S. The out-

put level (2.5 watts) corresponded to 10--3 volts at the grid of the 

 

first tube at 30 per cent modulation. The desired signal voltages are 

 

show by solid line 1. The extra signal voltages at. the 2nd grid are 

 

based on the following assumptions: 

 

(1) That the frequency difference between the signals is 20 kc; 

 

(2) that the selectivity of the two tuned circuits beyond the 2nd grid 

 

is such that a transmission of 0.5 is obtained for the extra signal; 

 

(3) that the attenuation in the tuned circuit between the 1st and 2nd 

 

stages provides a transmission of 0.2 for the extra signal. 

 

The lines 3, 4, and 5 represent the voltages at grid 2 f or extra 

 

signals of 0.1, 0.2, and 0.5 volt at the 1st grid. 

 

Consider the cross-talk in the first tube (24) with an extra signal 

 

ER of 0.2 volt. As the desired signal E, increases cross-talk of 1 per cent 

 

is reached at point A at which point the desired signal reaches 0.03 
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volt. As E1 further increases the cross-talk increases to about 5 per 

 

.cent. In the second tube cross-talk of 1 per cent is reached at point .B 

 

for a desired signal voltage even smaller than 0.03 volt, i.e., at E1 

 

about 0.01 volt. This increases to about 2.5 per cent at point C, at 

 

10-1 volt and this is followed by a decline. These variations in the " 

 

cross-talk in the two stages are shown by the heavy curves at the 

 

bottom of the figure. It will be seen that under certain conditions the 

 

second stage of the amplifier produces more cross-talk than the first 

 

stage and its contribution is often of importance. It is also apparent 

 

that the cross-talk in the first stage increases more slowly when the .' 

 

E 

 

E 

 

N 

 

1000 

 

100 

 

10 

 

I 

 

0 

 

e 

 

EXTR 

 

t 

 

EXTRA 516NAL 1ST GRID 

 

=.2v 

 

T 

 

.Iv 2 

 

G 

 

N 

 

5r 

 

516NAL VOLTAGE AT i5T 

 

<jS A
/

GE 

 

21'0 

 

/c 

 

1 

 

s/ 

 

A. 

 

1% 5e 10 2040 

 

CR05S-TALOK 

 

I 

 

GRID 
c�zg6e 

 

�y 

 

5% 

 

.0001 001 .01 

 

10 

 

VOLTS 

 

Fig. 9—Cross-talk analysis in 3-stage amplifier. Lower part of the diagram 

 

shows cross-talk contributed by 1st and 2nd stages. Volume controlled by 

 

common bias on first two tubes. 

 

first two tubes are controlled than when only one is controlled (Cf- 

 

Fig. 7). This results in less cross-talk at high desired signal voltages 

 

because of the bending over of the cross-talk curve by the effect of 

 

modulation distortion. This example will sufficiently illustrate the 

 

use of this method in determining the cross-talk contributions of the 

 

several stages under various types of control. 

 

Before leaving this subject a few words may be said about the prac-
tical aspects of this problem in radio receiver design. In order to study 

 

the effect in the tube we have postulated certain voltage amplitudes 

 

due to the desired and extra signals at the grid terminals. In a prac-
tical receiver at least one tuned (antenna coupling) circuit would pre-
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;°cede the first tube, so that the selectivity of this circuit may be relied 

 

aeon  to a certain extent to attenuate the extra signal. It is found, 

 

ihowever, that in practical installations this is not adequate. To 

 

;achieve further reduction a number of receiver designers have had 

 

z�recourse to a double tuned cicuit, or double presclector. By virtue of 

 

the second-order relationship between cross-talk and extra signal 

 

,voltage which has been found to hold over a vide range of voltages 

 

it may be expected that a double presclector, giving approximately 

 

::geometrical selectivity, will be T= more effective than a single resonant 

 

)circuit (T=transmission for the interfering signal). For example, if 

 

s the selectivity of a single circuit is such as to give a transmission of 

 

-_0.25 at a frequency difference of 20 kc, the reduction in cross-talk with 

 

��;two such circuits over that of a single circuit will be of the order of 

 

16 times. 

 

The use of such a double-resonant antenna coupling circuit is, 

 

however, attended by several disadvantages. The transmission at 

 

t resonance is reduced over that of a. single circuit, Nrith the result that 

 

the sensitivity is impaired and the fluctuation'- noise-signal ratio is 

 

i increased. It is more economical to employ the tuned circuit in the 

 

i,radio amplifier because of the fact that when it is used in the antenna 

 

``coupling system an untuned stage generally has to be employed to 

 

l.restore the sensitivity. In the superliet.rodyno employing an inter-

) mediate frequency of an order of 200ke a certain minimum preselection 

 

before the first detector is necessary to reduce "image response;" 

 

( but here also from the viewpoint of fluctuation noise-signal ratio, 

 

the additional tuned circuit is better located in the carrier-frequency 

 

i amplifier than in front of it. In low-priced receivers of the "midget 

 

variety," which have lately come into vogue, and in which economy is 

 

paramount, the use of an extra tuned circuit for this purpose is quite 

 

undesirable. 

 

The 551 tube not only renders unnecessary the use of double pre-
selectors of this type but in most circumstances is considerably more 

 

)"efficacious in reducing cross-talk. This will be apparent from the ex-

perimental data which have been presented above. Over a large range 

 

of signal voltages (see Figs. 7, S, and 9) the cross-talk in the 551 tube 

 

Y is of the order of 1/100th to 1/500th that of the ordinary 24 tube. 

 

'. In order to obtain this same improvement with 24 tubes by means of 

 

a presclector comprising a chain of resonant circuits of normal selec-

tivity, with an extra signal 20 ke from the desired signal, at least three 

 

6 F. B. Llewellyn, PRoc I. R. E., 18, 243; February, 1930. Stuart Ballan-
i> tine, Contributions from the R.F.L., No. 21; PRoc. I. R. E., 18 1377; August, 

 

1930. P. 0. Farnham and A. W. Barber, Contributions from the 9. F. L., No. 20; 

 

F PRoc. I. R. E., 18, 1338; August, 1930. 
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tuned circuits would be required; or to achieve the same reduction 

 

with a preselector comprising two tuned circuits, a frequency displace-
ment amounting to 100 kc would be required. Comparative tests 

 

between receivers employing biresonant preselectors and ordinary 

 

tetrodes and receivers employing but one tuned antenna coupling 

 

circuit (and in one or two cases, none) and equipped with 551 tetrodes 

 

have been made in many localities where cross-talk is particularly 

 

troublesome and have added practical confirmation under actual 

 

operating conditions. 

 

III. DESCRIPTION AND CHARACTERISTICS OF TYPE 

 

550 AND 551 TETRODES 

 

Our solution of the problems of distortion and cross-talk in vacuum 

 

tubes consists essentially in reshaping the plate current-grid bias char-

acteristic in such a way as to minimize the higher-order curvature, 

 

particularly at points where the transconductance is low. Of the many 

 

experimental tubes which have been tested in the course of this de-

velopment two have been selected for commercial production and have 

 

been designated as Types 550 and 551. Both tubes are designed to 

 

operate at the same plate and screen voltages as the ordinary 24 type. 

 

Their characteristics, such as plate resistance and transconductance, 

 

are the same at normal operating voltages as those of ordinary, tet-
rodes of present commercial types. 

 

The Type 550 tube is capable of handling an input voltage of 

 

approximately 15 with less than 20 per cent modulation rise, or about 

 

50 times that of the standard 24 type; the Type 551 tube is capable 

 

of handling 7 volts, or 25 times that of the 24 type. Both tubes are 

 

fundamentally of the shielded tetrode type, although the principle by 

 

which the reduction of distortion has been achieved can be applied 

 

equally well to triodes and other types of structure. .This principle 

 

may be explained as follows: 

 

Fig. 10 shows the grid-plate transfer characteristic of an ordinary 

 

tetrode of the 24 type. To raise the input voltage at which distortion 

 

appears the design could be changed so as to decrease the mu-factor 

 

of the tube, thus spreading out the range of grid voltages and obtaining 

 

a characteristic of the type shown at (A). This, however, entails a 

 

sacrifice in transconductance, and amplification, at the initial bias 

 

if the plate current at this point is adjusted to the same value. If the 

 

transconductance at the initial bias is to be maintained at the same 

 

value instead, then an increase in plate current must be tolerated as 

 

shown by the characteristic (B). 

 

A way out of this difficulty is illustrated in Fig. 11. The amplifier 
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stage shown in Fig. 11a comprises two tubes in parallel. Of these 

 

,ubes (A) is of the high-mu type, and (B) is of the low-mu type. A 

 

greater number of tubes, of properly graduated mu's may also be 

 

mployed. The effective i,—e, characteristics of tubes A and B* are 
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Fig. 10—Showing (a) decreasing transconductance and (b) increasing plate 

 

current accompaning attempts to decrease distortion by decreasing the 

 

mu-factor. 

 

j suggested by the dotted lines in Fig. 11b and their combined effect by 

 

the solid line. The high-mu tube A yields high amplification, but can 

 

handle only small input voltages; the low-mu tube B yields low ampli-

fication but can handle high input voltages. In combination the two 

 

4 

 

o¢ 

 

i 

 

a� 

 

M tubes complement each other to produce a characteristic of the desired 

 

ue type. At low biases, where amplification is required and the applied 

 

voltages are low, both tubes are active, but due to its higher transcon-

ductance, most of the amplification is produced by A. As the bias 

 

i increases negatively tube A is automatically cut off and the operation 

 

f 

 

�i 
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(a) 

 

Fig. 11—Method of decreasing distortion and cross-talk. 

 

( b) 
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is gradually shifted to tube B, which is capable of handling the increas-

ing input voltages. The arrangement may be regarded as one in which 

 

the mu-factor decreases continuously as the grid bias increases nega 

 

tively to keep step with the increasing input voltage. The resulting 

 

ip—e, characteristic (Fig. 11b) resembles that of ordinary tubes at,.. 

 

low negative grid bias, but is extended, or "tailed" at the higher grid 

 

biases. 

 

For reasons of economy it is desirable to incorporate this principle 

 

VI 

 

cai 

 

Fig. 12—Structure of tetrode of variable-mu type. 

 

in a single tube structure. One way of accomplishing this is shown in 

 

Fig. 12, as applied to a shielded tetrode with an equipotential cathode. 

 

The control-grid is divided into two sections which are mounted with r 

 

a gap between them. At low negative biases the entire cathode is eI 

 

operative and the tube has about the same characteristics it would a 

 

have if the gap were not present; as the grid bias increases negatively p 

 

the electron current through the upper and lower parts of the control- it 

 

grid are cut off leaving a low-mu control through the gap. At these 

 

bias voltages the tube acts as if the upper and lower sections of the con- E 
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rol-grid were formed of solid metal and controlled the current through 

 

he gap in the ordinary manner. Gaps may also be placed at the ends 

 

f the cathode (See Fig. 13g) instead of in the middle. . 

 

Some of the other structural embodiments of this principle which 

 

�ave been contemplated and tested are shown in Fig. 13. (a), (b), 

 

c), and (d) show electrodes of variable diameter; (e) and (f) show 
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Fig. 13—Illustrating several types of variable-mu tube structure. 

 

eathodes in tilted and eccentric positions; (h) and (i) show control 

 

grids of variable pitch in structures of the tetrode and triode types; 
shows the mid-cathode control-grid gap of Fig. 11 applied to the 

 

;triode; (k) shows a double gap and (1) a combination of gaps and vari-

%ble grid pich; structure (m) is a combination of variable pitch and 

 

a 

 

C 

 

b 

 

Fig. 14—Several types of variable-mu structure. 

 

fib variable screen-grid diameter and (n) illustrates an abrupt change in 

 

C electrode diameter as contrasted with the continuously variable di-

ameters shown in some of the other structures. All of these structures 

 

eK provide a tube having a mu-factor which decreases continuously with 

 

increasing negative grid bias. 

 

Somewhat more complicated types of structure having better 

 

oo• 

 

economy of plate current at low grid bias are shown in Fig. 14. 'In 

 

is 

 



i 

 

2124 Ballantine and Snow: Reduction of Distortion 

 

these structures an additional low-potential element is provided for 

 

reducing the plate current at the portion of the electron stream which 

 

is controlled by the relatively open or coarse section of the control grid." 

 

The shield-ring S in Fig. 12 is connected to the cathode as shown at 3. 

 

E q �✓,ir ) 

 

Fig. 15—Plate current-grid voltage characteristic of variable-mu tube showing 

 

reshaped characteristic for reduction of distortion and cross-talk. 

 

The transfer characteristic (i,
—

e,) of the type 550 tetrode is 

 

shown in Fig. 15 together with that of the ordinary type 24 tube for 
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Fig.16—Transconductance-grid voltage characteristic of Types 550 and 24 tubes. 

 

comparison. The transconductance (mutual conductance) curves for 

 

the two types are shown in Fig. 16, as a function of the control-grid 

 

bias voltage. It will be observed that the transconductance of the 

 

type 550 tube is about the same as that of the type 24 at low grid bias. 

 

This result has been attained with an increase of plate current at this 
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voltage of only 10 per cent. The other characteristics of the tube 

 

plate resistance, etc.), are also approximately the same as those of 

 

Le type 24 at this point (E,= —3 v.). 

 

The superior volume control characteristics of the 550 tube at 

 

sigh signal voltages have been shown in Figs. 4 and 5. Fig. 17 repre-
ents the input voltage which can be applied before the modulation 

 

ise reaches 20 per cent. It will be seen that the new tube is capable 

 

& handling input voltages approximately 50 times those which can 

 

e applied to the 24 type for the same distortion. An input voltage 

 

1f approximately 15 volts is necessary to produce 20 per cent rise in 

 

modulation at sm =15 micromhos. 
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I Fig. 17—Distortion limits for Types 550, 551, and 24 tubes; representing Taxi-
mum input voltage which can be applied for 20 per cent modulation rise. 

 

Fig. 16 shows that the grid bias required for control with the type 

 

6550 tube is several times as large (ca. 80 volts) as that required. by the 

 

24 (ca. 15 volts). It many receivers the provision of such a range of 

 

bias may be inconvenient, especially in a-c operated receivers, in 

 

review of the desirability of maintaining the screen-grid and plate volt-

i %ges at their proper values with respect to the cathode. In broadcast 

 

�= receiver operation, the number of localities in which voltages as high 

 

iu! 

 

as this are encountered is rather small. We have therefore designed a 

 

second tube, designated as type 551, having characteristics inter-
'
mediate to those of the 550 and 24 types. This tube is especially 

 

suitable for use in radio broadcast receivers. Its structure is some-
what simpler than that of the 550 type. Approximately 26-30 volts 

 

6i� �, 
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grid bias are required for full control (i.e., control for carrier voltages.. 

 

up to the distortion point ) as compared with 80 volts for the type 550.. 

 

This is easily provided. 

 

The distortion characteristics of the Type 551 tube are shown;; o, 

 

Fig. 17 shows the input voltage required to producer} 

 

In Figs. 4 and 5. g , 

 

20 per cent modulation rise. A maximum of 7 r-f volts can be applied'. 

 

at s,.=15. The control diagram of Fig. 5 is of interest as indicating 

 

the improvement to be expected in a 3-stage amplifier with commonw r 

 

bias control of the first two stages. 

 

The cross-talk characteristics of the 551 tube have already been:; 

 

discussed and are shown in Figs. 7 and 8. 

 

A comparative summary of the important characteristics of the 

 

types 550, 551, and 24 tubes is given in the following table: 

 

TABLE I 

 

Characteristic 

 

Type 24 

 

Type 550 

 

Type 551 

 

Plate voltage recommended  

 

180 v 

 

180 

 

180 

 

Screen voltage recommended  

 

Normal grid bias  

 

90 

 

—3 

 

90 

 

—3 

 

90 

 

—3 

 

Normal transconduetance (mieromhos)  

 

1,000 

 

1,000 

 

1,000 

 

Normal plate resistance (ohms)  

 

400,000 

 

300,000 

 

400,000 

 

Normal plate current (ma)  

 

4 

 

5.6 

 

5.3 

 

Grid bias for s,,, =10 micromhos  

 

—13 

 

—70 

 

—30 

 

Max. input voltage for 20 per cent distortion. 

 

Relative cross-talk factor (max.)  

 

0.3 

 

100% 

 

15 

 

0.5% 

 

3% 

 

Relative cross-talk at S. =10 mieromhoe   

 

100% 

 

none 

 

0.12% 

 

e 

 

of 

 

M 

 

M 

 

d, 

 

In each case the values are the averages obtained from a large number 1 

 

of tubes of regular commercial production. 

 

This tabulation indicates the interchangeability of the 551 tube j 
a 

 

with the present 24 types in the radio-amplifier stages of a broadcast 

 

receiver. The only change necessary is an increase of the range of 

 

control-grid bias from about 15 to 30 volts. The ordinary method of 

 

inserting the grid bias in series with the cathode may be retained. 

 

This tube is therefore not a "new tube" in the sense that it requires 

 

substantial readjustment of present types of receivers. It will make 

 

possible, in future receivers of both the ordinary and superhetrodyne 

 

types, a number of important economies not realizable heretofore on 

 

account of the necessity of protecting the present tubes from high 

 

voltage amplitudes and interfering signals. One of its important uses 

 

will be in receivers employing automatic or remote volume control, J 

 

where it extends the range of control by a factor of 25. In such re-
ceivers the use of a "Local-Distance" switch would be contrary to the } 

 

object of the control system. 

 



Ballantine and Snow: Reduction. of Distortion 2127 

 

j 

 

— z 

 

s
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IV. MANUFACTURING ASPECTS 

 

A sufficient number of these tubes have been manufactured during 

 

the past year in three_ tube factories by regular production methods 

 

fo verify that no extra cost or new manufacturing problems are in-

iroduced, and to secure evidence of reliability and longevity of the 

 

ipecial characteristic. We were particularly anxious to check the 

 

ongevity of the emission in the low-mu area, where the electron cur-

fent density is somewhat higher than in the other parts. No evidence 

 

0 200 400 600 800 1000 

 

HOURS 

 

Fig. 18—Typical results of 1000-hour life test on current 

 

from low-mu area of Type 551 cathode. 

 

t 

 

t of premature failure of the current in this area was observed, however, 

 

f�n life tests extending to 3000 hours. A typical 1000-hour run is shown 

 

r 

 

j= Fig. 18. This represents the current at a negative grid bias suffi-

i,ciently high to restrict the current to the area under suspicion. 

 

We wish to acknowledge our indebtedness to engineers of Radio 

 

Frequency Laboratories for receiver tests in the field; and to the 

 

I Arcturus, Raytheon, and Grigsby-Grunow tube companies for cooper-
ation in manufacturing studies. 
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Proceedings of the Institute of Radio Engineers 

 

Volume 18, Number 12 December, 19301.1 

 

SUMMARY OF PIEZO-ELECTRIC CRYSTAL CONFERENCE 

 

HELD BY U.S. NAVY DEPARTMENT, 

 

DECEMBER 3-4, 1929* 

 

CONFERENCE of representatives of various departments of".;, 

 

the Government, of various radio manufacturers, and scientists"' 

 

interested in radio, was convened on December 3rd, 1929,`, 

 

in Washington under the auspices of the Bureau of Engineering, Navy-: 

 

Department, to discuss methods of obtaining accurate radio-frequency;;; 

 

emissions from Naval radio transmitters by the use of piezo-electric:; 

 

crystals. t 

 

It was pointed out that accuracy of emitted frequency in Naval: 

 

radio transmitters is not only required to reduce interference with`-. 

 

stations operated by other organizations, but also to obtain reliability 

 

and speed in communications within an organization, the various units'. 

 

of which are assigned the same frequency. The latter is a phase of the': 

 

general problem of radio communications which is more particularly;, 

 

applicable to Naval communications and the demands are more severe 

 

than in commercial radio service. 

 

For the purpose of bringing about a uniform understanding among' 

 

the conferees, representatives of the Naval Research Laboratory offered 

 

for discussion: 

 

(a) A resume of the crystallography and piezo-electricity of quartz..' 

 

(b) A description of the methods of cutting and testing quartz 

 

used at the Naval Research Laboratory. 

 

(c) An account of the experience and practices of the laboratory 

 

relative to the two principal "cuts" used in the art. 

 

Decimal classification: R060. Original manuscript received by the 

 

Institute July 23, 1930. 

 

t Those present were: Rear Admiral H. E. Yarnell, USN, Captain A. I. 

 

Bass, USN, Commander E. C. Raguet, USN, Lt. Comdr. S. D. 'McCaugbey,.3 

 

USN, Lt. Comdr. T. A. M. Craven, USN, Lieut. H. C. Rodd, USN, Lieut. W. B. 

 

Goggins, USN, Lieut. J. B. Dow, USN, H. Graf, G. W. Kelley, and J. W. 

 

Wright of the Bur. of Engineering, Navy Dept.; Comdr. Chas. H. Maddox,; 

 

USN, Lt. Comdr, H. E. Fischer, USN, and Lt. E. E. Stone, USN, of DNC 

 

Office, Navy Dept.; Captain C. C. Cole, USMC, Capt. J. H. Gardner, USA" 

 

W. W. Reynolds, W. W. Ostein, Coast Guard; C. W. Hansell, RCA; V. M. 

 

Lucas, P. D. Andrews, I. F. Byrnes, A. L. Ellis of G. E. Co.; R. C. Hitchcock, 

 

J. B. Coleman, C. M. Hobart, D. G. Little of W.E.M. Co.; L. E. Whittemore, 

 

A.T. & T. Cb.; F. R. Lack and E. L. Nelson; Bell Tel. Labs.; Dr. K. S. Van 

 

Dyke, Dr. W. G. Cady, Wesleyan University; W. E. Downey, Commerce; 

 

Dr. E. D. Tillyer, Amer. Optical Co.; J. K. Clapp and J. W. Horton, General 

 

Radio Co.; Dr. C. B. Jolliffe, R. B. Wright, Bur. of Standards; Comdr. M. A. 

 

Libbey, USN _ Lt. Comdr. A. D. Douglas, USN, Dr. A. H. Taylor, Dr. L. P:::: 

 

Wheeler 
;
L , Dr. Y. H. Dawson, C. B. Mirick, L. A. Gebhard, R. B. Owens, J. E: 

 

Leahy, L. C. Young of N.R.L.; C. C. Kolster, I. L. Weston, L. C. Herndon, 

 

G. E. Sterling, A. Batcheler, and C. T. Manning of Dept. of Commerce. 
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It is unnecessary in this place to repeat the matter presented under 

 

ICE :, a) since more adequate descriptions of these topics are easily acces-

sible in the literature on the,subject.1 It was pointed out that there 

 

3 considerable discrepancy in the literature in matters of terminology 

 

end the hope was expressed that this conference would come to some 

 

i agreement as to nomenclature in at least some of the instances. 

 

-' The matter presented under (b) may be summarized as follows: 

 

crystal as shown in the idealized drawing Fig. 1 is first mounted 

 

3 vith the Z or optic axis horizontal. This is determined by so mounting 

 

Z 

 

QUARTZ CRYSTAL 

 

Fig. 1 

 

rthe crystal that gang-saw blades will pass through the crystal in a 

 

I,plane determined by the "growth" lines which are usually found upon 

 

�! i the faces of the crystal. Upon completion of this operation we have 

 

f hexagonal slabs such as are shown in Figs. 2 and 3. These slabs are 

 

�"` jthen examined under the polariscope for twinning and to determine 

 

1how nearly the faces of the slabs are perpendicular to the optic axis .2 

 

They are then again mounted under gang-saws so that slabs such as 

 

those shown in the shaded portions of Figs. 2 and 3 are cut out. If 

 

j E 1 See e.g. Sosman, The Properties of Silica, Chem. Cat. Co., 1927. 

 

2 A detaiied description of these operations and of the polariscope used 

 

will be found in an article by Dawson, four. Opt. 8oc. Amer,, 13, 517, 1926. 
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the slabs are mounted so as to yield the cut shown in Fig. 2, we have ` 

 

what is known variously as the "zero degree," the "face perpendicular," 

 

X 
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or the "Curie" cut. If they are mounted so as to yield the cut shown in 

 

Fig. 3 we have what is known as the "30-deg." or the "face parallel" 

 

cut. 
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The next operation consists in cutting these thin slabs into rectan-

i files of the desired size (approximately 1 inch square) after which the 

 

j -,dges are trimmed by gang-grinding. The final machine operation 

 

rconsists of gang-grinding the surfaces of the plates to the desired 

 

rthi.ckness. The plates are then ready for the finishing room where 

 

they are hand ground to the specified frequency in a close duplicate 

 

Hof the circuit in which they will be used in service. 

 

The variations occurring in the literature as to the nomenclature 

 

"of the two cuts was emphasized and the desirability of the conference 

 

.reaching some agreement as to a uniform nomenclature was pointed 

 

uout. 

 

The matters presented under (c) may be summarized as follows: 

 

First, although it is possible to obtain good oscillating plates of 

 

: either cut from partially twinned material, the results obtained from 

 

'
;such plates are so variable as to output that the Naval Research 

 

Laboratory discards all twinned material. 

 

. Second, our experience with the out shown in Fig. 2 shows that the 

 

.constant of the material *hick has been known as the "meters per 

 

:millimeter" varies from about 103 to 107 when the circuit in which 

 

'the plate is used is tuned to the frequency of the standing wave system 

 

parallel to the X axis. When it is tuned to the standing wave system 

 

parallel to the Y axis we find the meters per millimeter to vary from 

 

110 to 118. Average values in the two cases are 104.8 and 113.5, 

 

,.respectively. When the cut used is that shown in Fig. 3 our experience 

 

pis that the meters per millimeter range from 130 to 175 with a mean 

 

;value of approximately 153. It was pointed out that a name would be 

 

!desirable for this important empirical constant of oscillating plates. 

 

3 It was further pointed out that the observed variations in the value 

 

of this constant are probably due to three causes: first, inaccurate 

 

orientation of the plate with reference to the crystal axes; second, 

 

improper dimensioning of the plates which results in improper mechani-
cal coupling between the possible standing wave systems existing in 

 

a plate; and third, the use of partially twinned material. 

 

Third, in the experience of the Naval Research Laboratory the 

 

temperature coefficient of frequency for the out shown in Fig. 2 is 

 

negative and in the neighborhood of from 20 to 30 parts in a million, 

 

depending principally upon the kind of crystal holder. used. In the 

 

i case of the cut shown in Fig. 3 the temperature coefficient is positive 

 

and from 2 to 3 times as great in numerical magnitude  as in the case 

 

of the other cut. 

 

Fourth, it has been found at the Naval Research Laboratory that 

 

in the case of the out shown in Fig. 2 it is possible so to dimension the 

 

t� 
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plates that but a single frequency exists for a considerable variation 

 

in the tuning capacity of the plate circuit of the tube in connection 

 

with which it is operated. If the dimensions are not proper, so-called 

 

parasitic or extra frequencies exist in the neighborhood of the desired 

 

frequency, and these can easily be made effective in the circuit by 

 

slight changes in the setting of the tuning condenser. The cause of 

 

these extra frequencies is to be attributed to mechanical couplings 

 

between the possible standing wave systems existing in the plate. 

 

Proper dimensioning results in bringing these different standing wave 

 

systems into a proper phase relation. 

 

It has further been the experience of the Naval Research Labora-

tory that it is not so simple a matter to eliminate by edge-grinding 

 

these parasitic oscillations in the case of the 30-deg. cut shown in Fig. 3. 

 

The mode of vibration which results when this cut is used is much more 

 

complicated than in the case of the zero-degree cut and hence it is a 

 

more complicated matter to insure the proper phase relations between 

 

the various standing wave systems. In order to be sure of freedom from 

 

parasitic oscillations it is the experience at this Laboratory that the 

 

accuracy of cutting must be such that the optic axis  does not penetrate 

 

both surfaces of the plate. Since for a given frequency the 30-deg. 

 

cut is approximately two-thirds of the thickness of the zero degree 

 

cut it follows that a higher degree of accuracy in the orientation with 

 

respect to the optic axis is required in the case of the 30-deg. cut than 

 

in the case of the zero-degree cut. 

 

Fifth, it has been the experience at the Naval Research Laboratory 

 

that when the parasitic frequencies have been eliminated at one tem-

perature they are liable to reappear if that temperature is very much 

 

altered, and that this effect is much more likely to occur in the case of 

 

the 30-deg. cut shown in Fig. 3 than in that of the zero-degree cut 

 

shown in Fig. 2. 

 

The conference agreed that the foregoing expressed generally 

 

their understanding of the principles involved in the piezo-electric 

 

properties of quartz crystals, and adopted, for the purposes of the 

 

conference, the following terminology: 

 

(a) The zero-degree cut be hereafter referred to as the X-cut and 

 

the 30-deg. cut be called the Y-cut (See Figs. 2 and 3). 

 

(b) The terms "X-waves," "Y-waves," and "Z-waves" be applied 

 

to waves of whatever type, whose directions of propagation 

 

are parallel to the X, Y, and Z axes, respectively. Thus, for 

 

example, an X-wave in an X-cut plate would mean that which 

 

has hitherto been called the longitudinal effect vibration, or 

 

the thickness vibration, of a Curie-cut plate; the Y-wave in 

 

J: 
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an X-cut plate would be the same as the logitudinal vibration 

 

caused by the transverse piezo-electric effect or, as it has some-

times been, called, the lateral vibration; and the Y-wave in 

 

a Y-cut plate would be the new term for the thickness vibra-

tion for this cut. 

 

(c) The term "wave constant" be used to designate the quantity 

 

hitherto known as the "meters per millimeter." 

 

The conference next discussed standards for cuts, sizes, and shapes 

 

for piezo-electric quartz crystals used for frequency control. The Navy 

 

stated that its present practice is to use X-cut crystals having dimen-

sions of approximately one inch by a little more than one inch for 

 

power crystals in the band 1000 to 6000 kilocycles. The reason for 

 

using this size is that it appears to be best for directly controlling the 

 

output of a fifty-watt vacuum tube consistent with good operation 

 

and economical production of crystals. The particular dimensions 

 

chosen seem best adapted to large scale production while permitting 

 

the crystal to be edge-ground to eliminate spurious frequencies. The 

 

Navy has hesitated to use Y-cut crystals for this type of service because 

 

of the tendency, in this type of crystal, to develop spurious frequencies, 

 

and the difficulty encountered in edge-grinding to eliminate these 

 

!spurious frequencies. 

 

The X-cut is also used by the Navy for direct and monitor control. 

 

and for precision measuring instruments, but the dimensions are not 

 

standard in every case. That form of crystal known as stabilized crys-

tal control is not approved for use in Naval transmitters. The Navy 

 

uses the direct contact type of holder. 

 

Statements from representatives of companies present at the 

 

conference indicated that the Y-cut in rectangular shapes, used in 

 

the air gap type of holders, was the common commercial practice. 

 

One company voiced the opinion that insurmountable manufacturing 

 

difficulties are not encountered in the production of Y-cut crystals 

 

having the same length and breadth as the X-cut used in the Navy, 

 

and recommended loading the crystal lightly and adding the necessary 

 

stages of amplification to secure the required output. 

 

Another company stated that they used Y-cut crystals as do the 

 

others but, unlike them, they use for aircraft circular or square crystals, 

 

depending on the frequency, clamped tightly between special elec-

trodes. These electrodes are designed to leave the edge of the crystal 

 

free. For high accuracy, they load the crystal lightly, as do the others, 

 

because the small amount of energy dissipated in a lightly loaded crys-
tal simplifies the problem of maintaining the oscillating crystal at a 

 

constant temperature. This company prefers the circular crystal. plate 
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for crystals less than one to two millimeters in thickness as the pro-

duction of such crystals is considered to be a better manufacturing 

 

proposition. Moreover, the circular plate, when of the Y-cut, lends 

 

itself to rigid clamping, for when so mounted the crystal can be clamped' 

 

between the upper and lower electrodes with as much pressure as can 

 

be applied without actually crushing the crystal. A crystal so mounted. ` 

 

can withstand severe shock without changing frequency. 

 

The conference agreed to recommend that rectangular crystals 

 

approximately one inch square be considered standard for the present 

 

for direct frequency control in Naval transmitters, excepting in air-

craft. It was also agreed that it is necessary to investigate further the 

 

various cuts, shapes, and sizes for future use. 

 

It was agreed that a fixed operating temperature of 50 deg. C 

 

was satisfactory. This temperature was chosen because it is higher'J 

 

than any surrounding temperature likely to be encountered and yet 

 

not so high as to affect adversely the operation of the crystal or re-

quire too much energy to maintain the crystal compartment at this 

 

temperature under average conditions. 

 

Certain manufacturers of broadcast transmitters preferred to 

 

have the temperature subject to variation in order to make the final 

 

adjustment of frequency by temperature control; but for Naval equip- 't 

 

meat, using several crystals in a single compartment, this method is 

 

not applicable. 

 

In the discussion of grinding tolerance and tests, it appeared that 

 

the general consensus of opinion was that specifications should require 

 

performance in a specified circuit rather than tests for mechanical ; 

 

tolerances. It was pointed out that an error of two degrees in deter-

mining the optic axis or a departure from uniform thickness of only 

 

one ten-thousandth of an inch may lead to trouble. It was brought j 

 

out that a factor of importance equal to any other in obtaining accurate 

 

frequency emissions from a transmitter was the characteristics of the 

 

circuit in which the crystal was placed. It was asserted that it is prat- ' 

 

tically useless to grind a crystal for one type of circuit and use it in 

 

another and still to expect the emissions to be accurately on the de-
sired radio frequency. It was. recommended, therefore, that in order 

 

to obtain accuracy of 0.01 per cent in the frequency of emissions it is 

 

essential that manufacturers of crystals for the Naval Service be pro-
vided with an actual physical reproduction of a Navy standard-control 

 

circuit including temperature-control compartment, the associated 

 

circuit and proper provision for connecting with the first amplifier 

 

stage without its associated output circuits. And, further, if uniformity 

 

of accuracy in results is required in an operating organization faced 
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vith communication problems such as are encountered in the Naval 

 

Dervice, the conference deemed it advisable to consider the adoption 

 

of a standard' circuit for all Naval transmitters employing crystal 

 

ontrol, the crystal manufacturers to be furnished with a reproduction 

 

of this circuit. 

 

' 

 

The various types of crystal holders were discussed and 2t was 

 

ligreed not to recommend a particular holder as a standard but to 

 

f require all holders to be capable of being mounted and operated in 

 

i [Naval equipment using existing mounting devices. 

 

In. connection with the foregoing, the following was adopted by 

 

r the conference: 

 

(a) Crystal holders for Naval aircraft frequency indicators in the 

 

band 545-1000 kilocycles shall be made to fit the existing type 

 

of round socket. 

 

(b) It is not necessary to specify what parts of a rough crystal 

 

should be used, nor is it necessary to specify the methods of 

 

determining the useful parts of a crystal. Specifications out-

lining performance are more desirable. It is unwise at the 

 

present time to specify either the X- or Y-cuts. Instead,• there 

 

should be specified a crystal in a standard holder using a tem-

perature coefficient not to exceed 100 parts in a million, to 

 

be used with a thermostatic control accurate to within 0.1 of a 

 

degree Centigrade at 50 deg. C. There should also be specified 

 

tolerances in respect to frequency drift and parasitic frequen-

cies with given variations in operating voltages, circuit tuning, 

 

and operating temperature, in a standard circuit when deliver-

ing a specified voltage to the grid of the succeeding tube. 
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PIEZO—ELECTRIC TERMINOLOGỲ' 

 

BY 

 

WALTER G. CADY 

 

(Wesleyan University, Middletown, Conn.) 

 

Summary—The following familiar terms are first recapitulated: direct and.. 

 

converse piezo-electric effects, longitudinal and transverse effects, longitudinal, 

 

transverse, flexural, and torsional vibrations. It is suggested that when the bending fit 

 

of a bar or plate is involved, the term "flexural" rather than "transverse" be adopted. _ ihE 

 

With reference to quartz crystals, the terms "X-cut" and "Y-cut" are recommended 

 

in place of "Curie cut" and "thirty-degree cut"for plates perpendicular to the X and Y 

 

axes respectively. It is suggested that the terms "X-waves," "Y-waves", or "Z-waves" 

 

be applied to waves of mechanical vibration the direction of propagation of which is 

 

parallel to the X, Y, or Z axis respectively, whatever the mode of vibration. For the f6c 

 

quantity "meters per millimeter," the name wave-constant, to be designated by the 

 

symbol h, is recommended. 

 

Brief mention is made of the simpler types of vibration of Rochelle salt plates. 

 

A piezo-electric resonator is defined as any-device that may be excited piezo-

electrically into resonant vibration at one or more frequencies. In a more restricted 

 

sense the term is also applied to such a device when so connected as to exert no appre- PG 

 

ciable controlling effect upon the applied frequency through its reaction. A piezo-
electric stabilizer controls over a narrow range the frequency of a circuit which 

 

already oscillates, while a piezo-electric oscillator controls the frequency of an 

 

oscillating circuit which in the absence of the crystal would not oscillate. The same 

 

11
.

1 

IL
 

 

crystal may of course function in any one of the three ways, depending upon circuit 

 

conditions. Since the distinction between a stabilizer and an oscillator lies largely in 

 

the amount of regeneration, it follows that the transition from one to the other may ' i q 

 

be gradual. ' 

 

A crystal monitor or piezo-electric monitor consists of a piezo-electric prepara-
tion in an independent circuit of low power (resonator, stabilizer, or oscillator), 

 

serving as a frequency standard to which a generator may be tuned. A piezo-electric 

 

calibrator consists of a piezo-electric preparation of one or more crystals, so con-
nected as to serve as a frequency standard for the calibration of other apparatus. d 

 

For a plate cut with its edges parallel to the X, Y, Z axes of the crystal it is 

 

recommended that the respective lengths of the edges be denoted by x, y, z. Or in 

 

general, the symbols 1, b, a may be used for length, breadth, and thickness. 

 

The need of complete explicitness in specifying the dimensions and orientation 

 

of the crystal preparation, direction of electric field, frequency, and, so far as possible, 

 

the mode of vibration, is emphasized. 

 

* Decimal classification: 537.65 X R030. Original manuscript received by 

 

the Institute, Septmer 3, 1930. This paper was prepared in practically its 

 

present form prior to the Conference on Crystals which was held under the aus-
pices of the U. S. Navy in Washington, December 3 and 4, 1929. Its publication 

 

has been delayed in order that it might appear in the same issue of the PRo-
cEEnixas with the report of the Conference. (Page 2128.) It now includes 

 

all of the recommendations respecting terminology that were adopted at the 

 

Conference. 
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HE AMOUNT of published material on piezo-electric crystals 

 

and their applications in radio has reached a stage where the 

 

need of greater uniformity in symbols and terminology seems 

 

argent. No less urgent is the need of all possible explicitness in specify-

ing (1) the directions of the dimensions of the crystal preparation with 

 

�eespect to the crystal axes, (2) the direction of the applied electric 

 

held or fields, and (3) the type of vibration and direction of wave pro-
f pagation in the crystal so far as they are known. 

 

The present suggestions are offered in the hope that, whether they 

 

i win general acceptance or not, they may at least serve as a step toward 

 

i the goal. 

 

This discussion is concerned primarily with quartz crystals. 

 

Nevertheless the basic ideas are applicable to any piezo-electric material. 

 

At the risk of repeating what is already sufficiently familiar (al-
i though even here some inconsistencies occur in the literature) the 

 

('following fundamental definitions will first be given. 

 

PIEZO-ELECTRIC EFFECTS 

 

Direct Effect, called by the Curies the "primary" effect.—Electric 

 

i polarization produced by mechanical strain, changing its sign with 

 

'reversal of the strain. 

 

Converse Effect, (sometimes called the "reciprocal" effect)—Me-

II 
chanical stress produced by the application of an electric field, chang-

oing its sign with reversal of field. 

 

All piezo-electric crystals necessarily exhibit both the direct and 

 

the converse effect. 

 

Longitudinal Effect—This term is commonly applied only to those 

 

cases where a dilatation in a given direction is accompanied by an 

 

[ electric polarization in the same direction. 

 

Transverse Effect—As commonly employed this term refers to a 

 

dilatation at right angles to the associated electric field. 

 

TYPES OF MECHANICAL VIBRATIONS 

 

Longitudinal Vibrations--This term may be applied either to rods 

 

I 'or to more extended masses in which the motion of the vibrating parti= 

 

s-(cles is parallel to the direction of propagation of the wave, that is, 

 

normal to the wave-front. This use of the word "longitudinal" has 

 

b 

 

i nothing to do with the longitudinal effect. Vibrations of this type are 

 

;t:� e also called "compressional" and "extensional." Longitudinal vibrations 

 

i may be produced in either fluids or solids. 

 

Transverse Vibrations—This term is properly related to transverse 

 

(distortional) waves in the same manner in which the term "longitudi-
nal vibrations" is related to longitudinal waves. The vibrating particles 

 

I 
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move in a direction parallel to the wave-front and normal to the dhec  

 

tion of propagation. Familiar examples are electromagnetic radiations,' F 

 

vibrating strings, membranes, and thin plates. 

 

With piezo-electric crystals transverse vibrations may occur when 

 

the direction of the electric field is such that the field produces a shear-

ing stress about some axis. If this axis is parallel to one of the principal 

 

dimensions of the parallelepiped, the wave propagation may be ex-

pected to take place in a direction parallel to another of the dimensions. 

 

Such vibrations may also be called "shear vibrations." 

 

Flexural Vibrations--These usually occur in elongated plates or 

 

bars and are frequently called "transverse" or "lateral" vibrations. 

 

In order to distinguish them from the transverse vibrations described 

 

above, it would seem better to use the word "flexural." They are 

 

associated with a bending of the specimen in a certain plane, hence it is 

 

best to refer, for example, to "flexural vibrations in the YZ plane." � 

 

Torsioiwl Vibrations are those in which a relative angular displace-
ment (shearing strain) about the axis of figure, usually a cylinder or 

 

prism, takes place between adjacent cross-sections. For example, we 

 

speak of torsional vibrations "about the X-axis." 

 

From what has been said it is evident that it is ambiguous to refer 

 

to the "direction of vibration in a crystal," unless the type of vibration 

 

is also made clear. 

 

CRYSTAL PREPARATIO\S 

 

It is in general important for the proper understanding of any 

 

paper on piezo-electricity or its applications that the various dimen-

sions of the preparation be clearly specified with respect to.the crystal 

 

axes, and that the values of the dimensions be stated. Exceptions may, 

 

of course, be made when one of the universally recognized cuts is used 

 

and the dimensions of the plates are not essential. 

 

If the preparation has the form of a parallelepiped (plate, rod, etc.,) 

 

with edges parallel to the 1, I', and Z axes of the crystal, it is suggested 

 

that the symbols x, y, and z be employed to denote the lengths of the 

 

three edges parallel to the three crystal axes, respectively.
2 Or for any 

 

For definitions of the XI I', and Z axes for the various crystal systems, as 

 

well as for general piezo-electric data and equations, see International Critical 

 

Tables, New York, VI, 205, 1929. In conformity therewith (see also R. B. 

 

Sosman, The Properties of Silica, New Fork, 1927, p. 556), it is recommended 

 

that henceforth the term piezo-electric niudalas be applied to that coefficient, 

 

characteristic of the material, the product of w hich by a component of impressed 

 

electric intensity gives a mechanical stress-component; and that the related con-
stants be termed the piezo-electric strain-coristan.ts. These constants are denoted 

 

by Voigt by a and d respectively. Although this is a reversal of Voigt
's termino-

logy, it is consistent with English usage with respect to the elastic coefficients. 

 

In the case of quartz crystals, it is customary to use the symbol X for an electric 

 

axis, and Z for the optic axis. 
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orientation of edges the symbols 1, b, e may be used for length, breadth, 

 

nand thickness, respectively.' Furthermore, unless it is already suffi-

ciently obvious, the direction and frequency of the applied electric 

 

field should be made clear. 

 

QUARTZ CRYSTALS 

 

Coming now more specifically to quartz, we consider first the man 

 

+-i ner of indicating the orientation of the more common "cuts." 'We have 

 

' to do here with flat plates, the normal to the faces of which (direction 

 

of thickness, e) is either parallel or perpendicular to the electric axis of 

 

the crystal. 

 

In the first case, we have the cut variously referred to in the litera-

ture as "Curie Cut," "zero-angle Cut," "perpendicular," or "normal" 

 

Fig. 1 

 

cut. Owing to the evident ambiguity in the use of any of the last three, 

 

the term "Curie cut" is preferable. However, a still more concise term 

 

would be the "X-cut," denoting a plate the normal to whose face, and 

 

hence for which the applied electric field, is parallel to an X-axis. 

 

Similarly, the term "Y-cut" would apply to the second type of 

 

quartz plate, which has hitherto been referred to as the "30-deg. cut" 

 

or "parallel cut." The author ventures to urge that the general adop-
tion of the terms "X-cut" and Y-cut" would at once meet the need for 

 

definiteness, brevity, and consistency. 

 

Fig. 1 illustrates the X-cut (at the right) and the Y-cut (above) 

 

with reference to the crystal axes. The thickness dimensions are 

 

parallel to the X- and Y-axes, respectively, while in each case the 

 

3 The use of the symbol a for thickness, first introduced by the Curies (e= 

 

Epaisseur) is preferable to t, since in some equations t may be confused with the 

 

symbol for time. 
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breadth of the plate is perpendicular to the diagram (parallel to the 

 

to
o 

 

optic axis).  

 

As is well known, it is exceedingly difficult to out quartz plates° , . 

 

with such precision as to avoid very complex types of vibrations, so 
q,, 

 

that in any given case, owing partly to the effects of elastic reaction  

 

and lack of uniformity of the eletric field, a wild medley of both longi-

tudinal and transverse waves may be present. Fortunately, the fre-

quencies commonly employed in practice are usually found to have 

 

values in fair agreement with those calculated for one or other of 

 

the simple vibration modes. In what follows only these simple modes 

 

need be considered. 

 

X-Cut—The chief mode of vibration is longitudinal, in the direc-

tion of the X-axis, employing the longitudinal piezo-electric effect; the f
 

 

Y-axis, employing the transverse piezo-electric effect; or the Z-axis, 

 

in which case the vibrations are produced by elastic reaction. The use 

 

F' 

 

of the term "transverse vibration$" of quartz plates as applied to longi-
tudinal vibrations which are "transverse" with respect to an electric 

 

axis is inconsistent and likely to lead to serious confusion. The 

 

characteristic elongation of the plate through the transverse effect is 

 

illustrated in Fig. 1. 

 

One of the most important characteristics of a piezo-electric resona-

tor is that quantity known as the "meters per millimeter," that is, the r. 

 

number of meters of electromagnetic wavelength for the fundamental ai 

 

mode of vibration along any dimension, divided by that dimension 

 

expressed in millimeters. For this quantity the term wave-constant is ` t` 

 

recommended.4 The term is of course applicable to resonators formed 

 

from any kind of crystal. It is suggested that for the wave-constant the e 

 

symbol h be adopted. 

 

In order to avoid the confusion that arises from attempts at specify-
ing modes of vibration, it is recommended that the term "X-waves," 

 

"Y-waves," or "Z-waves" be applied to waves of whatever type whose 

 

direction of propagation is parallel to the X, Y, or Z axis respectively. 

 

For example, instead of the phrase "longitudinal vibrations of a Curie- ' 1 

 

cut plate in the direction of the Y-axis" we would now write "Y-waves c 

 

in an X-cut plate." 

 

Y-Cut—The only mode of vibration that has received much atten- 1 

 

tion hitherto appears to be a shear vibration, the shearing strain 

 

taking place about the Z-axis, and the direction of wave propagation j 

 

4 This term was adopted at the Washington Conference on Crystals (see 

 

p. 2133, this issue), upon Professor Van Dyke's suggestion. 

 

S Terminology adopted at the Washington Conference. 

 

6 According to the terminology adopted at the Washington conference, we 

 

therefore use the term "Y-wave" in this case. 
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�-;being parallel to the Y-axis.' The wave velocity, and hence the wave-

,"constant for the fundamental frequency, calculated on the assumption 

 

'�Df shear vibrations from the accepted values of the elastic constants of 

 

quartz, are in fair agreement with observation.' In Fig. 1 the nature of 

 

the shearing strain produced in a Y-cut plate is indicated. 

 

ROCHELLE, SALT 

 

This crystal when in an electric field is subjected primarily only to a 

 

shearing stress, hence in the case of plates cut with all edges parallel to 

 

the axes, shear vibrations are the type to be expected in an alternating 

 

} field, although, through elastic reactions, the possibility of longitudinal 

 

i vibrations is not excluded. As is well renown, plates may also be cut 

 

,.'from a Rochelle salt crystal in such a manner as to exhibit resultant 

 

extensions and contractions in directions perpendicular to the electric 

 

field, so that in this sense one may spear: of longitudinal vibrations 

 

..produced by the transverse effect in Rochelle salt. No longitudinal 

 

effect exists with this crystal. 

 

RESONATOR, STABILIZER, OSCILLATOR 

 

Strictly, all piezo-electric preparations commonly used in radio are 

 

r resonators. Nevertheless, in order to avoid the confusion which has 

 

already begun to appear in various publications, it is suggested that 

 

the term "resonator" be used, as a rule, in a more restricted sense, and 

 

that the following definitions be adopted. 

 

Piezo-Electric Reswiator—Any device that may be excited piezo-

electrically into resonant vibration at one or more frequencies. In a. 

 

f° more restricted sense the term is also applied to such a device when so 

 

connected as to exert no appreciable controlling effect upon the applied 

 

frequency through its reaction. 

 

Piezo-Electric Oscillator—A circuit containing a resonator and pos-

sessing too little regeneration to oscillate of itself, but which oscillates 

 

through the reaction of the resonator when the latter is vibrating near 

 

one of its normal frequencies with energy derived from the circuit. 

 

Such a circuit is often called a "crystal-controlled" or "quartz-con-

trolled" circuit, also a "piezo-oscillator." 

 

Piezo-Electric Stabilizer—A stabilized circuit is one which oscillates 

 

i without the resonator, but the frequency of which is, usually over a 

 

i' rather narrow range, stabilized when the resonator is connected to the 

 

r circuit. The resonator itself may in this case be referred to as a "piezo-

electric stabilizer." 

 

7 W. G. Cady, "A shear mode of crystal vibration, Pigs. Rev., 29, 617, 1927. 
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Since the distinction between a stabilizer and an oscillator lies... 

 

largely in the amount of regeneration, it follows that the transition 

 

from one to the other may be gradual. 

 

A Crystal Monitor or Piezo-Electric Monitor consists of a resonator 

 

in an independent circuit of low power (resonator, stabilizer, or os-

cillator) serving as a frequency standard to which a generator may be 

 

tuned. 

 

A Piezo-Electric Calibrator is a resonator, or set of resonators, so 

 

connected as to serve as a frequency standard for the calibration of 

 

frequency meters, etc. 

 

Of 
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Summary—This paper deals with the different ftinctions of radio in the field 

 

)f aviation. R.egliireiiients encou.nlered in the design of s•uitablc egitipmen.t are in-

Heated and details given. of ega.i.pnienl now operating coinnicrci.ally. 

 

ITHIN the last two years great progress has been made in 

 

the field of aviation, particularly in its application to the 

 

requirements of commerce, and nowhere has progress been 

 

so rapid as on this continent. The United States and Canada are 

 

covered with a network of airways which stretch from coast to coast, 

 

i and from the Gulf of Mexico to the arctic Circle. Even with the 

 

I great developments which have been made, however, it cannot yet 

 

.be said that air transportation has become completely a part of modern 

 

life. 

 

The contribution of aviation to this cra is speed, and this factor 

 

I alone is a big recommendation to the commercial world. The use of 

 

f•airplanes for the transportation of mail and important freight is 

 

9 growing apace, but the growth of passenger traffic is slow. 

 

The development of the aviation industry as a means of passenger 

 

is transportation will depend on the achieving of stair-mindedness" by 

 

the general public, and this in turn will depend on a number of other 

 

factors. Air schedules will have to be as dependable as railway 

 

schedules. There will have to be more airdromes, more facilities for 

 

the repair of aircraft, more manufacturing concerns, and above all 

 

more organization on the routes than we have at present. Furthermore, 

 

every possible step will have to be taken to ensure the safety of aircraft 

 

in flight. The average person still regards a. trip in an airplane as 

 

¢> something of an adventure, and as long as this state of mind con-

tinues he will naturally give his custom to the railroad companies 

 

when it comes to a question of transportation. The air-travel age will 

 

have arrived when the man in the street takes to the air as readily 

 

t and with as little thought of danger, as he does to travel by rail. 

 

So it can be said that an important factor in the growth of aviation, 

 

especially with regard to passenger transportation, is that of safety. 

 

1' Anything which can give a further measure of safety to aircraft in 

 

I flight will affect greatly the future of aviation. 

 

t. * Decimal classification: R520. Original manuscript received by the In-

stitute, July 10, 1930. Presented before Fifth Annual Convention of the Insti-

tute, August 19, 1930. 
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Experiments have been taking place for some time, and the results 

 

of these experiments are now being adopted commercially, in the 

 

adaptation of radio for use by aircraft. It is believed that radio can 

 

bring a measure of safety to aviation, and the aim of this paper is to 

 

show in just what manner this may be accomplished. 

 

Reference will be made in this paper to the developments in avia-

tion communication both in Canada and the United States, and to 

 

the requirements of the Federal Radio Commission. Although in 

 

Canada we are not governed by the requirements of. the Federal 

 

Radio Commission, the developments here will proceed along similar 

 

Fig. 1— Trimotored Ford plane used as a laboratory for the development of the 

 

equipment described in this paper. 

 

lines to those in the United States, in order to facilitate air travel be-
tween the two countries. 

 

Communication has always been of paramount importance to sys-
tems of transportation. The safe operation of our railroads depends 

 

absolutely upon reliable communication. The same can be said of 

 

marine transportation, to which radio communication has given a 

 

factor of safety that it did not hitherto enjoy. Communication is of 

 

even greater importance in aviation, because of the relatively higher 

 

speed, and because of the greater dependence of aircraft upon weather 

 

conditions. Radio can give to aircraft three important things; weather 

 

information, guidance, and communication with the ground. 

 

To the pilot the advantage of being able to receive weather reports 

 

and other pertinent information in flight is immeasurable. With the 

 

mileage per hour of planes ever increasing, a great change of weather 

 



r 
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nay be experienced by a pilot in the space of one hour. With the 

 

iigh speed at his command a pilot is able to make a detour around 

 

t reported storm center, providing he has sufficient fuel, unless he 

 

lecides that an immediate landing is more expedient. 

 

The second important factor is guidance. Any insti ument which 

 

i avill give specific guidance between point of take-off and point of 

 

,;landing is obviously a great advantage, and nothing yet produced 

 

_can compare with the radio beacon for the fulfilling of this function. 

 

An experienced pilot relying on his instruments alone to guide him 

 

over a familiar course through haze or cloud, may by a combination 

 

of circumstances be put a long way off his course. But by the aid of 

 

a radio-beacon receiver his guidance from point to point is specific 

 

and accurate, no matter what the state of the weather. 

 

A radio receiver in a plane further constitutes a. definite economic 

 

asset. It assists a pilot in keeping to his time schedule, enables him 

 

to follow a set course through any weather conditions, and so saves 

 

Aime in flight, and reduces the consumption of ga.soluie considerably. 

 

Furthermore, the emergency supply of gasoline may be reduced, thus 

 

making room for more pa.), load. 

 

The addition of transmitting equipment in the plane will give a 

 

t-still  higher degree of safety. It will enable the pilot to communicate 

 

i with stations on the ground, and to request any particular information 

 

i he may require. He will be able to communicate with planes flying 

 

t in the opposite direction over the same section of airway, and so obtain 

 

advice on the weather immediately ahead of him, as well as being 

 

able to report his own weather conditions to the ground. 

 

Further, it has been demonstrated experimentally on numerous 

 

occasions that speech from aircraft may be put over the ground tele-

phone system, and communication established with any point. It is 

 

{ unlikely, however, that such a service could be made available to 

 

passengers, without interfering in some way with the factor of safety 

 

which radio is intended to supply. 

 

Fog is undoubtedly the most dangerous weather condition that 

 

t a pilot may meet, a condition frequently met with near the coasts, 

 

and as landing in fog is one of the problems that must be solved if 

 

aviation is to progress, interesting experiments have been conducted 

 

r towards this end. The future development of radio equipment of a 

 

Y special nature will go a long way towards reducing the danger of "flying 

 

blind", and landing in fog. 

 

Should a plane get into difficulties in the air, radio can be of very 

 

little assistance, but the claim made for radio, is that it will enable 

 

a plane to avoid hazardous flying conditions. 
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The requirements encountered in the design of radio equipment 

 

for aircraft use have perhaps been more numerous and rigorous than 

 

that for any other field of radio communication. It has had to be 

 

superdependable, simple, sensitive, and light. It must also be com-

pact, and furthermore, robust. 

 

In the first place it must be dependable, because in the majority 

 

of cases no adjustment is possible in flight. It may be necessary to 

 

operate the equipment for a few seconds at a time only, or on the 

 

other hand for the whole period of flight, yet it must function 100 per 

 

cent all of the time if it is to fulfill its purpose. Radio equipment that 

 

develops a fault in flight constitutes just so much useless weight. 

 

Then the equipment must be simple to operate. In all but the 

 

larger types of passenger craft the pilot will also be the operator, and 

 

it is important that the operation of the radio equipment shall not 

 

interfere with his main business of piloting. 

 

The equipment must also be sensitive. The gain in the receiver 

 

must be sufficient to build up the strength of signals in the earphones 

 

to overcome the combined noise of wind, engine and propeller. It 

 

must be sensitive again, because of the poor antenna system which 

 

is available, for the best type of plane antenna is relatively inefficient 

 

compared with that of a ground station. The trailing wire is the most 

 

efficient type of antenna for aircraft, but this offers certain mechanical 

 

disadvantages, so that the strut type is in more common use, although 

 

less efficient electrically. 

 

The equipment must also be light, since the weight a plane may 

 

carry is necessarily limited, and every pound of navigating equip-
ment displaces a like amount of pay load. As the main business of 

 

aircraft is transportation, great consideration must be given to this 

 

problem, with due regard at the same time to the main business of 

 

the radio equipment,—safety. 

 

It must also be compact, since space also is at a premium in air-
craft. In general the equipment is placed in the fuselage to the rear 

 

of the cabin. Here it is out of the way of the pilot and passengers, 

 

and as far as possible from the high tension system, which may cause 

 

trouble from induction. It must also be robust, to be able to with-
stand the shocks of taking off and landing without suffering mechanical 

 

damage. 

 

Reference has been made to the high tension system as a source of 

 

induction. A large type of plane may have as many as 72 spark plugs 

 

operating within a few feet of the radio equipment, and unless pre-
cautions are taken the consequent induction will overcome all but 

 

the loudest signals. This may be reduced to a negligible amount by 

 

gII 

 

t5'1 
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I adequate screening. This means that each plug must be covered by 

 

a metallic cap, the magneto encased in a close-fitting metal box, all 

 

wires throughout the system covered by copper braiding, and this 

 

Braiding in turn must be grounded to the frame of the plane at frequent 

 

. ;ntervals. 

 

Power for the operation of aircraft radio equipment may be ob-

itained in a number of different ways. A wind driven generator may 

 

.. 

 

Fig. 2—Receiving dynamotor. This is driven by a 12-volt storage battery and 

 

supplies 200 volts for the plate circuit of the receiver. Weight 8 pounds. 

 

be used, a generator coupled to the engine, or a dynamotor. A wind 

 

driven generator is the lightest source of obtaining power, but this 

 

has the disadvantage of rendering the equipment inoperative except 

 

during flight. On the occasion of a forced landing this might prove a 

 

serious handicap. 

 

In the following paragraphs reference is made to particular pieces 

 

of equipment. It should be understood that all the equipment re-

ferred to has been developed by the Bell Telephone Laboratories for 

 

the Western Electric and Northern Electric Companies. There are, 

 

however, a number of manufacturing companies engaged in studying 
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the radio requirements of aircraft, and a number of different types o 

 

aircraft radio equipment are now on the market. 

 

One type of wind driven generator designed for supplying powe 

 

to the receiver weighs only seven pounds. This is a double voltage 

 

generator supplying ten volts for the heater circuit of the tubes, an(l 

 

200 volts for the plate circuit. The action of the wind on a small pro-

peller drives the generator at a speed of 6500 r.p.m. The propeller 

 

is of the constant speed, self-regulating type. It has a starting torque 

 

Fig. 3—Transmitting dynamotor. This is driven by a 12-volt storage battery 

 

and supplies 1050 volts for the plate circuit of the transmitter. Weight 

 

30 pounds. 

 

such that any airplane speed in excess of seventy miles an hour is 

 

sufficient to bring the generator up to the speed at which it will deliver 

 

its rated output. 

 

An alternative method, of obtaining power for the plate circuit 

 

of the receiver is by a dynamotor, which operates from the same 

 

12-volt storage battery which is used to heat the filaments. This 

 

weighs eight pounds, and its output is 50 ma at 200 volts. The 

 

output circuit is equipped with a filter to eliminate the noise caused 

 

by the sparking of the commutator brushes of the dynamotor. If 

 

the plane is already equipped with a storage battery for other purposes 

 

than the radio, then the weight of this power system is very little 

 

more than that of the wind driven generator. This system has the 

 

added advantage of operation either in flight or on the ground. 

 

P 
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For the operation of the transmitter similar types of generators of 

 

greater capacity are required. The wind driven generator weighs 

 

E thirty pounds, and has two output circuits, 20 amperes at 12 volts for 

 

the filaments; and 400 ma at 1050 volts for the plate circuit. The 

 

transmitter dynamotor weighs 30 pounds and requires an input of 65 

 

amperes at 12 volts. The battery for its operation also heats the tube 

 

filaments, and its plate output is the same as that of the wind driven 

 

generator. On planes where the dynamotor is used a 12-15-volt, 

 

50-ampere generator connected to the engine of the plane is necessary 

 

Hn order to keep the battery charged. A generator coupled to the 

 

engine is an alternative method of obtaining power for the transmitter. 

 

Special control is provided to maintain constant voltage automatically
-

)at all engine speeds. 1050 volts are taken off for the plate supply, 

 

while the regular airplane battery, floated across the low potential 

 

supply of 12 or 14 volts, is used for the filaments and the heater element 

 

I of the quartz-crystal thermostat control. 

 

Before equipment may be designed for any field of radio communi-

cation it is first necessary to decide what frequency shall be employed. 

 

By international agreement it was decided that the band of 230 

 

to 353 kc be reserved exclusively for radio beacon stations.1,2 It has 

 

been found that stations 250 miles apart will give satisfactory guidance 

 

1 to a plane in flight, and also that it is practicable to transmit weather 

 

::.and other information by telephone to aircraft from these stations. 

 

Reception of signals from a beacon station may be either aural or 

 

s� visual, and their operation is briefly as follows: Either type of station 

 

has two large loop antennas placed at right angles to each. other. 

 

fr 3 The signals from each loop are strongest in the plane of the loop, 

 

and in a direction at right angles to the plane of the loop the signal 

 

strength is zero. By means of a goniometer it is possible to orient the 

 

courses in space to any predetermined angle, even though the loops 

 

proper are fixed. With the aural type, each loop emits a different sig-

q nal and at a point midway between the lines of greatest signal strength, 

 

�11 the two signals interlock into a long dash, which is the indication to 

 

pi lot ilot that he is on his course. 

 

,}  

 

This can be more easily understood by the consideration of a 

 

y ! beacon station using the Morse characteristics A(.—) and N(—.) on 

 

its two loops. The dot of the A is transmitted between the dash 

 

h' and dot of the N signal, and the dash of the A follows the dot of the 

 

6 ' N. From this it can be seen that at a point where the signal strength 

 

1 H. Diamond, "Applyin the visual double-modulation type radio range 

 

to the airways," PROC. 1. R. �., 17, 2158-2185; December, 1929. 

 

D� 2 Kear and Jackson, "Applying the radio range to the airways," PROC. 

 

I. R. D., 17, 2268-2283; December, 1.929. 

 

i 
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0 

 

from each loop is the same, the two characteristics will blend together �z 

 

in the form of a long dash. ev 

 

With the visual type, the radio frequency from each loop is modu- 
tuc 

 

lated continuously at different low audio frequencies. These signals 
Io
 

 

operate a small indicator composed of two reeds, which is placed on 
rec 

 

the instrument board in front of the pilot. The degree of amplitude 
Pr( 

 

of each reed is governed by the "position in space of the airplane from 

 

the line of true course. When the airplane is on the true course both . 

 

reeds vibrate at equal amplitude. The visual indicator is so arranged 

 

that the reed vibrating at the larger amplitude always indicates the 

 

side to which the airplane is off its course. This is accomplished by a'";. 

 

plug-in arrangement of the .reed-box proper which is manipulated by 

 

the pilot as he changes from one course to another. 

 

The majority of the beacon stations now in operation provide four 

 

courses. However, there are numerous airports where more than four 

 

air routes converge. To take care of this requirement experiments 

 

are now being conducted for the provision of twelve radio courses 

 

from one beacon station. 

 

The aural method of reception proves fatiguing to a pilot if ex-

tended over a long flight, especially at times of heavy static, so that 

 

development in this field is proceeding with a view to still further 

 

improvements in the method of visual indication. Headphones will . 

 

still be required however, for the reception of weather reports and 

 

other messages. The usual type of headphone is now being replaced 

 

by a headset employing an individually molded earpiece carrying a 

 

small receiver originally developed for the hard of hearing. These 

 

receivers weigh less than an ounce, are snapped into the earpiece, 

 

and may be worn for long periods without discomfort. 

 

It might be mentioned that in Europe the guidance of planes is 

 

conducted on somewhat different lines to that in general use in North 

 

America. All passenger-carrying planes are equipped for two-way s 

 

communication. Radio direction finding stations are established at 

 

strategic points, and upon request from a plane two or more of these 

 

stations determine the direction of travel of the radio waves from the 

 

plane. These bearings are communicated to the base station, the posi-
tion of the plane calculated and supplied to the plane by radiotele-

phone. The disadvantage of this system lies in only one plane being 

 

able to obtain a bearing at any one time, and although the whole 

 

operation may be completed in a minute and a half, it does not make 

 

for satisfactory working where several planes are converging on one 

 

airport at the same time. 

 

The accompanying illustration is of an aircraft radio receiver 
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developed for the reception of either aural or visual signals from 

 

)eacon stations. Three stages of radio-frequency amplification are 

 

employed, and one stage of audio frequency. The input stage is not 

 

;uned, but is provided with a special input filter to avoid interference 

 

'rom unwanted stations. Means are also provided for adapting the 

 

*eceiver to antennas of various dimensions. Thorough shielding is 

 

)rovided for the circuit elements, and the tuning coils are mounted 

 

n individual copper-shielded containers. These coil assemblies plug 

 

nto sockets similar to those provided for the vacuum tubes. With this 

 

i Fig. 4—Aircraft radio receiver with cover removed showing cushioned mounting 

 

base. 

 

receiver only one set of coils is required to cover the frequency band 

 

of 250 to 500 kc. A welded sheet-aluminum cover protects the appara-

i tus from dirt and moisture. 

 

A cushioned mounting base is provided for these receivers. The 

 

base is permanently installed in the plane, and the receiver may be 

 

readily removed therefrom. A single plug connector provides for all 

 

+ power supply and output leads from the receiver. This is quickly 

 

detachable from the receiver. Remote volume control is accomplished 

 

+ by mounting the potentiometer which controls the shield-grid poten-
tial of the radio-frequency amplifiers in a small unit which is located 

 

within reach of the pilot. Remote tuning is accomplished by the use 
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of a flexible shaft operated at a speed 264 times that of the condenser 

 

shaft. The radio receiver may be located as far as 35 to 40 ft. from 

 

the pilot, and the tuning aecomplished with practically no backlash. 

 

Fig: 5—Demonstration set-up of aircraft radio-receiving equipment showing 

 

type of wind driven generator. 

 

This shafting connects with the condenser driving head of the . re-

ceiver, and may be easily detached, as well as the power and output 

 

plug. The tubes used are of the equipotential cathode type, which 

 

Fig. 6—Remote volume control. This includes a switch for applying power to the 

 

filament and plate circuits, and a potentiometer for controlling the shield-
grid potential of the radio-frequency tubes. 

 

tends to prevent the introduction of noise from the filament supply. 

 

The elements are solidly supported, making the tubes nonmicrophonic 

 

and not susceptible to external mechanical jarring and vibration. The 

 

total weight of this receiver with accessories is only 30 pounds. 
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A number of bands in the frequency range of 1500 to 6000 kc 

 

7as also allocated to mobile services, and for purposes of transmission, 

 

ttention was turned to these frequencies. Extensive tests were car-

ied out on this band, and it was found that communication of a 

 

; .ature sufficient to fulfill the requirements of commercial aircraft 

 

ould be obtained. In general, the lower frequencies of this band 

 

appear to give the most satisfactory results, however, satisfactory 

 

ransmission from a plane below a'frequency of 3000 kc is only ob-
ained when a trailing-wire antenna is used. The use of the strut 

 

(.intenna being far more satisfactory from a mechanical point of view, 

 

i t may be on the whole more desirable to use this in conjunction with 

 

i he higher frequencies of the band, despite the fact that this method 

 

i 

 

+ig. 7—Two types of tuning control. These may be placed within reach of the 

 

pilot and are connected with the condenser drive spindle of the receiver by 

 

means of a flexible shaft. 

 

somewhat restricts the range of communication. "Skip distance" 

 

s more noticeable on the higher frequencies, but a change of frequency 

 

will; under normal conditions guarantee satisfactory communication 

 

)oth by day and night. 

 

As a result of the tests conducted by one company, a 50-watt 

 

,ransmitter has been developed, which has been found to function 

 

isatisfactorily under all conditions of flight. It consists essentially of 

 

li temperature-controlled quartz-crystal oscillator, a frequency doubler, 

 

I. r1t modulating power amplifier, and an audio-frequency amplifier. It 

 

is arranged for 100 per cent modulation, so that the peak power is 

 

.,00 watts. The operating frequency is maintained to less than plus 

 

)r minus 0.025 per cent under all conditions by the use of the quartz-
;' ,,,rystal oscillator. This transmitter weighs 32 pounds complete with 

 

�;ubes, and is 17 in. high, 16 in. wide, and 12 in. deep. 
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A three-point master switch is used to control the operation of the 

 

receivers and the transmitter. In the first position everything is "off". 

 

The second position supplies current to the tube heater elements of 

 

the receiver, and operates the dynamotor supplying plate current. 

 

In this position, which is normal while in flight, the heater circuit of 

 

the quartz-crystal chamber is also energized. The third position 

 

energizes the filaments of the transmitter, and operates the trans-

:fill.1 i ,1
1 It:N � • • 
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:t •
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be 

 

Fig. 8--Fifty-watt aircraft radio transmitter. 

 

mitting dynamotor. In this position, everything is in readiness for 

 

transmission. However, no oscillations occur in the transmitter, and 

 

reception is possible. In order to transmit, it is then only necessary 

 

to press a push button which starts the oscillations in the transmitter. 

 

In some installations this push button is located on the hand micro-

phone. In others it is located on the "stick", so that the pilot may 

 

operate it without moving his hand. During a conversation, this 

 

button is pressed while talking and released while listening. Relays 

 

perform all the necessary switching functions. On account of the very 
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i high noise level in many planes it is necessary to employ a telephone 

 

z transmitter with a rubber mouthpiece. This fits close to the lips and 

 

practically all noise is excluded from the transmitter. The closed 

 

r cavity into which the speaker talks is so shaped as to avoid serious 

 

1 distortion of the speech. A special transmitter has also been developed 

 

for use in planes where the noise level is not so high. This is held in 

 

c position in front of the pilot's mouth by supports which are secured 

 

to both sides of his helmet. This transmitter may be dropped below 

 

[i the pilot's chin or turned over his head when not in use. 

 

A separate receiver is required on a plane equipped for two-way 

 

communication. This is similar in design to the beacon receiver pre-
viously described, except that three sets of coils are required to cover 

 

the frequency band of 1500 to 6000 ke. 

 

r 

 

.Tr 

 

Fig. 9—Type of microphone for use in aircraft where the noise level is high. 

 

The push button on the top is pressed for speaking and controls the oscilla-
tions in the transmitter. 

 

The weight of two-way communication equipment4n a plane would 

 

be less than 150 pounds. 

 

The transmitter and receivers mentioned above have been designed 

 

for easy removal from a plane for any necessary servicing. This facility 

 

recommends itself to aircraft operating companies, which might wish 

 

to equip all their planes with the remote control and other accessories, 

 

and have just sufficient transmitters and receivers to take care of their 

 

daily requirements. This arrangement will obviate having valuable 

 

equipment lying idle in a hangar during the period of overhauling a 

 

plane. 

 

For purposes of aircraft communication, telephony, as against 

 

telegraphy, will undoubtedly come into general use. Apart from the 

 

extra speed of message sending and receiving, it reduces the need for 
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carrying a radio operator. 'There are, . however, certain air routes 

 

where telegraphy will be preferable. Particularly where long stretches 

 

of water have to be covered, or where the combined effect of distance 

 

and high static level has to be met, communication by telegraphy 

 

would be more reliable. 

 

W 

 

Fig. 10—Pilot's headset with close-talking microphone and phonette-type ear-

pieces attached. This arrangement leaves both hands free for the controls. 

 

The respective Governments of the United States and Canada are 

 

anxious to assist in every possible way in the developing of commercial 

 

aviation, and towards this end have spent large sums of money in 

 

building and maintaining ground stations for providing weather 

 

U 

 

a 
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iformation, and for the guidance of aircraft. Messages of an urgent 

 

i .ature may be sent through these stations to any particular airplane, 

 

t ,ut in the future it is most likely that each large aircraft operating 

 

ompany will own and operate ground stations along its routes using 

 

~
Vig. 11-400-watt ground transmitter developed for communication with 

 

aircraft. This shows the power-supply unit, the transmitter, and the 

 

antenna tuning unit. 

 

the frequency band of 1500 to 6000 kc for communication with its 

 

planes. 

 

For this purpose a ground transmitter has been developed, which 

 

;has a carrier power of 400 watts, and which is capable of complete 

 

modulation. This requires a plate potential of 1000 to 2500 volts for 

 

i operation, and consists essentially of a temperature-controlled quartz-
'-crystal oscillator, audio-frequency amplifier, a frequency doubler, 
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a modulating amplifier, and power amplifier. The circuit arrangement 

 

is similar to that of the 50-watt aircraft transmitter, except that a 

 

power amplifier has been added to increase the output supply to the 

 

antenna. 

 

The power-supply unit consists of two three-phase rectifiers, one 

 

single-phase rectifier, and a transformer. This unit employs seven 

 

mercury-vapor rectifier tubes, and is designed to operate from 220-

volt, 3-phase, 60-cycle mains. 

 

A separate antenna tuning unit is used for coupling the transmitter 

 

to the antenna. 

 

This transmitter was developed for communicating with aircraft 

 

over distances of 100 to 150 miles, but under actual working condi-

tions distances greatly in excess of this have been obtained. 

 

Up to this point we have considered radio only in its sphere of 

 

usefulness to aircraft flying over scheduled routes, but especially here 

 

in Canada will there be other functions which it may admirably 

 

fulfill. A good portion of our north country is still undeveloped, and y 

 

it has been said that aircraft will put forward the development of 

 

that area by fifty years. Whatever methods of transportation may 

 

later follow, aircraft is the most economical method of surveying. 

 

Furthermore, this country is studded with lakes and rivers, which 

 

make ideal landing places for seaplanes and flying boats. In the winter 

 

time planes fitted with skis may land on the frozen surfaces of these -j 

 

lakes and rivers. In this area too, are many mines and lumber camps 

 

which are making great use of aircraft for the transportation of per-

sonnel and equipment. 

 

From time to time we read in the newspapers of a plane having 

 

made a forced landing in this north country, and so becoming "lost". 

 

The organizing of a flying search party is a costly undertaking. One 

 

commercial company has estimated that the locating of one man who 

 

was lost in the bush last fall cost fifty thousand dollars. Cost is not 

 

the first consideration when life is involved, but had this plane been 

 

fitted with radio equipment, it is more than likely that the cost of 

 

locating this man would have been the cost of one plane making one 

 

trip. 

 

A further use to which aircraft radio is being extensively put in 

 

Canada is in the field of forestry protection. Planes for this purpose 

 

have been used for a considerable time, but the addition of radio 

 

on the planes has greatly extended their sphere of usefulness. A 

 

radio-equipped plane may report the location of a fire without return-

ing to the base station, which ensures personnel and fire-fighting 

 

equipment being at the location of the fire with the least possible 
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,F 

 

communication can give to aircraft a factor of safety which nothing 

 

else can give. Whereas radio has been a late addition to other methods 

 

t of transportation, it will grow up side by side with aviation, and fulfill 

 

' relatively an even more important function. 

 

In connection with the assistance that radio can render aviation, 

 

it would be topical to make mention of the recent transatlantic flight 

 

of Major Kingsford-Smith in the "Southern Cross". Had this plane 

 

r` not been equipped with radio it is extremely doubtful whether the 

 

flight would have had a successful termination. Kingsford-Smith 

 

'rh has stated that at a certain distance from Newfoundland he was 

 

flying an erratic course owing to the unreliability of his compass. 

 

It was due to the bearings obtained from the radio direction finding 

 

stations at Cape Race and Belle Isle that a safe landing was made 

 

at Harbour Grace. Whatever developments take place in transatlantic 

 

flying, it is certain that radio will take an important place. 
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loss of time. In the provinces of Manitoba, Saskatchewan, and Alberta, 

 

radio-equipped planes working in conjunction with
-
 a chain of ground 

 

radio stations are maintained for this purpose by the Department of 

 

National Defence. The province of Ontario has organized its own 

 

flying service for the protection of its forests. This in connection with 

 

a highly efficient ground radio system has meant an incalculable con-

servation of the timber wealth of the Province. 

 

In Canada radio is further extensively used for the collection and 

 

dissemination of weather information for use by aircraft, over areas 

 

where no other means of communication are available., 

 

Aircraft is still in course of development, and so also is radio for 

 

use in aircraft. It has been shown that radio is the only possible 

 

means of communication for aircraft, and because communication is 

 

so essential, great developments are to be expected. Reliable radio 

 



Proceedings of the Institute of Radio Engineers 

 

Volume 18, Number 12 December, 1930 

 

SOME PROPERTIES OF GRID LEAK POWER DETECTION*' 

 

By 

 

FREDERICK EMMONS TERMAN AND NATHANIEL R. M ORGAN 

 

(Stanford University, California) 

 

Summary—It is shown theoretically that grid leak power detection can be, 

 

obtained without undue distortion provided the grid condenser reactance X to the 

 

modulation frequency, and the grid leak resistance R are related to the degree of . 

 

modulation m in such a way that X/R >m/V1—m2. The load limit of the grid` 

 

leak power detector is the point where plate rectification becomes appreciable, i.e., 

 

when the straight line part of the plate characteristic is exceeded. Theory is developed 

 

which indicates that the maximum carrier voltage a grid leak power detector will' 

 

handle is slightly less than one-half the input voltage that the tube will take as a 

 

properly adjusted amplifier operating at the same plate voltage; and that the maximum
-

undistorted audio frequency output voltage of the detector is in the neighborhood of 

 

one-third the output voltage developed by the corresponding amplifier. The equivalent 

 

input resistance of a grid leak power detector is proved to be greater than one-half 

 

the grid leak resistance. 

 

Experimental results are given which verify the theoretically determined point .' 

 

at which distortion becomes excessive. These results indicate that the grid leak power, 

 

detector is more sensitive than the C bias power detector, and will ordinarily give at 

 

least as much undistorted output when operated at the same plate voltage. 

 

HE unsatisfactory results generally obtained with grid leak` 

 

grid condenser detection of large signals are not inherent proper-
  ties of this method of rectification, but rather are the result 

 

of its improper use with large input voltages. Under suitable con-

ditions the grid leak detector will give less distortion when the signal`; 

 

is large than when it is small. 

 

The theory of grid leak power detection is exactly the well known' 

 

grid-condenser-charge-and-leaking-off-of-charge analysis that has been 

 

so often incorrectly applied to weak signal detection. The way the . 

 

details actually work out can be seen from Fig. 1. At each positive 

 

crest of the signal the instantaneous grid potential goes slightly 

 

positive, resulting in an impulse of grid current that charges the grid 

 

condenser negatively, thereby putting a bias on the grid. During the 

 

interval between the grid current impulses some of the accumulated 

 

charge on the condenser leaks off through the grid leak, to be re 

 

plenished by the next spurt of grid current. The voltage applied 

 

to the detector grid as a result of the charge on the grid condenser 

 

follows the path of the heavy line in Fig. 1 (c) and neglecting the 

 

* Decimal classification: R134. Original manuscript received by the In-
stitute July 1, 1929. Revised manuscript received by the Institute, July 7, 

 

1930. Presented before San Francisco Section of the Institute, June 19, 1930. 
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f adio-frequency components introduced by the leaking-off of charge 

 

0i � etween cycles varies in almost exactly the same way as does the 

 

f aodulation envelope of the signal, with a resulting modulation fre-

�uency variation in plate current. 

 

The difference between the action taking place in Fig. 1 and that 

 

ccurring with grid leak detection of weak signals is that in the latter 

 

%ase the change of grid bias produced by the signal is so small that the 

 

:aid current never entirely stops flowing. The grid condenser under 

 

hese conditions discharges through the relatively low resistance grid- 

 

`.lament path rather than through the high resistance grid leak. The 
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Fig. 1—Details involved in the detection of large signals 

 

by means of grid leak and grid condenser. 

 

result is that the proper sizes of grid leak and grid condenser for weak 

 

signal detection are entirely different from values suitable for handling 

 

':arge signals. 

 

0' , The voltage across the grid condenser of the power detector can 

 

, decrease only as fast as the condenser charge leaks off through the grid 

 

't ►eak. If this leakage is slower than the rate at which the modulation 

 

nvelope decreases, then the condenser voltage cannot follow the 

 

irnodulation envelope, as is the case in Fig. 1 (d), and the result is 

 

- distortion coupled with loss of sensitivity. Experiments showed that 

 

tr L'o's long as the grid condenser charge could decrease as fast as the 

 

,Iv modulation envelope the distortion was small. The rate of decay of the 

 

I!''. =grid condenser charge is determined by the grid leak-condenser com-
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bination, while the rate of decrease of the modulation envelope de-

pends upon the modulation frequency f and the degree of modulation 

 

m of the signal. Taking these factors into account, it is shown in 

 

Appendix I that the distortion will be small provided the grid leak-

condenser proportions satisfy the relation. 

 

X 
>  

m 
(1)
 

 

R — /1 - m
2
 

 

where R is the grid leak resistance, m the degree of modulation of the. 

 

signal, and X is the reactance of the effective grid condenser capacity 

 

fY 

 

X 

 

w 

 

J 

 

MODULATION — M 

 

Fig. 2—Graph of the equation (XIR =m/V1 -
m,

2 showing the relation of 

 

XIR to m at which distortion begins to become serious. 

 

at the modulation frequency in question. The effective grid condenser 

 

capacity is the actual capacity plus the input capacity of the tube, 

 

taking into account the plate load reaction. In order to permit ready 

 

visualization of the conditions at which distortion begins to increase 

 

rapidly, (1) has been plotted in Fig. 2. It is apparent from this figure 

 

that for every modulation frequency there is a maximum degree of 

 

modulation beyond which distortion begins to be large, but that the 

 

permissible value of m increases as the frequency is reduced. 

 

Although a small grid condenser and a low resistance leak make 

 

-for low distortion because of the resulting high value of XIR, selec-

tivity and sensitivity requirements limit the extent to which one may 

 

go in this direction. Since the available signal voltage is applied to 
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�i 

 

she grid of the detector through the grid condenser capacity, it is 

 

ri necessary for this capacity to be somewhat larger than the effective 

 

'grid-filament tube capacity offered to the signal frequency. With 

 

ordinary receiving tubes a grid condenser capacity of 50 to 100µµf 

 

about right. With the grid condenser capacity fixed in this way, 

 

Ale grid leak resistance should be made just low enough to prevent 

 

endue distortion under the operating conditions to be encountered, 

 

Aich for high quality reproduction of speech and music represents 

 

Ix!alues from 0.20 to 0.50 megohms. The degree of modulation at which 

 

listortion begins as computed from Fig. 2, is given by the solid line 

 

n Fig. 3 for the case of 0.25-megohm leak, 100-µµf grid condenser and 

 

M
OD

UL
AT

IO
N-

 
rn
 

 

1. 

 

.8 

 

.6 

 

A 

 

.2 

 

0 

 

� 

 

.00016 MF. 

 

25 MEG. 

 

I 

 

Power 

 

Weak 

 

Signal 

 

\` 

 

.00031 

 

2 

 

MF 

 

MEG. 

 

100 200 500 1000 2000 

 

FREOUENGY 

 

5000 

 

10,000 

 

a 
f Fig. 

3—Allowable m as a function of modulation frequency for grid leak 

 

power detection for proportions of grid leak and condenser suitable for 

 

weak signal detection compared with those recommended for power detection. 

 

130-µµf audio-frequency tube input capacity.. Since most of the power 

 

'J}' `5f speech and music is on the frequencies below 1000 cycles, it is 

 

t apparent that the degree of modulation encountered at the higher 

 

W j requencies will be much less than 100 per cent, and a characteristic 

 

?such as shown in Fig. 3 will give practically no frequency discrimination 

 

e n in ordinary reception. For purposes of comparison the allowable 

 

tl' modulation as a function of frequency is also shown in Fig. 3 for a grid 

 

[eak-condenser combination suitable for weak signal detection. The 

 

i potential of the grid return lead is not nearly as important with the 

 

grid leak power detector as when handling weak signals. For ordinary 

 

0 Conditions the adjustment that gives best results on moderate strength 

 

1 �' t 
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signals will also be satisfactory N%ith the larger inputs, and so is to be 

 

preferred. 

 

The ratio of modulation frequency voltage applied to the grid of 

 

the detector by the grid condenser charge to the modulation frequency 

 

voltage contained in the signal envelope is a measure of the com-

pleteness of rectification being obtained from the detector. This ratio, 

 

(which can also be expressed as a percentage and called the percentage 

 

rectification) is appro-uniately constant for any particular tube type 

 

over a Ride range of signal amplitude and degree of modulation, so is 

 

a useful constant of grid leak power detectors. When a carrier voltage 

 

of E, modulated to a degree rn is applied to a power grid leak detector 

 

having a completeness of rectification 9, the modulation frequency 

 

voltage that the detection process causes to be applied to the detector 

 

grid is 3rnE, which is then amplified in the usual manner. Values of 

 

0 as a function of signal amplitude are given in Fig. S for a number of 

 

representative tubes. Tile completeness of rectification depends upon 

 

the steepness of the grid voltage-current characteristic, and so is 

 

greater as the cathode voltage drop of the detector is reduced. 

 

The input resistance of the grid leak power detector is shown in 

 

-Appendix II to be slightly more than the grid leak resistance divided 

 

by twice the Completeness of rectification. The grid leak resistance 

 

should therefore be no lower than is necessary to prevent undue dis-

tortion. With a grid leak resistance of 0.25 niegohni the equivalent 

 

input, resistance amoinits to about 150,000 ohms, which is slightly 

 

higher than the input resistance of the usual weak signal grid leak 

 

detector. 

 

The Illaximum signal voltage that may be applied to a properly 

 

adjusted grid leak detector without producing distortion is 

 

the input at which plate rectification begins to be appreciable. Such 

 

plate detection follows a square lair, with the resulting production of 

 

second harmonic distortion as well preventing the undistorted portion 

 

of the output from being proportional to the signal amplitude and 

 

degree of modulation. ]'late rectification takes place only at high signal 

 

amplitudes when the grid Was produced by the grid condenser charge 

 

is sufiicient13! great. to cause the operating region to extend into the 

 

curved Dart. of the grid voltage plate current characteristic, or in 

 

other words, when the radio-frequency signal is distorted while being 

 

amplified in tale plate circuit. 1'he lead capacity of the grid leak 

 

power detector therefore varies with plate battery voltage in almost 

 

the same way as does the laud capacity of an amplifier, and it is just 

 

as impossible to handle large input.s, to a grid leak power detector 

 

withotit, high plate voltages as it is in the case of an amplifier. 
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It is convenient to express the maximum carrier voltage that may 

 

e applied to a grid leak power detector in terms of the voltage that 

 

my be applied to the same tube when acting as an ordinary amplifier 

 

t the same plate battery voltage. It is shown in Appendix III that 

 

f the plate load impedance to the modulation frequency is low and 

 

,00 per cent modulation is allowed for, then 

 

Allowable carrier voltage _ 
k 

(2) 

 

Allowable amplifier input 1+0 

 

Phere a is the completeness of rectification, and usually lies between 

 

i.7 to 0:9, while k represents the ratio of proper grid bias for amplifier 

 

t >peration with no load impedance to proper grid bias for amplifier 

 

iperation with normal load impedance. If the allowable amplifier in-

;put is taken as the value recommended by the tube manufacturers 

 

I nor amplifier operation, k can be expected to be very close to 0.70. 

 

When the plate circuit of the grid leak detector contains an im-

pedance to the modulation frequency the carrier voltage that may 

 

be. applied to the detector is somewhat greater than the value given by 

 

2). This is because the effective plate voltage as far as the radio-

:frequency signal currents are concerned is slightly greater than the 

 

battery potential during the crest of the modulation cycle as a result 

 

of the voltage developed across the load impedance by the modulation 

 

frequency currents in the plate circuit. Such a load impedance may 

 

' increase the allowable detector input by as much as one-third if the 

 

completeness of rectification is great and the load has a very high 

 

.r �.rmpedance, but will ordinarily have somewhat less effect.' 

 

With ordinary tubes the allowable carrier voltage that can be 

 

t handled by the grid leak power detector is at least one-third and not 

 

,i 

 

,u Pore 
than one-half of the maximum input that the same tube will 

 

�d 
handle as an amplifier at the same plate battery voltage. This is 

 

91 
evident when reasonable values of 0 and k are substituted in (2), and 

 

IU 

 

Il 

 

51 

 

V - 

 

estimates are made correcting for the effect of plate load impedance. 

 

The ratio of maximum undistorted modulation frequency voltage that 

 

can be delivered by the grid leak power detector to the output for 

 

amplifier operation is 0 times the ratio of inputs, given by (2) after 

 

correction for plate load. With ordinary tubes this ratio of outputs 

 

ranges from 0.30 to 0.40 with sufficient certainty to enable these 

 

figures to be used for tentative design purposes. 

 

1 This statement is based on a quantitative analysis that is noL included 

 

in this paper but which can be obtained by an extension of Appendix III. 
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EXPERIMENTAL RESULTS ON POWER DETECTION 

 

The method followed in making measurements of power detection',. 

 

was to apply a known carrier voltage modulated a predetermined 

 

amount to the detector under test, and then to make an analysis of 

 

the audio-frequency voltage developed across a 10,000-ohm resistance.,. 

 

in the plate circuit. A shunt feed was used in all tests. In order to. 

 

simplify the experimental procedure, advantage was taken of the 

 

fact that it is the ratio X/R which determines the action of the grid. 

 

leak-condenser combination at a particular modulation frequency. 

 

It was consequently possible to work at a constant modulation fre-

quency of 60 cycles and simulate the effect of different frequencies by 

 

changing the grid condenser capacity in such a way as to give X the; 

 

appropriate value that would result with a constant condenser and a 

 

varying frequency. 

 

. Analysis of the output voltage of the detector was made possible 

 

by the "power circuit harmonic analyzer" which is part of the equip-
ment of the Ryan High Voltage Laboratory. This piece of apparatus, 

 

which was, developed by the American Telegraph and Telephone 

 

Company for inductive interference investigations, operates by select-

ing the desired frequency component with suitable tuned circuits and 

 

measuring its potential with a vacuum tube voltmeter. In the de-

tector investigation it was found that under ordinary conditions the 

 

principal distortion frequency was the second harmonic, which could 

 

therefore be used as a measure of the output quality. 

 

A typical set of experimental results selected from a large number 

 

is given in Fig. 4. The curves for grid leak-condenser detection are 

 

for a value of X/R well above the minimum allowable value given 

 

by (1) and Fig. 2, while the one for plate rectification is for a grid 

 

bias found to give maximum output with large input voltages. It is 

 

apparent that under the conditions used in obtaining Fig. 4 the grid.' 

 

leak power detector is not only several times as sensitive as the plate, 

 

rectifier when both have the same plate voltage but also produces 

 

less distortion, and gives more undistorted output. With all except 

 

the very lowest signal amplitudes the grid leak power detector is 

 

practically a linear rectifier, and is somewhat superior to plate detection 

 

in this respect. The effect of the plate voltage on the load capacity 

 

of the grid leak detector is clearly brought out in Fig. 4. It is just as 

 

futile to expect power from a detector operating with 22 or 45 volts 

 

on the plate as it is from an amplifier under similar circumstance. 

 

The effect of varying the ratio X/R of the grid leak-condenser 

 

combination is shown in Fig. 5. As X/R becomes less than the critical 

 

value given by (1) and Fig. 2 the distortion increases rapidly, ac-
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i-ompanied by a loss of sensitivity, exactly as would be expected by 

 

# lieory. The smell residual distortion remaining with adequate values 

 

f X/1? is due to the fact that the curve of voltage across the grid 

 

.ondenser due to condenser charge is not quite symmetrical about the 
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conditions. The sod and dotted lines are for grid leak detection, while 

 

the dash line applies to plate rectification. 

 

e,
-)oint of minimum signal amplitude as can be seen in Fig. 1, and to 

 

11istortion in the plate circuit introduced when amplifying the rectified 

 

f3ignal from the grid. 

 

Investigation also showed that as long as the ratio X/R was kept 

 

bonstant, the value of leak resistance R was of secondary importance 

 

t.n influencing the sensitivity and distortion. The only effect observed 

 

i RTa.s a slight reduction in sensitivity at low values of leak resistance 
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caused by the increased energy consumed by the detector under those' 

 

conditions. 

 

Since the grid leak detector operates at approximately zero grid 

 

potential when no signal is being received, the maximum plate voltage' 
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Fig. 5--Effect of XIR on sensitivity and quality, showing how both rapidly, 

 

become poorer when the critical value of XIR as determined from Fig. 2 

 

is passed. 

 

that may be used with such a detector is fixed by the allowable plate 

 

current of the tube. In a general way it may be said that low-mu tubes 

 

are not satisfactory for grid leak detection at high power levels because 

 

of their high plate currents with zero grid bias, and that a plate poten-
tial of 80 to 90 volts is about the limit with tubes such as the '27 type. 

 

It is possible to increase the load capacity of the grid leak power 
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JJI detector without the use of excessive plate currents by employing the 

 

z expedient shown in Fig. 6 where the high battery'voltage is cut down 

 

'i ), to a safe plate voltage by a series resistance that-is thoroughly by- 

 

passed to all audio frequencies. When no signal is applied to the tube 
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I Fig. 6—Performance of grid leak power detector when operated with a high 

 

plate battery voltage that is reduced to a safe value by a series resistance, 

 

1' showing increased undistorted output that may be obtained with the aid of 

 

L,. this expedient to keep the plate current to a safe magnitude. 
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the grid is at zero potential, but the resistance keeps the plate current 

 

to. a reasonable value. Upon the arrival of a signal, the carrier wave 

 

produces a grid bias by charging the grid condenser, which cuts down 

 

the plate current, and hence the voltage drop in the resistance. The 
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result is that the voltage on the plate of the tube is low when no signal 

 

is present, but increases when the presence of the signal makes an 

 

increased potential allowable. The net effect is to increase the un-

distorted power that can be safely obtained from a given tube. 
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Fig. 7—Comparison of grid leak and plate detection with the screen-grid 

 

tube operating at high power levels. 

 

In view of the work that has recently been done on screen-grid 

 

detection the results shown in Fig. 7 are of interest. With this par-
e F. E. Terman and Birney Dysart, "Detection characteristics of screen-

grid and space-charge-grid tubes," Pxoc. I. R. E. 17, 830; May, 1929. J. R. 

 

Nelson, "Detection with the four-element tube," Pxoc. I. R. E. 16, 822; June, 

 

1928. 
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ticular screen-grid tube, power detection with grid leak and grid 

 

condenser is more sensitive, gives more undistorted output, and less 

 

distortion than does plate circuit power detection. 

 

The completeness of rectification was measured in a number of 

 

cases and some of, the results are shown in Fig. 8. Different tubes of 
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Fig. 8—Completeness of grid leak power detection as a function 

 

of signal amplitude for a number of representative tubes. 

 

4 

 

the same type were found on test to be very similar so only one curve 

 

for each kind of tube is shown. It is apparent that the completeness 

 

of rectification for any tube type is sufficiently constant over the 

 

normal signal range as to make it possible to associate a particular 

 

variety of tube a particular completeness of rectification. Thus the 

 

327 tube can be considered as giving 80-85 per cent rectification as a 

 

grid leak power detector. 
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APPENDIX I 

 

DERIVATION OF EQUATION (1) 

 

This equation gives the relation between modulation frequency f, 

 

degree of modulation m, grid leak resistance R, and effective grid 

 

condenser capacity C which must exist if the grid condenser charge 

 

is to be able to leak off through the grid resistance fast enough to follow 

 

the variations in the modulation envelope at all times. 

 

The rate of change of voltage across a condenser C charged to a 

 

voltage E' as a result of leakage through a resistance R is —E'/RC. 

 

If the equation of the envelope of the modulated signal wave is 

 

e = E(1 + m cos 2rft) 

 

then at time t =to the envelope magnitude eo is 

 

eo = E(1 + m cos 27rfto) 

 

while the rate of change of envelope is 

 

de/dt = — mE27rf sin 27rft. 

 

The grid condenser rate of discharge can follow the rate of change of 

 

modulation envelope at any time to of the modulation cycle provided 

 

—E'/RC>_ de/dt, where de/dt is evaluated at t = to and E' = eo, or 

 

when —mE27rf sin 27rfto < —E(1+7n) cos 2-7rfto/RC. This can be re-
duced to 

 

X/R = 1/2rfCR > ?n sin 27rfto/(1 + m cos 2-irfto). (3) 

 

The point on the modulation cycle where it is most difficult for the 

 

grid condenser charge to keep up with the envelope change is at a 

 

value to that makes the right-hand member of (3) a maximum which 

 

is when cos 27rfto = —?n. The maximum value of the right-hand 

 

member of (3) is therefore na/1-\/—m2, and the charge on the grid 

 

condenser can decrease at  least as fast as the modulation envelope 

 

changes when X/R > m/.\/1- nZ2 . 

 

APPENDIX II 

 

EQUIVALENT INPUT RESISTANCE OF GRID 

 

LEAK POWER DETECTOR 

 

The grid current in the grid leak power detector flows only when 

 

the signal voltage is at or near its crest value, as is clearly shown in 

 

Fig. 1(B). The power absorbed by the detector input is accordingly 

 

slightly less than the product of the crest signal voltage and the 
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average grid current. Since the average grid current is equal to OE/R, 

 

where 0 is the completeness of rectification, E the crest value of signal 

 

voltage, and R the grid leak resistance, one can write 

 

(Effective signal) 2 

 

Grid power loss = (3E2/R =  (4) 

 

(R/2(3) 
 

 

f The denominator of this last term represents the equivalent input 

 

resistance to the signal, which is accordingly R/23. 

 

APPENDIX 111 

 

i1 

 

r 

 

f 

 

ALLOWABLE INPUT SIGNAL 

 

When a signal of carrier amplitude e8 modulated to a degree m 

 

is rectified with a completeness 0, the maximum potential across the 

 

grid condenser is 0(1+m)es, and takes place when the signal is at the 

 

crest of the modulation cycle with an amplitude (I+m)es. The most 

 

negative instantaneous potential on the grid is the sum of bias and 

 

signal, which sum must not exceed twice the proper grid bias for 

 

amplifier operation without plate load if distortion is to be avoided. 

 

Since the proper grid bias depends upon plate load impedance, being 

 

less for lower impedances, the bias E, recommended for amplifier 

 

operation at the same plate potential employed in the detector rriust 

 

be multiplied by a factor k, having a value approximately 0.70, to 

 

give the bias for amplifier operation with no plate load. The maximum 

 

values of e8. that will not produce distortion must then satisfy the 

 

relation 

 

2kE, = (1 -I- -I- m)ee• 

 

Remembering that E, is the allowable input for normal amplifier opera-

tion, this equation can be rewritten as 

 

Allowable carrier e8 2k 

 

Allowable amplifier input (1 -f- Q) (1 + m) 

 

This reduces to (2) when m =1.0. 

 

APPENDIX IV 

 

EXPERIMENTAL TECHNIQUE 

 

A circuit diagram of the experimental set-up is shown in Fig. 9. 

 

The modulated oscillator was a conventional oscillator with an a-c 

 

voltage superimposed upon the d-c plate battery voltage to produce the 

 

modulation. Linearity of modulation was insured by keeping the plate 
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2.174 1'erman and ]Morgan: Grill Leak Power Detection 

 

voltage swing to the limits within which d-c tests'showed the oscil-

lator output to be proportional to plate voltage. The output of the 

 

oscillator was amplified by a broadly tuned radio-frequency amplifier 

 

neutralized to prevent self-oscillation. The amplifier and oscillator 

 

were inclosed in separate galvanized iron boxes which contained fila-

ment and plate batteries as shown. 

 

The voltage delivered to the detector under test was obtained from 

 

a potentiometer having a total resistance of 2500 ohms. This low value 
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Fig. 9—Circuit diagram of experimental set-up used in making 

 

measurements on grid leak power detectors. 

 

was used to prevent the asymmetrical grid losses in the detector from 

 

producing wave-form distortion. The voltage applied to the detector 

 

was read by a vacuum tube voltmeter which could be calibrated from 

 

the 60-cycle line voltage. The rectified output of the detector was 

 

delivered to the 10,000-ohm input resistance of a Western Electric 

 

"power circuit analyzer" as indicated in the figure. 
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ADVANCES IN TRANSOCEANIC CABLE TECHNIQUE* 

 

By 

 

H0BART MASON 

 

(Western Union Telegraph Co., New York City) 

 

Summarj—Progrc.s in the construction of transatlantic cables is described 

 

from the earliest to the most recent type, tchich operates at 1.400 letters per minute. 

 

Without technical detail the det-eloprnent of cable operating mechanisms is sketched 

 

indicating the improremeni trhiclt resulted from the use of relays, magnifiers, and 

 

regenerators. The application to the cable art of landline multiplex telegraph practices 

 

is shown. Operating procedures to secure both economy of plant utilization and at 

 

the same time good spud of service are doled. The handling of those loaded cables 

 

which may not be duplexed and the limitations imposed thereon by trqffic and by 

 

other plant conditions is discussed. Various cable codes are compared. Sertri.ce 

 

requircrncrats are outlined and usages noted leading up to a study of the economics 

 

and the balancing of speed cf Ferric( against plant and operating costs. Trends of 

 

growth are glire-n frith data cm•cring the.fall of file as to hours of the day, direction, 

 

and class of business. 

 

HE subject of tram:oceanic cable technique is so broad that 

 

even though only the most important phases, of it be touched, 

 

as is the aim of this paper, yet many points pertaining to that 

 

subject title must be passed by. :although the whole art is relatively 

 

young, barely exceeding the allotted human span of rears, yet the 

 

most interesting strides have been those of the past decade. Therefore, 

 

it seems natural and reasonable to discuss it, from its inception. 

 

For convenience in presentation we shall consider cable technique 

 

under four heads: cable, apparatus, operation, service. 

 

CADL1, 

 

From the laying of the first, atlantic cable in 1858 up to 1923 there 

 

had been no marked change in the design originally adopted for trans-
atlantic service. Such changes as were made had to do chiefly iiith the 

 

proportions of the various parts: conductor, insulation, and sheathing. 

 

The first transatlantic cable was designed with a conductor of seven 

 

number 22-gauge copper wires laid up to form a single strand neighing 

 

107 lbs. per nautical mile. The insulation was composed of three 

 

coatings of gutta-percha weighing 260 lbs. per nautical mile. The core 

 

(conductor and insulation together) was served with an ample wrap-
ping of jute yarn to act as a protective cushion and also to give a 

 

sufficient bulk to allow the sheathing wires to lie evenly around the 

 

' Decimal classification: 621.3S2.8. Original manuscript received by the 

 

Institute, \lay 24, 1930. Presented before Fifth Annual Convention of the 

 

Institute, :'august 19, 1930. 
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:14 circumference. The sheathing of armor wires served the dual purpose 

 

:of providing a protective wall and adequate tensile strength. The 

 

si sheathing was composed of eighteen strands, each containing seven 

 

r galvanized iron wires of number 22 gauge. The completed cable was 

 

j, treated with a preserving compound of tar, pitch, and linseed oil. 

 

It was flexible and mechanically strong but the many small wires in the 

 

sheathing were not only difficult to galvanize but presented a large 

 

Arsurface for corrosive action. 

 

The next Atlantic cable .was sheathed with ten single wires of 

 

p comparatively large cross section thus exposing a smaller surface to the 

 

action of rust. As an additional protection each individual wire was 

 

served with manila hemp saturated with a mixture of tar, India 

 

r. rubber, and pitch. This was called open-type sheathing as it did not 

 

r: :;form a closed wall of metal about the core. Its bulk decreased the 

 

)'specific gravity of the cable and its rough surface increased the surface 

 

friction during laying. These were desirable characteristics for laying 

 

purposes as they reduced. the strain on the paying-out brakes. 

 

The design was used up to 1880 when it was decided that a closed-

I ' sheath type forming a solid metallic wall about the core was more 

 

i 
i7I desirable. It was found than with the open-sheathed type the cable 

 

3 k tended to flatten out while being picked up during repairs. This caused 

 

the sheathing wires to take the strain unevenly and frequently caused 

 

F c breakage. Another disadvantage was that when the serving decayed 

 

!I and fell off, the core, surrounded only by a.loose cage-like structure, 

 

r, was especially exposed to attacks by marine life. 

 

In the modern closed-type sheathing each armor wire is covered 

 

r+ with a preservative compound and a prepared tape, and the sheathed 

 

cable has an outer covering of two servings of jute yarn steeped in 

 

"freed" coal tar, laid on spirally in opposite directions, alternating 

 

with three coatings of compound applied hot. This design is now 

 

used almost exclusively with the exception that individual taping of 

 

sheathing wires is sometimes omitted. 

 

To protect the core from the borings of teredos and other marine 

 

organisms a wrapping of brass tape which entirely encases the core is 

 

provided on cables laid in situations warranting it, especially in 

 

tropical waters and within certain depth limitations. 

 

The sheathing is varied to conform to conditions existing along 

 

the route; thus, in deep water where the liability to mechanical injury 

 

is remote, the armor is of the lightest type consistent with sufficient 

 

tensile strength to enable the cable to be successfully laid or lifted for 

 

E' repair. In shallow water the nature of the sea bottom, the prevalence 

 

of rocks, the occurrence of large ice masses, the risk of damage by 
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ships' anchors or by trawls, and other local conditions determine the 

 

amount and kind of protection needed. Quite generally a long ocean 

 

cable has four or, five degrees of armor protection. While the core 

 

remains the same throughout, the over-all size tapers from about the 

 

size of a wrist at the shore ends to about the size of a thumb at the 

 

deep-sea portions. 

 

Apart from improvements in apparatus design, improved cable 

 

speeds were at first achieved only by increasing the size of the core. 

 

Step by step this course was followed until one transatlantic cable 

 

was laid with a core having 1100 lbs. of copper and 450 lbs. of gutta-
percha per nautical mile. 

 

The advantages to be derived from increasing the inductance of 

 

cable telegraph. circuits had long been recognized but it was not until 

 

1923 that certain nickel-iron alloys possessing special magnetic proper-
ties were developed and made the inductive loading of long submarine 

 

cables practicable. This loading consists of wrapping the copper con-
ductor throughout its length with a narrow tape or a wire of one of 

 

these high permeability alloys. The insulation and mechanical pro-
tection of the cable are precisely the same as in nonloaded cables. 

 

The first continuously loaded cable, laid in 1924, extends from 

 

Hammel, Far Rockaway, New York, to Horta on the island of Fayal 

 

in the Azores. The conductor is composed of a solid copper wire 

 

closely surrounded by six helically disposed copper tapes. The loading, 

 

applied immediately outside of the copper, is a helical wrapping of 

 

"permalloy" tape. Over the gutta-percha insulation is a serving of 

 

jute yarn. Then comes the armor, which in the deep-sea section con-
sists of 18 galvanized steel wires, number 13.4 B.W.G. each covered 

 

with a prepared tape and the whole served with two layers of jute 

 

yarn steeped in "freed" coal tar. In the deep-sea section the physical 

 

constants are as follows. 

 

Finished diameter 1.01 in. 

 

Weight of copper 565 lbs. per nautical mile 

 

permalloy 85 " " " « 

 

" gutta-percha 375 " " " " 

 

n in air 2.249 tons 

 

in water 1.325  

 

Breaking stress 10.4 " 

 

The total length of main core is 2328.5 nautical miles, the westerly 

 

sea earth is 112.5 miles, the easterly sea earth 2:0 miles, the resistance 

 

(main core) is 4460 ohms, capacitance 853 µf and operation is con-
ducted at 1560 letters per minute simplex (65 cycles, five-unit code). 

 

The most recent loaded cable laid extends from Bay Roberts, New-
foundland, to Horta. It is shorter and therefore of smaller core than 

 

the one above detailed but is more interesting because it is capable of 
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4i being operated duplex. To achieve this the cable is loaded throughout 

 

l its middle portion but as the ends are approached the loading becomes 

 

t progressively lighter and finally is omitted altogether. This tapering 

 

1 effect makes possible balancing by an artificial line which is of unusual 

 

design in that in addition to matching the inductive loading of the 

 

cable various other factors had to be taken into account which are 

 

V. neglected when balancing for low speed operation. The total length 

 

i of the main core is 1341 miles, the sea earths adding 58 miles. The 

 

is entire weight of the copper conductor is 481,471 lbs., the mu-metal 

 

1 loading 59,886 lbs., and gutta-percha 376,064 lbs. In the deep-sea 

 

j section the finished cable is 0.82 inches in diameter weighing in air 

 

1.636 tons per nautical mile and in water 0.945 tons. This cable was 

 

designed to operate 2000 letters per minute simplex or 1000 letters per 

 

r; minute duplex. Because of the novelty of the design certain margins 

 

� 1 were allowed. It is interesting to note that it is now duplexed with a 

 

balance satisfactory for operation at 1400 letters per minute (5S cycles, 

 

five-unit code) and there is evidence that still higher speeds may be 

 

C. obtained. Since higher speeds require closer attention on the part of 

 

bi the regulating attendants it presumably will not be developed until 

 

the volume of traffic makes it econoinical to do so. 

 

t, 

 

APPARATUS 

 

The design of cable equipment has undergone more definite changes 

 

than has cable design. On the first cable sending was by a double-

current key, depressing one lever put negative battery to line, depress-

ing the other lever put positive battery to line. Reception was by a 

 

mirror galvanometer. In 1867 Lord Kelvin invented the siphon 

 

recorder with its substantial advantage of a permanent record, which 

 

device is still largely used. Transmission was improved by designing 

 

a transmitter fed with a perforated tape which insured uniform dot 

 

spacing and better utilization of line time than direct hand sending. 

 

The tape for this transmitter was perforated by a mallet punch, buttons 

 

for dot, space, and dash, respectively, being struck by rubber-tipped 

 

handles held in the operator's two hands. The mallet punch was super-

seded by a power-driven machine, generally called a " Nlein" in con-

traction of the manufacturer's name, still widely used, which perforates 

 

the tape from an ordinary typewriter keyboard. Evidently the 

 

operator's output is much increased with this machine as he makes a 

 

single stroke for a single letter as against as many strokes as there are 

 

dots and dashes in the letter under the previous methods. 

 

On the receiving side and still prior to the advent of the loaded 

 

cable, substantial changes were made. Among the many mechanical 
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brushes mounted in pairs constitute rotating electrical connections 

 

between the appropriate solid and segmented rings. 

 

The receiving relays are actuated by but a small part, about 20 

 

per cent in length, of the incoming signal chosen at that part of the 

 

signal where the amplitude is the greatest and the likelihood of error 

 

due to induced currents the least. As the name regenerator implies, 

 

the signal is sent on from a suitable segment with all of the volume 

 

and the definition with which it was started out from the office of 

 

origin. 

 

The use of vacuum tubes on nonloaded cables, while tried, never 

 

reached commercial importance partly for reasons discussed below, 

 

and partly because of the fact that it is desirable for the receiving 

 

apparatus to have a natural periodicity about the same as that of the 

 

incoming signals. Nlecha.nical apparatus could be made to approxi-
mate this condition with the result that while sensitive to the desired 

 

frequency it was relatively insensitive to unwanted induced currents 

 

of other frequencies. The application of the printer to the cable serv-
ice was a rather natural adaptation of landline practice after other 

 

equipment had made possible the securing of substantial five-unit 

 

signals at the receiving end. 

 

As a means of increasing the maximum frequency obtainable over 

 

a cable when two-element synchronous operation is used, a synchronous 

 

vibrating system is applied to interpolate single impulse signals which, 

 

due to the attenuation of the cable, are received with so small an am-

plitude that they will not, of themselves, operate the receiving device. 

 

This circuit, based upon the so-called "dot maker" originally sug-
gested by Judd and Davies, supplies locally the incoming signal which, 

 

so to speak, might be said to be lost in transmission. If left uncon-
trolled it indicates alternately plus and minus impulses, but when 

 

two or more successive impulses of like polarity are transmitted then 

 

the received impulse is sufficiently strong to actuate and override the 

 

local mechanism and to cause indications according to the transmission. 

 

Through this device the frequency capacity of the cable is in effect 

 

doubled for a recognizable signal need be received only when two 

 

similar pulses have been sent. 

 

The advent of the loaded cable completely changed the technique 

 

of the cable equipment. Until then virtually all receiving equipment 

 

used a fundamental receiving unit based upon the principle of the 

 

d'Arsonval galvanometer. The speed of the loaded cables is compara-
tively so great that this type of receiving unit is not capable of fol-

lowing the high frequency of the incoming signal. 

 

Vacuum-tube amplifiers were rather difficult to apply to the very 
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low frequencies of the old-style cables due to the fact that it was 

 

difficult to build coupling transformers or interstage coupling networks 

 

that would pass the low frequencies associated with these cables, but 

 

this type of amplifier lends itself nicely to the conditions encountered 

 

in the new high-speed loaded cables. 

 

The cable shaping networks, consisting of magnetic shunts and 

 

shunted receiv}ng condensers, were not discarded when the amplifier 

 

was put on the cable. In fact the use of the amplifier made it possible 

 

to increase the use of these input shaping networks. Shaping could be 

 

carried further as only a small voltage change on the grid of the first 

 

tube is necessary with this type of amplifier, whereas with the galvanom-
eter type enough energy must be left in the signal after shaping to 

 

operate the galvanometer properly. 

 

In addition to the input networks used with the amplifier, it be-

comes possible to couple the amplifier with shaping networks so that 

 

refinements can be achieved through a certain amount of shaping 

 

applied between each stage. 

 

The output of the amplifier has sufficient energy to operate a high-

grade polar relay which in turn works into the active recording equip-
ment used in connection with the cable. 

 

Because the limits of operation are, in general, set by parasitic in-

duced currents it is best to consider the received impulses as measured 

 

by their voltage level rather than according to current or energy values. 

 

In landline telegraphy we like to receive signals at a level of perhaps 

 

25 volts. On long ocean cables satisfactory operation suggests 30 my 

 

and if the Heurtley magnifier is used, 10 mv. With the vacuum-tube 

 

amplifier we can well work down to levels of 3 mv. These figures indi-

cate the increasing care which must be given in high-speed working in 

 

protecting from stray currents and especially in refining the artificial 

 

line where duplex balances are attempted. 

 

Receiving equipment quite similar to landline multiplex printing 

 

equipment is' used with loaded cables. The principal modification 

 

necessary to adapt landline multiplex to loaded cable working is to 

 

provide means for automatically reversing the direction of transmission 

 

since most loaded cables are not designed for duplex operation. 

 

Each of the simplex loaded cables has connected with the multiplex 

 

distributor a timing train arranged so that 'it can close a contact 

 

periodically once every half minute or multiple thereof. An adjustment 

 

provides for varying this time from one-half to eleven minutes. When 

 

the timing contact closes, an automatic motor-driven cam switch is 

 

brought into operation. Since the circuit is running in synchronism the 

 

switches at each station are actuated at the same instant and at their 

 

u 

 

u 
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respective ends each switch performs the following operations: at the 

 

sending station—stops the transmitters, switches the cable from send-
ing to receiving, removes short circuit from amplifier input, and cuts 

 

in printers; at the receiving station—cuts off the printers, short-cir-
cuits the amplifier input, switches the cable from receiving to sending 

 

position, and starts transmitters. 

 

These functions are all performed with proper time intervals be-
tween each operation and although the switching may take place in 

 

the middle of a work, when transmission is resumed in the same direc-
tion it will be taken up exactly where left off, without errors. The time 

 

needed to perform these functions and reduce the cable to a condition 

 

suitable for operation in the opposite direction is about 6 sec., hence a 

 

turnaround every two minutes results in a capacity loss of 5 per cent. 

 

In order to decrease the time interval between the perforating of a 

 

message and its actual passage through the transmitter it is desirable 

 

to shorten the loop of tape which necessarily exists between the per-
forator and transmitter, yet some storage must be provided if the eco-
nomic waste of having the cable run idle during pauses in the operator's 

 

performance is to be avoided. Toward this end a storing transmitter is 

 

used. Instead of perforating holes in a tape a free keyboard sets up 

 

pins in a cylindrical machine which are scrutinized by appropriate 

 

sending contacts which put the proper electrical impulses to the line. 

 

The transmitting members may catch up to the pin-setting members, 

 

or the latter may get ahead to the extent of the number of pins pro-
vided by the periphery of the cylinder as the relation between operator 

 

performance and cable transmission varies. 

 

OPERATION 

 

Prior to 1871 transoceanic cables were operated in one direction 

 

only but subsequent to that date most of the nonloaded cables have 

 

been operated duplex. The requirements for an artificial line for a 

 

cable are vastly more rigorous than .those for landline use. The capac-
ities are, of course, very much greater than anything known in land-
line service. Recently temperature-controlled rooms in which to store 

 

them have been developed in order to reduce changes in electrical con-
stants due to temperature variations. 

 

To avoid trouble from other cables landing at the same station and, 

 

too, from ground potentials engendered by electrical enterprises on 

 

shore, it is necessary when duplexing a cable to connect the ground 

 

side of the artificial line not directly to the ground at the office but to 

 

an extra conductor called a "sea earth" which is a separate core iden-
tical with the main core and included with it inside of the protective 

 

I 
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armor. At a point which varies from a few miles in some old-type w( 

 

cables to 112 miles in one instance of a modern loaded cable, the sea 0 

 

earth is brought out, the conductor is exposed, and electricially bonded 'W 

 

to the cable sheath wires. 

 

Prior to 1918 all transatlantic cables were operated in sections with 

 

manual relay stations at least at each end of the long ocean sections. 

 

The development of the repeaters previously mentioned and especially 

 

the rotary regenerator (which, along with synchronous channelization 

 

of the faster old cables, somewhat preceded the loaded cables) made 

 

it practical to operate from terminal to terminal without any interme-

diate handlings. Today direct circuits are operated between New York 

 

and London, Liverpool, Berlin, Paris, Havre, and between Boston 

 

and London. A similar circuit has been worked between San Francisco 

 

and London but merely for demonstration purposes (as traffic con-

ditions do not warrant such a set-up). That circuit had repeaters at 

 

some' 17 points along its length. 

 

An operator can perforate cable business at about 300 letters per 

 

minute, a rather lower rate than is customary for landline operators 

 

because of the greater difficulty due to code words in cable traffic. 

 

With cables now capable of going 1500, 2000, or 2400 letters per min-
ute it is evident that channelization must be used and various numbers 

 

of channels on cables both old style and loaded, are in use or planned 

 

f or up to a present maximum of eight. Ghannelization of course means 

 

the distribution of line time between various sets of operating equip-
ments through synchronous distributors at the two ends of the circuit. 

 

As synchronism has to be preserved through the relays, it follows rather 

 

naturally that the rotary regenerative repeater should be used. With 

 

channels not exceeding 300 letters per minute transmission and recep-
tion can be carried on quite as in landline multiplex practice and with 

 

the same equipment of perforator, transmitter, and printer. 

 

The development of the regenerator has greatly improved operating 

 

efficiency in several directions. A few years ago the operating lost time 

 

on cables might be as much as 15 per cent whereas now it is customarily 

 

held below 4 per cent. Prior to 1918 each intermediate cable station 

 

required a complete complement of both sending and receiving opera-
tors in both directions, now only the testing and regulating attendants 

 

remain. 

 

Where a simplex loaded cable constitutes the only circuit between 

 

two points it must, of course, be turned around at frequent intervals 

 

both for the sake of the speed of service of the regular business, and to 

 

permit expeditious. handling of inquiries and corrections regarding 

 

errored messages. When, however, such a cable is one .of a group of 
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circuits between two given termini then it may be worked for substan-
tial periods in one direction only. The difference in the fall of business 

 

r eastbound and westbound as indicated on curves subsequently shown, 

 

In. it especially desirable to take advantage of this facility. In 

 

such case it is not necessary for the cable to be automatically switched 

 

because the loss of time in ordering it turned around by message is so 

 

V small a fraction of the whole time as to be unobjectionable. In actual 

 

V: practice the loaded cable which extends from New York to London 

 

s normally operates about as follows, the hours of turnaround and even 

 

is the actual number of turnarounds varying somewhat from day to day 

 

according to load conditions. It must be remembered that this per-
formance is possible only because of the several paralleling cables that 

 

Y, work in both directions all the time. 

 

Start Turn 

 

West 5:00 A.N. 

 

East 0:00 A.m. 

 

West 9:45 A.M. 

 

Last 10:00 

 

West 10:25 A.m. 

 

Last. 10:45 A.m. 

 

11'cat 11:15 A.M. 

 

East 1:45 r.m. 

 

Chao down 10:30 r.m. 

 

Figs. 1 and 2 show respectively the csstward and westward fall 

 

'of traffic by hourly periods. The effect of the five-hour time difference 

 

t between London and New York is clearly evident. So, too, is it evident 

 

ti that customers handle their cable file much as they do their mail. 

 

I' That is to say, they tend to allow their cables to accumulate and file 

 

them all at the hour of closing the business office just as they post most 

 

of their letters at that hour. In American landline telegraph practice 

 

this is not the case, the load curve, like the telephone curve, showing a 

 

major peak shortly after 10 A.M. and an almost equal peak around 3 

 

r.,,%l. Perhaps the difference in clocks can partially explain the pecu-
liarity of the cable curves. Eastward any cable not filed before noon 

 

7 will await the next morning for deliver* anyhow unless night reception 

 

j� is provided for. Westward anything transmitted prior to 2 P.m. is 

 

i too early for delivery in New fork. The public's attitude is hardly 

 

logical and round-trip communications could well be handled within a 

 

t. given day. Arbitrage business frequently is completed with a round-

trip time of but two or three minutes. The fact seems to be that cus-

tomers are not educated to look for and avail themselves of the service 

 

# offered. 

 

Of the many signaling codes that have been developed for telegraph 

 

-J purposes only two find extensive use in cable operation. Notable for 

 

their absence are the two methods using Morse code common in domes-
tic manual handlings, (a) for short and way circuits, the open and closed 

 

tf 
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I., 

 

circuit where a short contact is a dot, a long contact a dash, and the 

 

open position making a space which by its length denotes space be-
tween elements of a character, space between characters, or space 

 

between words; (b) for longer trunk circuits, the polar operation, where 

 

positive polarity to line is "marking," negative is "spacing," the length 

 

of marking and of spacing denoting as in (a). In important landline 

 

working it is impracticable to operate with significant periods of no 

 

current on the line due to the action of induced parasitic currents. 

 

On cables, however, a no-current interval may be made significant and 

 

so, because of the shorter code possible through the permutation of 

 

three rather than two elements, the "cable code" of three elements was, 

 

and except for printer operation, still is generally used. Here positive 

 

polarity to the line is a dot, negative a dash (dots and dashes being 

 

the same length) and no current provides the spaces between elements, 

 

letters and words. For printer operation it was found desirable to 

 

revert to the more rugged two-element five-unit code used on landline 

 

multiplexes, no reliance being placed on the no-current interval. This 

 

makes all characters five units long and, failing to avail of short signals 

 

for frequently occurring letters, would have considerably increased the 

 

line time had it not been possible to use the interpolator synchronous 

 

vibrating system or "dot-maker" previously described which device is 

 

not applicable to three-element codes. An analysis of traffic as it occurs 

 

indicates that the relative lengths of these codes (including spaces) are 

 

as follows. 

 

Continental Morse 2 element 9.27 time unite per character 

 

Cable code 3 " 3.71 

 

Five-unit printer 2 " 5.00 

 

Five unit with synchronized vibrator 2.50 

 

The cable code, being transcribed from recorder tape by typewriters, 

 

permits of certain short cuts not tolerable where printer reception pro-
duces the delivery copy. Contractions, particularly of place names, 

 

the use of "short figures" (e.g., A for 1, U for 2, etc.) in cable code, 

 

and the necessity for carriage shift signals in printer code together 

 

make about 16 per cent difference in favor of cable code so that the 

 

length of cable code might be considered to that of printer code as 3.12 

 

is to 2.50. 

 

The ratio just mentioned leaves out of consideration two factors 

 

which are of significance in considering the volume of business which 

 

can be moved under the two methods. With a given voltage limitation, 

 

say 50 volts to ground, evidently the swing from 50 volts minus to 50 

 

volts positive in the two-element system is twice as great and more 

 

likely of proper reception than is a swing from zero to 50 volts in, say, 

 

the plus direction. Thus the two-element signals are more rugged than 
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the three-element signals and higher speeds resulting in greater atten- A 

 

uation may be tolerated. On the other hand, in favor of the cable code t'' 

 

is the fact that within limits an operator can read through a faulty � 

 

signal or will at least know that it is questionable, while a printer with 

 

a faulty signal will boldly print something wrong which may not be dis-

coverable if in a code message. The numerical values to be attached i'` 

 

to these two facts are not readily determinable but practice indicates F:' 

 

that a substantially increased volume of traffic will be handled by the V 

 

two-element code. 

 

SERVICE 

 

generally with concerns providing service to the public, all 

 

progress is headed toward two goals, one the improvement of the serv-

ice, the other a reduction of the cost. 

 

The major item of improvement in service has undoubtedly been _ 

 

the reduced over-all time from origin to destination of cable messages 

 

due to the elimination of intermediate manual retransmissions. Prior 

 

to the introduction of cable repeaters such manual handling was neces-

sary at least at the ends of the ocean sections, in Newfoundland on the 

 

one hand, and Ireland, or the southwest extremity of England, on the 

 

other. Generally, too, a handling in Nova Scotia was involved and over 

 

certain routes all four places mentioned were involved. Really a part 

 

of the same improvement is the increased celerity in securing correc-
tions to mutilated or obviously errored messages. 

 

Accuracy is another desideratum and evidently the elimination of 

 

manual retransmissions results in improvement in this particular. It 

 

is possible to develop machines that will have fewer than any stated 

 

number of errors per thousand words simply by spending enough 

 

money in perfecting the apparatus. It is not possible, however, to 

 

improve the operator indefinitely; the best performance of which we 

 

have record covering an extended period, showing 0.625 operator errors 

 

per thousand paid words handled. Errors due to mechanical failures 

 

are much less numerous than this. 

 

B.ksE RATES BETREEN 1Ew Ionx A.\'D Lo\'DON 

 

Date 

 

Full Rate 

 

July 28, 1S66 

 

Nov. 1, 1566 

 

Dec. 1, 1567 

 

Sept. 1, IMS 

 

June 1, 1S69 

 

Aug. 10, 1S69 

 

May 1, 1S72 

 

May 1, 1577 

 

Oct. 1, ISSO 

 

Sept. 1, 1SSS 

 

Apr. 20, 1923 

 

$100.00 for 10 words or less 

 

50.00 ` ' 
` ` " 

 

" 

 

25.00 

 

16.41 ` 

 

10.00 

 

7.50 

 

1.00 per word 

 

0.75 

 

0.50 " 

 

0.25 ` 

 

0.20• " 

 

• Note: An "XUR" rate of 25 coats for a limited amount of extra-fast traffio is still maintained. 

 

YAJ 
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Perhaps properly classed as improvements in service are the reduc-

1ion of rates from time to time and the introductions of various classes 

 

of cable traffic. The above table interestingly shows reductions that 

 

have occurred in the rates for regular service. 

 

On December, 6, 1911, a "Deferred Rate" of just half the normal 

 

irate was put into effect and at the same time the cable letter and week-

:end letter rates were established. The "Deferred Rate" has remained 

 

!:at half the normal (except when entirely suspended under pressure of 

 

.= wartime traffic) ever since, but the latter rates have varied as follows: 

 

Date 

 

Cable Letters week-End Letters 

 

Dec. 0, 1911 

 

.Ian. 1, 1013 

 

Apr. 1915 

 

Apr. 20, 1923 

 

Tinr. 4, 1929 

 

FL 50 for 20 words 

 

.75 " 13 " 

 

suspended 

 

1 .20 for 20 words 

 

1.00 " 25 " 

 

$1.50 for 30 words 

 

1.15 ' 25 ° 

 

account war 

 

1.00 for 20 words 

 

0.75 ' 25 ' 

 

Izo 

 

110 

 

100 

 

TRANSATI ANTIC 
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TRAFFIC 

 

90 
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Fig. 3 

 

On the cost side the two big items of improvement are, of course, 

 

�, the reduction of manual retransmission expense and the vastly in-

1a creased carrying capacity per cable due to loading. As the circuit cost 

 

chargeable against a message is reduced through increased carrying 

 

u` capacity per cable so it progressively becomes increasingly economical 

 

to provide more adequate facilities for the volume of the file. The more 

 

7' 

 

1' 

 

i1{ 
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adequate these facilities are in proportion to the file the more nearly 

 

complete "readiness to serve" for every filed message will be found. 

 

It has not been found economical as yet to engineer the cable plant on 

 

an almost 100 per cent "readiness to serve" basis but a much better pro-

portion of business is handled within short time limits now than was 

 

formerly the case. As in any communications industry the cable file 

 

is extremely uneven throughout the twenty-four hours as is indicated 

 

by Figs. 1 and 2 which show respectively the fall of traffic eastward and 

 

westward in transatlantic cable service. That the improvement in the 

 

accuracy and the speed as well as the reduction of the cost, both 

 

absolutely and through the introduction of deferred services, has great-

ly stimulated transatlantic business as indicated in Fig. 3 which shows 

 

for one of the larger cable systems the growth in transatlantic cable 

 

traffic for the past forty years. 

 

That the popularity of the letter services is increasing and doubtless 

 

is in good measure responsible for the considerable growth in total 

 

traffic is well shown by the following comparison of only four years' 

 

spread. 

 

Full Rate 

 

Press 

 

Deferred 

 

Letters 

 

C"ssIFIC.kTION OF P k1D WoRDs TR.iNsMIrrHD 

 

1926 

 

East west 

 

40 per cent 42 per cent 

 

7 is 

 

2S 19 

 

25 21 

 

1930 

 

East west 

 

24 per cent 28 per cent 

 

S 24 

 

16 14 

 

52 34 

 

It may be interesting to note that the entire traffic handled divides 

 

up about as follows: 

 

Letters and spaces in paid-for matter 74 per cent 

 

Unpaid letters and spaces in paid business (place from, data, mes-

sage number., etc.) 1S per cent 

 

Unpaid business (services, deadheads, inquiries for corrections and 

 

replies) 5 per cent 

 

Operating functions (shift from upper to lower case or vice 

 

versa) 3 per cent 

 

A recent analysis of cable traffic shows the following regarding the 

 

length of paid cable messages, spaces being counted as characters. 

 

Characters words per 

 

per word Mesaage 

 

Full rate, code 

 

Full rate, plain language 

 

Deferred rate, plain language 

 

Press 

 

9.35 

 

7.20 

 

6.79 

 

7.13 

 

9.9 

 

16.0 

 

20.9 

 

81.7 

 

i, 

 

L 

 

1, 
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Some curious and not readily explained fluctuations occur in the 

 

;ratios of eastward and westward cable traffic. However, the general 

 

!'Arend toward a greater file east than west can be associated with a 

 

r preponderance of westward transatlantic radio business and this, at 

 

least in part, is explained by the political, commercial, and service 

 

conditions on the respective sides of the"ocean . The figures for the 

 

past decade are 

 

PER CENT OF REVENUE W ORDS 

 

e. 

 

1921 

 

1922 

 

1923 

 

1924 

 

1925 

 

1926 

 

1927 

 

1928 

 

1929 

 

1930 (part) 

 

East 

 

50 

 

47 

 

51 

 

55 

 

55 

 

53 

 

59 

 

58 

 

59 

 

57 

 

West 

 

50 

 

52 

 

49 

 

45 

 

45 

 

47 

 

41 

 

42 

 

41 

 

43 

 

As necessary in covering a topic so broad, this paper touches only 

 

lightly on the many high spots of advance, both technical and operat-
ing, in the cable art. It is hard to imagine in the near future further 

 

t- advances comparable with those of the recent past. But the continual-
r,, ly increasing use of cable services. by the public in the face of increasing 

 

competition from radio and from improved mail services, together with 

 

the spirit which animates the cable industry, makes the author believe 

 

that a survey taken, say ten years hence, will show changes and im-

provements perhaps rivaling in importance those of the years herein 

 

reviewed. 
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BOOK REVIEWS 

 

The National Physical Laboratory Collected Researches, Vol. XXI, 1929. 

 

Published by His 2Majesty's Stationery Office, London, 448 pp. 10 x 12 

 

paper. Price £1 2s. 6d. 

 

This is a collection of 22 papers describing work done by the British National 

 

Physical Laboratory. All of these papers are on electrical or magnetic subjects 

 

and 12 are on radio. With the exception of a paper by Dye and Hartshorn, "On a 

 

primary standard of mutual inductance for presentation to the Imperial Govern-

ment of Japan," the papers of this collection have been published elsewhere 

 

between the years 1924 and 192S. Of the radio papers one is by Wilmotte, two 

 

are by Hartshorn, two by Dye, five by Smith-Rose and Barfield, and two by 

 

Hollingworth. Of the remaining papers, one is by Dye and Hartshown, one by 

 

Webb, one by Hartshorn and Wilmotte, two are by Wilmotte, and five by Harts-
horn. Of this latter group some papers such as Hartshorn's, "A method of meas-

uring very small capacities," may apply to radio. It is a great convenience to 

 

have these otherwise scattered papers collected into one volume, though it is 

 

difficult to understand why publication in this form is not kept more nearly up-
to-date. 

 

S. S. KIRBY* 

 

Radio Operating Questions and Answers, by Nilson and Horning. Third edition, 

 

267 pp. Published by "McGraw Hill Book Company, Inc., New York, N. Y. 

 

Price, $2.00. 

 

This book has been written especially for students and operators about to 

 

take the government examination for a radio operator's license. It contains 

 

questions and answers covering the field of commercial, broadcast, and amateur 

 

radio operating. This material serves to bring out the salient points and to show 

 

the general form of answering questions. "Questions and Answers" should be 

 

supplemented with a radio textbook as it is not a complete text in itself. 

 

S. S. KIRBY* 

 

Radio and its future, edited by 'Martin Codel. Published by Harper & Brothers, 

 

New York. 349 pp. 9 illustrations. Price $4.00. 

 

What is the present status of radio and what is going to be its future place 

 

in American life? These questions are discussed in the book, `Radio and Its 

 

Future," by prominent men of the radio field. How did broadcasting start? 

 

H. P. Davis, vice president of the Westinghouse Company, tells us of the early 

 

days of KDKA. Who pays the radio bill? This question is discussed by the 

 

editor in his chapter on the radio structure. What are the facts about television? 

 

Dr. Herbert Ives of the Bell Laboratories reviews this subject for us. These 

 

questions and many more on broadcast communications, industry, regulation 

 

and scientific considerations are discussed in language which a layman can under-
stand. 
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The book closes with a chapter on. the future of radio by Dr. Lee deForest 

 

who has seen "his own inventions develop from crude experiments to world-wide 

 

institutions beyond the wildest flights of fancy," and who is not afraid of making 

 

rash predictions. 

 

This is not a technical book but an interesting summary of the present 

 

status of radio. 

 

*Bureau of Standards, Washington, D. C. 

 

S. S. KIRBY* 
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED 

 

Copies of the publications listed on this page may be obtained gratis by 

 

addressing a request to the manufacturer or publisher. 

 

Bulletin 932 of the General Radio Co., 30 State St., Cambridge, 'Mass., is a 

 

32-page catalog of apparatus, accessories, and parts published for service men, 

 

amateurs, and experimenters. 

 

A loose-leaf folder containing several 4Technical Bulletins on RCA Radio-
trons

-
 is available from the Commercial Engineering Department of the RCA 

 

Radiotron Co., Inc., Harrison, -N.  J. These technical bulletins describe the 

 

UX-171-A, UX-222, U -2'_'4, UX-22-6, U -227, UX-245, U-X-2SO, and UX-2S1, 

 

tuber. In most cases a family of plate-voltage, plate-current curves are supplied 

 

for each tube. A chart giving average characteristics of Radiotrons is also 

 

included in the binder. 

 

A four-page folder describing Federal anti-capacity switches is available 

 

from the Federal Anti-Capscity Switch Corp. 129 Dearborn St., Buffalo, N. Y. 

 

The Webster Co. of 850 Blackhawk St., Chicago, has recently issued a 

 

catalog in the forth of a loose-leaf folder describing its complete line of amplifi-
cation equipment. 

 

Vacuum thermocouples are described in Bulletin 3130 of the Thermal 

 

lustrumeut Co., 3S Woods Ave., Somerville, -Mass. 

 

Puncture Proof Filter Condensers is the title of a 60-page booklet describing 

 

various electrulytic condensers inade by the Anarad Corporation, Medford 

 

Hillside, 11s�s. 

 

The :advantages of aluminum die castings is the subject of a 24-page booklet. 

 

recently issued by the Aluminum Company of America, of Pittsburgh, Pa. 

 

A 32-page booklet recently published by the Aerovox Wireless Corp., 72-SO 

 

Washington St., Brooklyn, \. Y., describes the complete line of dry electrolytic 

 

condensers made by this concern. 

 

Bulletin No. 6D of Jenkins :and Adair, 3333 Belmont Ave., Chicago, 

 

riescribes their tY1aa- C condenerr microphone and accessories. Bulletin No. 10A 

 

cir�cribcs n variable attenustur for broadcast or sound picture purposes. Trans-
formi:rs, gain and mixing controls, amplifier accessories and other audio fre-

clUNIC). apl?ar at us fo- pul,lie address, sound pict ure, or broadcast equipment are 

 

liAr-fl in liulletin No. 11). 

 

lip--�•--
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REFERENCES TO CURRENT RADIO LITERATURE 

 

HIS is a monthly list of references prepared by the Bureau of Standards, 

 

and is intended to cover the more important papers of interest to the 

 

professional radio engineer which have recently appeared in periodicals, 

 

books, etc. The number at the left of each reference classifies the reference by 

 

subject, in accordance with the "Classification of Radio Subjects; an Extension 

 

of the Dewey Decimal System," a revised edition of Bureau of Standards 

 

Circular No. 138 which appeared in full on pp. 1433-56 of the August, 1930, issue 

 

of the PROCEEDINGS of the Institute of Radio Engineers. The classification 

 

numbers are in some instances different from those used in the earlier version 

 

of this system (first edition of Circular 13S) used in the issues of the Proceedings 

 

of the Institute of Radio Engineers before the October, 1930, issue. 

 

The articles listed are not obtainable from the Government or the Institute 

 

of Radio Engineers, except when publications thereof. The various periodicals 

 

can be secured from their publishers and can be consulted at large public libraries. 

 

8100. RADIO PRINCIPLES 

 

R113 Ratcliffe, J. A. and White, F. W. G. The electrical properties of the 

 

soil at radio frequencies. Philosophical Magazine (London), 10, 

 

667-650; October, 1930. 

 

Giving the results of lnboratory measurements of the effeotive conductivity and the 

 

effective dielectric constant of the soil and their variation kith frequency. The bearing 

 

of these results on some problems of the propagation of radio waves is discussed. 

 

R113.5 Stetson, H. T. The influence of sun spots on radio. Jour. Franklin 

 

111sti.tilte, 210, 403-419; October, 1930. 

 

The author attempts to correlate sun spot phenomena, magnetic storms, and radio 

 

reception. Curves, drawn from data taken over a period of years, indicate that mag-
netic effects on the earth vary directly with sun spot numbers, and that the intensity 

 

of radio signals vnries inversely with numbers of sun spots. A description of the re-
cording apparatus used in taking the data is given. 

 

R113.6 De Groot, W. Some remarks on the analogy of certain cases of pro-
pagation of electromagnetic waves and the motion of a particle in 

 

a potential field. Philosophical Magazine (London), 10, 522-40; 

 

October, 1930. 

 

The conditions are investigated for which a wave-equation of the type Al +WVsL')4� —0 

 

may be such that a group of waves move as a mass-point in a field of force which is 

 

independent of the frequency of the group. The movement of a group of electromag-
netic waves in a medium containing charged particles may also be made to correspond 

 

to that of a particle in a potential field of force. The formulas derived are applied to 

 

the case of radio waves reflected by the Iiennelly-Heaviside layer. 

 

R120 1'Wilmotte, R. M. General formulas for the radiation distribution of 

 

antenna systems. Jour. I. E. E. (London), 68, 1174-90; September, 

 

1930. 

 

Formulas are given for the distribution of radiation in different directions. The 

 

effects of the antenna elements, of polarisation, of current distribution, and ground 

 

images are discussed. A number of special cases are deduced from these general for-
mulae, and curves are given to facilitate computation. 

 

R120 Wilmotte, R. M. The radiation distribution of antennas in vertical 

 

planes. Jour. I. E. E. (London), 68, 1191-1204; September, 1930. 

 

The radiation distribution of an antenna in a vertical plane was obtained by measur-
ing in an aeroplane the strength of a received signal from an excited antenna on the 

 

ground. The position of the aeroplane relative to the antenna was obtained by means 

 

of a theodolite on the ground, the signal strength being recorded on a photographic 

 

film. Substantial agreement was obtained between theory and experiment, the discrep-
ancies increasing with the frequency. 
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R1'25 B5umler, li; Kruger, K; Plendl, A; Pfitzer, W. Strahlungsmessun-

gen an Kurz wellen-Richiantennen der Grossfunkstelle Nauen. 

 

(Field intensity measurements of the radiation from the directional 

 

antenna system of the - auen transmitting station). ?.tits. fur 

 

Htzcl.ireyttc rtr rci;its7: 36, 1-13; July, 1930. 
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18, 174S-49:  October, 14130. 

 

4 !\-p::: t•! the es mtt li.4 at;ait:ed with a tielr type of magnetron o<cRla-
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It 134 Wviller, P. G. A new power detector system. RotHo Engineering, 

 

10, 33-3.1: Oe,,caber, 1930. 
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126, 1 30; July 26, 14,30. 

 



Tic•ferevocs to Current Radio Literature 2197 

 

It was found that for a given wavelength there is a maximum heating effect produced 

 

in a medium, the specific conductivity and dielectric constant of which are connected 

 

with the frequency by a simple law. A glass tube filled with agar-agar, tetriodomercurate 

 

of silver, and a few drops of an electrolyte, when placed in a radiation field acts as a 

 

crude spectrograph. 

 

R213 Hall, E. L. Accurate method of measuring transmitted wave fre-

quencies at 5000 and 20,000 kilocycles. Bureau. of Standards Journal 

 

of Research, 5, 647-52; September, 1930. 

 

The measurement of the frequency of a radio transmiting station offers a convenient 

 

means of intercomparison of frequency standards. While there have been several articles 

 

published with station frequency measurements, these have, for the most part, con-
sidered frequencies in the broadcast band or lower. This paper describes a method 

 

of measuring station frequencies applicable to any frequency, but dealing primarily 

 

with frequencies of approximately 5000 and 20,000 ke. A high order of precision is 

 

obtained by the use of harmonics and audio-frequenoy.beat notes. Most of the units 

 

of the equipment employed have been previously described in connection with other 

 

applications. 

 

R231 Illgen, H. Einfluss der Oberfliichenbeschaffenheit von Driihten auf 

 

die Selbstinduktion bei hohen Frequenzen. (The influence of the 

 

surface nature of a wire on its self-inductance at high frequencies). 

 

Zeits. f iir Hoclifrequenztechnsk, 36, 50-62; August, 1930. 

 

Using an interference method for measuring the self-induction of straight wires of 

 

uniform length and cross section but having different coverings, it was found within the 

 

frequency range of 1000-15,000 kc: (1) that oxidation of thin insulating coverings had 

 

*no measurable effect; (2) that the equations of F6rsterling are reliable for calculating 

 

the self-inductance of wires with conducting covering, and (3) that electrolytic cover-

ings have a great influence which is, however, mostly eapacitative. 

 

R241 Benz, F. Dampfungsmessungen an Induktivitaten bei Hochfre-

quenz. (The measurement of damping in inductances at high fre-

quencies). Zeits, fzir Hochfrequen.ztechn.ik, 36, 41-49; August, 1930. 

 

Ordinary methods of measuring the damping resistance were found to be unreliable 

 

at high frequencies. Accordingly a satisfactory thermal method was developed, which 

 

the author describes. 

 

R242 Raghava, Rao, S. V. and Watson, H. E. The measurement of small 

 

currents. Experimental Wireless and Wireless Engr. (London), 7, 

 

552-556; October, 1930. 

 

A study of the grid current characteristics of different types of tubes and their suit-

ability for measuring small currents. It was found that the main requirements of a tube 

 

for this work are: extremely good insulation of the grid (a conducing factor being low 

 

filament temperature), high mutual conductance and low impedance. 

 

R242.1 Schlesinger, K. Ein newer Strommesser fur Hochfrequenz. (A new 

 

ammeter for high frequencies). 7.eits. fii.r Hochfrequenztechn.ik, 36, 

 

62-65; August, 1930. 

 

Describing a new type of thermoammeter for measuring small high-frequency cur-

rents. A small taut filament is mounted in a vacuum tube and set vibrating by an audio 

 

oscillator. Current passing through the filament increases its temperature and thereby 

 

changes its natural frequency. The condenser control of the oscillator is calibrated in 

 

amperes. The instrument has an internal resistance of one ohm, is accurate to within 

 

1 per cent and may be overloaded 1000 per cent without injury. 

 

R243.1 Hayman, W. G. A compensated vacuum-tube voltmeter with 

 

balanced bridge output. Experimental Wireless & Wireless Engr. 

 

(London), 7, 556-59; October, 1930. 

 

The author describes a balanced bridge output or indicator circuit for the thermionic 

 

voltmeter. The advantages over the conventional type of output circuit are: high 

 

input impedance, stability, and immunity of the galvanometer from accidental current 

 

unbalance. 

 

R270 Fassbender, H; Eisner, F; and Kurlbaum, G. Untersuchungen fiber 

 

die Ausbreitungsdampfung elektromagnetischer Wellen and die 

 

Reichweiten drahtloser Stationen im Wellenbereich 200-2000 m. 

 

(The attenuation of electromagnetic waves and the range of radio 
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stations using 200-to 2000-meter wavelengths). Elektrischen-Nach-
richten. Technik, 7, 237-76; July, 1930. 

 

The results of a large number of field intensity measurements taken during 1925-1929, 

 

were recorded and assimilated in such a manner as to facilitate the mathematical deter-
mination of electromagnetic wave propagation over land, within the wavelength range 

 

of 200 to 2000 meters. 

 

8300. RADIO APPARATUS A\D 'EQUIPME\'T 

 

8339 Stevens, H. B. Electron tube relays. Radio Engincerinq, 10, 23-25; 

 

October, 1930. 

 

8355.21 

 

A discussion of tite characteristics and industrial applications of electron-tube relays, 

 

including grid glow tubes, photoelectric cells, and pbototube amplifiers. 

 

haar, I. J. and Burnside, C. J. Some developments in broadcast 

 

transmitters. PRoc. I.R.E., 18, 1623-60; October, 1930. 

 

After briefly summarizing the present development of broadest transmitters, the 

 

authors give a detailed description of several types of transmitters, ranging in power 

 

from 100 watts to 50�kw, that have been developed in the laboratories of the General 

 

Electric Co. 

 

R387.1 Baerwald, H. G. Das Amplitudensieb, eineAnordnung zurAmplitud-
enstatistik unregelmassiger Vorgange. (An amplitude filter, an 

 

arrangement for determining the amplitude characteristics of irregu-
lar wave trains). Del, Irischc-Vach rich len Technik•, 7, 362-6S; 

 

September, 1930. 

 

A special type of push-pull circuit feeding into a linear output tube thence to an in-
tegmtiug iw%trutuent, i , used to e!camine peak values of an irregular wave. 

 

8400. RADIO C'OM-MU ICATIO\ SYSTEMS 

 

11401.1 Lee. A. Co. The radio communication services of the British Post 

 

Office. Pltoc. I.R.E., 18, 1690-1731; October, 1930. 

 

A preeatatiun of the main outline of the services and varied activities of the British 

 

I4st t office in the fields t•f radiotelepbcmy, telegraphy, and broadcasting, with a more 

 

detailed n4crence to special features of equipment. 

 

R500. APPLICATIONS or RADIO 

 

8521.1 Kruse. It. S. A multi-range receiver with four tuned circuits. 

 

(1.ti7'. 14, 21-25; October, 1930; Electronics, 1, 336-37; October, 1930. 

 

A multi-ratsgc t' 3,1,- tKKtkc�, single control, four-circuit aircraft receiving set, incorpor-
ating Istc�t advance.- in receiving set design, is described in detail by tite author. 

 

I1530 Isbell  •1 1 The RCA world-wide radio network, PRoc. I.R.E., 

 

18, 1732-42; October, 1930 

 

lit t,utlint- „f the develt+prnent of the RCA cummunicatittu systent during the psst 

 

teat year- and a description of the present world-wide network. 8otne reference is made 

 

t.• the type t4 ertuiptnent w-e'd 

 

R600. RADIO STATIONS 

 

Rtitlfl Quick, E. and Nl�;gcl. I1. Dichte der Kominerziellen Iiurzwellen-
stationen. (The congestion of commercial short-wave stations). 

 

F,'Icktrisclic-.N'trcltrichlcn Tcchnil.•, 7, 277-71);  July, 1930. 

 

A short discus..ion of the pn,blc:nt. to be c.,Ived if serir,us congestion in the cornrnerrial 

 

rhurt-wave bande io, to lw prevented. 

 

11612.1 Eckersley, P. P. and A hbridge, \. A wireless broadcasting station 

 

for dual programme service. Jour. 1. E. E. (London), 68, 1149-73; 

 

September, 1930. 

 

The British Broadcw--tit,g cto. plans to build u number of twin transmitting statiuus 

 

capable of radiating two programs toilllultaijeouelv at different frequencies, and each 

 

at is power of 50 1;w in the antenna. T he first out has been completed at Brookmans 

 

Park, Hertfordshire, England. 1'he problems encuntered during its c,.nstruction are 

 

therus-ett and a description of the completed station is given. 
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R614 Mi5gel, H. Betriebskontrolle von Kurz wellensendern. (Operating 

 

control of short-wave transmitters). Elektrisch.e-Nachrichten Technik, 

 

7, 334-48; September, 1930. 

 

A description of the large short-wave station at Nauen, Germany, with special atten-
tion given to the methods of control used. 

 

R8O0. NONRADIO SUBJECTS 

 

551.5 Chapman, S. and Ferraro, V. C. A. A new theory of magnetic storms. 

 

Nature (London), 126, 129-130; July 26, 1930. 

 

An attempt to infer the course of events when a neutral ionized stream of particles 

 

from the sun is directed towards the earth has led to results which are believed to in-
dicate how magnetic storms are produced. 

 

621.314.3 Laub, H. Beitrag zur Theories des Resonanztransformators. (A 

 

contribution to the theory of resonance transformers). Elektrische-

Nachrichten Technik, 7, 348-62; September, 1930. 

 

A comprehensive mathematical and experimental investigation of the mutual effects 

 

of two cirecuits, one (the primary) excited by an a-c source and the other (secondary) 

 

being closed by an output impedance; the circuits being coupled through a resonance 

 

transformer. 

 

621.374.6 Turner, H. M. and McNamara, F. T. An electron-tube wattmeter 

 

and voltmeter and a phase shifting bridge. PROC. I.R.E., 18, 1743-

47; October, 1930. 

 

This paper describes a wattmeter, for measuring power of a few microwatts or more, 

 

a phase shifting bridge for controlling the angular relation of two potentials without 

 

changing their amplitudes, and a voltmeter for measuring potentials of a few milli-
volts without amplifying. 

 

621.385.96 Goldsmith, A. N. and Batsel, M. C. The RCA photophone system 

 

of sound recording and reproduction for sound motion pictures. 

 

PROC. I.R.E., 18, 1661-89; October, 1930. 

 

The general considerations governing the selection of a sound-on-film recording and 

 

reproducing system are analyzed, and the variable width track for recording and the 

 

dynamic cone with directional baffle for reproduction are described as best suited for 

 

studio and theater applications. The recorders, sound heads for projectors, amplifiers, 

 

switching and control devices, power supply, and loud-speaker systems of various 

 

types of RCA Photophone equipment, are described in detail. 

 

I 
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Bailey, S. L.: Born October 7, 1905 at Minneapolis, Minnesota. Received 

 

B.S. degree in E. E., University of Minnesota, 1927; M.S. degree, 1928. Research 

 

in field intensity measuring apparatus. Assistant radio engineer, Airways Divi-

sion, Department of Commerce, 1928; associate radio engineer, Airways Divi-

sion, Department of Commerce, 1929. Consulting engineer, Jansky and Bailey, 

 

1929 to date. Associate member, Institute of Radio Engineers, 1928. 

 

Ballantine, S.: See PROCEEDINGS for July, 1930. 

 

Cady, W. G.: See PROCEEDINGS for July, 1930. 

 

Clapp, J. K.: See PROCEEDINGS for April, 1930. 

 

Edes, N. H.: Born October 22, 1898 in Bermuda. Royal Military Academy, 

 

1916-1917; commissioned, Royal Engineers, 1918; Royal Corps of Signals, 1921. 

 

Received B.A. degree in Mathematics and Physics, Clare College, Cambridge, 

 

1926. Instructor, School of Signals, Catterick, 1929 to date. Associate member, 

 

I. E. E. Associate member, Institute of Radio Engineers, 1922. 

 

Grover, F. W.: Born September 3, 1876 at Lynn, Massachusetts. Received 

 

B.S. degree, Massachusetts Institute of Technology, 1899; M.S. degree, Wes-

leyan University, 1901; Ph.D. degree, George Washington University, 1907; 

 

Ph.D. degree, University of Munich, 1908. Instructor, Wesleyan University, 

 

1899-1901; Lafayette College, 1901-1902; Laboratory assistant, Bureau of 

 

Standards, 1902-1904; assistant physicist, 1904-1907, 1908-1911; professor 

 

of physics, Colby College, 1911-1920; assistant professor of electrical engineering, 

 

Union College, 1920-1922; associate professor since 1922. Engaged in educational 

 

work for U. S. Signal Corps, summers of 1917 and 1918. Consultant, Bureau 

 

of Standards, 1918 to date. Member, Institute of Radio Engineers, 1917. 

 

Jackson, W. E.: Born May 8, 1904 at Bridgewater, Massachusetts. Received 

 

B.S. degree in E. E., Brown University, 1925. Westinghouse Electric and Manu-

facturing Company, 1923; New England Telephone and Telegraph Company, 

 

1924; radio engineer, General Electric Company, 1925-1927; radio engineer, 

 

Department of Commerce, Airways Division, Bureau of Lighthouses, 1927 to 

 

date. Associate member, Institute of Radio Engineers, 1929. 

 

Judson, E. B.: Born December 3, 1898 at Washington, D. C. In Naval radio 

 

service, 1917-1919. Laboratorian at U. S. Naval Research Laboratory, Bureau 

 

of Standards, 1919-1923. Radio engineer, Radio Transmission and Research 

 

Laboratories, Bureau of Standards, 1923 to date. Associate member, Institute 

 

of Radio Engineers, 1926. 

 

Kenrick, G. W.: See PROCEEDINGS for September, 1930. 
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Morgan, N. R.: Born December 17, 1903 at Penryn, California. Received 

 

A. B. degree, Stanford University, 1928; E. E. degree, 1929. Engineer in charge 

 

of reports, Federal Telegragh Company, 1929 to date. Associate member, Insti-
tute of Radio Engineers, 1929. 
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B.S. degree in E. E., Union College, 1922; M.S. degree in E. E., 1924; instructor 

 

in electrical engineering, Union College, 1922 to date. Associate member, Insti-
tute of Radio Engineers, 1929. 
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QUALITY 

 

AUDIO PRODUCTS 

 

Recently an authority in the radio industry made the state-
ment that the American Transformer Company had been 

 

more interested in perfecting the equipment developed in 

 

their laboratories than in selling the products of their factory. 

 

Perhaps that is not an unmixed evil. The effect of such con-
centration on technical and engineering problems has made 

 

the name "Amertran" on any electrical equipment synony-
mous with "highest quality". With the result that in appli-
cations requiring exacting performance Amertran parts are 

 

specified. 

 

Keeping pace with the advancement of broadcasting, 

 

reception and amplification, Amertran engineers have devel-

oped the most up-to-date apparatus fof every requirement. 

 

Every radio engineer should have our general Bulletin #1000 

 

with complete descriptions of Amertran Audio Products as a 

 

guide in specifying any of the following appliances: 

 

Amplifiers . Choke Coils 

 

Audio Transformers 

 

Power Transformers 

 

Power Bloeks 

 

Filament-Heating Transformers 

 

Plate-Supply Transformers 

 

Sound Systems 

 

Power Supply Panels 

 

Your request for further information will receive 

 

prompt and courteous reply 

 

AMERICAN TRANSFORMER, COMPANY 

 

179 Emmet Street, Newark, N. J. 

 

Representatives in the following cities 

 

Atlanta Boston Chicago Knoxville Minneapolis 

 

Montreal Philadelphia San Francisco St. Louis 
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I From 46 to a000 Cycles: 

 

List Price 

 

$20. 

 

The New Hi-Output Phonovox recently introduced by Pacent gives more 

 

than twice the output ever before obtainable from a phonograph pickup 

 

and the quality of the reproduction is amazing. It provides the most per-

fect electrical reproduction of records available. 

 

List Price 

 

$25. 

 

THE NEW 

 

OIL-DAMPED 

 

PHONOVOX 

 

The 108-B Oil-Damped Phonovox has incorporated in it the oil-damp 

 

principle used so successfully in over 2000 talking movie theatres throughout 

 

the world. The 108-B thus makes available, in the home, the same excellent 

 

quality heretofore attainable only with expensive sound installations. 

 

Needle pressure adjustable to the fraction of an ounce. No rubber bear-

ings. Armature freezing is impossible. 

 

All prices slightly higher West of the Rockies and in Canada 

 

PACENT ELECTRIC CO., INC., 91 SEVENTH AVENUE, NEW YORK, N. Y . 

 

Pioneers in Radio and Electric Reproduction for Over 20 years. Manufacturing 

 

Licensee for Great Britain and Ireland: Igranic Electric Co., Ltd., Bedford, England 
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COST PER TUBE 
 

IS LOW.ER WITH 

 

TANTALUM 

 

National Radio Tube 

 

"We find with the use of Tantalum", writes 

 

the General Manager of National Radio Tube 

 

Company, "that our cost per tube is lower even 

 

though Tantalum costs more than some other 

 

materials. 

 

"This material reduction in cost is due to the 

 

fact that Tantalum is such an efficient `getter', 

 

and serves to enhance the quality of our product 

 

to such an extent that our •loss in gassy tubes is 

 

negligible. 

 

"Also, we are thankful for your Tantalum Alloy 

 

spring wire which has already repaid us a thou-
sand times by insuring us against flabby fila-
ments. Our engineers recommend the use of 

 

Tantalum in all tubes where extremely high 

 

vacuum is essential to long life and perfect serv-
ice." 

 

The findings of this company are backed up by 

 

those of other producers both here and abroad 

 

who are turning more and more to Tantalum 

 

to solve technical difficulties, improve quality and 

 

lower costs. 

 

When you try Tantalum, you'll be surprised at 

 

the ease with which it can be stamped, formed, 

 

welded and cleaned. It's available in rod, sheet, 

 

and wire. May we send you a sample? 

 

BIG NEWS NEXT MONTH 

 

Watch these pages for announce-
ment of importance to the vacuum 

 

tube industry. 

 

Company 

 

Fansteel is your best source of 

 

supply also for pure Molybdenum, 

 

hardened Molybdenum alloys, 

 

photo-cell metals and salts. !Ample 

 

stocks for immediate delivery. 

 

Information and prices on re-
quest. 

 

FANSTEEL PRODUCTS COMPANY, Inc. 

 

North Chicago, Illinois. 

 

TANTALUM • T'U NGSTEN • MOLYB DEN UM • CAES I UM • RUBIDIUM AND ALLOYS 
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They Loop Alike 

 

get 

 

One Has 

 

A Flaw 

 

IDENTICAL appearance does not guaran-
tee perfection in radio tube parts any 

 

more than in the two diamonds. Tube manu-

f acturers must depend on the experience and 

 

reputation of the parts makers for their accu-

racy and quality. It is significant therefore, 

 

that leading vacuum tube manufacturers 

 

specify parts by Radio Products Corporation. 

 

Write today for your 

 

copy of our new cata-

log. 

 

Largest tube parts 

 

manu f acturers in the 

 

world. 

 

Radio Products Corp. 

 

548 SOUTH 11th STREET, 

 

NEWARK, NEW JERSEY 

 

17 Southampton Street, London, WC-I, England 
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PROV 

 

FOR YOURSELF 
STUP 

 

A�m,K 0 F F 

 

N OV 287 PU "k
-
AG RE N E SIA 

 

INSUL ORS 

 

minimize tube failures and in do-

ing so greatly reduce manufactur-

ing cost and replacement expense. 

 

To convince you that Stupakoff No. 

 

287 Magnesia Insulators are the finest 

 

to be had, we will send enough samples 

 

so that you can make conclusive tests. 

 

Naturally, there is no obligation on your 

 

part. 

 

STUPAKOFF LABORATORIES, INC. 

 

INSULATORS 

 

6619 Hamilton Ave., Pittsburgh (6), Pa. 

 

m 

 

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

 

XVI 

 



Every coil must be 

 

ENGI NEERED 

 

for its specific job 

 

d 

 

The responsibility placed upon the coil windings used 

 

in a radio receiver merits, in their design, the attention 

 

of the best engineering talent available. 

 

Particularly in the design and manufacture of coils, the 

 

practical experience of General Cable engineers has 

 

enabled them to overcome difficulties that seemed in-

surmountable. 

 

Because each coil must be specifically engineered foi 

 

a given result, General Cable devotes much of its energy 

 

to research which uncovers new materials, new knowl-

edge—often new fundamentals—that mean better coils. 

 

To make certain that the coils you use are as efficient 

 

as possible, a review of their characteristics by our en-

gineers may prove profitable. 

 

GENERAL CABLE CORPORATION 

 

420 LEXINGTON AVENUE, NEW YORK OFFICES IN PRINCIPAL CITIES 

 

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

 

XVII 

 



Their words have wings 

 

as swift as light 

 

,In fldvertisement of the flinerican 

 

W E LIVE and work as no other people have 

 

ever done. Our activities are pitched to the 

 

swiftness of the instantaneous age. 

 

Whatever happens, wherever it happens 

 

and however it may affect you, you may 

 

know it immediately over the wires or the 

 

channels of the air that carry men's words 

 

with the speed of light. Business and social 

 

life are free from the restrictions of time 

 

and distance--for practically any one, any-
where, may at any time speak with any 

 

one, anywhere else. 

 

The widespread. and co-ordinated inter-
ests of.the nation depend upon an inter-
course that less than sixty years ago was 

 

not possible in a single community. This is 

 

the task of the telephone wires and 

 

cables of the Bell Telephone Sys-
tem—to make a single community 

 

of our vast, busy continent wherein 

 

Telephone and Telegraph Company 

 

a man in Los Angeles may talk with an-
other in Baltimore or a friend in Europe 

 

as readily as with his neighbor. 

 

It is the work of the Bell Telephone Sys-
tem to enable friends, families and business 

 

associates to speak clearly and immediately 

 

with one another wherever they may be. 

 

Its service is as helpful and accessible on 

 

a village street as in the largest cities. 

 

To match the growing sweep and com-
plexity of life in this country, to prepare 

 

the way for new accomplishments, the 

 

Bell System is constantly adding to its 

 

equipment and bettering its service. To 

 

this end, its construction program for 

 

1930 has been the largest in its history. 

 

This System at all times accepts 

 

its responsibility to forward the 

 

development and well-being of the 

 

nation. 
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Licensed under U. S. 

 

Pats. 1,773,105 and 

 

Pats. Pend. and Ca-
nadian Pats. 281,172 

 

and 286.778. 

 

Electrad "T" Type 

 

Super-TONATROL 

 

Constant Impedence 

 

Voltage Control 

 

RELIABILITY—Based on 

 

Sound Engineering Principles 

 

Radio engineers, in increasing num-

bers, rely on ELECTRAD Resistors 

 

and Voltage Controls for consistent-

ly high quality performance and 

 

PROVED RELIABILITY. 

 

This preference is no mere accident. 

 

Reliability has been the aim of the 

 

Electrad organization since the 

 

birth of the radio industry. 

 

Behind it lie extensive and costly 

 

research, years of experience and 

 

manufacturing facilities second to 

 

none. 

 

Whether your problem is merely 

 

the selection of a stock resistance or 

 

the development of a special unit 

 

for some new use, Electrad Engin-
eers will be glad to cooperate. 

 

And ELECTRAD Prices—for high-
est quality—will quarrel with no-

body's budget. 

 

ELECTRAD 

 

Super-TONATROL 

 

Ste pless 

 

Heavy Duty 

 

Voltage Control 

 

Electrad Super-TONATROL units are 

 

built on the patented DURATROL Prin-

ciple. The resistance element is per-
manently fused to the surface of a vitre-

ous enameled steel plate. Pure silver 

 

floating multiple brush insures positive 

 

contact and smooth operation. 

 

So hard is the resistance element and so 

 

smooth is the action of the floating con-
tact that Super-TONATROL Units, under 

 

full load, have withstood more than 

 

100,000 full-range movements of the con-

tact arm without showing appreciable 

 

signs of wear or variation in resistance. 

 

Stocked in single units with 5-watt ratings 

 

and single, dual and triple unit gangs 

 

with ratings of 3-watts per unit. Special 

 

units can be made to requirements. 

 

MAIL COUPON FOR TECHNICAL DATA 

 

For technical details on stock re- — — — � � � � — — 

sistors and voltage controls, mail 
ELECTRAD, INC., Dept. P.E. 12 

 

the coupon. 1 175 Varick Street, New York, N.Y. 

 

1 

 

175 Variek St., New York. N.Y. 
1
 

 

ELECTRAD 

 

Please send technical data on Electrad 

 

Super-TONATROL. 

 

[]Check  here for data on all products. 

 

Name   

 

Address   
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THE PRICE 

 

of LEADERSHIP 

 

TEADING manufacturers in every industry must suffer the 

 

4 penalty of having their products imitated. It is only natural, 

 

then, that the Acracon Electrolytic Condenser's has been dupli-
cated in appearance by several manufacturers. We urge you 

 

not to be misled by this similarity in appearance. Comparative 

 

tests between Acracon and these other condensers will prove 

 

Acracon's superior electrical efficiency. 

 

Special insulating washers and large soldering lugs are now 

 

available with Acracon Electrolytic Condensers to insulate the 

 

units from the chassis. Write today, enclosing your specifications. 

 

Acracon Paper Filter Condensers 

 

are quality leaders in their field, also. Write today 

 

for our new price list, enclosing your specifications. 

 

t ACRACON FEATURES ARE PROTECTED BY PATENTS PENDING 

 

CONDENSER CORPORATION of AMERICA 

 

259-271 Cornelison Ave. 

 

JERSEY CITY, N. J. 

 

Representatives in: 

 

Chicago St. Louis Los Angeles 

 

Cincinnati San Francisco Toronto 
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Above: Screen Grid 

 

(224) Plate. Uni-
form in all Dimen-
sions 

 

PRECISION 

 

PARTS for.. 

 

Good 

 

Radio 

 

Vacuum 

 

Tubes 

 

Above and Right: Screen Grid 

 

(224) Assemblies. Sold Com-

plete Ready for Immediate 

 

Mounting. Varied Weaves and 

 

Widths of Mesh. Accuratel 

 

A Permanent Portfolio of 

 

Blue Prints—Showing Preci-
sion Tube Parts—will be Sent 

 

upon Request. 

 

SIGMUND COHN 

 

44 Gold Street 

 

New York 

 

I 
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For 

 

Every 

 

Purpose 

 

SINCE Radio began, Ham-
marlund has been con-
denser headquarters. 

 

Not by chance has Hammar-
lund leadership been consis-

tently maintained— but simply 

 

by the art of better engineer-
ing, better manufacturing and 

 

better values. 

 

Whether it is for tuning a 

 

single broadcast circuit—mul-
tiple circuits from two to four 

 

—short-wave work— balancing 

 

or trimming— Hammarlund 

 

supplies precisely the type 

 

condenser needed. 

 

And you can rely on that full 

 

measure of superiority which 

 

has always made Hammarlund 

 

the preferred condenser by 

 

radio experts throughout the 

 

world. 

 

Write Dept. PE-12 for 

 

literature on condensers 

 

and other Hammarlund 

 

Precision Products. 

 

HAMMARLUND MFG. CO. 

 

424-438 W. 33rd Street, New York 

 

Ataz
a(m ten, raaaicy 

 

mmarlund 

 

P AEC/S/O N f�REC/SN 

 

PRODUCTS 
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Precision 

 

Torsion 

 

Balances 

 

These balances are 

 

made in ranges from 

 

0-6 milligrams to 0-50 

 

grams. They are rec-
ommended for the 

 

weighing of lamp fila-

ments and other mass-

es within their range. 

 

They are direct read-

ing, have scales 10" 

 

long and are accurate 

 

within one fifth of one 

 

per cent of full scale 

 

value at any point on 

 

the scale. 

 

Suitable check weights 

 

are available. 

 

Send for Bulletin No. 

 

K-240, which gives all 

 

details. 

 

Forty years' instrument experience is back of 

 

mcl 1■ "Arm COMP 

 

Electrical Measuring and Protecttve Apparatus 

 

Main Office: 

 

2134 Woolworth Bldg. 

 

NEW YORK 

 

Works: 

 

Bethlehem, 

 

Pennsylvania 

 

Offices in principal cities in U. S. A. and Canada 
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A FAMILY OF HEAVY DUTY  

 

SOLANTITE now offers a new series of antenna insulators for the 

 

suspension of structures of the heavier types. These insulators 

 

are designed not only to support greater loads but provide a 

 

longer insulating path between fittings to give greater pro-
tection against electrical leakage and flash-over in the 

 

high voltage network. The insulators listed here-
with are given individual load tests bef ore 

 

shipment, a feature of added interest 

 

to those demanding the utmost 

 

in mechanical reliability. 

 

0  

 

Insulator 

 

Number 

 

No. 752 

 

12 inches 

 

Leakage 

 

Length 

 

8 inches 

 

No. 753 

 

16 inches 

 

12 inches 

 

No. 754 

 

20 inches 

 

16 inches 

 

No. 755 

 

24inches 

 

20 inches 

 

Ultimate Strength 2,000 Pounds • 

 

SALES OFFICES 

 

551 FIFTH AVE., NEW YORK CITY 
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ANTENNA INSULATORS 

 

by 

 

a  

 

Full technical details and 

 

quotations will be made 

 

available to all radio 

 

engineers, upon 

 

request 

 

+0  

 

Insulator 

 

Number 

 

Slxaring 

 

No. 756 13 inches 

 

No. 7.57 17 inches 

 

Leakage 

 

Length 

 

8 Inches 

 

12 inches 

 

No. 758 21 inches 

 

16 inches 

 

No. 759 25 inches 

 

20 inches 

 

Ultimate Strength 4,000 Pounds 

 

n 

 

sof 

 

*0 

 

I"' 
FACTORY 

 

BELLEVILLE, N. J. 

 

g++. 
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SHA PROOF 

 

I I Miller I 

 

Type 12. Inter no/ 

 

For 

 

S. A. E. and Standard 

 

Machine Screws 

 

Type 11. External 

 

For Standard Bolts 

 

and Nuts 

 

Type 15. Countersunk 

 

For all Countersunk 

 

Screws 

 

Typ. 20 

 

Lock iug Teratrrtrrls 

 

For Radio 

 

and Electrical Work 

 

the New Standard of 

 

Performance 

 

N O industry stands still—each year new products are 

 

brought forth—new features are incorporated in old 

 

models and new standards of performance and efficiency are 

 

reached. This is the result of constant striving for leader-

ship and is the foundation of any manufacturing success. 

 

The fact that thousands of manufacturers—those who are 

 

recognized as the most progressive in their industries—are 

 

now using Shakeproof Lock Washers on their products is 

 

proof that this positive locking method is contributing to 

 

industrial progress. The twisted steel teeth of Shakeproof 

 

bite into both the nut and work surface and only applied 

 

force can release their hold. This means absolutely tight 

 

connections that cannot shake loose and makes possible the 

 

new high standards of performance that so many industries 

 

have attained. 

 

Test Shakeproof Lock Washers on your product and you will 

 

immediately realize the great benefit they bring you. 

 

Improved performance —lower assembly costs and fewer 

 

customer complaints are certain when your product is 

 

Shakeproof equipped. Free samples of any type and size 

 

will be furnished on request—send for a supply today! 

 

U. S. Patents 

 

1,419,564 

 

1,604,122 

 

1,697,954 

 

Other patents 

 

pending. 

 

Foreign patents. 

 

SHAKEPROOF 

 

Loc/ZWirsherCompany 

 

"It's the 

 

(Division of Illinois Tool Works) Twisted 

 

Teeth that 

 

2529 N. Keeler Avenue, Chicago, I11. LOCK" 
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Special 

 

Testing 

 

Instruments 

 

Pick What You Need 

 

from this catalog of Jewell 

 

instruments for laboratory 

 

and production tests . . . 

 

Don't worry your engineers with the 

 

problem of designing and calibrat-

ing special testing instruments. Save 

 

time and money by selecting the 

 

type of apparatus you need from this 

 

Jewell Catalog of testing instru-
ments. 

 

When you meet a problem that 

 

can not be solved with the Jewell 

 

standard designs, tell the Jewell en-

gineers what tests you want to make 

 

and the necessary limits of accuracy. 

 

They will design the instruments 

 

you need without delay. 

 

Jewell engineers will gladly sug-
gest the tests to be made and the in-
struments which will.do the job with 

 

the utmost facility and precision. 

 

Jewell Electrical Instrument Co. 

 

1642-D Walnut St., Chicago, III. 
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The Pattern 573 

 

Vacuum -Tube Voltmeter 

 

is one of the many instruments shown 

 

in the above catalog. It is applicable 

 

to a wide range of uses where voltage 

 

measurements must be made with 

 

negligible current drain. 

 

Completely wired and mounted in 

 

a portable carrying case. Circuit dia-

gram in detachable cover. Carries a 

 

0-200 microammeter for plate cur-
rent. A small instrument reads plate, 

 

filament and grid bias voltages. 

 

30 YEARS MAKING GOOD INSTRUMENTS 

 

]EWE  
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Quantity—One 

 

Uniform wind-
ing and tension 

 

mean uniform 

 

resistors. W. L. 

 

controls both. 

 

'F your resistor requirements 

 

are modest in quantity, and 

 

if you have been using home-
made or other resistors because 

 

the question of cost deterred 

 

you from using the best, we 

 

would appreciate quoting on 

 

your requirements. 

 

A million VITROHM RESISTORS are made 

 

one at a time. Each individual resistor is 

 

carefully wound, thoroughly protected with 

 

enamel, and accurately tested. Each resistor 

 

is truly "hand-made" with all advantages 

 

of large production. May we receive 

 

your next order of "Quantity—One" ? 

 

WARD LEONARD ELECTRIC CO. 

 

Mount Vernon, New York 

 

resistor specialists for more than 39 years 
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Radio and Scientific Literature 

 

This Book Shows You How to Design 

 

Every Type of Sound Equipment 

 

Horns, loud-epeakers, orthoDhonic Phonographs are 

 

a few examples of the many important develop-
ments it contains. It is not only of the greatest 

 

value to you in your present work, but provides 

 

a powerful method for attacking the problems in 

 

many important new fields of research. 

 

ACOUSTICS 

 

By GEORGE W ALTER STEWART, Ph.D., Sc.D. 

 

and ROBERT BRUCE LINDSAY, Ph.D. 

 

This book starts right from the beginning with 

 

basic theory giving just enough.so you can under-
stand the applications. Then it shows you by 

 

simplified mathematical methods, how to apply 

 

this knowledge to the solution of all important 

 

acoustic Problems. These mathematical methods 

 

express acoustic problems in terms familiar to 

 

electrical men, using such terms as acoustic re-
sistance, reactance and radiation. 

 

Actual Problems for Each Subject 

 

This book explains the subject of acoustics by 

 

the "case method" that is by working out a 

 

great variety of problems, covering Practically the 

 

entire field of acoustics. Each chapter is inde-
pendent of the others so that you need not 

 

follow through the entire book in order to use 

 

effectively the section that applies to your im-
mediate design problems. 

 

Examine It Free 

 

Write to-day. Take advantage of this opportunity 

 

to secure a copy of this book on approval, for ten 

 

days examination. 

 

368 pages S5.00 postpaid 

 

D. Van Nostrand Company 

 

244 Fourth Avenue New York City 

 

Third edition of 

 

EXPERIMENTAL RADIO 

 

by 

 

R. R. RAmsEY, Professor of Physics, Indiana 

 

University, Member Inst. Rod. Eng. 

 

Fellow Am. Phys. Soc. 

 

(255 pages, 168 figures, 128 experiments.) 

 

A laboratory manual of radio experiments. 

 

The book is actually a group of some 128 

 

experiments covering most every imaginable 

 

phase of radio within the range of the aver-

age experimenter. 

 

Experienced engineers will find Ramsey's 

 

outline useful for refreshing their memories 

 

on specific points. 

 

THE FUNDAMENTALS OF 

 

RADIO 

 

(372 Pages, 6" x 9", 402 figures.) 

 

A text-book for students of radio giving the 

 

fundamental theories and their applications 

 

to modern practice. It explains many theo-
retical and practical points which have not 

 

found their way into other books. 

 

Price post paid, 

 

Fundamentals $3.50, Experimental $2.75 

 

RAMSEY PUBLISHING CO. 

 

BLOOMINGTON, INDIANA 

 

BOOKS FOR RADIO ENGINEERS 

 

RADIO DATA CHARTS 

 

By R. T. Beatty, M.A., B.E., D.Sc. 

 

A series of ABACS providing most of the essential data required 

 

in receiver design, and enabling problems to be solved without re-

course to complicated mathematical formula?. 

 

Price, post free i$1.25 

 

WIRELESS DIRECTION FINDING - 

 

By R. Keen B. Eng. (Hons.) A.M.I.E.E. 

 

Deals with the principles of the subject and the constfuctional details 

 

of direction finding installations. Numerous photographs and diagrams. 

 

Price, post free i$5.50 

 

HANDBOOK OF TECHNICAL INSTRUCTION 

 

FOR WIRELESS TELEGRAPHISTS (Fourth Edition) 

 

This handbook covers the general principles and practice of Wireless 

 

Telegraphy and describes in detail the various types of marine 

 

wireless equipment. 478 pp., 450 diagrams and illustrations. 

 

Price, post free i$6.50 

 

Full details of contents will be sent on application. 

 

Orders should be accompanied by remittance. 

 

Copies obtainable from the Publishers. 

 

ILIFFE & SONS LTD., Dorset House, Tudor Street, London E.C.4, ENGLAND 
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A SAFE 

 

GUIDE 

 

in the selection 

 

of insulation for 

 

Radio Transmitting 

 

and Receiving Sets 
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OVER 300 broadcasting sta-

tions, leading radio tele-

graph systems, the United States 

 

Army, Navy, Air Mail, Coast 

 

Guard and Ice Patrol Services, 

 

explorers like Commander Byrd, 

 

and exacting amateurs every-
where have utilized PYREX In-
sulators in many spectacular 

 

achievements. 

 

Regardless of whether you are 

 

sending or receiving—on land, 

 

sea or airplane—you should be 

 

thoroughly familiar with the 

 

PYREX Antenna, Strain, Enter-

ing, Stand-off and Bus-bar In-
sulators that are helping these 

 

leaders to make radio history. 

 

The new PYREX 

 

Radio Insulator book-
let lists all types and 

 

sites with data that 

 

you will want for 

 

ready reference. 

 

Return the coupon 

 

for your copy, and if 

 

you want further ad-
vice on any insulation 

 

problem, our Technical 

 

Staff will answer your 

 

questions promptly. 

 

CORNING GLASS WORKS, Corning, N. Y. 

 

Send copy of your new bulletin on Radio Insulators 

 

Name   

 

IAddress   

 

I
I. R. E. 12-30 
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Out in Front ... As Usual 

 

PJjdget Sets Powered. 

 

by 

 

POLYMET 

 

POLYMET SPEAKER 

 

TRANSFORMER 

 

POLYMET INVERTED 

 

ELECTROLYTIC CONDENSERS 

 

POLYMET 

 

CNOKE UNIT 

 

POLYMET POWER 

 

TRANSFORMER 

 

POLYMET TAPPED 

 

VOLTAGE DIVIDER 

 

POLYMET AUDIO 

 

TRANSFORMER 

 

of 

 

POLYMET MOLDED 
 POLYMET BY-PASS 

 

MICA CONDENSERS - CONDENSER BLOCK 

 

POLYMET SPEAKER 

 

FIELD COIL 

 

"STRAND a SWEET' 

 

ENAMELED WIRE 

 

POLYMET 

 

VOLUME CONTROL 

 

Always in the van—the trend toward the "midget" was fore-

seen in Polymet laboratories long before the demand for 

 

"midget" parts. Polymet engineers have produced unhur-

ried, efficient, amply-tested essentials for wide-spread in-

corporation in these "pony" models. These parts measure 

 

up in every particular, except size, with standard Polymet 

 

Products—more cannot he said. 

 

Polymet's prompt deliveries—from three large 

 

factories—help speed the. production sched-

ules of most leading receiver manufacturer,,. 

 

Catalogs art request. 

 

Polymet Manafneturing Corporation 

 

829 East 134th Street New York City 

 

Canadian Representative 

 

WHITE RADIO 

 

LIMITED 

 

41 West Avenue North Hamilton, Canada 

 

Representative for the British Isles 

 

A. H ER HUNT 

 

LIMITED 

 

Tunstal Road, Croydon, Surrey, England 

 

Wltc'n writing to adverlisers utettlion of llte I
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_l, The New Bradleyometer 

 

Will Produce Any Resistance-Rotation Curve! 

 

Type AAA, Tri ple 

 

Bra d la yo m e ter 

 

One or more Bradleyometer. 

 

can be arranged to operate 

 

wilh one knob. Mixer controls, 

 

f-pad and H 
-pa 

 

d attenuators 

 

and other complex controls 

 

can be provided. 

 

LN 

 

t 

 

Bradleyunits 

 

are made 

 

in five sizes 

 

with or with-
out tinned 

 

leads. 

 

Color coded 

 

to any speci-
fication. 

 

Bradleyunits 

 

Bradleyunits are solid molded 

 

resistors unaffected by temperature. 

 

moisture or age. 

 

Their accurate calibration, great 

 

mechanical strength and perform. 

 

once make them ideal for providing 

 

correct C-bias, plate voltage, screen 

 

grid voltage and for use as grid-
leaks and as fixed resistors in 

 

resistance coupled circuits. 

 

THE Bradleyometer is a "stepped" 

 

potentiometer of approximately fifty 

 

steps. The resistance value of each step 

 

is separately controlled, and the total 

 

number of steps are assembled to con-

form with the Resistance-Rotation curve 

 

desired for each Bradleyometer 

 

application. 

 

The resistor comprises a series of 

 

resistance discs interleaved between 

 

thin metal discs, and the entire column 

 

is retained under pressure in a bakelite 

 

case. Contacts are provided of both 

 

ends of the column and at the moving 

 

contact arm which is geared to a Bake-

lite knob. Thus, the Bradleyometer may 

 

be used as a potentiometer or as a 

 

variable resistor. 

 

Bradleyometers are used for volume 

 

controls, tone controls, mixer controls, 

 

T-pad and H-pad attenuators, and for 

 

innumerable applications in telephone 

 

lines, address systems, radio sets, 

 

phonographs, etc. Write for tech-
nical data Today. 

 

Allen-Bradley Co 

 

1 t 6 W Graenfeld Ave.. Milwaukee, Wis 

 

type AA, Double Type A, Single 

 

Bradleyometer Bradleyomeler 

 

Bradley Suppressors 

 

for Radio-Equipped Cars 

 

Interference from ignition systems 

 

in radio-equipped motor cars is sup. 

 

pressed with Bradley Suppressors. 

 

Individual resistors for each spark 

 

plug and for the common distributor 

 

lead minimize disturbing oscillations 

 

in ignition circuit. When used wish 

 

suitable by-pass condensers in other 

 

ports of the ignition circuit, shielded 

 

ignition cables are unnecessary. 

 

ALLEN-BRADLEY RESISTORS 

 

Produced by the makers of Allen-Bradley Control Apparatus 
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Tb a 31nz itute of R abio eugineer!6 

 

Incorporated 

 

33 West 39th Street, New York, N. Y. 

 

APPLICATION FOR ASSOCIATE MEMBERSHIP 

 

(Application forms for other grades of membership are obtainable from the 

 

Institute) 

 

To the Board of Direction 

 

Gentlemen: 

 

I hereby make application for Associate membership in the Institute. 

 

I certify that the statements made in the record of my training and pro-
fessional experience are correct, and agree if elected, that I will be governed 

 

by the constitution of the Institute as long as I continue a member. I further-
more agree to promote the objects of the Institute so far as shall be in my 

 

power, and if my membership shall be discontinued will return my member-

ship badge. 

 

Yours respectfully, 

 

(Sign with pen) 

 

(Address for mail) 

 

(Date) (City and State) 

 

References: 

 

(Signature of references not required here) 

 

Mr.  Mr.   

 

Address  Address   

 

Mr.  Mr.   

 

Address  Address   

 

Mr.   

 

Address   

 

The following extracts from the Constitution govern applications for admission to the 

 

Institute in the Associate grade: 

 

ARTICLE II—MEMBERSHIP 

 

Sec. l: The membership of the Institute shall consist of: ' ".' (d) Associates who shall be 

 

entitled to all the rights and privileges of the Institute except the right to hold the office of 

 

President, Vice-president and Editor. • • 

 

Sec. 5: An Associate shall be not less than twenty-one years of age and shall be: (a) A radio 

 

engineer by profession; (b) A teacher of radio subjects; (c) A person who is interested 

 

in and connected with the study or application of radio science or the radio arts. 

 

ARTICLE III—ADMISSION 

 

Sec. 2: " ' ' Applicants shall give references to members of the Institute as follows: • • for 

 

the grade of Associate, to five Fellows, Members, or Associates; " " " Each application for 

 

admission ' ' • shall embody 'a concise statement, with dates, of the candidate's training 

 

and experience. 

 

The requirements of the foregoing paragraph may be waived in whole or in part where 

 

the application is for Associate grade. An applicant who is so situated as not to be personally 

 

known to the required number of members may supply the names of non-members who are 

 

personally familiar with his radio interest. 
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('Typewriting preferred in filling in this form) No  

 

RECORD OF TRAINING AND PROFESSIONAL 

 

EXPERIENCE 

 

I Name   

 

(Give full name, last name first) 

 

2 Present Occupation  

 

(Title and name of concern) 

 

3 Permanent Home Address  

 

4 Business Address   

 

5 Place of Birth  Date of Birth Age  

 

6 Education   

 

7 Degree   

 

(college) (date received) 

 

S Training and Professional experience to date  

 

NOTE: 1. Give location and dates. 2. In applying for admission to the grade 

 

of Associate, give briefly record of radio experience and present employment. 

 

DATES HERE 

 

9 Specialty, if any  

 

Receipt Acknowledged  Elected  Deferred  

 

Grade  Advised of Election  This Record Filed  
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NEW SERIES 

 

Bathtub Variable Condensers for 

 

Standard and Midget Radios 

 

The same tried and true Defur-Amsco type that has given so much satis-

faction in the past plus new and exclusive features Of carefully engineered 

 

design to meet present day requirements. 

 

Each size made in one capacity. 

 

Available in 2, 3, 4 and 5 gang 

 

units. 

 

Write for engineering data and 

 

working drawings. Send us your 

 

specifications and let us quote. 

 

Samples on request. 

 

We Also Make Special Condensers 

 

for Automobile Radios and 

 

Portable Receivers 

 

POWER 

 

Delicately Controlled 

 

Engineers will immediately recognize 

 

in these Dejur-Amsco variable resis-
tors the solution of many problems in 

 

Power Circuits, Mixing Panels, Spot 

 

Welding, Motors and in the Photo-
Electric field. 

 

Write us your requirements. Our engineers are ready to assist you in the development 

 

of special apparatus to fit your particular needs. Literature on request. 

 

D�UP,-,qMSCO Q0PP0PAT10N 

 

95 MORTON ST., NEW YORK CITY 

 

When writing to advertisers mention of the PROCEEDINGS will be mutually hclpful. 
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"O. K." but 

 

there's one more 

 

point you'd better check 

 

by George Lewis, Vice-President 

 

Arcturus Radio Tube Company 

 

PROBABLY it's been a tough job, designing that new model for 

 

1931. Yet there it is, all OK in every detail, approved by those 

 

who have the big "yes-or-no."... Now is a good time to decide 

 

an important question—"what tubes?" Important, because 

 

tubes make a big difference in the performance of any set. 

 

Those carefully selected condensers, well-designed trans-
formers, advanced circuit layouts, etc., can't insure 

 

first-class results unless they get good tubes to work 

 

with ... You can depend on Arcturus Blue Tubes. 

 

Their tone is clear, true, and life-like. They heat 

 

quickly, in 7 seconds. And they are absolutely 

 

uniform; a big point in assuring smooth per-
formance ... Specify Arcturus Tubes for 

 

standard equipment and you'll get the 

 

"OK" of the purchasers of your set as 

 

well as your own selling organization. 

 

The TUBE with the 

 

LIFE-LIKE TONE 

 

Arcturus Radio Tube Co. 

 

Newark, New .Jersey 

 

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

 

(ways 
* 

 

ahead 

 

RCA Radiotron quality is 

 

steadily being improved by the 

 

efforts of trained scientists and 

 

engineers. Not only are they 

 

devoting their efforts to the 

 

problems of everyday manu-

facturing but they are always 

 

looking to the future. That is 

 

why the RCA Radiotron Com-

pany is prepared at all times to 

 

take care of the vacuum tube 

 

needs of the radio industry ... 

 

and that is also why leading man-

ufacturers find it profitable to 

 

design their products on the 

 

basis of RCA Radiotron char-

acteristics. 

 

RCA RADIOTRON COMPANY, INC. 

 

HARRISON, N. J. 

 

RCA Pod*iotrons 

 

,*. THE HEART OF YOUR RADIO 
* 

 

When wriling to adverlisers mention of the PRocr; .MNGS will be mutually helpful. 
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Engineers . 

 

Constructors . 

 

THE distinction between indifferent performance 

 

taken for granted and complete satisfaction 

 

realized, is sometimes difficult of recognition. 

 

CARDWELL CONDENSERS have dispelled this 

 

doubt for many and will do it for you. An installation 

 

worth building at all deserves CARDWELLS for effi-

ciency and long trouble-less service. 

 

Built for Broadcast and Commercial use, for high, 

 

medium and low powered transmitters, in many stand-
akd sizes or to order to fit your job. Receiving con-
densers in many standard capacities and to order. For 

 

rigid, vibrationless construction the CARDWELL 

 

Taper Plate condenser is unsurpassed. 

 

The entire . manufacturing facilities of this 

 

factory are available through our Contract-
Manufacturing Service for the manufacture of 

 

special apparatus. Proposals are solicited. 

 

Cardwell Condensers 

 

and Manufacturing Service 

 

THE ALLEN D. CARDWELL 

 

MFG. CORP'N 

 

81 PROSPECT STREET BROOKLYN, N. Y. 

 

Since Broadcasting Began 

 

"THE STANDARD OF COMPARISON'' 

 

When writing to advertisers mention of the PROCEEDINGS will be mutually llelpful. 
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Piezo Electric Crystals and 

 

Constant Temperature Equipment 

 

Piezo Electric Crystals: 

 

We are prepared to grind Piezo Electric Crystals for 

 

POWER use to your assigned frequency in the 550 

 

to 1500 KC band, accurate to plus or minus 500 

 

cycles for $55.00 fully mounted. Crystals for use in 

 

the HIGH FREQUENCY BROADCAST BAND 

 

(4000 to 6000 KC) for POWER use, accurate to plus 

 

or minus .0317o of your assigned frequency, fully 

 

mounted, $75.00. In ordering please specify type of 

 

tube used, plate voltage and operating temperature. 

 

All crystals guaranteed with respect to output and 

 

accuracy of frequency. Deliveries can be made with-
in three days after receipt of order. 

 

Constant Temperature Equipment 

 

In order to maintain the frequency of your crystal 

 

controlled transmitter to a high degree of constancy, 

 

a high grade temperature control unit is required 

 

to keep the temperature of the crystal constant. Our 

 

unit is solving the problem of keeping the frequency 

 

within the 50 cycle variation limits. Our heater unit 

 

maintains the temperature of the crystals constant to 

 

BETTER THAN A TENTH OF ONE DEGREE 

 

CENTIGRADE; is made of the finest materials 

 

known for each specific purpose and is absolutely 

 

guaranteed. Price $300.00. Further details sent up-
on request. 

 

Low Frequency Standards: 

 

We have a limited quantity of material for grinding 

 

low frequency standard crystals. We can grind 

 

them as low as 15,000 cycles. These crystals will 

 

be ground to your specified frequency accurate to 

 

ONE HUNDREDTH OF ONE PER CENT. 

 

Prices quoted upon receipt of your specifications. 

 

Scientific Radio Service 

 

"The crystal specialists" 

 

P. O. Box 86 Dept. R6 Mount Rainier, Md. 

 

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

AMPERITE 

 

Can Be Installed In 

 

Any Eleetrie Radio 

 

in 
5 

minutes 

 

Reduces Service Calls 

 

and Expense to 

 

a Remarkable Degree 

 

The AMPERITE Self-Adjusting 

 

Line Voltage control is now stand-

ard equipment on many leading 

 

manufactured and custom-built re-
ceivers. Radio owners everywhere 

 

are learning the importance of self-

adjusting line voltage regulation— 
and many are having AMPERITE 

 

installed in their present receivers 

 

by radio service men. 

 

Merely Insert Amperite in 

 

Series with A.C. Power Line 

 

The New AMPERITE is inserted 

 

in series with the A.C. Power Sup-
ply cord. A simple single screw 

 

socket is all that is necessary, which 

 

can be mounted anywhere inside or 

 

even outside the cabinet. NO 

 

CHANGES NECESSARY IN 

 

CHASSIS. AMPERITE can be 

 

installed in five minutes. Substan-

tially reduces service calls and 

 

saves expense. 

 

.J&WJ 

 

Self Adjus&4 

 

LIIM VOLTAGE CONTROL 

 

No Radio Can be Modern 

 

Without Amperite 

 

Amperite insures maximum set effi-

ciency by regulating line voltage 

 

fluctuations up or down between 

 

100 and 140 volts. Delivers at all 

 

times the proper voltage required 

 

for best operation. 

 

AMPERITE materially lengthens 

 

tube life, improves tone, increases 

 

sensitivity and selectivity. Prevents 

 

overloading and burning out of 

 

tubes and power equipment. 

 

Smooths out volume and insures 

 

the uniformly perfect quality the 

 

set is designed to give. 

 

Mail COUPON for 

 

Installation Instructions 

 

and AMPERITE TUBE CHART 

 

fIMPER/TE Corporetton 

 

Dept. PE-12, 561 BROADWAY. NEW YORK 

 

Please send Amperite Tube Chart, in-
stallation instructions and technical data to 

 

Name   

 

Address   

 

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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The Blue Flyer Motor. 

 

Specially designed for 

 

radio-phonographs. Fa-
mous  for abundant, silent, 

 

dependable and accurate 

 

power under all service 

 

conditions. Open construc-
tion with complete ventila-
tion; will not overheat in 

 

closed case or cabinet. 

 

Silent spiral-cut fiber gears, 

 

long oversize bearings. 

 

Operates on all commercial 

 

voltages and frequencies. 

 

Supplied complete with 

 

mounting plate, turn-table 

 

and speed regulator. 

Flyer Automatic atop equipment 

 

is optional. 

 

Responsibly 

 

Guaranteed 

Eleietrl
'
es  

 

i_ -- 7---

In ordering 

 

samples, please 

 

give voltage 

 

and frequency. 

 

are all the go for 

 

Servi
,
ee 

 

TWO years ago when they were introduced, Flyer Elec-
tric Phonograph Motors found instant approval with 

 

leading engineers. Their quick success was also greatly 

 

strengthened by the preference of lay buyers, who chose 

 

them through confidence in their exceptionally favorable 

 

development. 

 

Today the advantages in simplicity of design and posi-
tive coordination achieved in Flyer Electrics remain un-

equalled. The 15 years of outstanding success of the Flyer 

 

organization and plant, in producing over 5,000,000 spring 

 

power quality phonograph motors—and the quarter cen-

tury of similar success in making light electrical apparatus 

 

—are the same highly valued assurances of sound effi-

ciency. But the service record of these popular motors 

 

alone is the chief factor in their ever mounting popularity. 

 

74GENE-R-A--L INDUSTRIES CO. 

 

3046 Taylor Street, Elyria, Ohio 

 

When writing to advertisers mention of the PROCYRDINGS will be midually helpful. 
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Volum e 

 

controls 

 

A million miles in inter-stellar space is too 

 

small to be even considered as a unit of 

 

measurement. 

 

New T Type 

 

Volume C o n- sider dollars or, as in our case, volume 

 

trols are ready. 

 

Write for ape- controls. To paraphrase a popular re-
c i a I Bulletin 

 

portraying frain, "A million buyers can't be wrong" 

 

curves and 

 

graphs of per-
formance of . , , , and when more than twenty million 

 

these controls 

 

in sound pro- Centralab volume controls are doing 

 

jection. 
splendid service in old and new radio sets 

 

the world over it is a safe assumption that 

 

"Such popularity must be deserved". 

 

But on this very finite earth a million is 

 

an appreciable amount—whether we con-

If you have a resistance problem our 

 

engineering staff is at your service. 

 

Send 25c for volume control guide showing 

 

circuits for old and new sets. 

 

CENTRAL RADIO 

 

36 Keefe Ave. 

 

LABORATORIES 

 

Milwaukee, Wis, 

 

A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET 

 

When uniting to advertisers mention of the PROCEEDINGS uill be mutually helpful. 
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CHANGE IN MAILING ADDRESS. 

 

..OR BUSINESS TITLE 

 

Members of the Institute are asked to use this form for notify-
ing the Institute office of a change in their mailing address or 

 

any change in the listing of their company affiliation or title 

 

for the Year Book membership list. 

 

The Secretary, 

 

THE INSTITUTE OF RADIO ENGINEERS, 

 

33 West 39th Street, 

 

New York, N.Y. 

 

Dear Sir: 

 

Effective   please note change in my address 

 

(date) 

 

for mail as follows: 

 

FROM 

 

(Name) 

 

(Street Address) 

 

(City and State) 

 

TO NEW ADDRESS 

 

(Street Address) 

 

(City and State) 

 

Also for the membership list for next year's Year Book note change 

 

in my business address (or title) as follows, this is 
is 

my mailing 

 

address: 

 

(Title) 

 

(Company Name) 

 

(Address: Street, City and State) 

 

PLEASE FILL IN, DETACH, AND POST TO THE 

 

INSTITUTE PROMPTLY 

 

XLIII 

 



Back Numbers of the Proceedings, 

 

Indexes, aid Year Books Available 

 

M EMBERS of the Institute will find that back issues of the Proceed-
ings are becoming increasingly valuable, and scarce. For the benefit 

 

of those desiring to complete their file of back numbers there is printed be-
low a list of all complete volumes (bound and unbound) and miscellaneous 

 

copies on hand for sale by the Institute. 

 

The contents of each issue can be found in the 1914-1926 Index and in the 

 

1929 Year Book (for the years 1927-28). 

 

BOUND VOLUMES: 

 

Vols. 10 and 14 (1922-1926), $8.75 per volume to members 

 

Vol. 17 (1929) , $9.50 to members 

 

UNBOUND VOLUMES: 

 

Vols. 6, 8, 9, 10, 11 and 14 (1918-1920-1921-1922.1923-1926), $6.75 

 

per volume (year) to members 

 

MISCELLANEOUS COPIES: 

 

Vol. 1 (1913)y and December 

 

Vol. 2 (1914) June 

 

Vol. 3 (1915) December 

 

Vol. 4 (1916) June and August 

 

Vol. 5 (1917) April, June, August, October and December 

 

Vol. 7 (1919) February, April and December 

 

Vol. 12 (1924) August, October and December 

 

Vol. 13 (1925) April, June, August, October and December 

 

Vol. 15 (1927) April, May, June, July, August, October, November 

 

and December 

 

Vol. 16 (1928) January, February, March, April, May, June, July, Au-
gust, September, October, and November. 

 

Vol. 17 (1929) January, February, March, April, May, June, July, August, 

 

September, November and December. 

 

These single copies are priced at $1.13 each to members to the January 

 

1927 issue. Subsequent to that number the price is $0.75 each. Prior to 

 

January 1927 the Proceedings was published bimonthly, beginning with 

 

the February issue and ending with December. Since January 1927 it has 

 

been published monthly. 

 

M EMBERS will also find that our index and Year Book supplies are 

 

becoming limited. The following are now available: 

 

FOURTEEN YEAR INDEX 

 

The Proceedings Index for the years 1909-1926 inclusive is available to 

 

members at $1.00 per copy. This index is extensively cross indexed. 

 

YEARBOOK 

 

The 1930 Year Book is available to members at $1.00 per copy: This 

 

Year Book includes Standardization information pertaining to allied com-
munication arts. 

 

Make remittances payable to the Institute of Radio Engineers and send 

 

orders to: 

 

THE INSTITUTE OF RADIO ENGINEERS 

 

33 West 39th Street 

 

NEW YORK CITY, N. Y. 
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AGOOD many radio listeners, fiddling with the knobs on their 

 

sets,  have been inclined to wonder what good a finely calibrated 

 

dial is if the program can't be tuned in. 

 

In other words, your set has to have more than appearance. It's got 

 

to produce! Precision on the dial has to be backed up by precision 

 

throughout the hook-up and all its parts. 

 

Not the least important parts are those which Scovill has provided to 

 

the leading set manufacturers since radio's infancy. In condensers, 

 

Scovill engineering has made precision and quality synonymous with 

 

the name "Scovill". In the Scovill laboratories and plants the prob-
lem of micrometric accuracy has been brought into harmony with 

 

mass production. 

 

The result is that Scovill radio condensers are known as the finest. 

 

If you want that kind of a condenser built either to your own or 

 

standard specifications, get in touch with a Scovill representative. 

 

BOSTON 

 

ATLANTA 

 

CHICAGO 

 

PROVIDENCE 

 

S C QVI 
MANUFACTURING COMPANY 

 

WATERBURY CONNECTICUT 

 

CLEVELAND 

 

LOS ANGELES 

 

NEw YORK 

 

lit Europe— THE HAGUE, HOLLAND 

 

DETROIT 

 

SAN FRANCISCO 

 

PHILADELPHIA 

 

CINCINNATI 

 

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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00CIINSULATION.1  

 

THE largest facilities 

 

in the industry, in the hands of an or-

ganization which is concentrated on just 

 

one product, make it possible for Formica 

 

to give prompt service. 

 

Building operations during the past 

 

year have added thousands of square feet 

 

to the production capacity of Formica. 

 

Seventeen years of effort to perfect just 

 

one product has provided a material of 

 

unusual quality and uniformity. 

 

The largest battery of fabricating 

 

equipment in the industry is available for 

 

prompt service to manufacturers who pre-
fer to buy their parts ready for assembly. 

 

Send your blue-prints for quotations. 

 

THE FORMICA INSULATION 

 

COMPANY 

 

4638 Spring Grove Avenue 

 

Cincinnati, Ohio 

 

oR M I CA. 

 

Made from Anhydrous Bakelite Resins 

 

SHEETS TUBES -RODS 

 

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

 

r 

 

3 Watt 

 

Man 

 

i n;, �D 2 

 

? 1 Matt 

 

5 Watt 

 

�11jHS 

 

3/WWatt 

 

'

43 

 

gWatt 

 

Curtis 

 

Electro 

 

Chemical 

 

Condenser 

 

Essential 

 

Characteristics 

 

Full capacity at all 

 

voltages 

 

Uniform capacity at 

 

all frequencies 

 

Low freezing point 

 

Low internal resis-
tance 

 

Low leakage 

 

No nipples, new 

 

breather princi-
ple 

 

One hole mounting 

 

terminal at bot-
tom Shown mounted on distributor cap. Fully in-

sulated, no metal parts exposed, rigid mounting. 

 

Write for Information and Prices 

 

CONTINENTAL CARBON INC. 

 

WEST PARK, CLEVELAND, OHIO 

 

RESISTOR 

 

CHARACTERISTICS: 

 

NOISELESS 

 

RESISTANCE CONSTANT 

 

SMALL TEMPERATURE 

 

COEFFICIENT 

 

RUGGED 

 

FIRMLY SOLDERED TERMINALS 

 

DEPENDABLE 

 

COLOR CODED 

 

UNITS SHOWN HALF SIZE 

 

CONTINENTAL SUPPRESSORS 

 

For Radio-Equipped Cars 

 

Stop ignition noise in the automobile radio 

 

set when used with suitable by-pass con-
densers. 

 

Spark Plug 

 

Auto 

 

Suppressor 

 

Shown mounted 

 

on Spark Plug 

 

Universal 

 

Connections 

 

Water proof 

 

Distributor Auto Suppressor 

 

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

 

maintains a 

 

unique service for your benefit 

 

Thy not use it? 

 

No. 590-590 

 

No. 2880-2880 

 

No. 890 

 

No. 280-280 

 

No. 1880-1880 

 

Here at Volume Control Headquarters 

 

we maintain a complete department de-
voted to engineering research. 

 

This department is organized to serve 

 

you in solving any problems that may 

 

come up in connection with the fixed 

 

,and variable resistors necessary to ex-

actly meet your requirements. 

 

We invite you to get in touch with us 

 

concerning the application of FROST-
RADIO Volume Controls to your prod-
uct, or the application of other controls 

 

involving precise regulation by means of 

 

fixed or variable resistors of the several 

 

types -manufactured by Herbert H. 

 

Frost, Inc. 

 

Why not use this service, just as a 

 

considerable number of others are doing? 

 

You will find the resources of our En-
gineers of great value in working out 

 

your problems. You will discover, as 

 

many others have done, that this depart-
ment fully understands the requirements 

 

of present-day radio manufacturing. And 

 

you will like the speed, service and co-

operation that is directed toward the 

 

solution of your problems. 

 

An inquiry on your letterhead will 

 

bring full particulars of this unique 

 

service to the radio industry. 

 

HERBERT H. FROST, Inc. 

 

Main Offices and Factory: ELKHART, IND. 

 

160 North La Salle Street, Chicago 

 

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

 

Listed below are the names of two hundred and two members of the Institute 

 

whose correct 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. 

 

Name 

 

Aggers, C. V. 

 

Aikens, Andrew J. 

 

Alford, Andrew 

 

Anderson Donald T. 

 

Annett, Earl 

 

Ashlock, H. D. 

 

Banks, Adrian C. 

 

Banditson, Harry 

 

Batchelder, S. P. 

 

Belook, Harry D. 

 

Biar L. E. 

 

Blackwell, George C. 

 

Bonell, Ralph K. 

 

Brattain, Walter H. 

 

Brightman, R. B. 

 

Burchard, John C. 

 

Butler, Harry F. 

 

Byrnes, Walter C. 

 

Carothers, R. F. 

 

Cattrall, John B. 

 

Churchill, H. B. 

 

Colwell, Fred. E. 

 

Comb, David M. 

 

Cone, Weiden W. 

 

Cook, Jesse A. 

 

Cookson, Walter 

 

Covey, Gerald G. 

 

Cox, Hector S. 

 

Crowell, Claude S. 

 

Cumming
, George B. 

 

Currier, Ciuy 

 

Davey, C. V. 

 

Davidson, Martin 

 

de Amicis, D. Sicari 

 

Detwiler, Donald J. 

 

Devaud, Albert J. 

 

Dimond, Benjamin D. 

 

Dodds, D. Lowell 

 

Downey, William C. 

 

Drisko, Benjamin B. 

 

Drummond, P. 

 

Dummett, H. W. 

 

Durkee, James D. 

 

Ellis, Thomas H. 

 

Faulstich, C. J. 

 

Finter, Capt. C. V. 

 

Fisher, Carroll S. 

 

Fleming, Carl 

 

Flynn Roy M. 

 

Fox, John E. 

 

Fraser, G. 

 

Freyvoggel, Eric E. 

 

Frisk, C:aleb C. 

 

Gallagher, Edward M. 

 

Gallinger, Lester 

 

Garretson, Oliver S. 

 

Glassman, George 

 

Godfrey, Mason 

 

Goldman, J. L. 

 

Gould, Leslie A. 

 

Graham, Maxwell S. 

 

Gray, J. Calvin 

 

Gritzner, Fred A. 

 

Gronoff, Harry 

 

Hahn, Sgt. Richard W. 

 

Haines, A. J. D. 

 

Hall, Harlan R. 

 

Last Address 

 

322 Franklin Ave., Wilkinsburg� Pa. 

 

195 Broadway, Rm. 413, New York City. 

 

708 N. Kenmore Ave., Los Angeles, Calif. 

 

United Reproducers Corp., 410 S. Harwood, Dallas, Tex. 

 

3041 Gladstone Ave., Apt. 209, Detroit, Mich. 

 

611 W. Taylor St., Kokomo, Ind. 

 

3714-92nd St., Elmhurst, L. I. N.Y. 

 

Modern Radio & Equipment G
o
o., 191 Franklin St., Buffalo, N.Y. 

 

25 Windemere St., East Sprin� gfield, Mass. 

 

678 Pennsylvania Ave., Brooklyn, N.Y. 

 

512 W. South St., Angola, Ind. 

 

General Motors Bldg., Rm. 724, 1775 Broadway, New York City. 

 

463 West St., New York City. 

 

Bureau of Standards, Washington, D. C. 

 

U. S. Navy, Eyak, Mile 7, Alaska. 

 

Radio Corporation of America, 100 W. Monroe St., Chicago, Ill. 

 

129 Lentz Ave., Lehighton, Pa. 

 

4734 Ingleside Ave., Chicago, Ill. 

 

6533 Woodlawn Ave., Chicago Ill. 

 

523 Case Pl. N. W., Canton, bhio. 

 

H. B. Churolill's Radio Shop, 555 Belmont St., Salem, Ore. 

 

6421 Greenview Ave. Chicago, Ill. 

 

Brunswick Balks Collender Co., 623 S. Wabash, Chicago, Ill. 

 

451 Greenwich St., Valparaiso, Ind. 

 

5468 N. Kingshighway Blvd., Wade Station, St. Louis, Mo. 

 

Walford Cottage, Paget, Bermuda. 

 

1847 E. 87th St., No. 202, Cleveland, Ohio. 

 

1633 Jackson Blvd., Chicago, 111. 

 

2042 Bedford Ave., Brooklyn, N. Y. 

 

Rm. 1014 U. S. National Bank Bldg., Denver, Colo. 

 

Hotel Montclair, Lexington Ave. &- 49th St., New York City. 

 

1119 Poinsetta Dr., Hollywood, Calif. 

 

112 Cedar St., San Diego Calif. 

 

821 Bergen Ave., Jersey 6ity, N. J. 

 

5419-41st St., N. W., Washington, D. C. 

 

General Electric Co., Bldg. 77, Rm. 408, Radio Eng., Schenectady, N. Y. 

 

202 N. 2nd St., Atchison, Kan. 

 

3001-7th St., S. E., Washington, D. C. 

 

718 Ross Ave., Willansburg, Pa. 

 

c/o Technology Club of N. Y., 22 E 38th St., New York City. 

 

1288 Ramona Ave., Lakewood, Ohio. 

 

1698 East 21st St., Brooklyn N.Y. 

 

Universal Wireless Comm. &., Communications Dept., 4111 Ravenswood 

 

Ave., E., Chicago, Ill. 

 

Cuyamel Fruit Co., Pier 27, East River, New York, City. 

 

c/o R.C.A. Photophone, 51 Terminal Way, Pittsburgh, Pa. 

 

2250 Erwren Ave., Dayton, Ohio. 

 

c/o Pan American Airways, Communications Dept., Miami, Fla. 

 

Stiles Hall, Valparaiso, Ind. 

 

1913 Pacific Ave. Dallas, Tex. 

 

31 Rugby Road, luffalo, N.Y. 

 

134$ East 53rd St., Los Angeles, Calif. 

 

c/o Detroit Radio Products Corp., 1040 W. Fort St., Detroit, Mich. 

 

Radio Station WBBM, Atlass Investment Co., Glenview, Ill. 

 

266 Oxford St., Rochester, N. Y. 

 

Dodge's Radio Institute, 405 E. Monroe St., Valparaiso, Ind. 

 

c/o General Delivery, Burbank, Calif. 

 

816 N. Kedzie Ave., Chicago, Ill. 
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Dear Mr. Shephard: 

 

C—C Aooi. 

 

ARVECG. 

 

I feel sure that you will be interested to 

 

know that the wind driven generator and 

 

your dynamotor gave us excellent service 

 

during our recent flight to South America. 
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1. "The Radio Communication Services of the British Post 
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17. "Polyphase Rectification Special Connections" by R. W. Arm-
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Requests for these should be made to the Institute office, 33 West 
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Look Inside 

 

the Can 

 

W HEN you take a look at 

 

the Sprague condenser's 

 

"innards", you'll see why this 

 

new type electrolytic condenser 

 

has literally swept the radio in-

dustry off its feet, for here's a 

 

standardized unit of 9 MFD ca-

pacity, with a rating of 430 volts 

 

DC, in a space of 1 3/8" di-
ameter x 4 11/16" height. 

 

Packed with such exclusive 

 

features as the one-piece anode, 

 

without a single welded or 

 

riveted joint. A protected vent 

 

vulcanized into the hard rubber 

 

top. An individual container 

 

allowing of the utmost flexibility 

 

in circuit design. Screw socket 

 

mounting for ease of attachment. 

 

And a self-healing construction 

 

that gives it almost limitless life. 

 

Write for illustrated folder 

 

which shows the Sprague 

 

superiority at a glance. 

 

SPRAGUE SPECIALTIES 

 

COMPANY 

 

Mlanufacfurers also of the 

 

well-known 

 

SPRAGUE PAPER CONDENSER 

 

North Adams, Mass. 

 

CONDENSER 
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"CUB" CONDENSERS 

 

Cut Labor Costs 

 

Actual size .25 Mid; Weight 1St/Z Grams 

 

"Cub" Condensers are totally enclosed and her-

metically sealed against exaggerated temperature and 

 

humidity by a newly developed compound with a 

 

softening point above 200 degrees Fahrenheit. They 

 

are light in weight, making possible advantageous 

 

self-mounting feature. "Cub" Condensers are com-

pact, and have an attractive appearance. They cut 

 

labor operations and cost from 20% to 50% less. 

 

Write for sample. 

 

High Insulation Resistance 

 

Extraordinary Dielectric Strength 

 

Capacities .00025 to .5 Mid. 

 

FILTER CONDENSERS 

 

BY-PASS CONDENSERS 

 

RADIO INTERFERENCE FILTERS 

 

POWER FACTOR CORRECTION BANKS 

 

UNIFORMLY HIGH INSULATION RESISTANCE 

 

PAPER DIELECTRIC CONDENSERS (All Types) 

 

Write for Sample "Cub" Condenser and Catalog of 

 

Complete Line of Cornell Products. 
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Cornell Electric Mfg. Co., Inc. 

 

LONG ISLAND CITY, NEW YORK 
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VISUAL SIGNAL STRENGTH METER 

 

A Direct Sight Recording Instrument That Will Prove 

 

Invaluable to Every Laboratory and Radio Station 

 

�I 

 

Cat. No. 212 

 

Visual Signal 

 

Strength Meter 

 

Including one UX199 

 

type tube, complete 

 

batteries mounted in 

 

case, and 3 range 5" 

 

dial meter. 

 

Some of the uses to which the .Cat. No. 212 Visual Signal Strength Meter 

 

may be put: 

 

1—Furnish instant comparison of two or more transmitted signals. 

 

2—Testing receiver sensitivity. 

 

3—Fading effect. 

 

4—Signal variation from day to day. 

 

5—Signal strength for various power inputs. 

 

6—Static or interference level ratio to received signal. 

 

7—Operation as a rectifier for recorders of radio signals giving the added 

 

feature of sight adjustments. 

 

WRITE FOR LITERATURE 

 

-^E.  _4E.  

 

MANUFACTURES A COMPLETE LINE OF 

 

APPARATUS FOR SHORT WAVE TRANS-

MISSION AND RECEPTION. 

 

Radio Engineering Laboratories, Inc. 

 

loo Wilbur Ave. Long Island City, N. Y., U.S.A. 
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TrpE 575-A— Piezo-T'lectric Oscillator with Temperature Control 

 

FREQUENCY stability of a high order is obtained by the use of 

 

this new temperature-controlled piezo-electric oscillator in 

 

conjunction with General Radio TYPE 376 Quartz Plates. This new 

 

combination makes an ideal but inexpensive frequency standard 

 

for laboratory measurements and for fregiiercy monitoring in the 

 

broadcast station. 

 

The piezo-electric oscillator consists in effect of a TYPE 275 

 

Piezo-Electric Oscillator and a TYPE 5=17-A Temperature-Control 

 

Box assembled on a panel for relay-rack mounting: The character-
istics of the new instrument are essentially the same as for the two 

 

individual instruments except that the assembly in a single unit 

 

greatly improves the over-all frequency stability. Its price is 

 

$190.00 without quartz plates, tubes, or batteries. 

 

Plates adjusted to within 0..01°Jo of a specified frequency are 

 

already catalogued. A higher precision of adjustment can be obtained 

 

on special order. 

 

BROADCAST ENGINEERS 

 

Have you seen the October and November issues of the General 

 

Radio Experimenter containing the results of J. K. Clapp's studies on 

 

"The Frequency Stability of Piezo-Electric Monitors?' Ask us for 

 

them On your business letterhead. No charge, of course. 

 

GENERAL RADIO COMPANY 

 

OFFICES > LABORATORIES + FACTORY 

 

CAMBRIDGE A, .MASSACHUSETTS 

 

PACIFIC COAST WAREHOUSE: 274 BRANNAN STREET, SAN FRANCISCO, CALIFORNIA 
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