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The Insgtitute of Radio Engineers

GENERAL INFORMATION

INsTiTUTE. The Institute of Radio Engineers was formed in 1912 through the
amalgamation of the Society of Wireless Telegraph Engineers and the
Wireless Institute. lts headquarters were established in New York City
and the membership has grown from less than fifty members at the start
to several thousand.

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

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

RespoNsiniLITY. It is understood that the statements and opinions given in the
ProcEEDINGS are views of the individual members to whom they are credited,
and are not binding on the membership of the Institute as a whole. Papers
submitted to the Institute for publication shall be regarded as no longer
confidential.

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

Man~uscrirrs. All manuscripts should be addressed to the Institute of Radio
Engineers, 330 West 42nd Street, New York Citv. They will be examined by
the Papers Committee and the Board of Editors to determine their suita-
bility for publication in the PrRocEEDINGS Authors are advised as promptly
as possible of the action taken, usually within two or three months. Manu-
seripts and illustrations will be destroyed immediately after publication of
the paper unless the author requests their return. lng'ormation on the me-
chanical form in which manuscripts should be prepared may be obtained by
addressing the secretary.

MairiNa. Entered as second-class matter at the post office at Menasha, Wiscon-
sin. Acceptance for mailing at a special rate of postage is provided for in the
aet of FFebruary 28, 1925, embodied in Paragraph 4, Section 412, P. L. and
R., and authorization was granted on October 26, 1927,

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

BusiNess, EvitoriaL, ANp ADVERTISING OFFICES
Harold P. Westman, Secretary
330 West 42nd Street, New York, N. Y.
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ErNesT T. Fisk
Vice President of the Institute, 1938

Ernest T. Fisk was born on August 8, 1886, at Sunbury-on-Thames, Eng-
land. He was educated privately and at United Kingdom College in London.

He entered the Marconi Company School in 1906 and during the next few
years was active in the erection and operation of several stations in the Arctic
and North America. in 1913 he assisted in the formation of Amalgamated
Wireless (Australasia), Ltd., becoming general manager. He became managing
director in 1917 and chairman of the board in 1932. During the war he continued
his work in Australia at the request of the Australian Naval Board.

In 1918 he received the first direct signals from Carnarvon, Wales, and as a
result of this and his later efforts direct comnmercial communication with Great
Britain was established. In 1924, his experiments with beam radio circuits to
Poldhu, in association with Marconi, demonstrated their effectiveness and led
to commercial radiotelegraph and radiotelephone service to England in 1927 and
to Canada in 1928,

The first demonstration of broadeasting in Australia was given by him in
1920 and regular service was inaugurated the next year. In 1920 he installed the
first large-scale public-address system in the Paraliament House at Melbourne.

Sir Ernest was made a Knight Bachelor at the coronation of King George
VI in 1937, received the Cross of the Crown of italy in 1933, and the Jubilee
and Coronation medals in 1935 and 1937. He is active in numerous organizations
and served as president of the Institution of Radio Engineers, Australia for
a number of years. He became a Member of the Institute in 1915 and a Fellow in
1926.



INSTITUTE NEWS AND RADIO NOTES

World Radio Convention
Sydney, Australia

Last January, as president of the . R E., I received an invitation to
attend as an official guest, a World Radio Convention to be held at
Sydney by the Institution of Radio Engineers of Australia, from April
4 to 14, 1938.

This convention was organized as one of the events associated with
the 150th anniversary celebration of the founding of Australia, which
was the occasion of great festivities for three months this past spring.

Leaving New York on January 15 I attended the International
Radio and Telegraph Conferences held during February and March at
Cairo, Egypt, in behalf of the Mackay Radio and Telegraph Com-
pany. Because of insufficient time for steamer travel, Mrs. Pratt and
I journeyed from Egypt to Australia via Imperial Airways and Quan-
tas Iinperial Airways.

This voyage of about 10,500 miles was made in nine days, going by
way of Palestine, Irae, Iran, Northern India, Burma, Siam, Straits
Settlements, Dutch East Indies, and 2000 miles over Northeastern
Australia from Darwin to Brisbane. The weather was flawless and the
accommodations comfortable, the equipment being a large four-
motored all-metal flying boat as far as Singapore and a four-motored
De Haviland “28” land plane beyond that point. Hot meals, prome-
nade deck, and smoking room were features of the flying hoat. Over-
night stops were made each day for dinner and rest at good hotels in
the principal cities en route.

A welcoming committee from the local section of the Institution
and the representative of Standard Telephones and Cables Ltd., Pty.,
met us at the Brisbane airport and conducted us to our hotel. Many
radio engineers and business men of the city visited us and all were
anxious to hear about radio matters abroad and particularly about the
Cairo Conference. That evening I spoke for about fifteen minutes on
radio communication over broadecast station 4BC.

Two days later, on April 2, we arrived at Sydney and were wel-
comed at the depot by the Institution’s General Secretary, Mr. O. A.
Mingay, and by Mr. 1. C. Trenam, Manager of Standard Telephones
and Cables, Ltd., Pty. On the following day, your Vice President, Sir
Ernest Fisk, President of the Institution of Radio Engineers of Aus-
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tralia, and President of the World Radio Convention, entertained us,
together with other overseas guests and members of the Council of
the Institution, at a garden party held at his home amid rural settings
in the beautiful suburban countryside near Sydney.

An important highlight of the convention was the official banquet
Monday evening at the Australia Hotel. The Governor of New South
Wales, Lord Wakehurst, Lady Wakehurst, the Premier, and other
prominent officials were present as were all the officers of the Institu-
tion, their guests, and ladies. This gala affair was excellently organ-
ized and most ably managed by Sir Ernest Fisk, the toastmaster. His
welcome of your President to the convention was most cordial, mention
being made by Sir Ernest of the remarkable oceasion whereby the
President and Vice President of your Institute met for the first time
during the year of their incumbancy, under such unusual eircum-
stances. In reply I invited Sir Ernest to join with me in extending
greetings and good wishes from our Institute for a successful con-
vention.

Another bright spot was an official reception by Lord and Lady
Wakehurst at Government louse, Sydney, attended by Australian
officialdom and convention overseas visitors.

The many technical sessions held in the Great Hall of the Univer-
sity of Sydney, were well attended. Nearly fifty interesting papers were
given, followed by discussions. The members of the Institution have
learned the value of good discussions and conduct their sessions with
seriousness and care. Through the courtesy of Mr. Mingay, who was a
most efficient and hard-working Convention Manager, copies of the
papers which were given in Sydney have been made available for the
Institute’s archives.

At the evening session on April 12, I presented a paper entitled
“Problems of the Radio Engineer,” in which there was emphasized the
need for radio engineers to expand their interests beyond the restricted
fields of detailed design and eonstruction problems and to assist in
creating a more orderly management of radio communication develop-
ment though furnishing a more substantial basis to guide adminis-
trating officials in their increasingly difficult tasks of planning and
allocating services. Such a basis requires the co-ordinated efforts of
engineers implemented with fundamental scientific factual data.

On April 14, the closing day, we joined with the other overseas
guests in giving a luncheon at the Australia Hotel for our Australian
hosts in appreciation for their many courtesies and attentions. Several
of them came to the dock that afternoon to bid us bon voyage on the
S.8. Niagara.
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Our return home was by way of New Zealand, the Fiji Islands,
Canton Island, and Honolulu. On this trip we had the pleasure of the
company of Dr. Balth. van der Pol, past vice president of your Insti-
tute, and Dr. J. D. McGee of England. The ocean voyvage terminated
at San Francisco May 10.

The Convention Committee, under the ehairmanship of Sir Ernest
[isk, was comprised of L. P. R. Bean, N. 8. Gilmour, L. A. Hooke,
J. Malone, D. G. Wyles, P. 8. Parker, C. H. Norville, and O. I. Min-
gay. Delegates were present from the Adelaide, Brisbane, Melbourne,
Perth, and Vietorian Divisions of the Institution.

Among the overseas guests and visitors were General J. GG. Harbord,
Chairman of the Radio Corporation of America, F. 8. Hayburn, Di-
rector and foreign envoy of the Marconi Companies, J. L. Baird, Joint
Managing Director of Baird Television, Ltd., of London, R. M. Ellis,
Vice President, Radio Manufacturers Association, England, Joint
Managing Director, Pye Radio Ltd., London, E. 8. Colling, Public
Relations Officer, Radio Corporation of America, Dr. J. D. McGee,
Television Engineer, Rescarch Department, Electric and Musical
Industries Itd., Hayes, England, Dr. van der Pol, Director of Research
Laboratories, Philips Radio, Holland, and .J. Sanders, Department of
Radio and Telegraph Technies, Duteh East Indies.

HARADEN PRATT
President, 1938

Rochester Fall Meeting

November 14, 15, and 16 are the dates for the Fall Meeting to be
held in Rochester, New York, with headquarters at the Saganore
Hotel. A list of the technical papers to be presented follows:

Monday, November 14

9:30 A.M.
“Frequency Modulation,” by C. B. Fisher, Northern Electric Company.
“Television Radio-Frequency Input Circuits,” hy H. T. Lyman, General Electric
Company.
“Loud-Speaker Considerations in Feedback Amplifiers,” by H. S. Knowles,
Jensen Radio Manufacturing Company.

2:00 P.M.

“The Overvoltage Timer and an Example of its Application to the Measurement
of Radio Interference,” by C. M. Burrill and E. T. Dickey, RCA Manufac-
turing Company, Inc., RCA Victor Division.

“Measurement of Radio Interference,” by C. J. Franks, Ferris Instrument Cor-
poration.
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7:45 P.M.

“Image Amplifier Pickup Tubes,” by P. T. Farnsworth and B. C. Gardner,
Farnsworth Television, Inc.

Tuesday, November 15
9:30 A.M.
“Standardized Intermediate Frequency,” by J. E. Brown, Zenith Radio Cor-
poration.

“Recent Developments in Tube Design,” by R. M. Wise, Hygrade Sylvania
Corporation.

2:00 P.M.
“Cathode Neutralization in Intermediate-Frequency Amplifiers,” by J. A.
Worcester and C. S. Root, General Electric Company.

“Gamma and Range in Television,” by I. G. Maloff, RCA Manufacturing Com-
pany, RCA Victor Division.

Wednesday, November 16
9:30 A.M.

“The Interpretation of Amplitude and Phase Distortion in Terms of Paired
Echoes,” by H. A. Wheeler, Hazeltine Service Corporation.

“New High-Transconductance Ultra-High-Frequency Tubes,” by A. P. Kauz-
mann, RCA Manufacturing Company, RCA Radiotron Division.

“The Use of Die Castings in Radio Applications,” by W. W. Broughton, The
New Jersey Zinc Company.

2:00 P.M.

“Prineiples and Methods in Television Laboratory Technique,” by S. W. Seeley

and D. E. Foster, RCA License Laboratory.
“Production of Image-Dissector Tubes for Motion-Picture Pickup,” by C. Lar-
son and B. C. Gardner, Farnsworth Television, Inec.

An exhibition of parts, measuring equipment, and manufacturing
aids will be held as in the past. The tenth anniversary dinner will be
held on Tuesday evening, November 15. Advance registration for
hotel accommodations should be forwarded early to the lotel Saga-
more.

Pacific Coast Convention

The Pacific Coast Convention held in Portland, Oregon, on August
10 and 11, had a total registration of 121 men and 23 women. All of
the technical sessions were well attended and nineteen papers were
presented as scheduled. The joint session with the American Institute
of Electrical Engineers was attended by ahout 175.



Institute News and Radio Notes 1189

Committee Work
ApmissioNns COMMITTEE

A meeting of the Admissions Committee was held in the Institute
office on September 7 and attended by F. W, Cunningham, chairman;
J. I. Farrington, R. A. Heising, L. C. F. Horle, A. F. Van Dyck, and
H. P. Westman, secretary.

One application for transfer to Fellow, three for transfer to Mem-
ber, and four for admission to Member grade were approved. One
application for admission to Member grade was denied.

NEw York ProGrRaM COMMITTEE

The New York Program Committee met in the Institute office on
September 2. Those present were Austin Bailey, chairman; I. S.
Coggeshall, Keith Henney, J. D. Parker (representing A. B. Chamber-
lain), and H. P. Westman, secretary. The meeting was devoted to the
preparation of a list of papers to be presented during the next few Insti-
tute meetings in New York City.

TecENICAL COMMITTEE ON Rapio RECEIVERS
Sectional Committee on Radio

A meeting of the Technical Committee on Radio Receivers, operat-
ing under the Sectional Committee on Radio of the American Stand-
ards Association, was held in the Institute office and attended by
H. P. Westman, acting chairman and secretary; J. D. Crawford
(guest), D. E. Foster, C. J. Franks, J. W. Fulmer, ¥. A. Polkinghorn,
and Gordon Thompson. The report of the Institute Standards Com-
mittee on Radio Receivers was approved with minor modifications for
submission to the American Standards Association.

Institute Meetings
ATLANTA SECTION

The Atlanta Section met on June 23 in the Atlanta Athletic Club
with C. I'. Daugherty, chairman, presiding. There were forty-six pres-
ent.

A paper on “Crystal Band filters, Magnetic Generation of Har-
monics, Stabilizedl Feed-Back Amplifiers, and Their Uses in Wide-
Band Carrier Telephone Systems” was presented by H. H. Joyner,
technical employee of the American Telephone and Telegraph Com-
pany. There was first presented a brief review of the fundamental
principals of carrier telephony. The problems encountered in extending
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the carrier-frequency limit were enumerated and the advantages of
stabilized feed-back amplifiers in improved response and gain were
mentioned. The use of an electromechanical bridge to compensate for
the effects of temperature on the transmission characteristics of the
circuit was described. There was then presented a deseription of equip-
ment used in a main repeater station. Copper-oxide modulators, erys-
tal filters, and magnetic harmonie generators were discussed. There
was then presented a detailed discussion of stabilized feed-back ampli-
fiers. This was followed by a consideration of a typieal erystal filter
network used for wide-band-pass circuits. Piezoeleetrie phenomena
were then considered. The paper was concluded with a deseription of
a copper-oxide modulator and its operation.

DETROIT SECTION

The June 24 meeting of the Detroit Section was held in the Detroit
News Conference Room and presided over by E. H. Lee, chairman.
There were sixty-five present.

Carl Wesser, chief engineer of W8XWJ, described the problems
encountered in the construction and operation of the ultra-high-fre-
quency transmitter at W8XWJ. A number of airplane flights have been
made to check the vertical field intensity and the results of these
measurements were presented.

The antenna is located on top of a tall building surrounded by
similar structures and it was found that a strong signal could be obh-
tained directly above it. This is probably eaused by reflections from
surrounding buildings. A recent change from 100 to 500 watts and
from 31 to 41 megacycles has resulted in fewer reports from foreign
countries and a substantial inerease in local signal strength.

After adjournment, the group visited the studio and transmitter.
A faesimile seanner and printer were available at the studio for inspec-
tion.

PiTrsBURGH SECTION

The May 17 meeting of the Pittshurgh Seetion was held at Carnegie
Institute of Technology. W. P. Place, vice chairman, presided and
there were thirty-five present.

The two papers presented were by students and introduced by
Professor Williamson of Carnegie Institute. L. L. Davenport, graduate
student of the University of Pittsburgh, presented a paper on “An
Electrical Method of Solving Secular Determinants.” This paper which
was purely mathematical was introdueed with a historical outline of
methods used to solve secular determinants and concluded with ex-
planations of the author’s experimental work on the problem,
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The second paper by 8. L. Stine, a student in the physies depart-
ment of Carnegie Institute of Technology, was on “An Accurately
Square-Law Tube Voltmeter.” It covered detailed descriptions of
square-law voltmeters and the errors encountered in their use. Various
methods of obtaining a meter which would hold calibration for a fairly
long period of tie were discussed.

The first June meeting of the section was held on the 6th at Car-
negie Institute of Technology and was presided over by R. T. Gabler,
chairman. There were thirty-five present.

¥. E. Terman, head of the electrical engineering department of
Stanford University, presented his paper on “Detectors— Distortion-
less and Otherwise.” This was summarized on page 923 of the August,
1938, PROCEEDINGS.

On June 21st, the annual dinner meeting and election of officers
was held at Carlo’s Villa De Estes in Pittsburgh, and was presided
over by R. T. Gabler, chairman. There were sixteen present.

In the election of officers, W. P. Place, Union Switch and Signal
Company, was named chairman; J. I&. Bandino, vice chairman; and
R. E. Stark, Federal Metals Corporation, secretary-treasurer.

Finn Ronnie of the Westinghouse Electrie and Manufacturing
Company, gave a talk on Admiral Byrd’s Second Antarctic Expedition
in which he participated.

ROCHESTER SECTION

On March 3, a joint meeting of the Rochester Section, the local
group of the American Institute of Electrical Engineers, and the
Rochester Engineering Society was held at the University of Rochester.
It was presided over by B. M. Werly and attended by 420,

“Adventures in Electricity” was the subject of a popular demon-
stration-lecture presented by Phillips Thomas, director of research of
the Westinghouse Electric and Manufacturing Company.

The demonstration included the operation of the Precipitron, dry
insulation, Pol-Lite, Sterilamp, card sorter, atom smasher, and thermi-
onic relay. Nearly all of the apparatus utilized some application of
radio amplifiers or parts familiar to the radio engineer.

On May 26 Lee DuBridge, chairman, presided at a meeting of the
Rochester Section held at the Sagamore Hotel.

R. M. Wise, chief engineer of Hygrade-Sylvania Corporation, pre-
sented a paper on “A High-Frequency Amplifier Pentode of New
Design.” This tube is especially designed for television purposes in the
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medium high-frequeney band from 15 to 150 megaeycles. Its design
results in improved shielding of tube elements, low interelectrode
capacitance, and short connecting leads to the elements.

This was the annual meeting of the section and in the election of
officers, 1. J. Klumb, Rochester Gas and Eleetric Company, was
designated chairman; E. C. Karker, Mechanics Institute, was named
vice chairman; and H. C. Sheve, Stromberg-Carlson Telephone Manu-
facturing Company, was named secretary-treasurer.

Personal Mention

D. C. Beard, Lieutenant, U.S.N, has been transferred to the U.S.8.
Boise, basing at Newport News, Va.

R. W. Bowers, Licutenant, U.S.N., has been transferred to the
U.S.S. Sirius, basing at New York City.

C. W. Finnigan, previously with Philco Radio and Television Cor-
poration, is now with RCA License Laboratories, New York City.

I'ritz Gleim, Lieutenant, U.S.N ., has been transferred to the U.8.8.
I’helps, basing at San Diego, Calif.

IFormerly with Hygrade-Sylvania Corporation, F. M. Hager, Jr.,,
is now with E. F. Johnson Company at Waseca, Minn.

G. P. Harnwell is now at the University of Pennsylvania, having
formerly been at Princeton University.

T. L. Herdman has left Pye Radio, Ltd., to enter the experimental
department of the wireless telegraph section of the Metropolitan Police
Eungineering Department in London, England.

T. D. Humphreys has left Ultra Electrie, L.td., to become a senior
engineer for A. C. Cossor, Ltd., in London, England.

M. W. Kenney has been appointed chief engineer of both the J. P.
Seeburg Corporation and the Seeburg Radio Corporation of Chicago.

B. 8. Longfellow of the Federal Communications Commission in-
spection staff has been transferred from New York City to Boston.

R. P. Lyman, Captain, U.S.A., has been transferred to Fort Mon-
mouth, N, J.

A. W. Marriner, Major, U. S. Air Corps, has been transferred to
the Army Industrial College, Washington, D.C.

C. A. Martin of RCA Communications, has been transferred from
Rocky Point, New York, to LeRoy, Ind.

W. H. Murphy, Major, U.S.A., has been transferred to Patterson
Field, Fairfield, Ohio.

J. 8. Reese, Lieutenant, U.8.N, has been transferred to the Brook-
lyn Navy Yard.
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TECHNICAL PAPERS

REPORT OF COMMITTEE ON RADIO WAVE
PROPAGATION*

INTRODUCTION

T THE fourth meeting of the International Radio Consulting
A Committee (C.C.I.R.) held at Bucharest, Rumania, in May
and June, 1937, one of the committees considered the subject
of wave propagation. A large number of valuable contributions to the
subject had been made in the documents submitted by the various
administrations and companies. It transpired that it was not possible
in the time available at Bucharest to prepare a technical report. In
Opinion No. 87, the Conference expressed the opinion that the ques-
tion of wave propagation should be retained for continued study, and
also recommended that the Centralizing Administration should under-
take the preparation of a general report on this subject. It was decided
that this report should be distributed by the Bureau of the Union be-
fore the Cairo Conference. The British Administration, as Centralizing
Administration, therefore called a special meeting in London on 23-25
November, 1937, of experts on radio wave propagation under the chair-
manship of Doctor van der Pol.
The delegates were welcomed by Colonel Angwin, who had been
head of the British delegation at the Bucharest Conference. Those
present were as follows:

A.S. Angwin ] B. van der Pol The
T. L. Eckersley H. Bremmer Netherlands
A.J. Gill Great J. H. Dellinger’ United
L. W. Hayes ; A J. C. Schelleng States

e Britain
G. Millington Union Inter-
R. L. Smith-Rose R. Braillard nationale de
B. J. Stevenson Radiodiffusion

Professor Gutton and Doctor Le Corbeiller who had expected to
attend the meeting were unfortunately detained.

Besides the documents on wave propagation which had been sub-
mitted to the Bucharest Conference a number of new documents were
furnished to the Committee by those who attended and also by the

* Decimal classification: R113. Original manuscript received by the Insti-
tute, March 23, 1938.
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Laboratoire National de Radioelectricite, Paris. These new documents
are listed in the Appendix. The Committee thus had before it mmaterial
whieh brought knowledge of the facts of radio wave propagation up to
date. The Committee understood that its function was to prepare a
report summarizing the principal facts of radio wave propagation
throughout the radio speetrum in as concise a form as would be useful
to the practical radio engineer having to do with the allocation of
frequencies and with the operation of radio stations carrying on
national and international services. The following report is offered by
the Committee in the hope that it is reasonably in accord with this
objective.

As may be seen from the headings of the following parts of the
report, the Committee considered it to be useful to divide the informa-
tion into four parts as follows:

A. Medium Frequencies, Ground Wave,
B. Medium Frequencies, Sky Wave,

C. High Frequencies, and

D. Ultra-High Frequencies,

It is recognized that the terminology of these headings is not en-
tirely scientific, since there may be some debate as to where one of
these provinces ends and another begins. In a broad, general way,
Parts A and B are considered as including the range of frequencies from
approximately 150 to 1500 kilocycles (2000 to 200 meters). Part C
covers from approximately 1500 to 30,000 kilocycles (200 to 10
meters); and Part D covers frequencies above 30,000 kilocycles
(below 10 meters).

In surveying the material available to it and the results it has been
able to present, the Committee is impressed by the valuable work now
in progress on the part of many laboratories and radio stations. It is
strongly recommended that such work be extended and published as
widely as possible. The intelligent allocation and use of radio fre-
quencies will be greatly facilitated by the extension of quantitive
records of radio reception and of ionosphere observations at as many
latitudes as possible.

A. MEepium FrEQuENCiEsS—GRoOUND WAVE

The curves for day propagation as prepared in Madrid and modi-
fied in Lisbon were based on an interpretation of two theories; viz.,
(a) valid for a plane earth only and (b) valid for a spherical earth but
for great distances between sender and receiver.

The curves now presented have been calculated to a higher pre-
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cision with the aid of two additional theories, the first' being based on
an exact solution of the Maxwellian equations with proper boundary
conditions and the second? on the phase-integral method.

In most of the practical cases the numerical results obtained by
means of these two additional theories are in good agreement, so that
they are presented with complete confidence. They are represented in
Figs. 1 and 2 giving the field on the surface of the earth as a function
of the distance between sender and receiver. The sender is assumed to
be situated on the surface of the earth, and the results are given in
terms of a radiated power of 1 kilowatt. For a sender of P kilowatts,
the value of the field given should be multiplied by \/P.

Fig. 1 refers to propagation over sea water (o=4X 107" electro-
magnetic units), while Fig. 2 refers to ¢=10-" electromagnetic units
(average ground conductivity). In both figures the following fre-
quencies have been considered:

150 ke (2000 m) 1000 ke (300 m)
200 ke (1500 m) 1500 ke (200 m)
300 ke (1000 m) 2000 ke (150 m)
500 ke (600 m) 5000 ke (60 m)

These figures are intended to replace the Madrid and Lisbon
ground-wave curves.

In conclusion it may be of interest to point out that theory shows
that for a given frequency there exists an optimum conductivity cor-
responding to the greatest field at great distances. Thus for a fre-
quency of 1500 kilocycles (200 meters), this optimum conductivity
is that of sea water (¢ =4X10"" electromagnetic units), while for
300 kilocycles (1000 meters) it is ¢ =2.2X 107!? electromagnetic units,
and for 50 kilocyeles (6000 meters) it is ¢ = 10~1? electromagnetic units
which corresponds to average ground. It should, however, be noted
that this optimuin condition is not very critical.

B. MEpiuM FREQUENCIES—SKY WAVE

During the night, the sky-wave radiation reaches values which
are much greater than day values at the same point. For this reason,
the ground wave ceases to be predominant at a much shorter distance
from the sender.

In order to take account of the problematic character of the result-
ing night field, the Madrid Conference introduced the notions of

! B. van der Pol and H. Bremmer, Phil. Mag., vol. 24, pp. 141-176, July;
pp. 826-864; November, (1937); Hochfrequenz. und Elecktroakustik, vol. 51, pp.
181-188; June, {1938).

: T. L. Eckersley, Proc. Roy. Soc. ser. A, vol. 136, pp. 499-527; June 1
(1932). (See also supplementary paper, to be published.)
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Fig. 1—TField intensity of ground wave at various distances over sea water
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“median” and “quasi-maximum” values of the field—magnitudes
exceeded by the instantaneous value during 50 and 5 per cent of the
time, respectively.

The curves of Figs. 3, 4, and 5, correspond to the quasi-maximum
value for 1 kilowatt radiated, in terms of distance. The median value
is about 0.35 of this quasi-maximum value. Fig. 3 gives the quasi-
maximum value of the field up to 12,000 kilometers for a complete
night path throughout the whole distance traversed. The curves have
been plotted from the results of very numerous tests carried out during

NIGHT PROPAGATION .
QUASI-NAXINUM FOR 1 IV
RADIATED . 0

For the significance and
limite of application of

irAse curves, tee tex
—
| 55

3

MICROVOLTS PIR METTR

RILOMETERS

Fig. 3—Quasi-maximum field intensity at great distances for propagation
at night for a radiated power of 1 kilowatt.

Curve A relates to a propagation path far away from the magnetic pole.
Curve B relates to a propagation path passing near the magnetic pole.

a period of more than four years. They show, moreover, very good
agreement with the results of theoretical studies respecting multiple
reflections.

The long-distance field measured varies greatly according as the
path followed approaches more or less the carth’s magnetic pole.
Curve A relates to paths of which all the points are very far away from
the magnetic pole, which generally corresponds to a North-South
or South-North path, e.g., between North America and South
America, Europe and Central America, Europe and South America.
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Curve B relates to paths which approach the earth’s magnetic
pole; this generally corresponds in the northern hemisphere to an
East-West or West-East path, e.g., between Northern United States
and Northern and Central Europe or between Northern and Central
Europe and Siberia.

In the present state of experimental work, curves 4 and B appear
to indicate the limiting observed values as a function of the distance
separating the magnetic pole from the portion of the path which is
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Fig. 4—Quasi-maximum field intensity at various distances for propagation at
night over sea water (¢ =4)10"" electromagnetic units) for a radiated
power of 1 kilowatt.

Curve A relates to a propagation path far away from the magnetic pole.
Curve B relates to a propagation path passing near the magnetic pole.

nearest to it. Sufficient experimental results are not yet available so
far as concerns the paths which touch the magnetic pole or are situated
in the southern hemisphere.

Figs. 4 and 5 give the quasi-maximum value of the field up to
distances of 2400 kilometers, for conduectivities of 4-10-'! and 10—
electromagnetic units, respectively, and for frequencies of 150 kilo-
cycles (2000 meters) and 1500 kilocycles (200 meters).

At the point where the ground wave ceases to be preponderant,
the value of the resulting field depends on numerous factors which
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may modify it considerably: frequency, form of aerial, and conductiv-
ity of ground. The curves of Figs. 4 and 5 give only (by a dotted line)
a very approximate average value and it is desirable that each particu-
lar case should be studied on its merits.

C. H1GH FREQUENCIES

Radio transmission at high frequencies is governed by factors
quite different fromn those at medium and lower frequencies. The de-
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Fig. 5—Quasi-maximum field intensity at various distances for propagation at
night over land (o =1071* electromagnetic units) for a radiated power of 1

kilowatt.
Curve A relates to a propagation path far away from the magnetic pole.
Curve B relates to a propagation path passing near the magnetic pole.

termining factors are simpler, on the one hand, because the ground
wave is negligibly small in comparison with the sky wave, and on the
other hand are more complicated in that there are more complex
variations in the ionosphere layers which determine the transmission.
The complexity of these variations precludes the comprehensive pres-
entation of the facts of high-frequency transmission in any small
number of graphs or charts.

If ionospheric data were completely known all over the earth’s
surface at all seasons, it would be possible, though difficult, to calculate
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the communication conditions. A knowledge of conditions in the
ionosphere is most comprehensively expressed in terms of data which
relate the virtual height of the layer and the frequency. These data
are of a relatively high order of accuracy for any particular time and
place.

Normal-incidence results have, so far, only been obtained in a few
places and are, therefore, inadequate as a survey of the ionosphere all
over the earth. Extensions of such measurements and prompt publica-
tion would be highly desirable.

é 1-8-6 Mo (35 m) - 3 S
WINTER 1200 LOCAL TIME

Fig. 6—Field-intensity contour chart for a wave of 8.6 megacycles (35 meters).
lines of equal field intensity in decibels above 1 microvolt per meter,
sunrise (L) to sunset (C) locus,

////// skip region of zero field intensity.

Recent developments of the theory of transmission through the
ionosphere have focused attention on a very significant method?® ac-
cording to which the conditions of long-distance transmission can be
completely specified in terms of normal-incidence virtual-height meas-
urements at varying frequency. In the light of these considerations,
there are two methods open for the specification of long-distance
transmission:

(1) Accurate, but at present limited, results may be given from the
normal-incidence equivalent-height frequency curves.

* The determination of critical frequencies at oblique-incidence from normal-
incidence critical frequencies is definitely calculable. A method of doing this is
given by N. Smith, “Extension of normal-incidence ionosphere measurements to
oblique-incidence radio transmission,” Val. Bur. Stand. Jour. Res., vol. 19, pp-
89-94; July, (1937) (RP 1013). A more exact method is given in papers C5 and C7
listed in the Appendix hereof.
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(2) The extensive knowledge of the transmission of radio waves
over the earth’s surface may be used to construct a more compre-
hensive, but less accurate, chart of the ionosphere.

1. Field-Intensity Contour Charts

Tield-intensity contour charts have been given in the Lishon docu-
ments. To simplify the use of these charts, some examples of the work-
ing out of the results are given here. Contour maps are attached for a
wave of 8.6 megacycles (35 meters) (Figs. 6 to 14) and for a wave of

r-86 Mgs (3sm) =
WINTER 1800 LOCAL TIME

Fig. 7—TField-intensity contour chart for a wave of 8.6 megacycles (35 meters).
———— lines of equal field intensity in decibels above 1 microvolit per meter,
- sunrise (L) to sunset (C) locus,
////// skip region of zero field intensity.

18.8 megacycles (16 meters) (Figs. 15 to 23). The charts have been
given for winter, equinox, and summer conditions each at 1200, 1800,
2400, G.M.T., at the sender.

Since the ionosphere conditions may alter significantly for times
of the day differing by an hour or less, the times chosen, 1200, 1800,
and 2100, G.M.T., do not give an adequate account of the variation
of the transmission characteristics throughout the day. To make maps
for every hour would require a prohibitive amount of labor. ¥or
times not given, the original charts must be used.

The maps are centered on a latitude 50 degrees north; that is, the
sender is supposed to be situated at this latitude. The contours give
the quasi-maximum field intensity f for a sender supplying 1 kilowatt
to a half-wave aerial. The field intensities are shown in decibels above
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Fig. 8—Field-intensity contour chart for a wave of 8.6 megacycles (35 meters).
lines of equal field intensity in decibels above 1 microvolt per meter,
sunrise (L) to sunset (C) ﬂ)cus,

////// skip region of zero field intensity.

EQUINOXES B AN LOCAL Tluf )

! 20 186 Mc/s (35m) —l =

Fig. 9—Tield-intensity contour chart for a wave of 8.6 megacycles (35 meters).
lines of equal field intensity in decibels above 1 microvolt per meter,
sunrise (L) to sunset (C) locus,

///// skip region of zero field intensity.

1 microvolt per meter. Although the maps are given for a transmitter

at longitude 0 degrees they refer equally well to any longitude ¢ degrees,

if instead of G.M.T. the local solar time corresponding to this longitude
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»,E 186 Mcfs (35m) == =
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Fig. 10—Tield-intensity contour chart for a wave of 8.6 megacyeles (35 meters).
lines of equal field intensitf' in decibels above 1 microvolt per meter,

sunrise (L) to sunset (C) locus,

////// skip region of zero field intensity.

7-86 Mys(35m)
EQUINOITS 2400 LOCAL TINE

Fig. 11—Field-intensity contour chart for a wave of 8.6 megacycles (35 meters).
———— lines of equal field intensity in decibels above 1 microvolt per meter,
- sunrise (L) to sunset (C) locus,
////// skip region of zerc field intensity.
is taken, and the charts are moved relative to a map in longitude. This
is most simply effected by having the contours on tracing paper which
can be slid over a fixed map.
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Fig. 12—TField-intensity contour chart f

or a wave of 8.6 megacycles (35 meters).

lines of equal field mtensxt,v in decibels above 1 microvolt per meter,
sunrise (L) to sunset (C) locus,
////// skip region of zero field intensity.

7-86 Mc/s (35m)
1200 LOCAL TINE

Fig. 13—TField-intensity contour chart
lines of equal field intensit
— — sunrise (L) to sunset (C)

for a wave of 8.6 megacycles (35 meters).
f' in decibels above 1 microvolt per meter,
ocus,

////// skip region of zero field intensity.

It was assumed in construetin

g these charts that reciprocal condi-

tions are, on the average, satisfied so that the réles of the sender and

the receiver may be interchanged.

The maps therefore give the
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o =86 Mc/s (35m) —
SUMMFR 2400 LOCAL TIME

Fig. 14 -Field-intensity contour chart for a wave of 8.6 megacycles (35 meters).
——— lines of e?lual field intensity in decibels above 1 microvolt per meter,
sunrise (L) to sunset (C) locus,
////// skip region of zero field intensity.

£ 5
1 £ 18

; 18- Meps (16m) L,
WINTER 1200 LOCAL TIMF

Fig. 15—Tield-intensity contour chart for a wave of 18.8 megacycles (16 meters).
lines of equal intensity in decibels above 1 microvolt per meter,

sunrlse (L) to sunset (C) locus,

transmission conditions, at the specified time, of a sender situated
anywhere on the earth and a receiver at the origin. The dotted lines
on the contour map give the sunrise and sunset locus, and the shaded
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Fig. 16—Field-intensity contour chart for a wave of 18.8 megacycles (16 meters).

——— lines of equal intensity in decibels above 1 microvolt per meter,

— — = sunrise (L) to sunset (C) locus,
////// skip region of zero field intensity.
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Fig. 17—Field-intensity contour chart for a wave of 18.8 megacycles (16 meters)
lines of equal intensity in decibels above 1 microvolt per meter,

~ — —— sunrise (L) to sunset (C) locus,
////// skip region of zero field intensity

portion is the skip region where, on account of electron limitation, the
waves penetrate the ionosphere and no signals (except perhaps scat-
tered signals which are, in general, of such poor quality as to be un-
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Fig. 18—Field-intensity contour chart for a wave of 18.8 megacycles (16 meters).
lines of equal intensity in decibels above 1 microvolt per meter,

— sunrise (L) to sunset (C) locus,
////// skip region of zero field intensity.

4

Aoty
N
O\ M 3

o
AN
“-“‘\\
AN

. W P .

188 My (om)
EQUINOXES 31MA00 LOC.L TIME

Fig. 19—TField-intensity contour chart for a wave of 18.8 megacycles (16 meters).
lines of equal intensity in decibels above 1 microvolt per meter,
sunrise (L) to sunset (C) locus,

////// skip region of zero field intensity.

usable) are received. The maps are drawn for the epoch 1929 to 1932.
The field-intensity contour charts are for long distances only. They
do not take account of possible differences between the northern and
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=188 Mcfs (16m)
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Fig. 20—Field-intensity contour chart for a wave of 18.8 megacycles (16 meters).
——— lines of equal intensity in decibels above 1 microvolt per meter,
sunrise (L) to sunset (C) locus,
skip region of zero field intensity.

v Y

=188 Mcfs (16m)
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Fig. 21—Field-intensity contour chart for a wave of 18.8 megacycles (16 meters)
lines of equal intensity in decibels above 1 microvolt per meter,
sunrise (L) to sunset (C) locus,

////// skip region of zero field intensity.

southern hemispheres nor of effects due to proximity to the magnetic
pole.
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Fig. 22-—Field-intensity contour chart for a wave of 18.8 megacycles (16 meters).
lines of equal intensity in decibels above | microvolt per meter,
sunrise (L) to sunset (C) locus,

///// skip region of zero field intensity.
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Fig. 23— Tield-intensity contour chart for a wave of 18.8 megacycles (16 meters).
——— lines of equal intensity in decibels above 1 microvolt per meter.
sunrise (L) to sunset (C) locus,
////// skip region of zero field intensity.

2. Graphs of Maximum Usable Frequencies
To give the facts of transmission for all frequencies, times, ete.,
would be impossible by any form of presentation, but the series of
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simple linear graphs attached (Figs. 24 to 39) give considerable in-
formation desired for wide ranges of time, frequency, distance, etc.
In determining the utility of a given radio frequency for a given time
and path, a complete specification would include data on the wave
absorption.
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Fig. 24—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.
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Fig. 25—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.

However, received intensities in general increase with the frequency
nearly up to the critical frequency, i.e., the upper limit of frequency
which can be transmitted. For practical radio operation, therefore, it
is of special value to know the highest frequency which can be trans-
mitted, at the time and over the distance desired; this will be called
the maximum usable frequency. This frequency is of particular in-
terest in that it is definitely determinable, and is known as a result of
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ionosphere observations. It should be noted that sometimes waves are
transmissible at higher frequencies, proceeding by way of sporadic-E
reflection or scattered reflections.

The maximum usable frequency is different for different distances
of transmission, latitude (possibly different in northern and southern
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Fig. 26—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.
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Fig. 27—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.

hemispheres), time of day (and therefore longitude), season, and year.
Information on maximumn usable frequencies under all these various
conditions is given in the attached graph sheets, Figs. 24 to 39. These
data are based on ionosphere measurements (i.e., measurement of
ionosphere layer heights and critical frequencies for normal incidence).

In the figures, the data are given up to a distance of 3500 kilo-
meters, which is sufficient. The values given for 3500 kilometers are
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approximately correct for all greater distances also, as 3500 kilometers
is the limit of distance practically attainable in transmission by one
reflection fromn the ionosphere; greater distances are attained by mul-
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Fig. 28— Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.
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Fig. 29—DMaximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.

tiple reflections, in which no increase in frequency is possible. The
letters on each curve indicate the region of the ionosphere which propa-
gates the waves at the time concerned.
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Almost all the data are for latitude 39 degrees north, based on
ionosphere measurements at Washington, D. C. For this latitude the
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Fig. 30—Maximum usable frequencies for various distances of transmission,

based on measurements on the ionosphere at normal incidence.

FREQUENCY 1Y MEDACTOLES PIN SECORD

T T T T I
of— A1 1 DECHMBIR, 1935
i |
4 WASIINOTOR,D.C. LATITUDE 39°¥
_‘\ t— ' The nusbers lndicated on the
- - ? T curves refer to local tise
st | | [ 1]
i NwE RN e
o‘ T 1 T P O g [
I ; |
o ——1 t t 1 —t
4+ H L L

3

, -
|

TILOMETERS

Fig. 31—Maximum usable frequencies for various distances of transmission,

based on measurements on the ionosphere at normal incidence.

data are given for the period from June, 1933, to December, 1937,
inclusive, and thus extend over a substantial portion of the 11-year
cycle of solar activity.
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A limited idea of the variation with latitude and with hemisphere
is given in the data shown for latitude 30 degrees south. Asin the field-
intensity contour charts above, no information is included on the
effect of proximity of the magnetic pole.
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Fig. 32—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.
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Fig. 33—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.

Each figure indicates the effects of time of day, while the variations
with season and from year to year are shown throughout the different
figures. Data are shown only for three times of year, i.e., for summer,
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winter, and vernal equinox. The conditions at the autumnal equinox
are practically the same as at the vernal equinox. Summer and winter
conditions in the ionosphere center on the solstices, and thus the iono-
spheric seasons do not coincide with the seasons of weather.

In each graph, the data given are averages for the month. Varia-
tions from day to day are generally within 15 per cent of the values
given, except for disturbed periods, which may be called ionosphere
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Fig. 3¢—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.
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storms, during which field intensities are abnormally low and the
maximum usable frequencies are less than the values shown, and ex-
cept also for times of sudden ionosphere disturbance during which
transmission may be interrupted completely for periods of a few
minutes to an hour.

As an example of the use of the graphs, reference is made to those
for June, 1936 (Fig. 33). At noon (1200) the average normal-incidence
critical frequency for the F; region was about 7150 kilocycles (42
meters). This means that 7150 kilocycles (42 meters) was the highest
frequency for which the ionosphere would return signals to the emit-
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ting point. This corresponds to zero distance on the chart. For a
distance of 400 kilometers the F, region determined the maximum
usable frequency of 7320 kilocycles (41 meters). At about 450 kilo-
meters the E region began to be effective as shown by a dotted portion
of the graph. Beyond 1600 kilometers the effectiveness of the E region
decreased rapidiy because of the high angle of incidence of the waves.
At 1600 kilometers the maximum usable frequency was 17,000 kilo-
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Fig. 35~—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.

cycles (17.6 meters) determined by the I region and at 2000 kilometers
it was 14,600 kilocyeles (20.6 meters) determined by the F, region.
Between 1600 and 2000 kilometers the graphs are dotted to indicate
the transition from E to F, transmission. Beyond 2000 kilometers the
maximum usable frequencies were determined by the F. region. At
3500 kilometers the maximum usable frequency was 18,800 kilocycles
(16 meters). At all greater distances the maximum usable frequency
may be expected to be only slightly greater than that for 3500 kilo-
meters. This is about the limit for single-reflection transmission by
way of the I'; region; at greater distances transmission is by multiple
reflections.
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The geographical part of the ionosphere which controls long-
distance high-frequency propagation is that at which the wave in the
useful dirvection strikes the reflecting region. Therefore the times given
in the graphs are local times for the geographieal part of the ionosphere
at which the waves are reflected. Because of large differences in local
time and latitude encountered in long transmission paths, involving
more than one reflection from the ionosphere, widely different condi-
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Fig. 36—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.

tions sometimes prevail over different parts of these paths. In such
cases, that transmission frequency will have to be used which cor-
responds to the part of the path in which the maximum usable fre-
quency is the lowest.

3. Directivity of Aerials

In the course of the year 1937, numerous measurements were car-
ried out in North and South America and in Europe in order to
appraise the practical efliciency of directional emitting aerials used by
broadcast stations on short waves (9.5 to 21.5 megacycles) (31.6 to 14
meters).
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The field measurements were made immediately before and after
the change of aerial used at the sender and they showed the effect
either of transferring from a nondirectional aerial to a directional aerial
or vice versa, or of changing the direction of the beam.

From the whole of the 1500 results collected and analyzed, which
confirm observation previously made in the fixed services, the following
practical conclusions may be deduced, without prejudice to the prog-
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curves refer to looal time
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Fig. 37—Maximum usable frequencies for various distances of transmission,
based on measurements on the ionosphere at normal incidence.
Note: Data from the National Bureau of Standards since this report was
prepared, show that the December values were lower than the estimated
values in this figure (prepared before December); T. R. Gilliland, S. S.
Kirby, N. Smith, and S. E. Reymer, “Maximum usable frequencies for
radio sky-wave transmission, 1933-1937,” Proc. I.R.E., to be published,
November, (1938).

ress which may be effected later so far as the efficiency of directional
aerials is concerned.

The gain observed for a directional aerial in the desired direction,
compared with a nondirectional aerial, is approximately 10 decibels.
The reduction of field in the undesired direction when transfer is made
from a nondirectional to a directional aerial is from 5 to 15 decibels.
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The result is, therefore, that when directional aerials of a very
efficient modern type are employed, the protection which ean be
hoped for is 15 to 25 decibels on the average, in regions outside the
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The highest values correspond to the highest fre-

ly to broadcast services on short waves
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in which the beams are relatively wide at the sender, no directional
aerials being employed at the receiver.

It is quite evident that higher coefficients of protection may be
obtained in point-to-point services, in which directional aerials, with
heams whieh are narrow both at the sender and the receiver, are
employed.

D. Urtra-HicH FREQUENCIES
1. Introduction

Waves of frequencies above 30 megacycles (wavelengths below 10
meters) are now usually termed ultra-high-frequency waves. Such
waves may be propagated (a) by diffraction around the earth’s surface,
(b) by refraction in the lower portions of the atmosphere, and (c¢), in
rare cases, by transmission through the ionosphere. Except for very
long distance transmission, it is now well known from experience that,
to a first approximation, the ionosphere has no effect on the propaga-
tion of electromagnetic waves of frequencies greater than about 30
megacycles (wavelengths below 10 meters) particularly when the
range of transmission is restricted to moderate distances of a few
hundred kilometers. The actual limiting frequency above which such
immunity obtains is subject to variation with time and with the condi-
tion of solar activity, over a range of 25 to 50 megacyeles (12 to 6
meters), but it is customary to take the frequeney of 30 megacycles
(wavelength, 10 meters) as the transition value.

Further, it is now a well-established experimental fact that the
range of transmission of these ultra-high-frequency waves is not by
any means limited to the horizon distance or optical line of sight from
the sender. Sueh extended transmission ranges can be accounted for
by a diffraction of the waves around the curved surface of the earth, or
by a refraction of the waves in the lower regions of the atiosphere due
to a variation of density of the air with height above the ground. In
general, it is evident that the field at a distance will be due to both dif-
fraction and refraction effects.

. Diflraction

During recent years, extensive theoretical investigations,* ¢ of the
diffration problem have been carried out for the case of the bending of

¢T. L. Eekersley, “Ultra short wave refraction and diffraction,” Jour.
I.E.E. (London), vol. 80, pp. 286 304; March, (1937).

¢ B. van der Pol and H. Bremmer, “The diffraction of electromagnetic
waves from an electrical point source round a finitely conducting sphere,”
Phil. Mag., vol. 24, pp. 141-176, July; and 826-864; Nov., (1937).

¢ B. van der Pol and 1. Bremmer, flochfrequeztechnik und Elektroakustik,
vol. 51, pp. 181188, June, (1938).



Commiltee Report on Radio Wave Propagation 1221

waves round an ideally smooth spherieal earth of finite conduectivity.
The results of some of these ealeulations have been provided in a series
of graphs, which are convenient for the determination of the field to he
expected at various distances for given values of radiated power, fre-
quency, height of sender and receiver, and electrical constants of the
ground. Iigs. 40 to 59 provide data for five frequencies between 30
and 150 megacycles (wavelengths between 10 and 2 meters) inclusive;
for ranges of transmission up to 400 kilometers, and for two scts of
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Fig. 40—Field intensity at various distances of diffracted wave over land .for
various heights of sender and receiver and for a radiated power of 1 kilo-
watt.

/=150 megacycles (2 meters) )
land =5, ¢ =101 electromagnetic units. )

Fig. 41—QGain in field intensity due to elevation of sender or receiver to a height
H above the earth (to be applied to the field intensity values obtained from
Fig. 40).

/=150 megacycles (2 meters)
land e=35, 0 =107 electromagnetic units.

electrical constants corresponding to average values for land and sea
respectively. The field values given as ordinates of the curves refer to
reception from a small vertical doublet as transmitting aerial, situated
on the earth’s surface, and radiating a power of 1 kilowatt. When, as is
frequently the case in practice, the sender is raised above the earth’s
surface, it is assumed that the power supplied to the sender is adjusted
so that the current in the acrial remains constant.
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The individual curves on each graph refer to the conditions in
which either the transmitting or the receiving aerial is raised above the
ground by various amounts up to 4000 meters. In this connection it
should be mentioned that the principle of reciprocity may be applied
to this case of radio communication. Thus the curves illustrated will
give either the value of the field at the ground when the sender is
raised to various heights, or the field at various heights when the
sender is located at the earth’s surface. When both the sender and re-
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Fig. 42—Field intensity at various distances of diffracted wave over land for
various heights of sender and receiver and for a radiated power of 1 kilo-
watt.

f =75 megacycles (4 meters)
land e=5, ¢ =107 electromagnetic units.
Fig. 43—QGain in field intensity due to elevation of sender or receiver to a height
gubove the earth (to be applied to the field-intensity values obtained from
ig. 42).
f=75 megacycles (4 meters)
land e=5, ¢ =107 electromagnetic units.

ceiver are elevated, it is necessary to increase the value of the field
appropriate to a zero height at one end, by a gain value which is ob-
tained from the series of graphs giving the gain in decibels in relation
to the height in meters for which the correction is required. These
curves, which are applicable to distances beyond the horizon and which
give the relation between height and the resulting gain, are based upon
the fact which is implicit in the analysis that, above a certain height
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which is only a slowly varying function of the wavelength, the gain in
field strength with height is to a high degree of approximation, inde-
pendent of the earth constants.

As an example of the application of these graphs, we may calculate
the field intensity received at a distance of 200 kilometers over land,
when the sender is at a height of 100 meters and the receiver at 2000
meters, the frequency employed being 150 megacycles (2 meters). If
the transmitter were at the eartli’s surface and radiating 1 kilowatt, the
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Fig. 44—TField intensity at various distancesof diffracted wave overland for var-
jous heights of sender and receiver and for a radiated power of 1 kilowatt.
/=250 megacycles (6 meters)
land e=5, ¢ =101 electromagnetic units.
Fig. 45—Gain in field intensity due to elevation of sender or receiver to a height
{! abo;')e the earth (to be applied to the field-intensity valuesobtained from
Cig. 44).
/=50 megacycies (6 meters)
land e=5, ¢ =107 electromagnetic units.

ficld at the receiver is seen from Fig. 40 (b) to be about 1.0 microvolt
per meter. The effect of raising the sender from ground level to a
height of 100 meters is seen from Fig. 41 to result in a gain of received
field of 43 decibels, equal to a ratio of about 140 to 1. Thus the received
field under the conditions stated will be 140 microvolt per meter.

In a more extended analysis of the diffraction problem carried out
by an independent method, results have been obtained which represent
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the actual received fields to a higher accuracy. Examples of the results
of these calculations are given in Figs. 60 to 64. Figs. 60 and 61 give
graphs of the same type as those considered above showing the relation
of field strength to distance for a frequency of 43 megacycles and for
electrical constants, o= «; ¢=10""" electromagnetic units, ¢=80
(sea water); and ¢=10"" electromagnetic units, e=4 (average soil).
In Fig. 60 the dotted curves refer to a plane earth whereas the full
curves correspond to the spherical earth. These curves clearly show
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Fig. 46—Field intensity at various distancesof diffracted wave over land for var-
ious heights of sender and receiver and for a radiated power of 1 kilowatt.
[=37.5 megacycles (8 meters)
land e=5, ¢ =101 electromagnetic units.
Fig. 47—QGain in field intensity due to elevation of sender or receiver to a height
g abov)e the earth (to be applied to the field-intensity values obtained from
ig. 46).
f=37.5 megacycles (8 meters)
land ¢=5, ¢ =10~1 electromagnetic units.

that for practical distances the attenuation due to absorption is pre-
ponderant compared with the influence of curvature.

Further, Fig. 61 shows the influence of raising the sender to a
height h;= 100 meters, the receiver being supposed at the surface of the
earth (h;=0). This figure shows the reduction of the absorption due to
the raising of the sender.

Whereas Figs. 60 and 61 give the received field directly, Figs. 62,
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63, and 64 represent the attenuation factor by which the field which
would obtain in the absence of the earth is to be multiplied. This
method of presenting the results demonstrates the nature of the change
in the rate of attenuation of the field which oceurs as the place of
reception passes beyond the horizon.

It is clearly shown that for the case of an earth of infinitely great
conduetivity, only for frequencies of about 30,000 megacycles or higher
(wavelengths of the order of 1 centimeter or less), does there exist a
clearly defined shadow effect.
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Fig. 48—Field intensity at various distances of diffracted wave over land for var-
ious heights of sender and receiver and for a radiated power of 1 kilowatt
f=30 megacyeles (10 meters)
land e=5, 0 =107 electromagnetic units.
Fig. 49—Gain in field intensity due to elevation of sender or receiver to a height
{I ul)st)e the earth (to be applied to the field-intensity values obtained from
g, -
/=30 megacycles (10 meters)
land =5, ¢ =107 electromagnetic units.

For all cases encountered in the practical use of ultra-high fre-
quencies at the present time, therefore, no marked shadow effect is
to be expected as the distance of the receiver from the sender passes
beyond the optical horizon, when either the sender or the receiver is
on the ground. On this point, the theory is well confirmed by practieal
experience. This provides evidence that the decrease in amplitude of
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the received field beyond the horizon is still controlled by the absorp-
tion eflfect resulting from the finite conductivity of the ground.

The reliability of the theoretical curves presented above in Figs.
40 to 59 has been checked as far as possible by comparison with such
experimental data as have so far become available. These data cover
various frequencies between 31 and 400 megacycles (8.8 and 0.73
meters), heights of sender or receiver up to about 1000 meters, and
distances ranging up to 200 kilometers. On the whole, the agreement
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Fig. 50—Field intensity at various distances of diffracted wave overland for var-
ious heights of sender and receiver and for a radiated power of 1 kilowatt.
S =150 megacycles (2 meters)
sea e=80, ¢ =4 X 1071 electromagnetic units. )
Fig. 51—Gain in field intensity due to elevation of sender or receiver to a height
H above the earth (to be applied to the field-intensity values obtained from
Fig. 50).
S =150 megacycles (2 meters) )
sea e=80, o =4 X 107" electromagnetic units.

between theoretical and experimental results is moderately good, es-
pecially in view of the difficulties of carrying out measurements of the
absolute values of field intensities at ultra-high frequencies. Until,
therefore, the results of further detailed experimental investigations
become available, the theoretical curves provided above form a basis
for predicting the signal to be expected without refraction effects over
any practical radio-communication circuit operating on ultra-high
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frequencies up to distances of 400 kilometers. It should be noted that
these results are not applicable to cases in which irregularities on the
surface of the earth introduce serious departures from the ideal condi-

tions assumed.
3. Refraction

When the range of reception on ultra-high frequencies exceeds a
few kilometers, the transmitted waves become subject to an appreci-
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Fig. 52—Field intensity at various distances of diffracted wave over land for var-
ious heights of sender and receiver and for a radiated power of 1 kilowatt.

/=15 megacycles (4 meters)
sea ¢ =80, 0 =4 X 1071 electromagnetic units.

Fig. 53—Gain in field intensity due to elevation of sender or receiver to a height
{TI abov)e the earth (to be applied to the field-intensity values obtained from
ig. 52).
/=75 megacycles (4 meters)
sea ¢ =80, 0 =4X 107! electromagnetic units.

able refraction in the atmosphere due to the density gradient which
normally prevails for small heights above the earth’s surface. This
refraction results first in an increase in the field intensity at the re-
ceiver, as the rays will become concave towards the earth’s surface,
and, second, in a variation in the field, due to variations in the atmos-
pheric density gradient. The total field at the receiver is thus the
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resultant effect of the diffraction and refraction of the waves in their
passage from sender to receciver.

The increase in the steady component of the field which results
from refraction can be calculated for a given uniform gradient of re-
fractive index of the air, as has been shown.' Theoretically, the phe-
nomenon may be taken account of by increasing the value of the
effective radius of the earth used in the diffraction formula. The result
is that the slope of the straight portions of the graphs in Figs. 40 (b),

©
i .
o H
] 3 2
: i
z © —1-
1
- 0 3 0 % 80 70 80 9 0o
K 1o meters
(@)
Kiloweters
)
- T
nm'g: - s i ol
L RuR NS overce atatanse —j; o do
7 e N\ “\\\\ 1 o
% oo S = - =
v %2 \‘ \ \\‘\ o
. » N\ NN » . * sl
2 '?l -‘\\\\\ s- 3 £ % 3 1
A ¢ ? 2 a
0 OGS i i
g :‘ NG NGTRE R
ni AN
P SSESERIONNANEE - -
N\ b o
S SSRAN W | T T T
oo N 3 ' 1 i i J LI {
ooa L NN N KT : 00 000 /500 000 2900 JOOO 100 4000 4500 00

Filigters [ J:b-)n-u

(&)
Fig. 54 Fig. 55
Fig. 54—Tield intensity at various distances of diffracted wave over land for var-
1ous heights of sender and receiver and for a radiated power of 1 kilowatt.
S =250 megacycles (6 meters)
sea ¢ =80, 0 =4 X 107! electromagnetic units.
Fig. 55—Gain in field intensity due to elevation of sender or receiver to a height
{TI above the earth (to be applied to the field-intensity values obtained from
ig. 54).
S =350 megacycles (6 meters)
sea ¢ =80, o =4 X 107! electromagnetic units.

42 (b) to 58 (b), is decreased in the ratio (Ko/k;)** where Ry is the
actual radius of the earth and R, is the effective radius.

If the refractive index u as a function of the height 4 can be ex-
pressed in the form u=puo—ah, where yo is the value at the ground
and a is a constant, then
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whence

(Ro)“”3 (l R )213
- = —a
R, ’

in which I must be measured in the same units as h.
Thus the effect of refraction under these ideal circumstances can be
accounted for by reducing the slope of the straight portion of the
appropriate diffraction curve by the factor (1—al,)?3, in which the
value of a can be obtained from meterological data.”:®
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I'ig. 56—Field intensity at various distances of diffracted wave over land for var-
ious heights of sender and receiver and for a radiated power of 1 kilowatt.
f=37.5 megacycles (8 meters)
sea ¢ =80, ¢ =4 X107 electromagnetic units.
Fig. 57—Gain in field intensity due to elevation of sender or receiver to a height
H above the earth (to be applied to the field-intensity values obtained from
Fig. 56).
[=37.5 megacycles (8 meters)
sea ¢ =80, ¢ =4 X 107" electromagnetic units.

Experimental measurements on the transmission of ultra-high
frequencies using frequencies between 32 and 150 megacycles (9.4 to 2

?” R. L. Smith-Rose and J. 8. McPetrie, “Ultra short waves: refraction in
the lower atmosphere,” Wireless Eng. and Ezp. Wireless, vol. 11, pp. 3-11;

January, (1934).
8 C. R. Englund, A. B. Crawford, and W. W. Mumford, “Further results of

a study of ultra-short-wave transmission phenomena,” Bell Sys. Tech. Jour.,
vol. 14. pp. 369-387; July, (1935).
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meters) have shown that the fading effects due to refraction in the
lower atinosphere become imperceptible at distances of the order of
20 kilometers, if the heights of sender and receiver are not greater
than about 100 meters. Under such conditions, the fading appears to
be of a slow type and has an amplitude range of only one or two
decibels relative to the steady field.

As the distance of transmission is increased, the fading becomes
more rapid and increases up to the order of 10 decibels; occasionally,
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Fig. 58—Field intensity at various distances of diffracted wave over land for var-
ious heights of sender and receiver and for a radiated power of 1 kilowatt.

f =30 megacycles (10 meters)
sea ¢ =80, 0 =4 X107 electromagnetic units.

Fig. 50—Gain in field intensity due to elevation of sender or receiver to a height
{;{ abov)e the earth (to be applied to the field-intensity values obtained from
ig. 58).
/=30 megacycles (10 meters)
sea ¢ =80, o =4 X107 electromagnetic units.

however, the fading may be much more serious. Over ranges of about
120 kilometers, the mean value of the received field has been found to
be considerably higher in summer than in winter, while at night the
fading is greater and the mean field higher® than the corresponding day
values. These results must, however, only be taken tentatively as an

? This word was, through an error, given as “lower” (“plus faible” in the
French text) in the original.
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indication of the type of phenomena observed in miscellaneous experi-
ments on ultra-high frequencies. It will be necessary to obtain the
results of many further systematic experimental investigations of this
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43 megacycles (7 meters). The dotted lines refer to a plane earth, the full
lines to a spherical earth. Both the transmitter and the receiver are situated
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Fig. 61—Effect of raising the sender from ground level to a height of 100 meters
on the field at a receiver on the ground at various distances. Radiation:
1 kilowatt at 43 megacycles (7 meters).

phenomenon before any more definite statement can be made as to the
effect of refraction in the propagation of ultra-high frequencies. Such
data will need to be correlated with the corresponding meteorological
data relating to the same conditions and place of observation.
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A METHOD FOR THE INVESTIGATION OF UPPER-AIR
PHENOMENA AND ITS APPLICATION TO RADIO
METEOROGRAPHY*

By

Harry Diamonp, WILBUR S. HiNMAN, Jr., AND F. W. DunMoRE
( National Bureau of Standards, Washington, D. C,)

Summary —Ezperimental work conducted for the United States Navy Depart-
ment on the development of a radio meteorograph for sending down from unmanned
balloons informalion on upper-air pressures, lemperatures, and humidities, has led to
radio methods applicable to the study of a large class of upper-air phenomena. The
miniature transmitter sent aloft on the small balloon employs an ultra-high-frequency
oscillator and a modulating oscillator; the frequency of the latler is controlled by re-
sistors connected in its grid circuil. These may be ordinary resisiors mechanically
varied by instrumenis responding to the phenomena being investigated, or special
devices, the elecirical resistances of which vary with the phenomena. The modulation
Srequency is thus a measure of the phenomenon studied. Several phenomena may be
measured successively, the corresponding resistors being swilched tnlo circuil in se-
quence by an air-pressure-driven swilching unit. This unil also serves for indicating
the balloon altitude. At the ground receiving station, a graphical frequency recorder,
connecled in the receiving-sel oulpul, provides an aulomatic chart of the variation of
the phenomena with altitude. The availability of a modulated carrier wave during
the complete ascent allows of tracking the balloon for determining its aztmuthal direc-
tion and distance from the recetving station, data required tn measuring the direction
and velocity of winds in the upper air.

I. INTRODUCTION

HE USE of special radio equipment carried aloft in unmanned
Tballoons for the investigation of upper-air phenomena has at-
tracted the attention of a number of scientific workers during
recent years. A large class of phenomena may be conveniently studied
by such methods at relatively low cost. Examples of such phenomena
include meteorological elements, such as barometric pressure, air
temperature, humidity, wind velocity, cloud height and vertical
thickness, radio wave propagation, light intensity in various parts of
the light spectrum, electrical conductivity and voltage gradient,
cosmic-ray intensities, etec. Measurements of these phenoniena may be
carried out at predetermined fixed altitudes or as a function of alti-
tude. In general, besides providing means for translating the variation
of the phenomenon to be measured into radio signals which may be
interpreted on the ground, the apparatus carried aloft must also trans-
* Decimal classification: R539.1. Original manuscript received by the In-
stitute, January 6, 1938. Published in Nat. Bur. Stand. Jour. Res., vol. 20, p.

369; June, (1938). Publication approved by the Director of the National
Bureau of Standards of the U. S. Department of Commerce.
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mit information on the altitude of the balloon. In several of the ap-
plications, such as the determination of upper-air wind velocities and
radio propagation studies, it is also necessary to know the distance
to the balloon, which may be determined by radio direction-finding
methods. It is thus desirable that the type of radio emission emploved
on the balloon be continuous in order to facilitate direction finding.

This paper deseribes a radio method which fulfills the three re-
quirements just outlined and appears particularly adaptable for the
study of certain of the phenomena enumerated. The principal objective
of our experiments has been the development of a radio-meteorograph
svstem for use in the aerological service of the Navy Department, at
the request of that department. However, as will appear from a de-
scription of the method and apparatus evolved, its properties permit
of a considerably broader field of application.

1I. CLASSIFICATION OF PriorR AND CONTEMPORARY
DEVELOPMENTS

In general, most upper-air phenomena may be measured in terms
of the deflection of mechanical instruments or of changes in the
properties of electrical devices. To transmit these measurements by
radio to a receiving station on the ground it is necessary to convert the
mechanical deflection or the change in electrical properties into an
interpretable characteristic of the radio emission. Means for accom-
plishing this conversion may be divided into three general classifica-
tions according to their operation. In one class, the angular deflections
from fixed references of the pointers of one or more mechanieal in-
struments are interpreted in terms of time intervals. The various
arrangements of the Olland-type radio meteorograph developed in this
country and abroad'?:34.5:8.7.8 gre representative of this class. A rotating

! P. Moltchanoff, “Zur Technik der Erforschung der Atmosphiire,” Beitrdge
zur Physik der freien Atmosphdre, vol. 14, pp. 45-77, (1928). In this paper
Moltchanoff proposed adoption of the telemeteorographie prineiple of Olland to
radio nlleteorography. His first working model was however based on a different
rinciple.
: 2 L. Heck and G. Sudeck, “Neue Meteographen fiir drahtlose Ferniiber-
tragung,” Gerlands Beiltrdge, vol. 31, pp. 291-314, (1931). “The modern radio
Meteorograph,” Nalture, vol. 130, pp. 1006 -1007; December, (1932). These
papers'* give descriptions of the first radio meteorograph utilizing the Ollund
principle; this instrument was developed by Moltechanofl and manufactured by
the Askania Werke, Germany.

3 W. H. Wenstrom, “Radiometeorography as applied to unmanned bal-
loons,” Proc. I.LR.E,, vol. 23, pp. 1345-1355; November, (1935).

* K. O. Lange, “Radiometeorographs,” Bull. Amer. Meteorological Soc., vol.
16, pp. 233-236, October; 267 271, November; 297-300, December, (1935). These
papers® represent reviews of the prior art.

8 L. F. Curtis and A. V. Astin, “A practical system for radio-meteorogra-
phy,” Jour. Aero. Sci., vol. 3, pp. 35-39; November, (1935). An Olland-type radio
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contactor, propelled by a clock or other drive, makes contact as it
passes pointers which are controlled by changes in pressure, tempera-
ture, and humidity, and thereby keys the radio transmitter. The time
intervals between these contacts and others which the rotating con-
tactor makes regularly with fixed points may be interpreted as definite
values of pressure, temperature, and humidity. A special case of this
class consists in converting electrical impulses into the operation of a
relav for keying the balloon transmitter, the frequency of keying
being a measure of the intensity of the phenomenon producing the
impulses. This method has been applied to the study of cosmic rays.’

In a second class, the detlections of the pointers are interpreted in
terms of some measuring scale independent of time. The radio meteoro-
graphs developed by Moltchanoft!® and Bureau'! and the pressure in-
dications emploved by Duckert!? are representative of this class. In
the Moltchanof arrangement, the pointer deflections are interpreted
in terms of coded signals repeated in distinetive groupings. In Bureau’s
arrangement, the pointers are grouped as in the Olland method; how-
ever, the rotating contactor carries with it a means for mechanically
modulating the transmitter so that the angular dettection of a given
pointer from its zero reference is interpreted in terms of the number of
cycles of the modulation oecurring between the corresponding contacts
rather than in terms of the intervening time. In the Duckert instru-
ment, the barometer serves to interrupt the transmitter at fixed pres-
sure levels; by keeping track of the number of interruptions occurring
from the beginning of an ascension, the pressure level corresponding to
a given interruption may be determined.

In the third class, the deflections of mechanieal instruments or the

meteorograph similar to the Askania-Werke model, but employing ultra-short
waves.

¢ K. O. Lange, “The 1935 radio meteorograph of Blue Hill Observatory,
Bull. Amer. Meteorological Soc., vol. 17, pp. 136—147; May, (1936). An Olland-
type radio meteorograph employing ultra-short waves and having an expanded
scale to reduce errors due to the pulsating motion of the clock arm.

70. C. Maier and T.. E. Wood, “The Galcit radio meteorograph,” Jour.
Aero. Sei., vol. 4, pp. 417-422; August, (1937). An Olland-type radio meteoro-
graph on 200 megacycles.

8 [,. F. Curtis and A. V. Astin, “An electric motor for radio meteorographs,
Rev. Sci. Instr., vol. 7, pp. 358 359; September, (1936).

s L. F. Curtis, A. V. Astin, L. L. Stockman, B. W. Brown, 5. A. Korfl,
“Cosmic ray ohservations in the stratosphere,” Phys. Rev., vol. 53, pp. 23 29;
January, (1938).

10 P Moltchanoff, “On the accuracy of the atmosphere investigations by
means of radio meteorographs,” (In Russian—title in English). Meteorologia 1
Hydrologia, vol. 2, pp. 30 41, (1936).

1 R. Bureau, “Les Radiosondages meteorologiques,” L'Onde Elec., vol. 14,
pp. 10-26; January, 87-96; February, (1935).

12 P. Duckert, “Das Radiosondemodell Telefunken und seine Anwendung,’
Beitrdage zur Physik der freien Almosphdre, vol. 20, pp. 303-311, (1933).
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changes in properties of electrical devices are caused to vary either the
carrier frequency or the modulating frequency of the balloon trans-
mitter and the values of the effects studied are interpreted in terms of
the frequency. In the radio meteorograpl developed by Viiisili,'3
three condensers, controlled respectively by mechanieal instruments
responsive to pressure, temperature, and humidity, and two additional
calibrating condensers are successively switched into the carrier
oscillator circuit. The values of pressure, temperature, and humidity
are interpreted in terms of the carrier frequency. Similarly, in the
Duckert radio meteorograph, a bimetal thermomneter controls a con-
denser which varies the carrier frequency. Feige's devised a modifica-
tion of the Duckert radio meteorograph for measuring cloud height
and vertical thickness. He substituted a photoelectric cell for the bi-
metal thermometer and employed a special milliammeter, carrying a
variable condenser, for controlling the carrier frequency as a function
of the current through the photocell, and, hence, as a function of light
brightness.

Consideration of the several means deseribed for translating varia-
tions in the phenomena under investigation into interpretable char-
acteristics of the emitted signals reveals that they are more suited to
the use of mechanical instruments than to electrical devices. In the
two cases® ' discussed in tliis section where electrical devices are
employed, their variations are first converted into mechanieal deflec-
tions before they are caused to control a characteristic of the radio
emission.

Ill. Basis or Our METHOD

In our experimental work, a method was sought which would not
be restricted to the use of mechanical devices. The basis for this search
is the fact that a number of the upper-air phenomena which it was
desired to study are best measured by means of electrical devices. In
particular, there appeared to be possibilities in such a method for
eliminating the operational difficulties involved in the use of the
several radio meteorographs described in the previous section. A study
of such devices revealed that a considerable number of them were
characterized by changes in electrical resistance as a function of the

' Vilho Viisialki, “Eine Neue Radiosande,” Mitteilungen des M eteorolog-
ischen Instituts der Universitit Helsingfors, vol. 29, pp. 1012-1029, (1935).

" Vilho Viisila, “The Finnish radio-sound,” Mitteilungen des Meteoro-
logischen Instituts der Universitdt Helsingfors, vol. 35, pp. 1-28, (1937).

5 R. Feige, “Zur Messung der oberen Wolken- und Nebelgrenze auf draht-

lichem und drahtlosen Wege,” Zeil. fiir Instrumentenkunde, vol. 54, pp. 23-26,
(1934).
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phenomena to which they were responsive. For example, the tempera-
ture coefficient of resistance of certain electrolytes is quite high so
that their variation in resistance mayv be used as a measure of tem-
perature; the surface-leakage resistance of certain glasses may be used
as a measure of humidity; the resistance of an air gap ionized by a
radioactive substance varies as a function of the barometric pressure,
the equivalent resistance of a pliotoelectrie cell varies as a function of
light intensity or brightness, ete. Accordingly, a translating means was
desired wherein the variation of electrical resistance was caused to
vary a characteristic of the radio emission from the balloon, viz, the
modulating frequency.

The negative transconduetance circuit described by Herold,® (of
the voltage-controlled tvpe), was adapted to this purpose since it
provided a lightweight audio-frequency oseillator in which the gener-
ated frequency is approximately inversely proportional to the grid-
circuit resistance. With this translating means, electrical devices
having inherent resistance variation as a function of some phenomenon
may be connected directly in the grid circuit while the deflection of a
mechanieal instrument responsive to some phenomenon is readily con-
verted into the variation of a grid-cireuit resistor.

An added advantage of the negative-transconductance circuit is
that the generated audio frequency is also a function of the bias voltage
on the control grid so that electrical deviees producing a variable cur-
rent through a constant grid-cireuit resistor may also be made to vary
the modulating frequency of the emitted radio wave. For example, a
Geiger counter may be connected in a suitable resistance-capacitance
network to supply a variable current to the grid-circuit resistor, the
average value of this current being directly proportional to the fre-
quency of the counter breakdown. The generated audio frequency,
varying in accordance with the resultant variations in the grid bias
voltage, will then be a measure of the cosmic-ray intensity. Similarly,
the variation in electrical charge on collecting conductors may be used
to produce o proportional variation in the grid bias voltage, and, hence,
the generated audio frequency of the modulating oscillator may be
made a function of atmospheric potential gradient or conductivity.

A particular advantage of the translating means just deseribed 1s
that the continuous emission from the balloon on a constant carrier
frequency facilitates the application of direction-finding methods at the
ground station.

18 . W. Ilerold, “Negative resistance and devices for obtaining it,” Proc.
[.R.E., vol. 23, pp. 1201-1223; October, (1935).
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[V. THE TRANSMITTING CIRCUIT ARRANGEMENT

A circuit diagram of the radio transmitting equipment used on the
balloon is given in Fig. 1.* The transmitter employs a type 1A6 tube
for the audio-frequency oscillator, a type 32 tube as an audio-frequency
amplifier, and a type 30 tube as a radio-frequency oscillator. The
audio-frequency oscillator operates on the negative characteristic pro-
duced between grids 2 and 4 of the 1 A6 tube. Its frequency-determining
circuit consists primarily of the charging condenser (" and of the total
resistance of the control-grid circuit. In this cireuit, V is the device
whose electrical resistance varies as a function of the phenomenon to
be measured and R and I are limiting resistors to fix, respectively,
the lower and upper limits of the frequency range covered. (A range of
from 20 to 200 cycles has been employed in practically all of our ex-

(now voraat
RLGWATOR I

o a5 ¥ )

Fig. 1-— Electrical circuit arrangement of the radio transmitter
used on the balloon.

periments.) The generated frequency is, however, also dependent to
considerable extent upon the value of the charging resistor R;, upon
the plate-battery voltage, the internal battery resistance (which adds
to the charging resistance), and, to a lesser degree, upon the filament-
battery voltage. The frequency is also affected by radio-frequency feed-
back into the grid circuit which operates to change the effective
control-grid bhias. The voltage-regulating neon tube in Fig. 1 is em-
ployed to minimize the effect of variations in the plate-hattery voltage
and in its internal resistance. The audio-frequency amplifier serves to
reduce the radio-frequency feedback and at the same time presents a

* In recent application of our method to radio meteorographs, a simplified
transmitting circuit arrangement has heen devised which employs a single type
19 (douhle-triode) electron tube in order to reduce cost. This arrangement, based
on suggestions of RCA Radiotron, Inc., utilizes one triode as a modulating
oscillator and the other as the carrier-frequency oscillator. The modulating oseil-
lator operates at 1 megacyele per second in short pulses oceurring at an audio-
frequeney rate, controlled by the time constant of a resistance-capacitance net-
work connected in the grid circuit. The carrier-oscillator output is interrupted
during the pulses. The carrier wave sent out hy the transmitter is thus modu-

lIated at an audio rate which is substantially inversely proportional to the value
of resistance in the resistance-capaeitance network.
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high-impedance load to the output ecircuit of the audio-frequency
oscillator.

Grid modulation of the radio-frequency oscillator is emploved,
nearly complete modulation of the emitted carrier being obtained. In
our experiments we have used carrier frequencies ranging from 50 to
200 megacyecles, the upper frequencies in this range being generated
by means of a special type 955 acorn tube having low filament-power
consumption

Fig. 2—Ground-station receiving and recording equipment.

With the various precautions used for increasing the {requency
stability of the andio-frequency oscillator, as indicated, the generated
frequency corresponding to a given grid-circuit resistance remains
constant within +3 per cent for changes in the filament-battery voltage
of from 3 to 2 volts, for changes in the plate-battery voltage of from 90
to 65 volts, in the plate-battery resistance of from 100 to 1500 ohms, in
the transmitter temperature of from +40 to —60 degrees centigrade,
and in the antenna load of from 100 to 20 per cent. These variations
represent the extreme limits encountered in the usual upper-air
studies.

V. THE GrOUND-STATION RECEIVING EQUIPMENT

A photograph of the ground-station receiving and recording equip-
ment used with this method is shown in Fig. 2. The superregenerative
receiving set A feeds an electronic frequency meter B through a suit-
able amphfier and electrical filter unit C. The electronic frequency
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meter operates to deliver a series of direct-current pulses to its in-
dicating meter the average value of which ranges from 0 to 500 micro-
amperes as the frequency varies from 0 to 200 cycles. This current is
filtered to an average value and the voltage drop obtained by passing
it through a resistor is applied to the input terminals of a high-speed
recording millivoltmeter ). The complete setup is essentially a re-
corder which converts the audio-frequency notes received in the radio-
receiver output into a graphical chart. The abscissa scale of the chart
may obviously be calibrated directly in terms of the phenomenon
measured, provided the generated audio frequency in the balloon trans-
mitter is a known function of the phenomenon.

In the first use of the receiving setup, considerable difficulty was ex-
perienced due to the varying wave form of the received audio-frequency
note. The frequency meter responds to the predominant harmonic of
the voltage applied to its input terminals. The wave form produced by
the audio-frequency oscillator in the balloon transmitter departs con-
siderably from a sine wave. This wave form is further distorted during
modulation of the radio-frequency oscillator and during demodulation
by the superregenerative detector. The audio-frequency system of the
radio receiver also modifies the wave form of the received signal. As a
result, the frequency meter did not always respond to the fundamental
(first harmonic) but, particularly for the lower frequencies, would
frequently indicate in accordance with the second, third, or even fourth
harmonic. This difficulty was overcome through adoption of a filter
unit which rejected all frequencies above 300 cycles and by modifying
the audio-frequency system of the radio receiver so that maximum
amplification occurred at 20 cycles with progressively decreasing
amplification for increasing frequencies. At 200 cycles, the voltage
amplification is only one third that at 20 cycles.

The limited frequency response of the audio-frequency circuits
coupled with the operation of the frequency meter to respond only to
the predominant note of a signal renders the receiving system quite
free from interference. An interfering signal must have a single note
below 300 cycles which is of greater intensity than the desired signal
before it can take over the operation of the frequency meter and recorder.

The receiving setup is practically automatic in its operation. There
is little need for retuning except just after the transmitter has left the
ground. Two separate automatic-volume-contro! features take care of
the large variation in received voltage as the distance of the balloon
transmitter from the receiving station increases. The first is inherent
in the operation of the superregenerative detector while the second is
provided by the frequency meter which operates accurately for a range
of input voltages of from 2 to 150 volts.
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VI. AprrricaTioNs oF QUR METHOD IN SiMPLIFIED FOrRMS

The operation of our method is best illustrated by means of several
simplified applications. In Figs. 3 and 4 are shown experimental models
of electrical devices designed to respond to temperature and humidity,

Fig. 3 —Capillary electrolytic thermometer.

WA

Fig. 4—Electrical hvgrometer.

respectively. The temperature device consists of a glass eapillary tube
filled with an electrolyte having a high temperature coeflicient of
resistance so that its resistance is a funetion of temperature. The
humidity device consists of a bifilar winding wound on the etched sur-
face of a glass tube, the surface-leakage resistance as measured hetween
the two wires being a funetion of humidity. Further deseription of the
two devices will be given in later sections. Figs. 5 and 6 show typical
charts obtained at the ground receiving station {rom ascension tests in
which the temperature and humidity tubes, previously calibrated,
were respectively connected in the grid circuit of the audio-frequency
oscillator. The absecissas give the values of the received audio fre-
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Fig. 5 - Aseension record illustrating operation of eleetrolvtic thermometer

quency and also the corresponding values of the functions measured.
The ordinates show the estimated altitude of the balloon based on
the amount of balloon inflation at the surface altitude. The balloon
rate of ascent is approximately constant (except when the balloon is
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Fig. 6—Ascension record illustrating operation of electrical hygrometer.

close to the bursting point) and, hence, the altitude is directly pro-
portional to the elapsed time from the beginning of the ascent.
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lustrating use of the photo-
electric cell in measuring the

ceiling and height of top of
clouds.

APPROXIMATE
o

VII. MEASUREMENT oF CLoup HEIGHT
AND THICKNESS

A record obtained from an aseension
test in which a photoelectric cell was con-
nected in the grid circuit of the audio-
frequency oscillator to give information
on the variation of light brightness with
altitude is shown in Fig. 7. Such data give
a direct measure of the height to the tops
of existing clouds and the visibility con-
ditions above each cloud. The window of
the photoelectric cell was pointed down-
ward to eliminate the effect of direet sun-
light upon emergenee from the clouds.
Heavy overeast with intermittent rain oe-
curred on the day of the test.

Referring to the record, the abscissas
represent brightness, the reference mark
DARK corresponding to complete ab-
sence of light. The ordinates represent
altitude or elapsed time. As the balloon
ascended it will be noted that the bright-
ness was quite low and steady except for
minor fluetuations, until the balloon
reached approximately 3800 feet. In the
altitude range of from 3800 to 5200 feet,
the increase in brightness with height indi-
cates the presence of a cloud layer some
1400 feet thick. The balloon, penetrating
the light-absorbing layer, is moving to-
ward the region of higher brightness. The
chart clearly shows the height of the “ceil-
ing” (3800 feet) and the height to the top
of the cloud layer (5200 feet). At 5200 feet
the balloon emerged from the cloud and
the light brightness remained substan-
tially constant at the increased value until
about 9000 feet. The gradual increase in
brightness from 9000 to 20,000 feet prob-
ably indicates the presence of haze in this
altitude region. Above 20,000 feet the
brightness reached a constant value.
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VIII. ALTiTUDE DETERMINATION

While the measurement of altitude in terms of elapsed time and a
predetermined rate of balloon ascent may be sufficiently accurate for
some applications, many studies require considerably more precise
altitude determination. This requires that the barometric pressure be
measured and, in more rigorous applications, also the temperature and
humidity. (The altitude correction for temperature may be up to 10
per cent and for humidity up to about 0.5 per cent.) An obvious ex-
tension of our method to include the measurement of any number of
upper-air phenomena, of which the barometrie pressure may be one,
consists of the use of a rotary switech which connects into the audio-
frequency oscillator grid cireuit, in any desired suecession, resistors
responsive to the various phenomena to be measured. As previously
indicated, certain of the resistors may vary inherently with the phe-
nomena or may be controlled mechanically by instruments responsive
to the phenomena. The switch may be driven by a spring or electric
motor or by an air fan which operates by virtue of the upward motion
of the balloon. The switch may also connect into the circuit, at desired
intervals, one or more fixed calibrating resistors which may serve as
checks on the frequency stability of the audio-frequency oscillator.
If frequency drift should occur, the reference frequencies provide
means for correcting the various measurements on a proportional
basis.

In an early radio-meteorograph model, we employed a fan-driven
rotary switch which successively connected into the cireuit three vari-
able resistors, controlled respectively by a barometer of the diaphragm
type, a bimetal thermometer, and a hair hygrometer, and a fourth,
fixed resistor, for reference purposes. This arrangement was found
deficient in one respect because of the unusual precision of pressure
measurement required in radio meteorography. The Bureau of
Aeronautics, United States Navy Department, had formulated the
following minimum requirements for radio-meteorograph operation:
pressure indications are required in the range of from 1050 to 150
millibars or lower to an accuracy of 1 millibar, temperature indications
in the range of from 440 to — 75 degrees centigrade to an accuracy of
one degree, and humidity indications in the range of from 0 to 100
per cent relative humidity aceurate to within 3 per cent. It will be seen
that the required accuracy is greatest for the pressure indications. [x-
periments with the method described showed that accuracies in the
frequency measurements of the order of 0.5 per cent could be expected
under carefully controlled conditions and of the order of 1 per cent in
routine operation. The chief difficulty arose from the fact that the
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{requency-resistance characteristic of the audio-frequency oscillator
altered somewhat under operating eonditions so that, even after cor-
rection for drift on the basis of the reference frequency, a residual ervor
of about 0.5 per cent remained. While this error was not sufficient to
affect the required accuracy of temperature and humidity indication
it was much too large for the pressure measurements.

To increase the accuracy of pressure measurement, we adopted
novel method'? of indieation which at the same time introduced several
additional operating improvements. This method muakes use of the

Fig. 8 —An experimental model of one form of the pressure-switching unit.

fact that the pressure element deflects continuously in one direction as
the balloon ascends, and employs this motion for carrving out the
switching operation in the balloon transmitter. The sequence of
switehing operations serves for absolute indieation of the barometric
pressure in discrete steps thereby obviating the need for interpreting
pressure in terms of either time or frequency. A greater aceuracy of
indication is inherent in this arrangement. At the same time, the need
for any other form of motive power for carrving out the switching
operations is eliminated. Other advantages of this type of pressure
mdieation will be considered in the following seetion.

'7 Some months ago there came to the attention of the authors a description
of a temperature-switehing arrangement!* applied to the switching of lights for

use of meteorographs at night, somewhat similar to the pressure-switching
method which we have developed.

18.J. Patterson, “A visual signalling meteorograph,” Trans. Royal Soc.
(Canada), vol. 25, section III, pp. 115-120, (1931).
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Pressure Swilching

An experimental model of one form of pressure switching with
which we experimented is shown in Fig. 8, and the corresponding elec-
trical circuit arrangement in Iig. 9. The pressure diaphragm operates
a pointer which moves over a simple switching element consisting of
electrical conducting strips separated by insulating strips. The face of
the switching element is polished so that friction opposing the arm
movement is negligible. Contact of the pressure arm with a given con-
dueting strip is therefore a direct measure of the barometrie pressure
to which the diaphragm is subjected. It is necessary only to provide
means for identifving the particular econdueting strip being contacted
to secure an ahsolute pressure scale. This is accomplished by the se-
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Fig. 9—Schematic of pressure-switehing eircuit arrangement as employed in the
measurement of three properties of the atimosphere in addition to altitude
(barometric pressure).

quence of switching into the circuit the several devices employed and
by the regular spacing of the condueting strips to which the reference
resistor is connected. In Fig. 9 we show elements responsive to tem-
perature, humidity, light brightness, and the reference resistor. The
symbols T, H, L, and I refer to the conducting strips on the switching
element to which they are connected. The pressure arm moving over
the conducting strips of the switching element successively connects
into the circuit the three devices in the order named and then repeats
the sequence. After each two groups, the reference resistor is switched
into the circuit. Sinece it produces a substantially fixed frequency which
occurs every seventh contact, the occurrence of this frequency may
serve as an index mark on the pressure seale. 1f desired, successive
seventh contacts may switch in different reference resistors to distin-
guish between index marks. However, since the purpose of the index
marks is to eliminate the need for keeping close touch of the number of
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contacts from the beginning of an ascent, and since the elapsed time is
of considerakle assistance in this respect, distinguishing between index
marks is not considered essential in this application.

Because of the widely different resistance ranges of the devices
shown in Fig. 9, the pressure arm switches in suitable condensers C
(in parallel with the charging eondenser) simultaneously with the re-
sistors in order that the generated audio frequencies may remain in the
same range, 20 to 200 cycles. This is desirable for convenience in re-
cording. The resistor R’ in Fig. 9 serves as the frequency-limiting
resistor for the lower part of the range. It is the frequency-determining
resistor when the pressure arm passes over the insulating strips of the
switching element.

A second variation of the method of pressure switching shows its
adaptability to particular requirements. In routine radio-meteoro-
graph operation, it is desirable that the balloon equipment be as simple
as possible in order to reduee weight and to keep the unit price within
the cost of the present airplane ascensions made for upper-air sound-
ings. Also, the readings of temperature and humidity should be made
at as many altitude levels as possible in order to obtain a nearly con-
tinuous picture of their variations. Aeccordingly, the radio meteoro-
graph designed for use by the Navy Department’?2° does not include
the photoelectric cell; also, the electrieal eireuit of the pressure-switeh-
ing unit is arranged so that temperature readings are obtained when
the pressure arm is on an insulating segment and humidity readings
when the pressure arm is on a conducting segment (exclusive of the
index contacts).

A description of this instrument will form the chief subject matter
of the remaining portions of this paper. However, before entering into
this description, a brief outline will be given of the advantages of pres-
sure switching in combination with the frequency scale for measuring
the upper-air phenomena investigated. The advantages are:

1) The method provides for great flexibility in the meuasurement of
upper-air phenomena, a large class of mechanical and electrical deviees
being readily employed.

(2) Readings of the phenomena being measured are obtained
directly as a function of pressure, which may be readily converted into
height. The record obtained at the ground station is plotted in this
form and is easy to interpret.

1% H. Diamond, W. S. Hinman, Jr., and F. W. Dunmore, “Development of a
radio meteorograph system for the Navyv Department, Bull. Amer. Meteorologi-
cal Soc., vol. 18, pp. 73-99; March, (1937).

20 1. Diamond, W. 8. Ilinman, Jr., and F. W. Dunmore, “A radio meteoro-
graph system with special aeronautical applications,” Jour. Inst. Aero. Sct., vol.
4, pp. 241-248; April, (1937).
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(3) Observations are obtained at predetermined pressure levels,
independent of the rate of ascent of the balloon. This permits using
any practicable rate of ascent, thereby reducing the time required for a
given set of observations. The use of eleetrical devices is of particular
value in this respeet since they are inherently faster in response than
mechanieal instruments.

(4) The possibility of higher rates of aseent provides other im-
portant advantages: (a) since the halloon will not drift so far, there is
a greater chance for recovery of the instruments, particularly in near-
coastal regions; (b) the shorter range permits taking check observations
during the descent of the equipment; (¢) battery requirements may be
reduced appreciably; (d) hetter ventilation may be had of instruments
requiring ventilation, such as the temperature and humidity devices.
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Fig. 10—FElectrical circuit arrangement of the pressure-switching unit employed
in the Navy radio meteorograph.

(5) The accuracy of pressure indication is practically equal to the
accuracy of the instrument itself and does not depend upon any trans-
latory means.

IX. THe Navy Rapio M ETEOROGRAPH
Pressure-Switching Circuit Arrangement

The electrical circuit arrangement of the pressure-switching unit
used in the Navy radio meteorograph is shown in Fig. 10. The grid
circuit of the audio-frequency oscillator includes three resistors in
series, f2, I/, and T. The resistor R is of fixed value. I{ is a special re-
sistor which is controlled by a hair hygrometer so that the position of
the contact point ¢ varies in accordance with the relative humidity,
being at the point « for 100 per cent value, at the point b for 0 per cent,
and at intermediate positions for intermediate values of the relative
humidity. T is a special resistor which varies inherently with the
temperature. (See Fig. 3.) The switching element consists of 75 con-
ducting strips separated by insulating strips. The conducting strips are
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arranged in groups of four adjacent intermediate contacts, the ad-
jacent groups being separated by wider index contacts. The inter-
mediate conducting strips are all connected together while the index
contacts are connected in two sets. In Fig. 10, the three resistors are
electrically connected to the switching element as shown. The point a
is connected to one set of index eontacts, (numbers 15, 30, 45, ete.);
the point b is connected to the second set of index contacts, (numbers
5, 10, 20, 25, ete.); and the variable contaet point ¢ is connected to the
intermediate conducting strips of the switching element. The pressure
arm /?, which moves over the switching element, is clectrieally con-
nected to ground as is also the lower end of the resistor 7.

It will be seen that so long as the pressure arm rests on one of the
insulating strips of the switching element, the series circuit formed by
R, T, and I is undisturbed. Since R is fixed and the full value of //
is in cireuit, the frequency of the audio-frequency oscillator is con-
trolled by the value of the resistor 7" and hence by the temperature.
Assume now that the pressure arm contacts one of the intermediate
conducting strips. The contact ¢ is thereby connccted to ground
shorting out a portion of the resistor I/ (¢ to b) together with the vari-
able resistor T'. The value of resistance remaining in circuit consists of
I and a variable portion of // depending upon the position of point ¢
and hence on the value of the relative humidity. The frequency of the
audio-frequency oscillator is now dependent on the relative humidity.
When the pressure arm contacts one of the index segments, it connects
either the point a or the point b to ground, shorting out # and 7 to-
gether or T alone. In the former case, the frequency of the audio-
frequency oscillator is determined by the resistor R and in the latter
case by the resistor I in series with the full value of the resistor I/,
Hence two fixed identifving frequencies are produced corresponding
to the two sets of index contaets. It will be observed that the identify-
ing frequencies coincide exactly with the frequencies corresponding to
100 and 0 per cent relative humidity. The use made of this feature will
appear later.

The complete operation of the system now becomes apparent. The
pressure arm, moving continuously in one direction as the balloon
ascends, switches the frequency of the audio-frequency oscillator to
correspond alternately to the values of the temperature and of the
humidity encountered. The alternate change-overs from one set of
frequencies to the other indicate that the pressure arm is just reaching
or is just leaving one of the intermediate contacts and has attained
definite deflection positions which may be determined. When the
pressure arm reaches successive fifth condueting segments, the fre-



Diamond, Hinman, Dunmore: Investigation of Upper-Air Phenomena 1253

quency of the audio-frequency oscillator attains predetermined fixed
values which positively identily these contacts so that they may serve
as index marks for the absolute pressure seale. The two identifying
frequencies used serve an additional purpose in that they provide
periodic checks during the progress of a flight on the degree of fre-
quency stability of the audio-frequeney oseillator. If any accidental
variation should occur, for exaunple, due to varying battery conditions,
the recorded value of temperature may be corrected for the indicated
variations. Corrections to the humidity readings need not be applied
even in such event. Upon completion of a record, two lines may be
drawn in‘on the chart to connect the recorded values of the two sets of
identifving frequencies. These two lines frame the scale of humidity in-
dications, thereby automatically transferring the plot of humidity
indications to a corrected {requency scale.

The Temperature Capillary Tube

A description of the temperature capillary tube is of interest at this
point. A photograph of a practical form of this device was shown in
Fig. 3. The glass capillary tube has an over-all length of 8 centimeters,
a bore diameter of 0.75 millimeter, and a wall thickness of 0.4 milli-
meter. The dimensions were chosen on the basis of practical considera-
tions, such as mechanical sturdiness, facility of manufacture, and
rapidity of response to varyving ambient temperatures. The time-lag
constant of the device in an air stream of 10 miles per hour is of the
order of 2 to 5 seconds.

The electrolvte employed (chosen to give a resistance of 30,000
ohms at +30 degrees centigrade) consists of 24 per cent (by volume)
concentrated hydrochloric acid, 76 per eent of ethyl alecohol, and 2.7
grams of cuprous chloride for each 100 cubic centimeters of the re-
sultant combination. This solution has several important advantages
for the radio-meteorograph application. It does not freeze at any
normal stratosphere temperature reported (down to —80 degrees
centigrade). The use of the cuprous chloride minimizes the polarizing
action attendant to the passing of a current through the electrolyte;
henee, the electrical resistance corresponding to a given temperature
is independent of the current and the tube may be calibrated inde-
pendently of the audio-frequency oscillator with which it is used. Use
of predetermined ratios of the ingredients permits a wide choice of
resistivity and some control of the temperature coefficient. A detailed
account of the properties of this electrolyte is given by Craig?

2 . N. Craig, “An electrolytic resistor,” Nat. Bur. Stand. Jour. Res., vol.
21, pp. 225 233; August, (1938)
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The variation of resistance with temperature for a typical capillary
tube is given by curve (a) of Fig. 11 while curve (b) shows the re-
sistance-frequency characteristic of a typieal audio-frequency oscil-
lator. The corresponding variation of modulation frequency with
temperature when the capillary thermometer is connected in the grid
circuit of the audio-frequeney oseillator may be evaluated from these
two curves, as indieated in Fig. 11,
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Fig. 11—Graphs showing the variation of electrical resistance with temperature
of the electrolytic thermometer and the variation of the generated audio
frequency with resistance for a sample audio-frequency oscillator. Together
they determine the temperature-irequency seale of the radio meteorograph.

The Meteorograph Unal

Figs. 12 and 13 show two views of the meteorograph which in-
corporates the pressure-switching unit, the temperature tube, and the
hair-controlled hygrometer. In Fig. 12 the pressure diaphragm, linkage,
and arm are clearly shown. The end of the pressure arm carries a
platinum tip which slides over the polished surface of the switching
element. The conducting segments of the switching element stand out
in the photograph as white lines, particularly the index contacts,
which are of greater thickness.

At ain Fig. 12 a small metal cam is shown which is swung about its
shaft by two hair elements operating in series (on the other side of the
base plate). A wire-wound resistor mounted to pivot at the point b is
held in contact with the cam by a spring. As the cam moves under the
action of the hair hygrometer, the resistor is forced to follow it due tq



Diamond, linman, Dunmore: Investigation of Upper-Air Phenomena 1255

the spring. A rolling contact is thereby obtained between the metal
cam and the resistor. This eontact moves from one end of the resistor
to the other as the relative humidity varies from 0 to 100 per cent.
The arrangement is therefore ideally suited to serve for the resistor //
shown in Fig. 10. This satisfactory arrangement was developed for u
by Julien P. Friez and Sons, Ine.

Fig. 12— Front view of the meteorograph unit.

Fig. 13 shows the other side of the meteorograph unit with the
radiation shields removed. The hair drive for the metal cam and the
temperature capillary tube are seen in this view. The thin metal plate
normally mounted between the hair elements and the temperature tube
is cut away to permit a view of the hair elements. This plate serves
as a shield against the radiation of heat irom the base plate to the
temperature tube. The ventilated outer radiation shield protects the
temperature tube from direct solar radiation.

The Complele Itadio- Meteorograph Assembly

The complete radio meteorograph consists of a radio transmitting
unit (operating on a earrier frequency of 65 megacycles), a battery
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unit, and a meteorograph. The entire assembly of the three units is
contained in a balsa-wood box, 6 X6X4} inches. (See top view in Fig.
14.) The total weight is two pounds in the current design and is capable
of considerable reduction through refinement of the component units.
In its present design, the transmitter is capable of over four hours of
efficient operation under ground conditions.

Fig. 13— Rear view of the meteorograph unit, with radiation shield removed.

The battery unit consists of two 45-volt batteries for the plate
supply and a 3-volt dry-battery unit for the filament supply. The
plate batteries weigh slightly over 4 ounces each and have a capacity
of 75 milliampere-hours. The filament battery weighs 2 ounces and
has a capacity of 750 milliampere-hours. The total plate current re-
quired by the transmitter is 15 milliamperes and the filament current
is 180 milliamperes. The battery unit is packed in rock-woo! insulation
in order that it may retain its original heat as long as possible during
an ascent. In the course of an ascent, the ambient temperature may
drop to —75 degrees centigrade, while the batteries cease to operate
when they drop to —20 degrees centigrade. Because of the effect of the
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low ambient temperatures upon the battery capacity, the operation of
the transmitter during an actual ascent is limited to an average of two
hours.

Sample Record of an Ascension

Sonie 75 ascensions have been made using the radio meteorograph
described. These have shown the system to be practicable and have
provided gratifying records. Fifty of these ascents were made at the

Fig. 14- Complete radio-meteorograph assembly.

Naval Air Station, Anacostia, D. C., under service conditions, and the
records obtained were compared with acrograph observations obtained
simultancously in a Navy airplane. The results of these comparisons
are deseribed in separate papers.223 The excellent agreement obtained
indicates that the accuracy of indication of pressure, temperature, and
humidity, while not quite within the requirements set forth in Section
V1L, is sufficient to warrant the use of the instrument to replace the
present airplane soundings.

2 11. Diamond, W. 8. Hinman, Jr., and E. G. Lapham, “Performance tests
of !he Navy radio meteorograph system,” Jour. Aero. Sci., to be published
(193?“5")}1. Diamond, W. 8. Hinman, Jr, and E. G. Lapham, “Comparisons of

aerograph, meteorograph and radio meteorograph soundings,” Bull. Amer.
Meteorological Soc., vol. 19, pp. 129 141; April, (1938).






Fig. 15—Sample radio-meteorograph ascension record.
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A sample record is shown in Fig. 15. The scale of abseissas on the
chart is on a frequency basis, 0 to 200 cycles (left to right). For case in
interpretation, the corresponding temperature and humidity scales are
also marked on the chart. The start of the run, corresponding to the
release of the balloon, is at the bottom of the chart.

It is convenient to consider the recorder pen as producing a tem-
perature plot which is a function of time and hence of the ascent of the
balloon. This plot, represented by the vertical traces at the left of the
record, is not continuous, being interrupted at predetermined altitude
levels of the balloon by contact of the pressure arm with the conducting
strips ol the switching element. The modulating frequency of the
emitted wave then changes to either the humidity or the reference
values. At each interruption, the recorder pen sweeps laterally to the
right to record these values, returning again to the left when the pres-
sure arm leaves the corresponding conducting strip and the modulating
frequeney is again proportional to temperature. A line drawn through
the frequency traces (at the right of the chart) which relate to the
intermediate or humidity contacts will, therefore, represent the varia-
tion of humidity as the balloon ascends. Similarly, vertical lines
through the two scts of reference-frequency traces represent the 0 and
100 per cent points of the scale of humidity values. The horizontal
traces of the record muade by the recorder pen in sweeping from the
temperature traces to the humidity (and index) traces, and vice versa,
show that the pressure arm has reached definite points of deflection
and may he evaluated in terms of pressure, hased on previous calibra-
tion. Note that the humidity readings occur in groups of four white th
index traces define the 5th, 10th, 15th, 20th, ete., contacts. On the
record, the values of the barometric pressure corresponding to the
beginning of eontact of the pressure arm with the index condueting
strips are shown, forming an ordinate scale of pressure values. The
balloon altitude at these points, corrected for the indicated tempera-
ture and humidity, are also shown. Similar data are not inserted for
the other contacts for the sake of clarity of the record.

When the balloon reached an altitude of 34,000 feet, a special pres-
sure-operated relcasing device opened the string connection hetween
the balloon and a small parachute to which the radio meteorograph
was attached. The parachute then opened and the equipment de-
scended back to the carth’s surface. This releasing device was employed
in certain of our tests to prevent the equipment from reaching the
normal ceiling heights of 65,000 to 75,000 feet, since it was desired to
obtain check temperature readings during the descent of the equip-
ment while the batteries were still in good condition and the balloon
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not too far away from the receiving station. Referring to Iig. 15,
cheek readings were obtained down to the 5th contact, the equipment
being then within 1200 feet of the ground.

The temperature readings during the descent agreed with the cor-
responding readings during the ascent within less than 1 degree centi-
grade, testifying to the aceuracy of the frequency-translating means
and the independence of the temperature tube to the rate of motion
through the air. The humidity readings, while indicating changes at the
same altitude levels, did not check the ascending values because of the
inherent lag in the hairs after exposure to low temperatures.

- T ‘ ‘[ T T T
o —t
g k. g e ke 1 .

-i 4 .
sl t e
i §
() | dmend
t e RADIC METEOROGRAPYM = ASCENT = 600 FT. PER MIN. T - 2
¢ O RADI0 METEOROGRAPK - DESCENT = 1500 FT. PER MIN. MAR
. ™M X NAVY AEROGRAPH ON AIRPLANE - 300 FT. PER MIN. ‘-u-g
N T = !
] 5
£ "o
i l_ —_
¢ T

| |
4 el T B
- - -
e
1 U e
| ] ~— -~ —L — — o —t—= —
e = - -
..... an e v renes Ganman
sy g geesm

Fig. 16—Chart showing agreement of radio-meteorograph and aerograph
observations.

The meteorologist examining the record of Fig. 15 would he in-
terested chiefly in the points where the temperature variation with
increasing altitude departs from a normal cooling rate and either
ceases to decrease or actually increases. These are termed temperature-
inversion points. Information is required on the extent of the inver-
sions, the altitudes at which they occur and of the corresponding values
ol relative humidity. These ata are plotted on an adiabatic chart for
further computation. An advantage of the type of record shown in
Fig. 15 is that the significant data required may he used without con-
sideration of the remaining data.

An indication of the order of agreement obtained between the radio-
meteorograph and aerograph observations may be had from the chart
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shown in Fig. 16. In this chart the ordinates represent values of the
barometric pressure in millibars and the abscissas values of the tem-
perature in degrees centigrade and of relative humidity in per cent.
The full lines represent the radio-meteorograph data corresponding to
the record of Fig. 15. The crosses represent the acrograph data ob-
tained simultaneously. It will be seen that the temperature readings
agreed within 1 degree centigrade and the humidity readings within
5 per cent relative humidity except at abrupt changes. The close agree-
ment of the temperature and humidity plots testify to the agreement
of the pressure readings.

Calibrating Procedure

The procedure followed in calibrating the complete radio meteoro-
graph in preparation for an upper-air sounding has been outlined in
detail * Since the pressure indications are on an absolute basis, the
pressure calibration consists simply in subjecting the pressure unit to
a variable pressure and noting the values at which the arm just con-
tacts the various conducting strips of the switching element. The tem-
perature and humidity elements are calibrated on a resistanee basis.
Special scales, used in conjunetion with the frequency-resistance
characteristic of the audio-frequency oscillator, are employed for con-
verting the resistance values into corresponding frequency values.

With the calibrating procedure adopted, a radio meteorograph may
be taken off the shelf, completely calibrated and prepared for an aseent
within 90 minutes. If the instrument has been previously calibrated
by the manufacturer, the check calibrations necessary to insure its ac-
curate operation, together with the preparation of the instrument,
balloon, parachute, ete., for aseent, take about 45 minutes. The record
‘an be evaluated and plotted on the standard adiabatic chart used by
meteorologists within a few minutes of the time the signals cor-
responding to the highest altitude of interest have heen recorded.

X. Tue ELEcTRIcaL HYGROMETER
In Seetion VI, a brief deseription was given of a resistance device
which varied inherently with the moisture content of the air. A photo-
graph of the device was shown in Fig. 4 and a record obtained in an
ascension flight in Fig. 6. The development of an electrical hygrometer
was undertaken to find a substitute for the hair hygrometer universally
employed in upper-air soundings. Complete details of this development
arc given in a separate paper.* A serious defect of the hair-type
# F. W. Dunmore, “An electric hygrometer and its application to radio

meteorography,” Nat. Bur. Stand. Jour. Res., vol. 20, pp. 723-744; June, (1938)
(RP 1102).
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hygrometer is its inability to respond to abrupt ehange in humidities
encountered by rapidly ascending balloons. This lag in response in-
creases rapidly with decreasing temperature. Hence the hair hygrom-
eter gives only a qualitative measurement of the variation of hu-
midity with altitude. It was believed that an electrical device for
measuring humidity would provide muel more rapid response to
humidity variations, especially at the low temperatures.

The development of the unit shown in Fig. 4 was based on an ob-
servation that the resistance between the two wires of a bifilar winding
wound on a glass tube was influenced markedly by humidity. An ex-
tensive investigation of this phenomenon was undertaken, the work
including the study of the effect of different types of glass, roughness
of the glass surface, coatings over the glass, binders over the coatings,
spacing of the wires, and wire size and composition. Over 150 samples
were made up and tested. All of the units were found to vary in electri-
-l resistance with relative humidity, and, in lesser degree, with tem-
perature. A simple graphical arrangement permits applying the
appropriate temperature correction factor on the basis of the observed
temperatures and relative humidities obtained during an ascent.

The record of Fig. 6 shows the rapidity of response obtained with
the electrical hygrometer. In comparative laboratory tests at room
temperatures in an air stream of 10 miles per hour, the time-lag con-
stant for this device was found to be 3 seconds compared with 40
seconds for the hair hvgrometer. The indieated variations in humidity
at the higher altitudes in the record of Fig. 6 shows the operation of
this device when exposed to low temperatures at which the hair hygrom-
eter could not possibly respond. As previously indicated, the altitude
seale of Fig. 6 is only approximate.

XI. OTHER APPLICATIONS OF THE (GENERAL METHOD

In the foregoing text, we have limited our description to arrange-
ments wherein the device for pressure indication is also utilized to
sarry out all of the switching operations of the balloon transmitter. In
certain applications it is convenient to employ auxiliary means for
accomplishing the switching. An example of this class is the investiga-
tion of Stair and Coblentz®:* on the measurement of ultraviolet solar
intensities in the stratosphere. In this application, based on our method,

2 W, W, Coblentz and R. Stair, “A radiometric method of measuring ultra-
violet solar radiation intensities in the stratosphere,” Radiologica, vol. 1, pp.
12 -20; November, (1937).

28 R. Stair and W. W. Coblentz, “Radiometric measurements of ultraviolet
solar intensities in the stratosphere,” Nat. Bur. Stand. Jour. Res., vol. 20, pp.
185~215; February, (1938) (RP1075).
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the variation in resistance of a photoelectric cell equipped with several
light filters is converted into a variable modulation of the emitted
carrier. At predetermined altitudes, the pressure-switching unit in-
troduces fixed resistors in the grid circuit of the audio-frequency oscil-
lators for the purpose of altitude determination. Between the altitude
measurements, a motor-driven wheel successively interposcs the
several filters over the photocell to determine the speetral quality of
ultraviolet in the solar radiation.

A second example of this class is shown in Fig. 17. 1n this arrange-
ment, a miniature motor-driven switch conneets into the grid circuit
of the audio-frequency oscillator a number of devices. In the illustra-
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Fig. 17—KElectrical circuit arrangement illustrating the use of the method of
pressure indication in combination with an auxiliary switching device.

tion a capillary thermometer, a photoelectric cell, two electrical hygrom-
eters (covering different portions of the humidity seale), and a fixed
calibrating resistor are shown. These may be connected into the cireuit
as rapidly as the response of the recording equipment will permit, of
the order of a few seconds. The arm of the pressure-switching unit,
upon reaching a condueting strip, short-circuits whatever device hap-
pens to be in cireuit, giving a fixed frequency. The latter represents a
point on the altitude scale. For the purpose of providing index marks
on the altitude scale, only a portion of resistor 1 is left in the grid eir-
cuit when the pressure arm reaches the index eontaets. An advantage
of this arrangement over the one shown in Iig. 8 is the possibility of its
extension to the measurement of a large number of phenomena without
requiring an unduly complicated pressure-switching element.
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TRANSIENTS OF RESISTANCE-TERMINATED DISSIPATIVE
LOW-PASS AND HIGH-PASS ELECTRIC WAVE FILTERS*

By
WeNTWORTH ('HU AND CHUNG-KwEl CHANG

(Phyasics Department, National University of Peking, Peiping, China)

Summary—Formulas are derived for the solution of thetransient recetving-end
currenls of resistance-terminated dissipative T- and =-lype low-pass and high-pass
eleclric wave filters. Oscillograsms taken with a cathode-ray oscillograph for direct- and
allernating-current cases are found to agree with the resulls calculated from these
formulas. From these calculations the following conclusions are derived: (1) When
the ler niinating resistance is gradually increased from zero, the damping constants of
the dam ped sine terms begin to differ greatly from each other, ranging in decreasing
amplitudes from the first damped sine term to the last term of (approximately) cutoff
frequency. llence, the transient is ultimately of the culoff frequency. At the last fre-
quency, Lhis constant is greater than the corresponding constant (approximately
equal to R/2L), when the termination is absenl. (2) For each increase of one section,
there is introduced an additional damped sine term with a smaller dam ping constant.
Therefore transients die oul faster in fillers of a small number of sections. (3) The
last resonant frequency of the filters varies with the number of sections used. It ap-
proaches the cutoff frequency as the number of sections is increased.

This paper deals with the receiving-end (ransient currents of resistance-ter-
minated dissipative low-pass and high-pass electric wave filters of T- and n-types.
Transtients of nondissipative electric wave filters were firstireated by John K. Carson
and Ollo J. Zobel,' who considered primarily an infinite succession of simtiar T
sections and obtained formulas for the current at any section. In 1935, E. Weber
and M. J. Di Toro® calculated the transient currenlts of resistance-terminated non-
dissipative low-pass electric wave fillers of finite number of sections. Therefore il is
now worth while to solve for the (ransient currenls for dissipative electric wave
Silters.

DerivarioNn ofF FormuLas aAND CALCULATION
oF TransieNT CURRENTS

Let P=generalized angular velocity,

A=\ LCP,
r=>57.3t//LC,
T ={/\'LC,

27, =total series impedance per section of T- or =-type filter, and
Z.=total shunt impedance per scetion, where { is the time in sec-
onds, and L and C are to be defined later. Then

* Decimal classification: R386. Original manuscript received by the Insti-
tbnte, September 10, 1936; revised manuseript received by the Institute, Novem-
her 9, 1937.

1 “Transient oscillations in electric wave-filters,” Bell. Sys. T'ech. Jour., vol.
2, pp- 1-52; July, (1923).

2 E. Weber and M. J. Di Toro, ““Transients in the Finite Artificial Line,”
Elect. Eng., pp. 661-663; June, (1935).
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9=hyperbolic angle per section =2 silnll—'(\"Z,/Z_Z-,;), for both T-
and =-type filters, )
Z,=image impedance = /72427, Z,, for T-type filter,

¢’ =hyperbolic angle subtended by the terminating resistance R,
=tanh='(Ro/Z,), for both types of filters.
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In Fig. 1, let
2L = total inductance per section,
C =total capacitance per section,
2R =resistance of 2L =2Kx\'L/C,
~=resistance of C=K,\/L/C,
Ro=terminating resistance =K y,/L/C
where Kg, K,, and Kp, are any constants. Now
Zi— R = LP,
Ly —r =1/CP, and
L/C =(Z, — Ku/L/O)(Z; — K.N/L/C).
Substituting the values of hyperbolie functions and the value of
v/ L/C from the last equation into the equation for 8’ and neglecting
the terms containing Kpz? and K,2,
tanh 6’ = [Kg,/2(1 — KxK,)|[— K, tanh (8/2) — Ky esch 6
+ A2 — KiK. sech (6/2)]. (1)

Now Ip=receiving-end current=Fx cosh 8'/Z, sinh(N6+6"), where £
is equal to the sending-end voltage and N is equal to the number of
sections of the filter.
To factor the denominator of the last expression, let
sinh (N§ + 8’) = 0,
NO+ 6" = jir
where y . (2)
xk=10,1,2---,N,
and

tanh N#@ — tanh 6’.

then



1268 Chu and Chang: Electric-Wave Filters

Let 6=a+jb, and substitute (1) into (2), and separate the real and
imaginary parts
(1 + F)) cosh (N — Dacos (N — 1))
— (I = F\) cosh (N 4 l)acos (N + 1)b + G, cosh Nacos Nb
= H,|sinh (N + 0.5)a cos (N + 0.5)b
— sinh (N — 0.5)a cos (N — 0.3)b] (3)
and
(1 4+ Fy) sinh (V — Dasin (N — 1)b
— (1 — Fy)sinh (N 4 1)asin (N 4+ 1)b 4+ G, sinh Nasin Nb
= I, |cosh (N + 0.5)a sin (VN + 0.5)b

— cosh (N — 0.3)asin (N — 0.5)b] (4)
where X
1“1 - K[fol\,/l2(l - KRK,-),

G| I\'RO(I\'[{ - K,)/(l - I\',{I\',),and
Ill = I\'I{O\/i —-k;Kr/(] - Knl(,-).

From these two equations, N+ 1 values of ¢ can be found by the cut-
and-try method, of which one is a negative number, and the rest are
complex numbers with real parts negative.

Now =2 sinh™'v/(\24 Kx\)/2(KA+1), and X can be solved; let
A=—X.+jY,, then the factors of Z, sinh(N8+6') are of the types
(A Xo) and 42X A4+ (X 24+ 1.3, or, Aox+ 1 and AN+ BA+1, where
A, =1/(X2+Y3).

It is shown in the Appendix that

Ie=v/C/L (KA+1)¥/2NKr+ Ki) (AN +1) (AN +Bin+1)
C (AN BT, (5)

From this, the transients under impressed direct and alternating volt-
ages ean be easily ealeulated, and the results are shown in the table and
the accompanying figures.

m-TyrE Low-Pass FiLrenr

|q——‘;"—ﬂ.adum4 —
1 "“... e pone
EL & = = p— K 11'
l ¥ ¥
Fig. 2

In Fig. 2, the constants are the same as in Fig. 1. This case is the
same as before except that the formula for Z; is different. By the same
method,
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tanh 0 = [Kg,/4(KrK, — 1)|| K, sinh 8 + K coth (6/2)
— 24/2 — KK, cosh (8/2)]
and the formulas for the determination of ¢ are as follows:
Fy[cosh (N + 1.5)a cos (N + 1.5)b + cosh (N — 1.5)a cos (N — 1.5)b]
— (1 — @G2) cosh (N + 0.5)a cos (N + 0.5)b
+ (1 + @.) cosh (N — 0.5)a cos (N — 0.5)b
= H,[sinh (N + L)acos (N + 1)b — sinh (N — 1)acos (N — 1)b] (6)
and
Fysinh (N + 1.5)a sin (N + 1.5)b + sinh (N — 1.5)asin (N — 1.5)b]
— (1 — Ge) sinh (N + 0.5)a sin (N + 0.5)b
+ (1 4 G:) sinh (N — 0.5)a sin (N — 0.5)b
= H,[cosh (N + 1)asin (N + 1)b — cosh (N — 1)asin (N — nv| (7
where
F; = Kg K./8(1 — KrK,),
Gy = Kp(Kr — 0.5K,)/4(1 — KxK,), and
Hy = Kep/Z = KaKo/4(1 — KiK.).

From (6) and (7), N values of 0 can be found, and in a similar way, the
factors of Z,sinh(N6+6’) are found to be of the type AN+ BA+1, and

In = /C/L(KXA+ )V/(2NKyk + Kp)(AN + B + 1)

T-TypE HiGH-Pass F'ILTER

In Fig. 3, let
C/2=capacitance per section,

2r=resistance of C/2=2K./L/C

L. =inductance per section,

R =resistance of L=Kg\/L/C, and

Ry =terminating resistance =KR°V’L/_C,
where K, Kg, and Kg, are any constants.
In this case L/C=(Z,—K.\/L/C) (Z;— Kr\V'L/C).
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By comparing with the case of a T-type low-pass filter, the expres-
sion is the same except that Az and K, are interchanged. Therefore
the formulas for the determination of the values of 6 are the same as
(3) and (4) with K and K, interchanged. With 6 known, the factors
are found to be of the types N+ X, and A*4+A X4+ B,; and in this case

In = VCIIN (Wt + Ke\)¥/(2NK, + Kr)M + XA + AX + B)
AN+ B W)

m-TyrE HiGH-Pass FILTER
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Fig. 4

The formulas for the determination of the values of ¢ are the same
as (6) and (7) except that K and K, are interchanged. The factors
are of the type N2+ AN+ B,, and in this case

In = VC/L (A + KeN)V/(2NK, + Kr)(A? + A + B)
S (4 AN+ B, (10)

REsuvLrTts oF T-TypPE Low-Pass I'ILTERS
In Table I

]o= ‘\'m,
Ar(t) =receiving-end indicial admittance, and
Ir(t) =receiving-end current under an impressed alternating voltage
of the form sin(Wr+a)

The filters tested have the following constants:
For 7- and =-type low-pass filters
L = 0.64 henry,
C = 0.503 microfarad,
R = 52.5 ohms = 0.04653+/L/C,
r = 8.11 ohms = 0.00717+/L/C,
Ry = 1596 ohms = \/2+/L/C.

For T- and =-type high-pass filters
L = 0.32 henry,
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C

0.504 microfarad,

R = 2446 ohms = 0.0307\/L/C,
r = 10.676 ohms = 0.0134\/L/C,

Ry 1127 ohms = V@\/TC.

The expression of the current is of the general form
Ar(t), or In(t), = Iola, or asin (W7 + 6), + apexp (— Dor’)

=N

+ 2> a.exp (— D,r’) sin (W,r + 6,)],

Ke=1

when the impressed voltage E is either unit direct or alternating voltage
of the form sin(Wr+a).

TABLE !

SECTIONS| ONE TWO | FIVE FIVE | FIVE | FIVE
, Direct Direct Direct 2 H Direct ] Direct
2 current current current sin (1.747r) current current
a 0.6637 0.551 0.5262 | — 0.00182 2.152 0.7114
[} -10.9°
ao 0.518 0.442 — 0.298 0.0732 —2.152 1.01
D 0.9745 0.762 0.499 0.499 0.0465 0.315
ay 0.471 0.7413 - 1.277 0.2688 | -0.458 - 1.284
D, 0.2664 0.38 0.237 0.237 0.021 0.264
W, 1.214 0.7282 0.296 0.296 0.44 0.326
8, 17.92° 17.64° 20.14° | —25° 0 2.64°
as 0.1394 0.429 — 0.2143 0.241 0.49
Dy 0.0958 0.181 0.181 0.0257 0.166
Wi 1.326 0.688 0.688 0.832 0.683
8 55.89° 48 .49° —~20.27° 1] 46.61°
as I — 0.1836 0.1601 —0.175 — 0.187
Dy 0.11 0.11 0.028 0.085
W, 1.012 1.012 1.145 1.017
0y 66.43° -11° 0 67.6°
a. | 0.08 — 0.1632 0.149 0.79
D 0.0593 0.0593 0.03 0.031
we oo | 1.263 1.263 1.345 1.263
0 78.52° — 2.14° (1] 75.35°
as — 0.022 0.0486 —0.0707 — 0.0225
Dy 0.0334 0.0334 0.0304 0.00343
W, 1.397 1.397 1.4142 1.4
8 | | | 73.9° — 9.86° 1] 78.3°

In Table I, for the first four cases, K.=0.04653, K,=0.00717, and
Kr,=~'2; for the fifth case, K and K, are the same, but Kg,=0; and
for the sixth case, Kr=K,=0 and Kgz,= /2.

EXPERIMENTS FOR CHECKING SOME OF THE ForMuLAs DERIVED

The transients are taken by a cathode-ray oscillograph with a
moving-film camera. The circuit for taking alternating-current tran-
sients is shown in Fig. 5, where G represents the horizontal deflecting
plates of the oscillograph, and I/ and K are switches fastened to a
rigid and vertical frame and controlled by means of a dropped weight.
The power capacity of the usual low-frequency oscillator is found
inadequate, for the voltage drops considerably as the load is suddenly
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taken by the filter. To eliminate this voltage transient, there are inter-
posed between the oscillator and the filter tested an audio-frequency
amplifier and a resonant circuit whose inductance could be adjusted
and short-cireuited for any convenient portion. Switech K is arranged
so that it connects the filter to the source and short-circuits a portion
of the induetance simultaneously. The source is first loaded with the
resonant circuit, and by short-cireuiting a portion of the inductance,
the circuit is nonresonant, and the load is thus decreased. When this
decrease of the load is made equal to the increase of the load due to the
parallel insertion of the filter, the oscillator voltage remains unchanged
when switch K to the filter is suddenly closed. To minimize the effect
of harmonies in the output wave of the source, a low-pass filter is in-

serted between the amplifier and the resonant circuit as shown in Fig,
5.

Fig. 5—Audio-frequency oscillator. B =audio-frequency amplifier, C =low-pass
filter to eliminate harmonies, D =resonant circuit, E =filter under test,
F =terminating resistance 2. G =deflecting plate of cathode-ray oscillo-
graph, /I and K =switches operated by a dropped weight.

The characteristies of the transients depend on the phase of the
impressed voltage at the instant when switeh K is closed. To evaluate
this angle, switeh J is closed to the lower side. A weight dropped from a
definite height disconnects switeh H from the upper side, and connects
it to the lower side, and then closes switch K. When K is closed, voltage
is impressed on the filter tested. When // is disconnected from the
upper side, the deflecting plates G are disconnected from the oseil-
lator voltage, and when K is closed, the plates are reconnected to
oscillator voltage. Hence the picture taken has two steady-state waves
with a dash between them, and the angle o' in electrical degrees, oc-
cupied by the time from the disconnection of // from the upper side to
the closing of K, is equal to the length of the dash. To take alternating-
current transients, J is closed to the upper side. Then the weight falling
from the same height first diseconnects the plates from oscillator voltage
and then connects them across the terminating resistance, when I/ is
closed to the lower side. The picture taken is a steady-state impressed
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voltage wave and the transient receiving-end voltage wave with a dash
between them. Then the angle at which the stationery impressed
voltage wave stops plus the angle’ o’ is equal to the angle « of the
impressed voltage when K is closed.

Fig. 7

Photographs of the whole apparatus are shown in Figs. 6 and 7,
where a is the filter tested; b is the frame containing the dropped weight
and switches; ¢, the resonant circuit; d, the low-pass filter to eliminate
the harmonics; ¢, the cathode-ray oscillograph tube and camera; and f,
the power-supply unit of the oscillograph.

Some of the oscillograms taken are shown in the accompanying
figures. In Figs. 8 through 16, ¢’ =57.3t, where ¢ is the time in seconds.
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Fig. 8—Indicial admittance of the re-
ceiving end of a 2-section, low-pass,
T-type filter.

AV

Fig. 10—1Igr(t) of a 2-section, low-pass,
T-type filter under an impressed volt-
age. sin (2701.8¢'4+118.18°)

et VAVAVAVAVAVAVAV/

Fig."12—1Ig(¢) offa 5-section, low-pass,
T-type filter under an impressed volt-
age. sin (1787.6(" +68.3°)

=— AN \NAANANANAN

Fig. 14—Ig(t) of a 5-section, low-pass,
T-type filter under an impressed volt-
age. sin (2525.8t' 4141 7°)

Chu and Chang: Electric-Wave Filters
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Fig. 9—Igr(t) of a 2-section, low-pass,
T-type filter under an impressed volt-
age. sin (2316¢'+207.2°)

Fig. 11—Indicial admittance for the
receiving end of a S-section, low-pass,
T-type filter

—~ANVANN

Fig. 13—1Ir(t) of a 5-section, low-pass,
T-type filter under an impressed volt-
age. sin (2463¢’+48.93°)

Fig. 15—Indicial admittance of the
receiving end of a 2-section, low-pass,
r-type filter

Fig. 16—Indicial admittance for the receiving end of a l-section,
high-pass, T-type filter.
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The readings are taken from these oscillograms by a microscope ca-
pable of traveling along two dimensions. The calculated and experi-
mental results are plotted side by side, and the discrepancies are found
to be small, as illustrated in Figs. 17 and 18, where the calculated re-
sults are represented by solid curves, and the experimental results by
dotted curves; {'=57.3 .

=y,
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Fig. 17—Indicial admittance of the Fig. 18—/g(t) of a 2-section, low-pass,
receiving end of a 2-section, low-pass, 7T-type filter under an impressed volt-
T-type filter. Steady-state amplitude age. sin (2316¢"+207.2°)

=0.4884 milliampere.

Steady-state amplitude =0.79 milliampere.

CONCLUSIONS

The formulas give results which compare well with experimental
values. From the results, the effect of terminating resistance is to
make the damping constants of the damped sine terms differ greatly
from each other. Without termination, the damping constants for all
the damped sine terms are nearly equal to but greater than R/2L,
and as a result the transients die out very slowly, and in the transient
state there is no definite frequency. With terminating resistance, the
damping constants all increase and differ greatly from each other,
ranging in decreasing magnitudes from the first damped sine term to
the last damped sine term of nearly cutoff frequency. No matter what
the external frequency is, the transient is ultimately of the cutoff fre-
quency, because the last term has the lowest damping constant. Since
this constant is always much greater than R/2L, the transients die
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out much faster than in the case where the termination is absent. As
the terminating resistance is increased, the deviations of the damping
constants from I/2L are increased, and the transients die out faster.

The effect of R is very large on the damping constants, as their
deviations due to termination are all based on R/2L. Thus with R = 0,
the smallest damping constant is only 0.00343/\/LC, and the tran-
sients die out very slowly.

The effect of the number of sections can be seen easily. For the
same K and R,, the damped sine terms increase with the number of
sections. With each increase of one section, there is an increase of one
transient term with a smaller damping constant. Hence the transients
die out faster in a filter of a small number of sections. While It, Rgand
the number of sections affect the damping constants considerably,
they do not have much effect on the transient amplitudes.

The last resonant frequency of each filter is different from the ideal
cutoff frequency. This difference is larger in m-type filters than in the
corresponding T'-type filters. With either type, this difference decreases
as the number of sections is increased.

ArpENDIX

Referring to Fig. 1, when one section of the T-type filter is ter-
minated by Ro, the impedance to the right of B is given by

Zs = VL/C [I\R+)"*:(_I(__)\+1)()\+Kle+[\ko)]
N ! (N + (K + K.+ Kegh + 1}
anc

_ BVTLIN + (Ki + K, + Ko\ + 1]

1 =

(2Kx + Kr)(1 + C/N + C/\t + €, )
where C//, etc., are constants involving Kp,K,, and Kg,.
L(KX + 1)
[1 + (Ke + K, + Kg )\ + 22]
3 EWC/L (KX + 1)
T @Kk + Ke)(1+ - - - + CN)

Ip =

Assume that, at A’, where there are N — 1 sections,

E’ \/m 1 + + )\zuv--n]

e ——

[2(N ~ VKR + KRO]II N

E'\N/C/L (K + 1)¥-
R = s — (1)
l2(N — DKg + KRO][l + -4 CzN—l)\zN_l]

and
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so that .
I'(K\ + 1)V

[1 4+ - 4 nw 1)]_

IR=-

where C,n.1, etc., are constants.
Then the impedance at A, excluding the parallel impedance of C
and r, is

VL/C(\+Kr)+VL/C[2(N=DEr+Kr,)[1+ - - - +Covn?¥]

1+ - +v<~—1>]
x/IJ/—C[(zN_l)KR+KR',+x][1+ - Can_?¥1]
I s X

A=

’

and the impedance at A, including the parallel impedance, is

o, \L/p(KX+1)/A

(1 + KX+ Z.\)
VI/C [N — D)Kg + Ki,}[1 4 - - - + Cawd?¥]
(I 4 - - -+ Con'A?)

The impedance of N sections is given by
Zy=Zs'"+VL/C (N + Kg)
\/L/C [2NK: + I\R',][l ©F Cawa\2N+ |
L+ + ‘21\')\2”]

and the sending-end current 7, is

E
It =
Z
Now
I = L(KXx + 1)1 4 - - z2-n]
(14 - O]
therefore

- E\/C/L(KX 4+ 1)¥
(2NKR + Kl"o) [1 4+ - ('2,V+lx2N+1]

(12)

Hence if (11) is true, then (12) is also. Since for one section, (12)
holds, so it holds for any number of sections. In a similar way, the
formulas for other filters can be derived.
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THE BRIDGE-STABILIZED OSCILLATOR*

By

L. A. MEeacuam
(Bell Telephone Laboratories, Inc., New York, N. Y.)

Summary—A new type of constant-frequency oscillator of very high stability
ts presented. The frequency-controlling resonant element is used as one arm of a
W heatstone resistance bridge. Kept in balance automatically by a thermally con-
trolled arm, this bridge provides constancy of output amplitude, purity of wave form,
and stabilization against fluctuations in power supply or changes in circuit elements.
A simple one-tube circuit has operated consistently with no short-time frequency
variations greater than +2 parts in 108, Convenient means are provided for making
precision adjustments over a narrow range of frequencies to compensate for long-
time aging effects.

Description of the circuit is followed by a brief linear analysis and an account
of experimental results. Operating records are given for a 100-kilocycle oscillator.

INTRODUCTION

7T YHE problem of improving the stability of constant-frequency

oscillators may be divided conveniently into two parts, one re-

lating to the frequency-controlling resonant element or circuit,
and the other to the means for supplying energy to sustain oscillations.
The ideal control element would be a high-Q electrical resonant circuit,
or a mechanical resonator such as a tuning fork or erystal, whose prop-
erties were exactly constant, unaffected by atmospheric conditions, jar,
anplitude of oscillation, age or any other possible parameter. The ideal
driving circuit would take full advantage of the resonator’s constancy
by causing it to oscillate at a stable amplitude and at a frequency de-
termined completely by the resonator itself, regardless of power-supply
variations, aging of vacuum tubes or other circuit elements, or the
changing of any other operating condition.

This paper, concerning itself prineipally with the second part of the
problem, describes an oscillator circuit which attains a very close ap-
proximation to the latter objective. The “bridge-stabilized oscillator”
provides both frequency and amplitude stabilization, and as it operates
with no tube overloading, it has the added merit of delivering a verv
pure sinusoidal output.

OsciLrator CirculT

The bridge-stabilized oscillator circuit, shown schematically in
Fig. 1, consists of an amplifier and a Wheatstone bridge. The ampli-

* Decimal classification: R355.9% R214. Original manuseript received by the
Institute, April 6, 1938. Presented before Thirteenth Annual Convention, New
York, N. Y., June 16, 1938.
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fier output is impressed across one of the diagonals of the bridge, and
the unbalance potential, appearing across the conjugate diagonal, is ap-
plied to the amplifier input terminals. One of the four bridge arms, R,
is a thermally controlled resistance; two others, K, and I¢;, are fixed
resistances, and the fourth, Z,=R,+jX,, is the frequency-controlling
resonant element.

In this discussion Z, is assumed to represent a crystal suitable for
operation at its low-impedance or series resonance. A coil and con-
denser in series eould be substituted, and even a parallel-resonant con-
trol element might be used by exchanging its position in the bridge with
Rs or R;. Operating a crystal at series resonance has the advantage of
minimizing effects of stray capacitance.

The bridge is kept as nearly in exact balance as possible. Assuming
that R, R,, and R, are pure resistances, we may write for exact reactive
balance

X4 = 0
and for exact resistive balance

B R

R. R,

In order that the circuit may oscillate, a slight unbalance is required.
Accordingly R, must be given a value slightly smaller than (I2R3)/R,,
so that the attenuation through the bridge is just equal to the gain of
the amplifier.

It isevident that if all the bridge arms had fixed values of resistance,
the attenuation of the bridge would be very eritical with slight changes
in any arm. This would obviously be undesirable, for the circuit would
either fail to oscillate, or else build up in amplitude until tube overload-
ing occurred. The thermally controlled resistance R, eliminates this
difficulty. This arm has a large positive temperature coefficient of re-
sistance, and is so designed that the portion of the amplifier output
which reaches it in the bridge circuit is great enough to raise its tem-
perature and increase its resistance materially. A small tungsten-fila-
ment lamp of low wattage rating has been found suitable. It functions
as follows:

When a battery is first applied to the amplifier, the lamp R, is eold
and its resistance is considerably smaller than the balance value. Thus
the attenuation of the bridge is relatively small, and oscillation builds
up rapidly. As the lamp filament warms, its resistance approaches the
value for which the loss through the bridge equals the gain of the ampli-
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fier. If for some reason R, acquires too large a resistance, the unbalance
potential e becomes too small or possibly even inverted in phase, so that
the amplitude decreases until the proper equilibrium is reached.

This automatic adjustment stabilizes the amplitude, for the amount
of power needed to give R, a value closely approaching (R:R;)/R, is
always very nearly the same. A change in the amplifier gain would
cause a readjustment of the bridge balance, but the resulting variation
in R, or in the amplifier output would be extremely small. The operat-
ing temperature of the lamp filament is made high enough so that
variations in the ambient temperature do not affect the adjustment
appreciably.

No overloading occurs in the amplifier, which operates on a strictly
class A basis, nor is any nonlinearity necessary in the system other than

AMPLIFIER
b /\ _ | ——
2N Iy '-> \—.—o—|. kri%'

e Ry
\lz 1, :’5
L= ‘j e 1q0g =t
VOLTAGE AMPLIFICATION
VOLTAGE ATTENUATION g e - .5_
- e
pelelf =%

Fig. 1—Schematic circuit diagram of a bridge-stabilized oscillator.

the thermal nonlinearity of R,. As the lamp resistance does not vary
appreciably during a high-frequency cycle, it is not a source of har-
monics (or of their intermodulation, which Llewellyn! has shown to be
one of the factors contributing to frequency instability).

In contrast to the lamp, an ordinary nonlinear resistance, of copper
oxide for example, would not be suitable for ;. A resistance of the
therma]ly:‘controlled type having a negative temperature coeflicient
could be used by merely exchanging its position in the bridge with
Rz or Rs.

The frequency control exerted by the erystal depends upon the fact
that the phase shift of the amplifier must be equal and opposite to that
through the bridge. In the notation of Black,? applied to the circuit of
Fig. 1,

L F. B. Llewellyn, “Constant frequency oscillators,” Proc. I.R.E., vol. 19,
pp. 2063-2094; December, (1931).

2 H. 8. Black, “Stabilized feedback amplifiers,” Bell. Sys. Tech. .Jour., vol.
13, pp. 1-18; January, (1934).
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The condition for oscillation is

ug = 1| 20,

which implies that | 8| =1 and §= —y.
The vector diagrams of TFig. 2 illustrate the frequency-stabilizing
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Fig. 2—Vector diagrams illustrating the operation of a bridge oscillator, with sim-
plifying assumptions that K; is large and that E and E’ are strictly in phase.

A—at resonance B—abhove resonance
Zq=l{4+_]0 Z(=R|+jX4
8= X4, inductive
Ri<R,=Ry=1, 6= +445°

Ri<R;=R;=R&KLKR,

action of the bridge by showing the voltage relations therein for two
values of amplifier phase shift 8. When @ is zero, as in diagram A, the
unbalance vector ¢ is in phase with the generated voltage £ applied to
the bridge input, and thus all the vectors shown are parallel. They are
displaced vertically from each other merely to clarify the drawing. The
crystal is here constrained to operate at exact resonance.

In diagram B, the amplifier is assumed to have changed its phase
for some reason by an amount far in excess of what would be antici-
pated in practice, 8 here having a value of +45 degrees. The important
point to be observed is that the ratio of ¢ to the resulting change in the
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phase angle ¢ of the crystal impedance Z, is very large. That is, the crys-
tal is still operating close to resonance in spite of the exaggerated change
in the driving circuit. If the gain of the amplifier were greater, the action
of the thermally controlled resistance would keep the amplifier output
vector K practically the same in length, making the unbalance vector e
correspondingly shorter. The angle ¢ would therefore have to be more
acute for the same value of 6, and it follows that with increased gain the
crystal is held closer to true resonance and the stability is improved.

When 0 equals zero, changes in lul do not affect the crystal operat-
ing phase, but for any other small value of 6, gain variations cause
slight readjustments of the angles between vectors. The amplifier
should accordingly be designed for zero phase shift, and also, of course,
should have as much phase stability as possible.

In this discussion the input and output impedances of the amplifier,
Rs and R, are assumed to be constant pure resistances. Actually,
changes in the tube parameters or in certain circuit elements are likely
to affect both the magnitude and the phase of these impedances. It
may be shown, however, that such changes have the same effect upon
the bridge and upon the frequency as do changes of about the same
percentage in ll" or 0; therefore all variations in the driving circuit
external to the bridge may be assumed for convenience to be repre-
sented by variations in its gain and phase.

This lenieney with regard to R; and R does not apply to the other
bridge resistances, however. K,, Ry, and R; are directly responsible for
the crystal’s operating phase and amplitude; they should be made as
stable and as free from stray reactance as possible.

The effect of the bridge upon harmonics of the oscillation frequency
is of interest. Harmonics, being far from the resonant frequency of the
crystal, are passed through the bridge with little attenuation but with
a phase reversal approximating 1580 degrees, as illustrated by the dotted
locus in Fig. 2. Thus if the amplifier were designed to cover a band
broad enough to include one or more harmonics and if care were taken
to avoid singing at some unwanted frequency, a considerable amount
of negative feedback could be applied to the suppression of the har-
monics in question.

CIRCUIT ANALYSIS

In the following section, expressions are derived for the frequency
of oscillation in terms of the gain and phase shift of the amplifier, the
Q of the crystal, and values of the bridge resistances. It is assumed that
the latter are constant and nonreactive, and therefore, as explained
previously, that all sources of frequency fluctuations apart from
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changes in the crystal itself appear as variations in Il‘! or 0. Because
the bridge oscillator does not rely upon nonlinearity in the ordinary
sense to limit its amplitude, the analysis can be based reasonably on
simple linear theory.

In the near vicinity of series resonance the crystal may be repre-
sented accurately by a resistance Ry, inductance L, and capacitance C,
connected in series. The reactive component of the crystal’simpedance
is accordingly

5 i 1 "1 C — 1 1
T wC wC (

Solving for the frequency,

“- +1 (2L> -‘l
7%[?% TN
e+ GV D)

1 | X4 "0 4
= 4/ — i 0o Y 2
2 4(2"’ L>+ ] @

Near series resonance, (X./2) \/(C/ L) «1. We therefore disregard
powers higher than the first in the series expansion above and obtain
the close approximation

1 X, ,Z‘"] ‘
= — |14+ —4/ — 3
< \u.'[+2‘71, ©

The frequency deviation from resonance, expressed as a fraction
of the resonant frequency fj, is thus

f—fo_w—wo;Xa C_ 4
Jo _-wo _2‘/11, &

and in the region of interest, where wl and 1/wC are approximately
equal,

It

f—f.‘ﬁ 1\'4 = -\-; . (5)
fo 2wl 2QR;
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Considering now the bridge circuit, and applying well-known equa-
tions,® we obtain

IRy AR, — jBX,

= - =t (6)
E MR, + jNX,
in which
A = Ry(R:R; — R\R)),
B = R\R(R;,
M = (B + R:)(R:Rs + RiRs) + (Rs + R)(RyR: + RsRe) o
+ (Rs + Re)(RiRy + R:R;) + Ry(R,R; + R:R,)
and + Re(R1R2 + R3R,),
N = R(Ry + R; + Rs)(Ry + R;) + Ri\R(Rs + Rs).

The condition for oscillation, as mentioned previously, is u8=1Z0.
Putting u =y +jus, we may write

. AR, — jBX,
(o + ]m)<MR4 + j_N_X) =% &
which gives the pair of equations
wmdARy + wBX, — MR, = 0 9)
and
wAR, — (B + N)X, = 0. (10)

For the special case in which the amplifier phase shift is zero
(u2=0), these become

m=—=|u (11)

and

The latter equation indicates that the frequency is then independ-
ent of changes in any of the circuit parameters except the crystal,
which must operate exactly at resonance.

If the phase of u differs only slightly from zero, so that u is very
small, then it may be inferred from continuity considerations that the
frequency is still very nearly independent of all circuit parameters,

* K. 8. Johnson, “Transmission Circuits for Telephonic Communication,”
pp- 284-285. D. Van Nostrand Company, (1925).
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except of course variations in 6, the phase of 4. When ¢ is limited to
values for which uBX, & AR,, (11) still applies closely. Substitution
into (10) gives

M1f4 Mo JlIR;O
Xy, (13)
Bu+N w  Blu| +N
and finally from (5) and (13) we obtain the frequency deviation in the
form
=1 . Mo

fo 2Q(Blu| + N)
As noted ahove, this expression applies accurately only when 0 is
small, as it should be in a well-designed bridge oscillator.
The effect of variations in the amplifier may be examined by dif-
ferentiating (14). For changes in 6 only,

(14)

d M
qs 8, (15)
Sodo  2QB|u| + N)
and for those of Iul ,
df BM¢
] , —d|u). (16)
fodiw 20(B|u| + N)2

Equations (15) and (16) have been found to be closely in accord with
experiment, although the differentiation is not rigorously allowable
(B, M, and N being only approximately constant).

In the special case where all the fixed bridge resistances (R; to I
inclusive) are equal, and ]ul is large enough so that I, has nearly the
same value, (14), (15), and (16) reduce to the following:

s 80
o e[+ 8] an
d ) 8
fﬂf Wul +8 ™ =

(I/] ) 86 dI | (19)
Jodiw Q(ul + 8)2 A ‘

These expressions show, as did the vector diagrams, that for opti-
mum stability the amplifier phase shift should be made approximately
zero, the erystal shiould have as large a value of  (as low a decrement)
as possible, and the amplifier should have high gain. Linearity in the
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amplifier is also desirable, to minimize the modulation effects deseribed
by Llewellyn.! When present, these effects appear as variations in
ly\ and 6.

One of the significant differences between the bridge oscillator and
other oscillator circuits is the fact that its frequency stability is roughly
proportional to | x| . This relationship holds at least for amounts of gain
that can be dealt with conveniently. Although increased gain is
generally accompanied by larger variations in phase, the two are not
necessarily proportional. For example, if greater stability were required
for some precision application than could be achieved with a single-
tube bridge oscillator, and if the constancy of the crystal itself war-
ranted further circuit stabilization, it eould be obtained by adding
another stage. The phase fluctuations in the amplifier might possibly
be doubled, but the value of |;.¢| would be multiplied by the amplifica-
tion of the added tube, giving an over-all improvement.

To illustrate the high order of stability provided by a bridge oscil-
lator, let us consider a model composed of a single-tube amplifier and
a bridge in which all the fixed resistances are made equal to that of the
crystal. We shall assume the crystal to have a reasonably high* Q
of 100,000. The amplifier phase, let us say, is normally zero, but may
possibly vary +G.1 radian (+6 degrees), and the value of I[J.I ,
nominally 400, may change + 10 per cent. From (18) and (19) we find

A/‘J _ (8)(0.1)
— — = 4+ 217 X 108,
Jode (100,000) (360 + 8)

and (when 0 has its maximum value of 0.1 radian)

;/] e GRS e sk

Wi (100,000)(360 + 8)°

This example represents the degree of stabilization against cireuit
fluetuations than e¢an be obtained with a simple form of the oscillator
operating under poorly controlled conditions. By stabilizing the power
supply and other factors affecting || and 6, and by increasing the
gain, the frequency variations arising in the driving circuit may be
made negligible compared to the variations found at present in the
properties even of the best mounted crystals.

EXPERIMENT

The ecircuit diagram of an experimental bridge-stabilized oscillator
is shown in Fig. 3, and its photograph in Fig. 4. The amplifier unit

¢ For crystals in vacuum, values of ¢ as great as 300,000 have been obtained.
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consists of a single high-u tube V; with tuned input and output trans-
formers T\ and T, and the usual power supply and biasing arrange-
ments. The erystal, mounted in the cylindrical container at the left end
of the panel, is one having a very low temperature coefficient of fre-
queney at ordinary ambient temperatures. Tn Fig. 4 it is shown without
provisions for temperature control. A high @ is obtained by clamping

VI LE
-’ / E ST {
, \ Ti’ 1 l Rl Ra < 520

T L]
L«um—]

Fig. 3—Circuit of an experimental bridge oscillator.

Fig. 4—Experimental bridge-stabilized oscillator without provision
for temperature control.

the crystal firmly at the eenter of its aluminum-coated major faces
between small metal electrodes ground to fit, and by evacuating the
container.

Some of the circuit parameters are listed below.

R, =tungsten-filament lamp
R:=100 ohms
R:=150 ohms
7= 100-kilocycle crystal
Ri;=114 ohms
X 1= X¢=11,900,000 ohms (at resonance)
Q = 104,000
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Rs=R;= 150 ohms (approximately)
R7=500 ohms
Rs=200 ohms

|| =422 (52.5-decibel voltage gain from ¢ to E).

Fig. 5 shows the resistance of the lamp R; plotted against the
power dissipated in its filament. The large rise in resistance for small
amounts of power is due to the effective thermal insulation provided
by the vacuum surrounding the filament and to low heat loss by radia-
tion. The lamp operates at temperatures below its glow point, assuring
an extremely long life for the filament.

200—— —TT T ;\

/ |
16¢ I /—-
14¢ Pt
" A
S )
2 120} 7
8  §
2 100} Vs
g /
) I ) 4
& eo /
¢/
b
2 60
3
40
20
= _—— —J
o 1 2 3 a 5 6 7 e 9 w12

POWER INTO LAMP IN MILLIWATTS

Fig. 5—Characteristic of the lamp used for R,.

The particular value assumed by R, in the circuit of Fig. 4 is ap-
proximately (R:R;)/Rs=[(100)(150)]/114=131.6 ohms, and hence
from Fig. 6 it follows that the power supplied to the lamp is about 3.7
milliwatts. The root-mean-square voltage across the lamp is computed
to be 0.70 volt, and across the entire bridge, 1.23 volts. The power
supplied to a load of 150 ohms through the pad composed of R; and
Ry is accordingly 0.22 milliwatt, or 6.6 decibels below 1 milliwatt, which
is in agreement with measurements shown in Figs. 8 and 9, described
below. These quantities are given to illustrate the fact that currents
and voltages in this type of oscillator may be calculated readily from
the values of the circuit elements, and without reference to the power-
supply voltages or the tube characteristics except to assume that they
give the amplifier sufficient gain to operate the bridge near balance,
and that tube overloading does not oceur at the operating level.
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Experimental performance curves for the circuit of Fig. 4 are pre-
sented in Figs. 6 to 11 inclusive. Fig. 6 shows frequency deviation plot-
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Fig. 6—Oscillator frequency versus plate-battery potential.
a—C, and C, tuned for maximum amplifier gain.
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ted against plate-battery voltage for several settings of the grid- and
plate-tuning condensers. For curve a the amplifier was adjusted at
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Fig. 7—Oscillator frequency versus filament-battery potential.
C, tuned for maximum amplifier gain.

a—~C, and

8 ®
FILAMENT BATTERY POTENTIAL IN

b—C, and C. decreased 5 per cent.
¢—C, and C: increased 5 per cent.

0
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maximum gain, corresponding approximately to zero phase shift as
well. Here the frequency varied not more than one part in one hundred
million for a voltage range from 120 to 240 volts. Curve b was taken
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with the two tuning capacitances ('; and C, decreased 5 per cent from
their optimum settings, and curve ¢ with both capacitances increased
5 per cent. These detunings introduced phase shifts of about + 40 de-
grees (+0.70 radian), decreased i,u | by 0.8 decibel and changed the fre-
quency, as shown in Fig. 6, approximately +2 parts in ten million.
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Fig. 8—Amplifier gain and oscillator output level versus plate-battery potential.
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Fig. 9—Amplifier gain and oscillator output level versus
filament-batterv potential.

Although the analysis should not be expected to apply accurately for
such large phase shifts, calculation of the frequency deviations by
means of (18) gives + 1.4 parts in ten million—in fair agreement with
the experimental results. As might be expected, curves b and ¢ show
somewhat less stability with battery-voltage changes than does
curve a.
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Fig. 7 presents a similar set of curves for variations of filament
voltage. Here, for the “maximum-gain” tuning adjustment, a drop
from 10 volts, the normal value, to 8 volts caused less than one part in
one hundred million change of frequency, as shown in curve a.

In Fig. 8, the gain of the amplifier and the output level of the oseil-
lator are plotted against plate-battery voltage, while in Fig. 9 the same
quantities are related to the filament potential. These curves show that
although power-supply variations change the amplifier gain, they have
but slight effect upon the amplitude of oscillation. This stabilization
is produced, as explained heretofore, by the action of the lamp.
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Fig. 10—Frequency of oscillator versus adjusting reactance.

The oscillator was designed to work into a load of 150 ohms, its
output impedance approximately matching this value. It might be
expeeted that variations in the magnitude or phase angle of the load
would affect the frequency materially even though a certain amount of
isolation is provided by R; and Rg. However, measurements made with
(1) a series of load impedances having a constant absolute magnitude
of 150 ohms but with phase angles varying between —90 degrees and
+90 degrees and (2) a series of resistive loads varying between 30
ohms and open circuit, showed less than one part in a hundred million
frequency variation. Graphs of these results have not been included,
since they practically coincide with the axis of zero frequency devia-
tion.

The tuned transformers 7'; and T4 in this experimental model pre-
cluded the suppression of harmonics by negative feedback, | x| being
small at the harmonic frequencies. The tuning itself provided sup-
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pression, however, so that the measured levels of the second and third
harmonies in the output current were, respectively, 67 and 80 decibels
below that of the fundamental. This purity of wave form is of course
largely dependent upon the absence of overloading.
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Fig. 11—Record of frequency comparison between two bridge-stabilized oscilla-
tors. Full scale one part in a million. Variations less than +2 parts in one
hundred million.

To correct any small initial frequency error of the crystal and to
allow for subsequent aging, a small reactance connected directly in
series with the crystal provides a convenient means of adjusting the
frequency as precisely as it is known. This added reactance may be
considered as modifying ecither of the reactances in the equivalent
series-resonant circuit of the crystal. I'ig. 10 shows that for a small
range of frequencies the change introduced in this manner is accurately
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proportional to the added reactance. Series inductance, of course, lowers
the frequency, while series capacitance raises it. The stability require-
ment imposed on the adjusting reactance is only moderate, for its total
effect upon the frequency should not be more than a few parts in a
million.

The frequency measurements here presented were obtained using
apparatus similar in prineiple to the frequeney-comparison equipment
of the National Bureau of Standards.® Frequency differences between
the oscillator under test and a reference bridge oscillator were read
upon a linear scale ealibrated direetly in terms of frequeney deviation.
Full seale could be made one part in 104, 105, 10¢, or 107 by means of a
simple switching operation. For most of the measurements in this
paper the full-scale reading was one part in a million, and the resolution
about +0.005 part in a million.

By using a recording meter with this measuring set, continuous
frequency comparisons between two independent bridge oscillators
were obtained over a period of several months. Fig. 11 is a photograph
of a section of this record. It shows the short-time variations of hoth
oscillators plus a small amount of seattering caused by the measuring
equipment itself. The erystals were temperature controlled in separate
ovens, and the power was supplied from separate sets of laboratory
batteries controlled to about +2 per cent in voltage. Shielding was
ample to avoid any tendency to lock in step.

In addition to these small short-time variations, the oscillators
exhibited a very slow upward drift in frequency, attributed to aging
of the mounted erystals. This aging decreased in a regular manner with
time, the mean drift of one of the erystals being less than one part in
ten million per month after three months of continuous operation,
and about a third of this amount after seven months. In most applica-
tions, gradual frequency drift is not objectionable even though the
required accuracy is very high, for readjustment is merely a matter of
setting a calibrated dial.

ArrricaTION

The bridge-stabilized oscillator promises to become a useful tool in
many commercial fields as well as in certain purely scientific problems,
such as time determination and physical and astronomical measure-
ment. It may be used either to increase the frequency precision in
applications where operating conditions are accurately controlled, or

¢ E. G. Lapham, “A harmonic method of intercomparing the oscillators of
the national standard of radio frequency,” Nat. Bur. Stand. Jour. Res.,vol. 17, pp.

%91—4;)6; October, (1936); Proc. I.LR.E., vol. 24, pp. 1495-1500; November,
1936).
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else to make such control unnecessary, affording high stability in spite
of unfavorable conditions.

An interesting application in the field of geophysics has already
been made in the form of a “crystal chronometer.” This chronometer
consists of a single-tube bridge oscillator, a frequency-dividing circuit,
and a synchronous timing motor. It was recently loaned by the Bell
Telephone Laboratories to the American Geophysical Union and was
used with the Meinesz gravity-measuring equipment on a submarine
gravity-survey expedition in the West Indies. Although operating
under somewhat adverse conditions of power supply, temperature, and
vibration, it was reported®? to be more stable than any timing device
previously available, errors in the gravity measurements introduced
by the chronometer being negligibly small.

¢ M. Ewing, “Gravity measurements on the U. S. S. Barracuda,” Trans.
Ame'{l. Geophys. Union, part 1, pp. 66-69, (1937).

A. J. Hoskinson, “Crystal chronometer time in gravity surveys,” Trans.
Amer. Geophys. Union, part I, pp. 77-79, (1937).
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CHARACTERISTICS OF THE IONOSPHERE AT
WASHINGTON, D. C., AUGUST, 1938*

By
T. R. GiLoivanp, 8. S. Kimksy, axp N. SMITH
(National Bureau of Standards, Washington, D. C.)

ionosphere layers during August, 1938, are given in Fig. 1.
Fig. 2 shows the maximum frequencies which could be used for
radio sky-wave communication by way of the F, F,, Fi, and normal E

GI{APHS of the critical frequencies and virtual heights of the
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Fig. 1—Virtual heights and critical frequencies of the ionosphere layers,
August, 1938.

* Decimal classification: R113.61. Original manusecript received by the Insti-
tute, September 13, 1938. These reports have appeared monthly starting in vol.
25, September, (1937). See also vol. 25, pp. 823-840, July, (1937). Publication
approved by the Director of the National Bureau of Standards of the U. S. De-
partment of Commerce.
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layers, at the latitude of Washington. As in June and July, the flatness
of the graphs indicates very little change in maximum usable frequen-
cies from day to night. The curves of critical frequency and maximum
usable frequency were still of the summer type, and resembled those
for June and July, although slightly higher.
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Fig. 2—Maximum usable frequencies for radio sky-wave transmission, averages
for August, 1938, for undisturbed days, for dependable transmission by the
regular ionosphere layers. The values shown were considerably exceeded
during irregular periods by reflections from patches of sporadic E layer. For
distances of 1000, 1500, and 2000 kilometers, the dotted portions of the
graphs represent maximum usable frequencies for Fy-layer transmission,
when these were less than those determined by the E layer.

Sporadic-E reflections were still observed on many oceasions at ir-
regular intervals, but were not nearly as prevalent as during June and
July. These reflections often caused the maximum usable frequency,

TABLE 1
IONOSPHERE STORMS (APPROXIMATELY IN ORDER OF SEVERITY)
| X i Minimum E\I;gnetic chnr;xcter'
Date and hour, h:mll)reifs(;re /¥ before Noon fpr |——— - - B{ﬁ:'e(:;
BT L M| W) R emn | aa |
August
3 (after 1700) = — - 0.3 1.3 2
4 406 3300 <5900 1.6 0.9 2
5 360 4600 6500 0.9 0.7 1
6 (until 0900) 314 4600 - 0.5 0.1 ]
{11 éafte_r 0200) 322 4600 about 6000 1.2 1.3 14
12 (until 0600) 344 4300 — 0.7 0.5 4
{23 (after 0400) = 4400 6100 1.1 0.7 1
24 (until 0500) 296 4900 _ 0.2 0.6 )
{ 2 (after 0200) 314 4800 6300 0.9 0.5 4
3 (until 0800) 326 5000 — 0.3 1.3 ]
Average for un-
disturbed days 293 5710 8740 0.2 0.2 0

! American magnetic character figure, based on observations of seven observatories.
* An estimate of the severity of the ionosphere storm at Washington on an arbitrary seale of 0, 1,
1, 14, and 2, the character 2 representing the most severe disturbance.
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for distances up to 2000 kilometers, to exceed greatly the values given
in Fig. 2. Because of their erratic occurrence they could not be included
in the graphs; data are given in Table 1V.

While there were a fair number of ionosphere storms (Table I) in
August, there were unusually few sudden ionosphere disturbances or
fade-outs (Table 1I). This lends weight to the idea that ionosphere

TABLE II
SuppeN [oNOSPHERE DISTURBANCES
| G.M.T. | |
- — — Locati f | Minimum!
Date Begin- | Begin- | Recov- t°°° q;'to Remarks | relative
ning of | ningof | ery ransmitier | intensity
{ fade-out| recovery|complete| |
Aug. 14 1748 1800 1820 Ontario, Mass., D. C. | Terr. mag. pulse 0.0
Aug. 15 | 1410 | — 1420 | Ontario, Mass. | — 01
Aug. 31 1719 1750 1820 i Ontario, Mass., D. C. | Terr. mag. pulse 0.0

1 Ratio of received intensity during fade-out to average intensity before and after, for station
CFRS, 6070 kiloeycles, 600 kilometers distant.
storms and sudden ionosphere disturbances are not closely related ex-
cept that both are manifestations of a general irregular solar activity.
Data on the degree of departure of values on individual days from

TABLE III
CRITICAL-FREQUENCY VARIATION FOR 744 HOURS OF OBSERVATION
Per cent | 40| —30 | -20 | -10 | -0 | 40 | +10 | +20
Number of hours 1 23 78 187 432 312 64 4
Disturbed hours 1 23 78 122 139 8 5 3
Undisturbed hours 1] V] 1] 65 293 304 59 1
TABLE 1V

SroRapic E. ArpRoOXIMATE UPPER LimiT oF FREQUENCY OF THE STRONGER SPoRspIc-E
REFLECTIONS AT VERTICAL INCIDENCE
Midnight to Noon

Hour, E.S.T.
Date e — —=
00 ot 02 03 | 04| 05 06 | 07 | 08 | o0 | 10| 11
August ‘ ‘
1 8 4.5 8 6 | 4.5| 6 8 45| 4.5
3 4.5} 45| 6 6 6
8 4.5| 4.5 | 4.5 8 ) 6 6 8 4.5
9 8 45| 4.5 8 | 4.5 45| 4.5
13 [ | 4.5 {(10) 45| 8 4.5
20 | 6 6 ! 4.5 | 45| 6 45| 6 6
Noon to Midnight
Hour, ES.T.
Date . "
12 | 18| 14| 15 | 16 | 17 18| 19| 20| 21| 22| 23
August
4.5| 4.5| 8 8 8
9 5| 8 8 6 8
11 (10) 8 8 4.5
12 4.5 8 8 8 8 8
13 4.5| 4.5 4.5| 4.5 8 8
20 8 8 4.5
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the averages in Figs. 1 and 2 are given in Table III. It gives the num-
ber of hours the f and f, differed from the average for undisturbed
days by more than the pereentage indicated.

The days during which sporadic E-layer reflections were most preva-
lent at Washington are listed in Table IV. The table shows the approx-
mate upper limits of frequeney at which strong sporadic E-layer reflec-
tions were observed at the hours listed. The observations were nearly
continuous at 4.5, 6, 8, and 10 megacycles. When the frequency is
given as (10), this value may have been considerably exceeded.



Proceedings of the Institute of Radio Engineers
Volume 268, Number 10 October, 1938

DISCUSSION ON ‘“SINGLE-SIDE-BAND TELEPHONY APPLIED TO THE
RADIO-LINK BETWEEN THE NETHERLANDS AND THE
NETHERLANDS EAST INDIES”*

N. Koomans

H. J. J. M. de Bellescize:' Mr. Koomans discloses a method for controlling
at the receiver the frequency relation of the heterodyne and carrier (or pilot)
waves, whereby the final carrier frequency is fixed at ten kilocycles.

As explained in the paper, a single frequency correcting influence, directed
to neutralize both Doppler effect and large frequency drifts, would, when mo-
mentarily disappearing through fading, expose the heterodyne and final carrier
frequencies to undue variations; moreover, the tuning of the heterodyne oscil-
lators ought to be readjusted every time the regulating voltage returns.

These drawbacks are partly nullified by permanently keeping the regulation
voltage as small as possible; for this purpose, two frequency correcting influences
are applied together to the local oscillators, one of them being exclusively in-
tended for the more rapid variations, and the other for the variations of longer
duration. The rapid influence is performed through purely electrical means,
whereas the progressive influence is effected mechanically, thus preventing
going off frequency in case fading should affect the pilot signal.

All the above explanations and means may be read in my previous patents
and publications, for instance:

“La Synchronisation des Courants de Haute Fréquence,” Bulletin de la
Société Francaise des Electriciens, no. 31, p. 709-713; July, (1933).

“Les Communications Radio-Electriques,” Gauthier-Villars, Editors, pp.
128-136; Chap. IIT; copyright by H. de Bellescize, (1936).

U. 8. A. patent No. 1,990,428.

Discussion sur “La Transmission radiotéléphonique & Ondes courtes i
bande latérale unique,” of Bulletin de la Soctiélé Francaise des Eleciriciens, no. 27,
p.313-315, March, (1933). As in the present case, this discussion related tosingle-
band telephony with, at the receiver, a regulating voltage derived through the
same means from a pilot wave.

As told by Mr. Koomans, the maximum speed allowable to the rapid con-
trolling influence is limited by the band width of the filter selecting the carrier
or pilot wave, and by requirements concerning the quality and hunting. But 1
think that a speed of 50 cycles per second (maximum correction: 7000 =2 X 3500
cycles; time constant: 70 seconds) would be considerably too large in the case
of broadeasting, where the filter selecting the carrier wave must eliminate
closely adjacent components, for instance those of the organ or violoncello. My
own practice, disclosed in my publications and grounded on several vears of
homodyne reception, consists in relving on the perfect drift neutralization en-
sured by the slower acting influence for limiting the frequency correction of the
relatively rapid influence to the value strictly required by the Doppler effect
and other small frequency tluctuations; it is needless and even harmful to sup-
ply this rapid influence with a speed cnabling it to follow closely the very quick
leaps frequently caused in the phase of the carrier or pilot wave by the selective

* Proc. I.LR.E,, vol. 26, pp. 182-206; February, (1938).
1 Neuilly, Seine, France.
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fading. Thus, the synchronizing system is freed from the pendular oscillations
which could proceed from the side components and, moreover, it enjoys the
best protection against static; the importance of this last result is linked to the
necessity of weakening the carrier or pilot wave at the transmitter to save
energy.

Comparative Analysis of the systems disclosed by H. de Bellescize and N.
Koomans.

N. Koomans: ProcEEDINGS OF THE INSTITUTE oF Rabpio ENqiNEERS, pp. 196-
197 and 202-203; I'ebruary, (1938).
de Bellescize: 1 Onde Electrique, pp. 240-245; June and July, (1932).
II. Bulletin de la Société Frangaise des Electriciens, no. 27,
pp. 313-315; March, (1933).
IT1. Bulletin de la Société Frangaise des Electriciens, no. 31,
pp. 710-713; July, (1933).
1V. Les Communications Radio-Electriques, pp. 128-136; (copy-
right 1936).
V. U.8.A. patent No. 1,990,428.

Koo~ | e - B
mans 1 11 m | w | v
With a single controlling influence: P. p. p. P. P.
(a) If the pilot wave disappears through fad- 196 313-314 128
ing, the heterodyne frequency will under-
g0 undue variations.
(b) The Leterodyne must be readjusted every 196 240 128
time the regulating voltage returns.
These drawbacks may be nullified by keeping the 197 244 314 713 132 . 3,
regulating voltage as small as possible. ines

5-25

This isobtained by the co-operative uction of two 197  |243-244| 315 |710-713|130-131] p. 1,
frequency controlling influences, the one exclu- ines
sively directed to neutralize the more rapid varia- 13-26
tions, the other to neutralize the variations of
larger duration.

The more rapid influence is performed through (197, 202(243-244| 314 (710-713 130,132| p. 3
purely electrical means; the slower one is effected
mechanically, which prevents the going off fre-
q.uel‘ljy in case fading should affect the pilot
signal.

The mechanical device of de Bellescize is equiva-|{202-203 712-713
lent to the readjustment of a tuning condenser,
as performed by Koomans.

The slower influence is applied to the heterodyne 197 Fig. 7
oscillator of higher frequency.

N. Koomans;? The remarks of Mr. de Bellescize, concerning the drawbacks
of a frequency correction with too high a speed correspond completely with
our own experience expressed on page 196. There is not the least difference in
opinion on this point. The trouble caused by the absence of the pilot signal
through fading, is overcome for a good deal by amplifying and limiting the
pilot signal.

* Netherlands Telegraph Administration, s'Gravenhage, The Netherlands.
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The figure of fifty cycles per second, given by Mr. de Bellescize for the speed
of frequency correction should only occur in the case that the second heterodyne
is detuned 3500 cycles by the regulating voltage. The figure 7000 =2 X 3500 is
only given in our paper to show the maximum adjusting range of the second
heterodyne. In practice, that is to say, operating with the mechanically adjusted
first heterodyne switched on, or with a eryvstal oscillator, the detuning of the
second heterodyne, caused by the regulating voltage never exceeds fifty cyeles,
so the speed of frequency regulation is always less than one cycle per second.
The mid-zero instrument showing the strength and sign of the regulating
voltage (Fig. 5) has full-scale deflection for a voltage corresponding to a detun-
ing of fifty cyvcles and the meter normally shows a deflection of no more than
approximately one fifth of the scale.

ooy el > @ < GI—— - oo
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED

The following commereial publications of radio engineering interest
have been received by the Institute. You can obtain a copy of any
item without charge by addressing the issuing company and men-
tioning your affiliation with the Institute of Radio Engineers

A~xTENNA CovupLiNg Units * * * Viclor J. Andrew, 6429 S. Lavergne Avenue,
Chicago, Hl. Bulletin 87, 2 pages, 83 X 11 inches. Describes units for coupling a
coaxial transmission line to a vertical radiator in a point between 500 and 3000
cycles, series or shunt excitation.

INSTRUMENTS * * * General Radio Company, 30 State Street, Cambridge, Mass.
Experimenter for August-September, 8 pages, 6 X9} inches, printed. Uses of a
vacuum tube voltmeter for R-F current measurement and application of variable
condensers with logarithmic angle frequency characteristics are described.

INSTRUMENTS * * * /. W. Sullivan, Ltd., Leo Street, London, S.E. 15, England.
1938 Catalog, 196 pages +cover, 7% X9} inches, printed. Complete descriptions
of the Sullivan Line of testing and measuring apparatus for communiecation
engineering.

MoLpiNGg MaTERIAL * * * Bakelite Corporation, 247 Park Avenue, New York,
N.Y. Bulletin 1513-B, 4 pages, 84 X 1! inches, printed. Electrical, phvsical and
chemical characteristics of a new thermo plastic material for injection and com-
pression molding is desecribed.

NICKEL ALLoOY * * * International Nickel Company, 67 Wall Street, New York,
N.Y. Nickelsworth for the third quarter of 1938, 8 pages, 84 X 11 inches, printed.
Summarizes mechanijcal characteristics of “Z” nickel which combines corrosion
resisting properties of nickel with mechanical properties of heat-treated steel.

Parrs * * « Wholesale Radio Service Company, Inc., 100 Sizth Avenue, New York,
N.Y. Catalog No. 73, 18} pages +cover, 7 X 10 inches, printed. The 1939 edition
of this company’s general catalog.

ProtoceLLs * * *G-M Laboratories, Inc., 1731-M Belmont Avenue, Chicago, Ill.
Bulletin No. CS604, 2 pages, 8} X 11 inches, lithographed. Electrical, mechanical
and optical characteristics of two new photoelectric cells of the barrier-layer
type are given.

Rorary Switcngs * * * Roller-Smith Company, 233 Broadway, New York, N.V.
Catalog No. 9, 12 pages, 8 X 11 inches, lithographed. This catalog lists and gives
mechanical and electrical specifications on the Type R-2 instrument and control
switches.

SERVICE INSTRUMENTS * * * Service Instruments, Inc., 404 Fourth Avenue, New
York, N.Y. Bulletin, 6 X9 inches, 16 pages, printed. Describes the operation and
use of the Rider chanalyst, a new instrument for running down faults in radio
receivers,

‘ToBE Dara * + * RCA Manufacturing Company, Inc., Harrison, N.J. Applica-
tion Notes, 83 X10f. No. 95, “On Operating Positions of Receiving Tubes,’
and No. 96, “On a Voltage Regulator for D-C Power Supplies.”
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Chu, Wentworth: Born 1901 at Kiangsu, China. Graduated National Chiao
Tung University, Shanghai, 1923; received Ph.D. degree, larvard University,
1926. Professor of physies and electrical engineering, National Chung San Uni-
versity, Canton, 1926-1930; professor of physics and electrical engineering,
National Chiao Tung University, Tong San Braneh, 1930-1933; professor of
physics, National Peking University, 1933 to date. Nonmember, Institute of
Radio Engineers.

Chang, Chung-Kuei: Born 1901 at Hopei, China. Received B.S. degree,
National Peking University, 1924. Instructor in physics, National Peking Uni-
versity, 1928-1937. Graduate student, Stanford University, 1937 to date. Non-
member, Institute of Radio Engineers.

Diamond, H.: Born 1900 at Quincy, Massachusetts. Received B.8S. degree,
Massachusetts Institute of Technology, 1922; M.S. degree, Lehigh University,
1925. Engaged in research work in mechanical engineering, General Electric
Company, 1922-1923; instructor in electrical engineering, Lehigh University,
1923-1927; associate radio engineer, National Bureau of Standards, 1927-1928;
radio engineer, 1929; senior radio engineer, 1930--1935; principal radio physicist,
1036 to date. In charge of development of radio aids to aviation, 1928 1934, and
of ultra-high-frequency research, including radio metorography, 1934 to date.
Member, Washington Academy of Sciences and Washington Philosophical
Society. Associate member, Institute of Radio Engineers, 1926; Member, 1930.

Dunmore, F. W.: Born January 24, 1891, at Haverhill, Massachusetts.
Commereial radio operator, summers, 1911-1913. Received B.S. degree, Penn-
sylvania State College, 1915. Student engineering course, General Electric Coimn-
pany, 1915-1917; research department, American Radio and Research Corpora-
tion, 1918. Member of staff, National Bureau of Standards, specializing in re-
search work on direction tinders, directional transmission, ultra-high-radio-fre-
quency transmitters and receivers, radio aids to air navigation, and radio meteo-
rographs, 1918 to date, senior radio engineer, radio section, National Bureau of
Standards, 1936 to date. Nonmember, Institute of Radio Engineers.

Hinman, Wilbur S., Jr.: Received B.3. degree in electrical engineering, Vir-
ginia Military Institute, 1926. Westinghouse Illectric and Manufacturing Com-
pany, 1926-1928; radio engineering, National Bureau of Standards, 1928 to
date, aeronautical radio research, 1928-1935; radio meteorograph development,
1935 to date. Nonmember, Institute of Radio Engineers.

Gilliland, T. R.: See ProceEpiNGs for January, 1938.

Kirby, S. S.: See Procekepings for January, 1938.
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Meacham, Larned A.: Born September 3, 1908, at Denver, Colorado. Re-
ceived B.S. degree in electrical engineering, University of Washington, 1929;
Certificate of Research, Cambridge University, England, 1930. Member of
technical staff, Bell Telephone Laboratories, Inc., 1930 to date. Associate mem-
ber, Sigma Xi; Member, Tau Beta Pi and Phi Beta Kappa. Associate member,
Institute of Radio Engineers, 1938.

Smith, N.: See ProceEDINGS for January, 1938.
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IN APPEARANCE

Plastics and push-button tuning go hand in hand.
For outright beauty nothing can equal Erie Custom
Molded Bezels, originated and perfected by Erie
Plastics Engineers. Either Rat or curved glass and
metal inserts for holding the push buttons are injection
molded into a colorful plastic frame in one operation.
Erie molded push-buttons, designed to fit any standard
switch, can be supplied from ecither a stock mold or
one of custom design.

IN TUNING

Whether you use electric motor or condenser type
tuning, there's one way to keep the LxC product
constant. Use Erie Compensating Ceramicons, the
new silver-ceramic fixed condensers, or Erie Silver-
Mica Condensers in your tuned oscillator circuits.
Erie Ceramicons have o definite, linear and repro-
ducable temperature coefficient which can be sup-
plied in any specified value between —.00068 and
+.00012 mmfmmb/°C. Erie Silver-Mica Condensers
have & temperature coefficient of only +.000025
mmf/mmf

IN OPERATION

Erie Resistors give uniformly superior results in all

standard tests for load, voltage, humidity and noise.
That's why they can be used in any part of the circuit
without changing excessively in value. Erie Resistors
are made in both plain and insulated types in four

sizes that will cover practically all resistor requirements.

ERIE PLASTICS - ERIE CERAMICONS
ERIE SILVER-MICA CONDENSERS
ERIE RESISTORS

ERIE RESISTOR CORPORATION, & (7.

TORONTO, CANADA « LONDON, ENGLAND + PARIS, FRANCE-J.E.CANETTI CO

RESISTORS * SUPPRESSORS « CONDENSERS " INJECTION MOLDED PLASTICS
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-. POSITIONS OPEN |

The following positions of interest to I.R.E. members have been reported as open
on October !. Make your application in writing and address it to

Box No. ...... I

THE INSTITUTE OF RADIO ENGINEERS, INC,
330 West 42nd Street, New York, N.Y.

TRANSMITTER DESIGN

An engineer with comprehensive experience in the mechanical and
electrical design of radio transmitters is wanted by a manufacturer.
merican citizen preferred. Box No. 188.

AUTO-RADIO ENGINEERS — DRAFTSMEN

WANTED IMMEDIATELY experienced auto-radio engincers;
also draftsmen with instrument and small mechanism experience.
Apply by letter stating experience and salary desired, etc. Box No.
189.

ATTENTION EMPLOYERS . . .

Announcements for ‘“PosiTioNs OPEN" are accepted with-
out charge from employers offering salaried employment
of engineering grade to I.LR.E. members. Please supply
complete information and indicate which details should
be treated as confidential. Address: “Positions OPEN,”
Institute of Radio Engineers, 330 West 42nd Street, New
York, N.Y.

The Institute reserves the right to refuse any announcement without giving a reason for the refusal.

— e s

When writing to advertisers mention of the PRoCEEDINGS will be mutually helpfsl.
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The Institute of Radio Engineers

Incorporated
330 West 42nd 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 Directors

Gentlemen :

I hereby make application for Associate membership in the Institute of Radio
Engineers on the hasis of my training and professional experience given herewith,
and refer to the members named below who are personally familiar with my work.

T certify that the statements made in the record of my training and profes-
sional 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. Furthermore 1 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 membership badge.

“(Sign with pen)

(Date) yand “Sta!e)

Sponsors
(Signature of references not required here)

M e e e e Mr. = —— ———
Address - Address .
City and State City and State

Mr.

Address

City and State .

The following extracts from the Constitution govern applications for admission to the
Institute in the Associate grade:
ARTICLE II—MEMBERSHIP

Sec. 1: The membership of the Institute shall consist of: * * * (c) Associates, who shall be
entitled to all the rights and .privileges of the Institute except the right to hoid any elective
office specified in Article V. ¢ * *

Sec. 4. An Associate shall be not less than twenty-one years of age and shall be a person who

is interested in and connected with the study or application of radio science or the radio arts.
ARTICLE III—ADMISSION AND EXPULSIONS

Sec. 2: * * * Applicants shall give references to members of the Institute as follows: ® ¢ * for
the grade of Associate, to three Fellows, Members, or Associates; * * * Each applicatior for
admission * * * shall embody a full record of the general technical education of the
applicant and of his professional career.

ARTICLE IV—ENTRANCE FEE AND DUES

Sec. 1: ;6.00' Entrance fee for the Assocjate grade of membership is $3.00 and annual dues
are . .

ENTRANCE FEE SHOU{,D ACCOMPANY APPLICATION

XIII



(Typewriting preferred in filling in this form) No...cc.....

RECORD OF TRAINING AND PROFESSIONAL
EXPERIENCE

INVATTIC! et ccwetm e g . e —r——

Present OCCupation ..o
(Title and name of concern)

Business Address ... et e

Permanent Home Address ...

Place of Birth ... - Date of Birth ... ... Age .

Education ..............

(College) (Date received)

TRAINING AND PROFESSIONAL EXPERIENCE

DATES

Record may be continued on other sheets of this size if space is insufficient.

Receipt Acknowledged .................... Elected ... Deferred ...
Grade ..o Advised of Election .............. This Record Filed ..................



BUYING GUIDE

/ﬁzmz:nc&w

7
\ou need some special part —
deadline coming and next year’s
model still “in the works”. Pro-
duction stopped. Try The Cata-
log. They have it! A wire. It’s
night but men go into action.
Before another sundown you have
the part you need. Seldom do
we fail these engineers who make
such demands, for our delivery
system is a 24-hour business;
anid as for equipment — our

stockroom is our catalog ‘come

to life’. || Here is probably the
most complete, authentic, eco-
nomy-huying guide in modern
radio. Complete because there is
no item, old or new, which you
will not find among its 50,000
radio parts. Authentic because
each item is “tops” in its field.
And economical because thrifty
buying is the whole purpose be-
hind this book of values. And it’s
yours for the asking . . . yours for

the saving. Send for a copy today.




ENGINEERING

DIRECTORY

CONSULTANTS AND

145 West 45th Street, New York, N.Y.

DESIGNERS
including
Amplifiers - Antennas - Transmitters

Receivers - Laboratory Equipment
Special equipment designed
and constructed
RADIO DEVELOPMENT &

RESEARCH CORP.

BRUNSON S. McCUTCHEN
and
CHARLES B. AIKEN

Consulting Engineers

Technical cooperation with Attorneys in
connection with patent litigation—De-
sign and Development work—Audio and
radio frequency measurements—Equip-
ment studies—Receiver and transmitter
problems—A well equipped laburatory.

75 West Street Telephone

Tel. BRyant 9-6898 New York City WHitehall 4-7275
PRACTICAL RADIO
ENGINEERING INDEX TO
One year Residence Course
Advar?ced Home Study Coux.'se ADVERTISEMENTS
Combined Home Study-Residence
Course
Write for details A
Capitol Radio Engineering Acrovox Corporation L XVII

Institute
Washington, D.C.

QUARTZ CRYSTALS

for Standard or Special
Radio Frequency Applications

Write for Catalog
BLILEY ELECTRIC CO.

230 Union Station Bldg.
ERIE, PENNA.

Cathode Ray Tubes
and Associated
Equipment For All
Purposes

Write for Complete
Technical Data

ALLEN B. DUMONT
LABORATORIES
PASSAIC, N.J.

American Telephone & Tele-

graph Co. .Cover 111
C
Cornell-Dubilier Electric
Corp. XVII
E
Erie Reststor . X1
G

General Radio Company Cover 1V

T
Triplett Electrical Instrument
Co. Tt VIT
A\ %

Wholesale Radio Service

Company, Inc. . XV

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Juality resistance wire wound an crack-
proof refractory tubing. Pigtail and sol-

WIRE‘WOUND POWER dering lug terminals.

®
» Coated with powdered glassy enamel fired
at red heat. 6|neous ensmel tightly fue»d
to wire, terminal connectiens and tubing.

o

In fixed (Pyrohm Jr.: 10- and 20-wart
ratings), and in adjustable (Slidechm:

25-, 50., 7%, 100 anc 200-watt ratings)
y type! Wlde!' range oi resistance values.

A EROVOX

< :

® FIT companions for AEROVOX condensers
are these AEROVOX RESISTORS. Con-
stantly refined and improved over a decade and
a half, these components today represent the
outstanding achievement in the power resistor
art. ® Comparative tests are invited. ® So remem-
ber AEROVOX RESISTORS as well as AERO-
VOX CONDENSERS for your assemblies. ®

Data on request.

70 WASHINGTON STREET, BROOKLYN., N. Y.

@ AEROVOX CORPORATION

$atcs OMices in All Principol Civies




DRY
ELECTROLYTIC
CAPACITORS

STARTING
PURPOSES

Cornell-Dubilier has supplied a large percent-
age of the dry electrolytic capacitors used for !
motor starting purposes in refrigerators, wash-
ing machines, oil burners, and other motor
driven appliances.

Based upen an enviable record of dependabl
performance, more C-D capacitors are used to!
day than any other make. '

Above illustrated are types CLB, JPW , LMW,
JDS, ETAN, both plain foil and etched foil
capacitors. Write for Catalog No. 160 for com-
plete description.
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YOUR GOOD TELEPHONE SERVICE IS MADE POSSIBLE BY THE
CONSTANT RESEARCH OF BELL TELEPHONE LABORATORIES

When writing to advertisers meation of the ProcEEDINGS will be mutually helpful.
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GENERIE e

LABORATORY
DECADE CONDENSERS

THE G-R Type 219 Decade Condensers are assemblies of Type 380 Units
in two or three decades. Each decade 's an assembly of four individual
mica or paper condensers. With a selector switch, parallel combinations of
any one of ten values may be obtained.

All units are accurate at the terminals within 1% exccpt the 0,1 pf
decades of the Types 219.1, and 219-M which are within 29%.

The units are carefully aged and assembled so as to be stable and rugged.
They are mounted behind an aluminum pane in a copper-shielded walnut

cabinet.
Type Cﬂagilanc_e_ No. of Dials PLice_
219-K 1.110 uf in 0.001 pf steps 3 $90.00
219-L 1.10 pf in 0.01 pf steps 2 $35.00
219-M 1.110 1af in 0.001 pf steps 3 $45.00
219-N 0.110 pf in 0.001 uf steps | 2 $35.00

Write for Bulletin 313

GENERAL RADIO COMPANY
CAMERIDGE, MASSACHUSETTS
NEW YORK LOS ANGELES

GEORGE BANTA PUBLISOING COMPANY, MENASHA, WISCONSIN

".



