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GENERAL INFORMATION

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

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

Back issues are available in unbound form for the years 1918, 1920, 1921, 1922, 1923, and
1926 at $9.00 per volume (six issues) or $1.50 per single issue. For the years 1913,
1914, 1915, 1916, 1917, 1919, 1923, 1924, and 1925 miscellaneous copies (incomplete
unbound volumes) can be purchased for $1.50 each; for 1927, 1928, and 1929 at $1.00
each. The Secretary of the Institute should be addressed for a list of these.

Discount of twenty-five per cent is allowed on all unbound volumes or copies to members of
the Institute, libraries, booksellers, and subscription agencies.

Bound volumes are available as follows: for the years 1922 and 1926 to members of the
Institute, libraries, booksellers, and subscription agencies at $8.75 per volume in blue
buckram binding and $10.25 in morocco leather binding; to all others the prices are
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the Secretary of any change in their business connection or title irrespective of change
in their mailing address, for the purpose of keeping the Year Book membership catalog
up to date.

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

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

All correspondence should be addressed to the Institute of Radio Engineers, 83 West 39th
Street, New York, N.Y., U.S.A,
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SUGGESTIONS FOR CONTRIBUTORS TO THE
“PROCEEDINGS”

Preparation of Paper

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

Illustrations—Use only jet black ink on white paper or tracing cloth, Cross-section paper
used for graphs should not have more than four lines per inch. If finer ruled paper is
used, the major division lines should be drawn in with black ink, omitting the finer divi-
gions. In the latter case, only blue-lined paper can be accepted. Photographs must
be very distinet, and must be printed on glossy white paper. Blueprinted illustrations
of any kind cannot be used. All lettering should be 8/16 in. high for an 8 x 10 in.
figure. Legends for figures should be tabulated on a separate sheet, not lettered on
the illustrations.

Mathematics—TFractions should be indicated by a slanting line. Use standard symbols.
Decimals not preceded by whole numbers sﬁould be preceded by zero, as 0.016. Equa-
tions may be written in ink with subscript numbers, radicals, etc., in the desired
proportion.

Abbreviations—Write a.c. and d.c. (a-¢c and d-c as adjectives), ke, uf, uuf, e.m.f., mh, ph
henries, abscissas, antennas. Refer to figures as Fig. 1, Figs. 8 and 4, and to equations
as (5). Number equations on the right in parentheses. ~

Summary—The summary should contain a statement of major conclusions reached, since
summaries in many cases constitute the only source of information used in compiling
scientific reference indexes. Abstracts printed in other journals, especially foreign,
in most cases consist of summaries from published papers. The summary should explain
as adequately as possible the major conclusions to a nonspecialist in the subject.
The summary ghould contain from 100 to 800 words, depending on the length of the paper.

Publication of Paper

Disposition—All manuscripts should be addressed to the Institute of Radio Engineers, 88 West
39th Street, New York City. They will be examined by the Committee on Papers and by
the Editor. Authors are advised as promptly as possible of the action taken, usually
within one month.

Proofs—@Galley proof is sent to the auther. Only necessary corrections in typography should
be made. No new material is to be added. - Corrected proofs should be returned promptly
to the Institute of Radio Engineers, 38 West 39th Street, New York City.

Reprints—With the galley proof a reprint order form is sent to the author. Orders for
reprints must be forwarded promptly as type is not held after publication.
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APPLICATIONS FOR MEMBERSHIP

Applications for transfer or election to the various grades of membership
have been received from the persons listed below, and have been approved by the
Committee on Admissions. Members objecting to transfer or election of any of
these applicants should communicate with the Secretary on or before October 5,
1931. These applicants will be considered by the Board of Direction at its Octo-
ber 7th meeting.
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Newfoundland St. John’s, 256 New Gower St.. .. ........ .. ... ... ........ Galgay, W. F.
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For Election to the Junior grade
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Indiana South Bend, 236 E. Broadway............ ..vo.o...... Uleman, T.
Hawaii Honolulu, Box No. 1391. .................. ............Pickle, C. B.

rp el > @ < G o

VIII



OFFICERS AND BOARD OF DIRECTION, 1931

(Terms expire January 1, 1932, except as otherwise noted)

Prestdent
Ray H. MansoN

Vice President
C. P. EDWARDs

Treasurer Secretary Editor
MgLVILLE EASTHAM HaroLD P. WESTMAN ALFRED N. GoLDsSMITH
Managers
ARTHUR BATCHELLER LrLoyp ESPENSCHIED
J. H. DELLINGER HArry HoUCK

C. M. JANSKY, JR.

Serving until January 1, 1933
J. V. L. HoGgAaN R. H. MARRIOTT

Serving until January 1, 1934
L. M. HuLL A. F. Van DYck

-

Juntor Past Presidents

A. Hoyr TAYLOR
LeEE pDE FoREsT

BOARD OF EDITORS, 1931

ALFRED N. GoupsmitH, Chairman

STUART BALLANTINE G. W. PICRARD
RaLrH BATCHER L. E. WHITTEMORE
W. WiLsoN

IX




G. A. FErrIZ
Recipient of Institute Medal of Honor, 1931

In consideration of his pioneer work in the upbuilding of radio communica-
tion in France and in the world, his long continued leadership in the communica-
tion field, and his outstanding contributions to the organization of international
codperation in radio, the Medal of Honor of the Institute of Radio Engineers for
1931 was awarded to General Ferrié.

General Ferrié was born on November 19, 1868, at St. Michel, (Savoy),
France. After being graduated from Polytechnical School in 1891, he became an
officer in the Engineers Corps of the French Army. ]

He was made a General in 1919 and has continued in the service, being
exempted from the restrictions of the age limit ruling in accordance with a special
law enacted in 1930.

He received on Honorary Doctor’s degree from Oxford University in 1919
and has been a member of the Academy of Sciences since 1922.

He is president of the International Scientific Radio Union (U.R.S.1.), the
International Commission on Longitudes by Radio, and Vice President of the
International Board of Scientific Unions. He became a Fellow of the Institute
of Radio Engineersin 1917.
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Presentation of Medal to General Ferrié at Copenhagen

Following the action of the Board in voting the Institute’s Medal of
Honor this year to General Ferrié, advantage was taken of the presence
of a number of Institute members at an international conference at
Copenhagen, Denmark, to carry out the presentation of the Medal at
an appropriate dinner in his honor.

The occasion which brought so many radio engineers together
at Copenhagen was the second meeting of the International Technical
Consulting Committee on Radio Communication (CCIR) held, start-
ing the latter part of May, upon the invitation of the Danish Govern-
ment. It will be recalled that the CCIR is the committee which was set
up under the Washington Radio Convention of 1927 to study radio
technical matters, particularly those looking toward the reduction of
interference and the most advantageous technical use of radio waves,
and to report their findings to the various administrations. There was
also being held at Copenhagen, at the same time, a meeting of the Un-
jon Radio-Scientifique Internationale (URSI), an international or-
ganization concerned with the study of the more strictly scientific side
of radio phenomena. General Ferrié was very prominent in both meet-
ings, being head of the French Delegation to the CCIR, and President
of the URSI, so that the presentation of the Institute’s Medal of Honor
to him at this time was particularly appropriate.

The dinner was given by the American members present at the
Conference to their foreign colleagues in honor of General Ferrié. It was
held on June 7, 1931, at Nimb’s Restaurant, one of the excellent res-
taurants of the city so well known for its hospitality. The forty-four
participants represented most of the Institute members in attendance
at the conferences.

Colonel A. Gi. Lee, who was head of the British Delegation to the
CCIR Conference and who, it will be remembered, was last year
Vice President of the Institute, officiated. A résumé of General Fer-
rié’s many contributions to radio development and a very simple and
charming eulogy of the General himself were given by Professor P. O.
Pedersen, of the Royal Polytechnic School. As was appropriate, the
actual presentation of the Medal was made by one of the early presi-
dents of the Institute and an outstanding radio pioneer of America,
Dr. L. W. Austin. The response made by General Ferrié was so gracious
and full of warm friendship as to have been understood even by those of
the English-speaking members who are single-channelled linguistically.
Fortunately, a number of the Institute members were accompanied to
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Copenhagen by their wives, so that the occasion was completed by a
goodly number of ladies, including, in fact, Madame Ferrié herself.
Telegrams of congratulations to General Ferrié were received from
Signor Marconi and from Count Arco.

The name of Pedersen will remind readers of his colleague, Poulsen,
of Poulsen arc fame, and it is with pleasure that we note the presence at
the dinner of Dr. Poulsen. Thus, the occasion was honored by the
presence of the two outstanding radio pioneers of Denmark. And, in the
same connection, note should be made of the presence of another out-
standing Danish communications engineer, Mr. K. Christiansen, Chief
Engineer of the Danish Posts and Telegraphs, who was the president
of the CCIR conference itself.

Bound Volumes

The twelve issues of the ProceEDINGS published during 1930 are
now available in blue buckram binding to members of the Institute at
nine dollars and fifty cents (29.50) per volume. The price to nonmem-
bers of the Institute is twelve (812.00) dollars per volume.

Radio Transmission of Standard Frequency, August and
September, 1931

The Bureau of Standards announces a new schedule of radio trans-
missions of standard frequencies. This service may be used by broad-
cast and other stations in adjusting their transmitters to exact fre-
quency, and by the public in calibrating frequency standards and
transmitting and receiving apparatus. The signals are transmitted from
the Bureau’s station WW'V, Washington, D. C. They can be heard and
utilized by stations equipped for continuous-wave reception at dis-
tances up to about 1000 miles from Washington, and some of them at
all points in the United States. The time schedules are different from
those used in transmissions prior to this July.

There are two classes of transmissions provided: one, transmission
of the highest accuracy at 5000 ke for two hours afternoon and two
hours evening on three Tuesdays in each month; the other, transmis-
sions of a number of frequencies in two-hour periods in thé afternoon
and evening, one Tuesday a month. The transmissions are by continu-
ous-wave radiotelegraphy. The 5000-ke transmissions consists mainly
of a continuous ew transmission, giving a continuous whistle in the re-
ceiving phones. The first five minutes of this transmission consist of the
general call (CQ de WWYV) and announcement of the frequency. The
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frequency and the call letters of the station (WWYV) are given every
ten minutes thereafter. The transmissions of the other type are also by
continuous-wave radiotelegraphy. A complete frequency transmission
includes a “general call,” “standard frequency signal,” and “announce-
ments.” The general call is given at the beginning of each 18-minute
period and continues for about two minutes. This includes a statement
of the frequency. The Standard frequency signal is a series of very long
dashes with the call letters (WWYV) intervening; this signal continues
for about 8 minutes. The announcements follow, and contain a state-
ment of the frequency being transmitted and of the next frequency to
be transmitted. There is then a 6-minute interval while the transmit-
ting set is adjusted for the next frequency.

5000-Kilocycle Transmissions
2:00 to 4:00 p.M., and 10:00 .M., to 12:00 Midnight, Eastern Standard Time

July I August l September
14 i 11 8
21 18 15
28 25 22
29

Multifrequency Transmissions

| Frequencies in Kilocycles

Eastern Standard Time ! July 7 ' August 4 |  September 1
2:00 p.M. 10:00 P | 1600 + 3600 6400
2:18 10:18 1800 4000 7000
2:36 10:36 2000 4400 7600
2:54 10:54 2400 4800 8200
3:12 11:12 2800 5200 8800
3:30 11:30 3200 5800 9400
3:48 11:48 3600 6400 10000

Information on how to receive and utilize the signals is given in
Bureau of Standards Letter Circular No. 280, which may be obtained
by applying to the Bureau of Standards, Washington, D. C. Even
though only a few frequencies are received (or even only a single one),
persons can obtain as complete a frequency meter calibration as de-
sired by the methods of generator harmonics.

The 5000-kc¢ transmissions are from a transmitter of 1 kilowatt
power; they occur every Tuesday except the first in each month. Th
other transmissions are from a transmitter of 1/2 kilowatt power; they
are given on the first Tuesday of every month both afternoon and eve-
ning.

The frequencies in the 5000-kilocycle transmissions are piezo can-
trolled, and are accurate to much better than a part in a million. The
frequencies in the multifrequency transmissions are manually con-
trolled, and are accurate to a part in a hundred thousand.
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Since the start of the 5000-ke transmissions the Bureau of Stand-
ards has been receiving reports regarding the reception of these trans-
missions and their use for frequency measurements from nearly all
parts of the United States, including the Pacific coast and Alaska. The
Bureau is desirous of receiving more reports on these transmissions,
especially because radio transmission phenomena change with the
season of the year. The data thus far obtained cover the first six months
of 1931, and give information regarding approximate field intensity,
fading, and the suitability of the transmissions for frequency measure-
ments.

It is suggested that in reporting upon the field intensity of these
transmissions, the following designations be used where field intensity
measurement apparatus is not at hand: (1) hardly perceptible, un-
readable; (2) weak, readable now and then; (3) fairly good, readable
with difficulty; (4)good, readable; (5) very good, perfectly readable.

A statement as to whether fading is present or not is desired, and if
80, its characteristics, such as whether slow or rapid, and time between
peaks of signal intensity. Statements as to the type of receiving set
used in reporting on the transmissions and the type of antenna used
are likewise desired. The Bureau would also appreciate reports on the
use of the transmissions for purposes of frequency measurement or
control.

Reports on the reception of the transmissions should be addressed
to Bureau of Standards, Washington, D. C.

.

Institute Meetings

Los ANGELES SECTION

The June meeting of the Los Angeles Section was held on the
23rd at the Mayfair Hotel in Los Angeles, Chairman T. E. Nikirk,
presiding.

J. G. Alverson described a recording system employing a wire as
the recording device. He reproduced a message from President Man-
son which was recorded in Rochester by Mr. Alverson. Dr. de Iorest
who was present responded to a request to record a short message of
reply to Mr. Manson.

C. R. Daily of the Electrical Research Products, Inc., then pre-
sented a paper on the electrical and mechanical construction of the
carbon, condenser, and moving-coil microphones. The description and
comparison of these several types of microphones were well illustrated
with slides. A standard condenser microphone and one of the new
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moving-coil transmitters were on display so that a comparison of size
and weight could be readily obtained.

The general discussion which followed the paper was entered into by
several of the forty-five members and guests in attendance.

PHILADELPHIA SECTION

A meeting of the Philadelphia Section was held on June 17th at the
Engineers Club. The paper of the evening “Producing Music from
Colors” was presented by I. B. Patterson of the RCA Victor Company.

This paper was published in the August, 1931, issue of the Pro-
ceEDINGs and will not be summarized here.

Following the presentation of the paper, the annual election of offi-
cers was held. G. W. Carpenter was elected chairman, R. S. Hayes,
vice chairman, and George C. Blackwood was reelected secretary-
treasurer.

The vice chairman presented the financial report of the secretary
and also the report of the auditing committee. These were accepted
unanimously.

The meeting was attended by one hundred and twenty members
and guests.

WASHINGTON SECTION

The May 14 meeting of the Washington Section was held at the
Continental Hotel and presided over by John B. Brady.

The paper of the evening was on “Improvements for Broadcasting”
and was presented by T. A. M. Craven, formerly Lieutenant Com-
mander of the U. S. Navy and now a broadcast consulting engineer.

The paper was illustrated with a large number of colored charts,
diagrams, and curves and the underlying ideas were based on discus-
sions with senators, congressmen, educators, radio engineers, broad-
casters, and laymen for the past two years. The proposed plan is
evolutionary rather than revolutionary and involves the following:

Five zones based on scientific principles: the first-zone including
New England, New York and Pennsylvania; second, the present third
zone and all southern states east of the Mississippi; third, the states
east of the Mississippi and north of the Ohio; fourth, all states between
these and the present fifth zone; fifth, same as the present fifth zone.
This distribution would give better contours to the zones, better rela-
tion between population and area and more satisfactory political divi-
sion; for example, (1) includes New Iingland, (2) the south, (3) Chicago
and the railway group, (4) the community interests of the middle west,
and (5) the far west. These zones also conform more nearly to the stand-
ard time zones. The zones would be subdivided into states and counties
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and the stations therein should supply service rather than freedom from
interference.

Instead of the present system of allocation Congress should pass
laws making a system of evaluation based on three factors of (1) fre-
quency, (2) square root of power, (3) hours of service. The range of
frequencies should include the present and be extended to 530 kilocy-
cles.

The administration should be chosen from all North American
Nations, Canada, Mexico, and Cuba as well as the United States and
should be based on international law.

The block system of allocation of frequencies should be used,
having high power at the lower end of the spectrum, medium power in
the middle section, and low power at the high end, giving greater flexi-
bility.

The station management should improve its output in view of
modern engineering and should have precise frequency control, high
percentage of modulation and should suppress the sky wave by proper
antenna systems.

Messrs. Burgess, Davis, Greaves, Robinson, and Smith of the
thirty-six members and guests in attendance took part in the discussion
which followed the paper. Nineteen were present at the informal dinner
which preceded the meeting.

RocuESTER FarLL MEETING

Asin the past two years, there will be a fall meeting of the Institute
sponsored by the Rochester Section which will be held this year on
November 9 and 10. An excellent program is being arranged for the
two-day meeting and further details of it will be published in the
October issue of the PROCEEDINGS.
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Proceedings of the Institute of Radio Engineers
Volume 19, Number 9 September, 1931

RADIO TRACKING OF METEOROLOGICAL BALLOONS*
By

W. R. BrLair! anp H. M. LEwis?
('Signal Corps Laboratories, Fort Monmouth, N. J.; *Hazeltine Corporation, Bayside, N. Y.)

Summary—There is a need for upper air meleorological observation al night
as well as in the daytime, in cloudy and in foggy weather as well as in clear. This
need has given rise to @ number of interesting methods of obtaining these data, among
them radio iracking of meleorological balloons. A free balloon maves in the air cur-
rent prevailing at the level it occupies. A small rubber balloon, six inches or less in
diameter, when inflated with hydrogen to a given excess lift wsll rise at a given ascen-
sional rate to great heights. Successive determinations of the position of one of these
pilot balloons provides ready means for compuling the mean direction and speed of
the wind in the layer of air through which the balloon hos risen during the interval
between determinations of position. On clear days these balloons have been followed
by visual methods to heights of 20 miles.

This paper deals with a radio method of detersi .ing successive balloon pozitions.
A light transmiller, weighing about a pound, is carried up by the balloon at a known
ascensional rate. Loop receivers are employed in ranging for this transmitter. The
whole project involves the determination of air temperalure aloft as well as air move-
ment but the work on it so far has been limited lo the development of equipment needed
for the observation of wind, direction, and specd. Positions are usually determined al
minute intervals. Tables and equipment employed in the reduction of data are made
to fit this interval.

-

NDER military as well as under civil conditions it is often desir-
U able to obtain meteorological observations over terrain which is

at times inaccessible or not readily accessible. Among such places
may be mentioned the upper air, mountain tops, and places rendered
inaccessible for the time because of military operation. Such meteoro-
logical data are often very desirable from the point of view of the fore-
caster and prove both directly and indirectly useful to commerce and
industry. In addition to these uses, such data are of value to armies in
the field in connection with their plans of maneuver and in the opera-
tion of such arms as Aircraft, Artillery, Sound Ranging, and Chemical
Warfare.

Air pressure, temperature, humidity, movement, including direc-
tion and speed, and transparency are elements regularly observed.
These, together with observations of clouds, including cloud height;
thickness of cloud layer, as well as cloud type and amount; percipita-
tion, including type, amount, and duration; fog; amount and character

* Decimal classification: R590. Original manuscript received by the Insti-
tute, May 4, 1931. Presented before New York Meeting, January 7, 1931.
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of sunshine and other elements are of direct, current interest to many
commercial, industrial, and business operations, as well as to most mili-
tary operations. These data from a considerable expanse of territory
form the basis of weather forecasting. When compiled and tabulated,
they constitute records from which climatic characteristices of different
localities in the area covered may readily be obtained. These climatic
characteristics are of the utmost value in connection with installations
of any sort, either civil or military, and in making plans for operations.
Observations of these meteorological elements on the earth’s surface
are usually easily made. Their observation in the upper air, especially
at night or under cloudy or foggy conditions; also their observation in
inaccessible places on the earth’s surface present a separate and quite
different problem.

Upper air meteorological observations are ordinarily limited to ob-
servations of air movement only, although meteorographs recording
pressure temperature and humidity have been carried to heights of
twenty miles or more by means of sounding balloons. When observa-
tions of wind direction and speed only are being made in the upper air,
the method is to release a small rubber balloon and follow it by means
of one or more theodolites. It has been found that the ascensional rates
of these free rubber balloons can be quite accurately determined as a
function of the weight, dimensions, and free lift of the balloon. Know-
ing the ascensional rate of the balloon, it is only necessary to observe
its azimuth and elevation in order to determine its position at succes-
sive intervals of time. The interval usually employed is one minute.
When these successive positions have been determined and plotted, it
is a simple matter to read off wind direction and speed by means of
scales suitably calibrated for the purpose. If observations independent
of ascensional rate are desired, two theodolites and a base line are
needed. For night observations the balloon is rendered visible by at-
taching to it a small paper lantern in which a candle is used as the
source of illumination. This candle lantern can be kept on the cross
hairs of the telescope and successive readings of azimuth and elevation
obtained by means of the balloon theodolite just as in day observation.
It is evident that this visual method of observing wind direction and
speed aloft fails when fog, cloud, or other conditions of poor visibility
prevail.

A number of special methods have been devised for making upper
air observations in cloudy and foggy conditions. Two of these may be
mentioned as illustrative of the more practicable of these methods. In
point of time the first of these two methods consists in attaching a small
bomb with time fuse to the balloon and sound ranging for the explosion
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of the bomb. During the War an installation for making observations
by this method was in operation in the First Army area. This installa-
tion consisted of a network of seven microphones arranged on two lines
at right angles to each other, and a central station into which the mi-
crophones were wired for the purpose of recording the sounds they
picked up. All microphones recorded on the same strip of smoked paper.
The results were reduced and balloon positions determined at this cen-
tral station. In operating the installation, the balloon would be in-
flated, its ascensional rate roughly estimated, and a bomb with a suit-
able time fuse attached. The balloon would then be carried to such
distance to the windward and released that by the time it had arrived
approximately above the network of microphones the bomb would be
detonated. Using this determination of wind direction and speed, a
second balloon would be prepared and released at such a point that its
homb would be detonated at a higher level and approximately over the
network of microphones, etc. The method is quite tedious and expen-
sive because of the complicated computations involved and the con-
siderable number of balloons employed. Three or four hours would be
required to make an observation to the height of the trajectory ordi-
narily employed by the 75-mm. guns. A period of three or four hours
often includes considerable changes in wind direction and speed. An-
other rather serious objection, especially for peace time use, is that a
faulty balloon instead of carrying its bomb into the upper air may de-
velop a leak and deposit the bomb where it will do more or less damage.
It happened overseas, for example, that one of these bombs exploded on
a roof. Another exploded in an automobile damaging it very consider-
ably. This same criticism applies to some extent to the use of the lan-
tern for night observations. A faulty balloon might lower the lantern
into inflammable material causing fire.

A second method of making observations of wind direction and
speed aloft under conditions of poor visibility consisted in firing round
balls in a vertical direction and noting the point at which they returned
to earth. The wind direction and speed are then computed from their
effect in deflecting the ball from its vertical course. In practice a series
of shots are made using different charges so that the balls will succes-
sively reach higher and higher levels. This method appears to be fea-
sible, but requires a good deal of computation. It was proposed and ex-
perimented with in Iingland, but has not been widely employed.

While the need for some simpler method of making upper air ob-
servations, and in general meteorological observations in inaccessible
places, was evident during the war and some thought had been given to
the radio method, it was not practicable to start experimental work on
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this method until the year 1923 and 1924. The initial work was done in
the Signal Corps Laboratories at McCook Field and carried along to
the point where, with a simple buzzer transmitter weighing just under a
pound, signals were heard and a balloon tracked for twenty minutes.
Since the balloon ascends 200 yards per minute, this flight furnished
fairly reliable observations to a height of 4000 yards. The receiver
equipment employed was a breadboard layout with improvised loop.
From the observer’s point of view, the results were only fairly good but
indicated that the method was deserving of further study and improve-
ment. Some experimental work was also done with a view to having the
transmitter indicate air temperature in addition to furnishing a radio
signal for tracking purposes. While these experiments gave promise of
success, the complications introduced into the transmitter led to the
decision to limit the problem for the time to radio tracking. Now that
the radio tracking problem has been fairly satisfactorily solved, the
problem will be continued with a view to being able to determine tem-
peratures aloft as well as balloon positions. This experimental work
was interrupted by work in connection with the world flight. It was
transferred from the Signal Corps Laboratories, McCook Field, to the
Signal Corps Radio Laboratories at Fort Monmouth at the end of the
year 1923 and 1924, but active work on the project was not taken up
again until rather recently.

For the engineer, two problems are presented by the proposal to
track meteorological balloons by radio. First, the development of an
inexpensive transmitter weighing as little as possbile, and second, the
development of a portable direction finding receiver of rugged reliable
construction having a minimum number of operating controls. The ap-
paratus developed approaches quite satisfactorily these requirements.

As to the transmitter, the aim was for a weight of one pound for the
complete outfit including battery and antenna. A small transmitter
employing a buzzer arranged to energize a spark gap was soon ruled
out although varions refinements such as small quenched gaps were
tested. Although better than 50 ma of high-frequency current could
be put into the antenna system by spark excitation the broadness of
the resulting wave meant that this energy was distributed over a broad
frequency spectrum and that actually at any frequency in this band
to which the receiver was tuned, only a small amount of radiated
energy was effective and the resulting signal was weak. The roughness
of the note with spark transmission, the broadness of tuning and the
uncertainty due to the fact that the buzzer vibrator might stick when
adjustment was made for a maximum output, directed the develop-
ment toward a vacuum tube transmitter. Here, however, the need of a
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high voltage plate battery, which is both light and inexpensive, ruled
out the simplest arrangement of a steady continuous wave signal.

The solution which was arrived at early in this development was
found at once to be both effective and reliable and has been used since
early in 1928 for a variety of tests in the development of the direction
finding receivers, in testing their range and for the actual balloon
tracking tests. It consists of a small flashlight 41-volt battery which
serves to heat the filament of a 199-type tube and simutaneously to
energize the primary circuit of a buzzer transformer. The turn ratio of

Fig. 1—BC-164 transmitter circuits.

the transformer is about 50/1 and its iron core is provided with an air
gap to give leakage flux for operation of the vibrator or interrupter
which is included in the primary circuit. The secondary voltage is, of
course, intermittent at the rate of vibration of the interrupter and it is
this voltage, or rather that part of it, which makes the plate positive
during each cycle of the vibrator, which is applied as B voltage to the
199 tube.

The circuit is shown in Fig. 1, which also gives an idea of the man-
ner in which the transmitter is carried by the balloons so that the sup-
porting and trailing wires constitute an antenna and counterpoise.
Perhaps it is better to say that they act as the two legs of a rather ideal
dipole radiator and it is, of course, this ideal radiating system that
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gives this transmitter its effectiveness with the small amount of energy
supplied to it. The frequency or wavelength radiated depends on the
length of the legs chosen in conjunction with the circuit inductance.
The length of each of these legs has been arbitrarily chosen as 40 feet
to set the wavelength near 125 meters, but this length is not critical and
the legs may be shortened or lengthened as desired to set the fre-
quency. In fact one leg may be omitted and the frequency, as deter-
mined by the capacity of a single wire to the set, is sufficient to main-
tain effective oscillations at what is then a much shorter wavelength.

—

CHOKE.

Fig. 2—BC-164 transmitter circuits.

The nature of the feed-back circuit needs no explanation as it is evi-
dent from the diagram. An alternate circuit arrangement which was
used in some tests but which is more critical to change in the length of
dipole legs is shown in Fig. 2, and being a fundamental type of oscillat-
ing circuit, also needs no description.

The small transmitter, which is now known as Signal Corps Type
BC-164, is shown in Fig. 3 and a number of these transmittersas built
at Fort Monmouth, together with the dummy antenna test stand, the
43-volt flashlight battery and a reel upon which the two antenna legs
are wound, are shown in Fig. 4. In Fig. 5 the transmitter is one wired as
in circuit Fig. 2, and this view gives a somewhat clearer idea of the
manner in which the battery is slipped into position between spring
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clips. Fig. 6 shows the transmitter in place on the test stand. The dum-
my antenna is simply a small 20-uuf capacity in series with the thermo-
milliameter showing on the panel. In placing the transmitter on this
test stand, with the battery in position, the other meter showing on the
panel is cut into the circuit to indicate the d-c¢ drain from the battery.
The vibrator of the buzzer is then adjusted to give a tone of even and
steady pitch and to assure that not over 200 ma are drawn from the
battery. With such an adjustment, the high-frequency current through
the dummy antenna should be from 25 to 35 ma. It may be noted
that this is equivalent to the high-frequency current which the set
would furnish if a plate battery of 120 volts were used in place of the
buzzer transformer plate supply.

Fig. 6

The entire weight of the complete transmitter is 17{ ounces. The
instrument itself weighs 11 ounces, the battery 41 ounces, while the
antenna legs and reel weigh the remaining 2 ounces. With the receiver
to be described, signals from this transmitter, when it is suspended
from a supporting wire between the antenna towers at Fort Mon-
mouth, are readable at 11 miles, and directional reception accurate to
less than one-half of a degree is had at a distance of 5 miles. Equally ac-
curate directional reception obtains over the same and probably greater
distances from these transmitters when they are carried aloft by bal-
loons. The transmitter, when supplied with a fresh battery, will con-
tinuously transmit its modulated signal for at least one-half hour. Gen-
erally the signal continues for three or four hours uninterrupted ex-
cept for an occasional shift in the tone of the buzzer. In cases where the
battery happened to be a good one (i.e., one which did not rapidly
polarize) the signal transmitted has been continuous for over seven

e
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hours and has therefore permitted an entire day of testing with the di-
rection finders at various distances from the signal.

Before a number of these transmitters were available so that they
might be expended in actual tracking tests, it was necessary to get in-
formation on range, etc., by moving the receivers as mentioned. How-
ever, on one occasion through the courtesy of the Naval Station at
Lakehurst, N.J., the transmitter was carried suspended from one of the
smaller blimps, and at another time an army plane codperated in flying
the transmitter. From these tests, as well as the subsequent balloon
ascensions, it appears that the distance at which the sigral may be re-
ceived is of the same order as indicated by the land tests.

DIRECTION OF WIND

> REagl

Fig. 7—Radio tracking of meteorological balloons. Releasing balloons with
transmitter.

“A” moves rapidly towards “B” allowing wire to slide through his hand.
On reaching “B” hoth men “let go.”

In making actual balloon tests the transmitter is adjusted in the
test stand, as deseribed, immediately before releasing the halloons and
is in fact operating on the test stand until the moment it is removed for
attachment to the upper antenna leg which holds the balloons captive.
Clusters of four and and of six balloons have been used. These are the
standard 6-inch (uninflated) balloons used for theodolite work. A
gingle large balloon may replace these clusters. In the first trials, the
attempt was made to hold the balloons captive by a light insulating
cord attached to the antenna reel and thus permit each direction finder
to tune in and note that the signal tone was steady and of good volume
before releasing them. Sudden wind gusts would then generally break
the antenna wire and the balloons would be lost. The procedure il-
lustrated in Fig. 7 was then successfully adopted. The man at A holds
the balloons while the man at B, having tested the BC-164 transmitter,
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attaches it between the two antenna legs; the lower leg lying extended
on the ground. 4 then runs rapidly toward B, letting the antenna wire
slide through his hands to allow the balloons to rise. On reaching B
both men let go and the balloons carry the system aloft without diffi-
culty. The signal from the transmitter is always loud and clear the in-
stant the lower end of the antenna leaves the ground and is easily
tuned in on the receivers.

The signal is a clear musical note apparently being that of a tone
modulated continuous wave and the entire energy of the signal is in
fact confined to a narrow frequency band. Of course no carrier wave
exists in this system and heterodyne reception, which is resorted to by
the operator after the balloons have traveled two to three miles and the
signal has become weaker, results in giving a signal of a characteristic
hissing sound which is readily recognizable from any other type of sig-
nal.

The direction finding receiver will be of interest to engineers in that
it covers the band of frequencies immediately higher than the broad-
cast band, employs single control tuned radio amplification, and has
controlled regeneration confined to the detector so that cw signals
may be received. The direction finding input is of interest in that ca-
pacity neutralization is employed to eliminate the antenna effect and an
aperiodic loop is used. The mechanical arrangement is such that the
outfit is readily portable.

In arriving at the design of the direction finder to be described, a
number of circuits were tried and existing direction finders were studied.
Experiments toward a “maximum method” were not sufficiently promis-
ing in comparison with the “null” method to warrant an extended study
at the time these receivers were developed in 1927-1928. Some con-
sideration was given to the problem of a three-dimensional direction
finder as this would permit direct determination of the angle of eleva-
tion of the balloons as is done with the visual theodolite method, and
some experiments with a small dipole receiving antenna were con-
ducted. It appears from theory that a combination loop and dipole ro-
tatable about both a vertical and horizontal axis will give this desired
characteristic. The capacities to ground of the dipole are, however,
more difficult to correct than those of the loop, and to produce a com-
bination loop and dipole in a single portable structure with their out-
puts properly adding in the receiver input appeared to involve a more
extended investigation than could be justified. It was therefore decided
to rely upon giving the balloons the proper inflation to determine ele-
vation by their ascensional rate and see if we could build a simple di-
rection finder that would suffice. The three-dimensional direction finder
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is, however, a fascinating problem and its solution in a direct reading
portable apparatus will undoubtedly be attempted since it would serve
many military purposes as for example following aireraft.

As to the existing direction finders available at Fort Monmouth,
they were not of a form suitable for field use and thereading of a single
null point was not always reliable to indicate the correct bearing. A
180-degree rotation of the loop to give a check of the opposite null or
zero was generally necessary so that an average of the two might be
had. The reason for this appears to be chiefly due to direct pick-up of
signal upon the set itself as well as to inaccurate elimination of an-
tenna effect. Since the balloons are in motion and readings at regular
intervals must be recorded, the delay such checking or averaging would
require was not permissible. Since two receivers located at ends of a
base line follow the moving signal, only direction and not sense is re-
quired and so the complication of providing this function was elimi-
nated also.

A first model employed the superheterodyne circuit, and with it a
variety of input circuits were tested. Two stages of tuned, single control
radio-frequency amplification preceded the first detector, and in the
development of this part of the receiver, sufficient amplification and
selectivity were realized so that the receiver eventually became simply
two stages of radio frequency, regenerative detector, and two audio
stages. Throughout the work the simple idea was adhered to of elimina-
ting all direct pick-up on the receiver and d¢vising an effective com-
pensator for antenna effect so that a single null reading would be ac-
cepted as reliable. Thus the operator was to turn but a single dial to
bring in the signal. The regenerative knob was to be in the nature of a
gain or volume control not affecting the tuning. With the signal tuned
in, the operator need only to rotate the loop to observe the direction
indicating zero and vary the compensator control slightly to sharpen
the zero if necessary. The compensation control was to be eliminated
if possible. The loop and compensator controls were to he entirely in-
dependent of tuning and free from any reaction on the receiver. The re-
ceiver as completed accomplishes quite well these requirements.

The development of an acceptable input circuit may be explained
by reference to the series of diagrams of Fig. 8. It will be noted that
these circuits all show an aperiodic loop or rather one that is tuned in-
directly by the first tuned circuit of the receiver. One advantage of the
aperiodic loop is freedom from capacity effects since the loop terminals
are at relatively low potentials as compared with the similar terminals
of a multiturn tuned loop. Perhaps it is clearer to say that the capacity
of the loop to ground, to the set, or to the operator is in effect less dis-
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turbing since the loop is indirectly tuned by a large capacity introduced
by the tuned circuit to which it is coupled. This meant in practice that
loop shielding was unnecessary. A still more important advantage of
the aperiodic loop is that it permits single control tuning to be more
easily realized and in the receiver as completed “plug-in coils” may be
used to operate the receiver in a different frequency band without sub-
stituting another loop.

Fig. 8—Loop input circuits.

Starting then with Fig. &(a) the loop and output inductance L,
is represented as isolated in space and rotatable about the vertical axis
x z1. The wave passing this loop will be considered to be of the conven-
tional type, one having the electric vector vertically polarized and
coming from a single direction as indicated in the diagram. The well-
known fact is that in such a symmetrical circuit, the resulting voltage
developed across L; is proportional to the cosine 6, where 0 is the angle
made by the plane of the loop with the direction of the approaching
wave. This is merely stating that the loop will give the well-known
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“figure-8” characteristic when rotated, and the received voltage plot-
ted as a polar diagram. A convenient picture is to consider that the
approaching wave would induce a voltage e=FE sin wl in a conductor
of the same height as the loop located at its axis, and therefore does
induce voltages e, and e, in two sides of the loop as indicated in the
diagram. It is then shown that

d7r
e — € = X— cos OF cos wt.

Thisis the voltage across L,. It varies as the cosine of the angle as the
loop is rotated and its phase is different by 90 degrees from that which
would have been produced in an antenna located at the axis.

The result of having our loop brought close to ground is that capac-
ity of the entire structure to ground results and this condition is repre-
sented in Fig. 8(b) by assuming the loop still to be symmetrically posi-
tioned from ground and representing the resulting distributed capacity
by four capacities C,, Cz, (3, and C,. Each of the generators e, and e.
now supplies a complicated net and it is evident that the voltage de-
veloped across L; will not vary as cosine 6 unless the capacity paths Ci,
C;and C,, C, are equalized so that ground, the center of L; and the top
center of the loop are conjugate points in the system. A lack of such
symmetry gives what is termed the antenna effect because the result-
ing polar characteristic is equivalent to that of a perfectly balanced
loop plus an antenna. It follows then that when the system is balanced
symmetrically so that antenna effect is absent we may connect a
source of high-frequency voltage, to which the receiver is tuned, be-
tween the top center point of the loop and ground without introducing
any across the coil L,. Or, again, considering the coil L, as being inside
the receiver and the loop absent, a test of symmetry within the re-
ceiver is to connect the terminals of Ly together and to a terminal of a
gignal generator, the other terminal of the signal generator being
grounded actually or connected to the common ground of the receiver,
and discover that zero signal results. These two tests were, therefore,
made standard in determining the merits of compensating circuits. The
shielded signal generator was generally connected as indicated by e,
in the diagram, the ground terminal connecting to the negative fila-
ment of the receiver and the high potential terminal connecting to the
top center of the loop by a wire symmetrically placed relative to the
sides of the loop. Adjustment of the compensator was then quite simi-
lar to the balancing of an inductance hridge or the neutralizing of a
vacuum tube and determined by obtaining a “null” signal in the tele-
phones.
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Thus in Fig. 8(c) there is shown a push-pull input circuit which was
one of the types used as it is inherently symmetrical. Here the sig-
nal generator e, is connected as deseribed. With similar tubes and pre-
cautions taken in the design, C; equals C; for balance or compensation
of antenna effect. Lack of symmetry can be remedied by varying the
capacity of either of these capacities which are therefore made actual
physical condensers. When a balance is thus obtained with the signal
generator the system is also found to be balanced for actual signals re-
ceived. As theloopisrotated, however, its capacity to ground will vary,
since the capacity of one-half of it to ground may differ from that of the
other half to ground in one position and reversing or rotating the loop
180 degrees reverses these capacity values. An electrostatic shield,
grounded and rotatable with the loop almost completely eliminates
this effect and is very desirable for the multiturn tuned loop. However,
this addition of shielding is of little value with the aperiodic loop since
such capacity effects are of small importance as previously explained
and its added weight is objectionable in a portable set. In practice,
therefore, one of the condensers, C; or Cs, is brought out to the panel as
a compensation control. The coupling of L, with L, is preferably close
so that the loop is indirectly tuned by Cs but thisis not necessarily so,
as the coupling may be entirely capacitive through the condensers C,
and Cz.

In the push-pull input circuit of Fig. 8(c) the tuning condenser
necessarily has both rotor and stator plates above ground and this is
objectionable from the point of view of single control where a gang con-
denser of the usual type is economically desirable. To connect the loop
as in Fig. 8(d) would obviously make the system extremely unsym-
metrical as the voltage in one side of the loop has a direct path to
ground while that in the other side has the capacity C. and inductance
L, as an additional path to ground.

In Fig. 8(e) the loop is shown coupled by L, to L., and the ca-
pacity coupling between the coils is represented by the small capacities
Cy, C,, Cs, and C4. It is impossible, even by making some of these ca-
pacities small adjustable condensers, to compensate this circuit since
currents through C; and C'; produce no effect upon the grid of the tube
while capacities C, and €4 complete the circuit of the signal generator
e, to ground through the inductance L, and each produces a voltage be-
tween grid and filament. Furthermore the voltages so produced are in
phase and add so that no relative adjustment of these capacities will
avail in giving compensation.

If then a single tube input is to be had, we must resort to one of the
three following types of circuits which either eliminates the capacity
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coupling between the windings leaving only magnetic coupling, or neu-
tralizes its effect in so far as the generator e, is concerned. Hence, in
Fig. 8(f) the elimination of antenna effect is shown as accomplished by
the use of an electrostatic shielding screen. The screen itself is at
ground potential and so prevents capacity paths for currents from the
generator e, being completed to ground via the inductance L,. The
voltage induced in L, is therefore by magnetic coupling entirely. But to
insure the cosine law as the loop is rotated it is important that the con-
ditions outlined for IFigs. 8(a) and 8(b) shall obtain and hence the
capacities C; and C; to ground must still be equalized so that ground,
the center of coil L,, and the top center of the loop are con-
jugate points. Thus with the electrostatic shield it is desirable

Lo0P

SMHIELDO

v

to use two small physical condensers for C, and C. giving one
some arbitrary value and bringing the other out on the panel
as a compensating control. This arrangement proved in practice
to be an excellent direction finding input, but was not used be-
cause the losses in the screen employed decreased the received signal
too much. A proper screen would make this input circuit entirely ac-
ceptable and since these early tests such a screen (made up of parallel
strands of fine wire formed by winding the wire on a tubular form, fix-
ing the winding with cellulose, and cutting it to form a flat surface) has
been found to give practically no loss. The parallel wires are soldered at
one end and grounded, the other ends being open to form a grid. Such
a shield may be effectively used between the windings of high-frequency
transformers of the usual cylindrical form. The actual arrangement of
such an input circuit is shown in Fig. 9

In Fig. 8(g) a neutralizing winding L; is effective in giving accurate
compensation. Practically unity coupling is sought between Lyand Ls,
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and close coupling between L; and L, is utilized to give maximum
transfer of energy from the loop to the grid circuit and to allow the loop
to be aperiodic or in fact tuned by the circuit L,Cs. The capacities
C, and C, are made to be physical condensers and are respectively a
small neutralizing condenser (50 uuf maximum) which is set at any
arbitrary value and a small variable condenser appe'aring as a control
knob on the panel of the receiver. The voltage produced by the current
due to e, flowing to ground via C,L, is neutralized by the effect of
current in the same time phase flowing to ground via CiLs. The unity
coupling between L, and L; assures that the flux set up by each of
these currents shall produce a resultant zero flux as far as the generator

Fig. 10—Loop input circuit.

e, is concerned. As to the desired signaling voltages, when in practice
the loop is not set for zero signal from an incoming wave, these capaci-
ties C, and Cs aid and it is possible to use no magnetic coupling between
L, and L, leaving the circuit as a capacity coupled system.The opera-
tion of this circuit is both simple and effective and holds without read-
justment over the wide frequency band of the receiver since it is in-
dependent of frequency. Only slight readjustment of the compensating
condenser (' is necessary on rotating the loop 180 degrees. The actual
arrangement of parts is shown in Fig. 10.

Fig. 8(h) is the circuit finally used in the finished apparatus and dif-
fersonlyslightly from Fig. 8(g) since it employs the neutralizingwinding
L;. The functions of neutralizing the capacity in its effect upon the grid
circuit and of preserving the symmetry of the loop system are, how-
ever, separated in this circuit so that the in-phase voltages are applied
to L, and Ls thru condensers C; and C's both condensers being supplied
from the same terminal of L;. The coil L, is equalized in its capacity to
ground (so that currents in L; obey the cosine law) by giving Cy its
proper value. This capacity C; should, in theory be physically present
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as a definite condenser adjusted accurately. In practice, however, it is
present only as the inherent capacity of Ly to ground, and Cs and C;
being relatively adjustable, correct for any unbalance. Cs isin practice
left variable as a compensator control on the panel of the receiver and
its operation is entirely effective and satisfactory. The circuit is re-
drawn in more accurate form in Iigure 11

Fig. 11—Loop input circuit.

It will be clear from the foregoing that two conditions of balance
must be maintained to eliminate the effect of e.. First, the symmetry of
the loop system, including L,, in its capacity paths to ground must be
maintained. Second, the equalized capacity paths to ground, necessary

LOOP BALANCE

RELFUGRATION

cr

Fig. 12— Mleteorological receiver circuit first shielded model. A, B, and C are
plug coils €arrying neutralizing condensers Cy.

to preserve the first condition, must not include the grid circuit in a
way to produce antenna effect voltages. Thus, of the circuits shown,
Fig. 8(c), 8(f), 8(g), 8(h) are acceptable circuits and the last three are
preferred since they are effective input circuits with a single vacuum
tube.

The Fig. 8(g) input circuit was the first one used in practice as shown
in Fig. 12. In Fig. 13 is shown the final circuit used; the difference
being chiefly in the use of the Fig. 8(h) circuit for the input and in the
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additional choke coils and by-pass condensers as will be explained.
Figs. 14 to 20 show the receiver as developed and give an idea of the

COMPRENSATOR
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Fig. 13—Circuit for SCR-170 meteorological receiver.

Fig. 14

shielding employed. They also show its portable nature and the man-
ner in which it is packed. This receiver is known as the Signal Corps
SCR-170.
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Referring now to Figs. 13 and 14 to 20, the loop plugs into the jack
of the receiver by means of a flexible shielded cord. The metal parts
of the loop support are thus grounded to the frame of the metal chassis
which fits into the copper-lined cabinet. Each r-f transformer coil is of
the plug-in type, so that.new coils may be provided for other frequency
bands, to utilize the apparatus for general direction finding purposes.
Ilach coil is encased in a copper can, primarily to give magnetic shield-

Fig. 15

ing. The gang condenser has three units each of maximum capacity
350 puf. The frequency band covered is 1700 to 3300 ke. The neutraliz-
ing condensers are an integral part of the plug-in coils B and C, while
coil A carries the condenser C, necessary to the compensation system
shown in Fig. 11 and Fig. 8(h). This is desirable for plug-in coil sys-
tems, since it simplifies the design of additional sets of coils and assures
neutralization when a set of coils is plugged in. The shielding shown was
adopted to prevent all direct pick-up of signal on the receiver and to
prevent reactions between the loop and the receiver. For this reason
the I3 batteries are placed inside the shielded set box in a well, formed
as part of the receiver subpanel. An extra 2000-uuf condenser shunts
the telephones directly at the jack, and a 1/4-uf condenser from the
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low side of the jack leads directly to ground. This effectively reduces
“pick-up” on the headphone cords. The A battery is outside the set.
It was found necessary to place a 1/4-uf by-pass across the A battery
jack and ground the negative filament at this point to the metal chassis
to eliminate pick-up of signal at this point. Experiments show that if
the negative filament system were grounded to the chassis at this one
point alone, and no other grounds of the circuit to the chassis are made,
many reactions are avoided and greater stability of the receiver is had.

Fig. 16

It was not feasible to follow this practice on the apparatus built but it
is believed that on future models it should be done. For example, the
gang condenser grounds to the metal chassis at three points and the
drum dial provides an additional connection of the circuit to the chassis.
Elimination of these grounds should prevent any current flow through
the chassis. -

The r-f transformer coils are wound by having the primary and neu-
tralizing windings similar in a double thread cut in the bakelite form.
The secondary is on celluloid wound directly over the primary. This
procedure was adopted when it was found that close coupling the pri-
mary and secondary windings, poled so that capacity coupling between
windings aided the magnetic coupling, gave good amplification gains
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at these short wavelengths. Because of this poling of the windings the
extra neutralizing winding is required. Since the loop is not directly
tuned but closely coupled by Li to Ly it acts upon Lo as a short-circuited
secondary winding to reduce its inductance. For this reason a few turns

Fig. 18

are added to L and its inductance measured, with the loop connected
in circuit, to match the secondary inductances of the other r-f stages.
This fact is of importance in securing single control tuning with this
aperiodic loop.

During the development of the receiver sereen-grid tubes were tried.
It appeared that three-element tubes using capacity neutralization
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better isolated each stage than did the use of screen-grid tubes. It
should be remembered that regeneration of the detector is employed
and the tests of neutralization required that the tuning of the r-f stages
or the adjustment of the compensator should not affect the pitch of

Fig. 20

the beat note when the detector was oscillating and thus heterodyning
an incoming carrier wave to produce a low note near zero beat.

The neutralization achieved on the first model which used UX-
201-A tubes satisfied the above requirement. The following models use
the new UX-864 tube which has been adopted in several other Signal
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Corps sets because it is essentially a dry battery tube and is quite non-
microphonic. On these models there js still an appreciable reaction of
the compensator on the beat note when receiving cw signals. Since the
BC-164 gives a modulated tone and when heterodyned gives a hissing
sound because of the absence of a continuous carrier wave, this reac-
tion was not corrected as it did not prevent the proper functioning of
the direction finder for tracking balloons. It should, however, be recti-
fied in future models and it is for that reason that the suggestion was
made of eliminating unnecessary grounding of the circuit to the chas-
sis.

Fig. 21

The regeneration control utilizes a neutralizing winding of the
transformer C as a feed-back winding. This particular form of regenera- -
tion control appeared to be most desirable in accomplishing the de-
sired single control. The close coupling of the feed-back neutralizing
winding gives regeneration which will hold close to its maximum setting
as the receiver is tuned over its rather wide frequency band. If regen-
eration is set at a maximum at the highest frequency, it needs only the
slightest advance to bring it to a maximum at the lowest frequency.
Also, with this form of regeneration, the three tuned circuits could be
brought into resonance at the highest frequency of the range by trim-
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ming capacities (which are on each condenser unit, but not shown in
the circuit) and the circuits would stay in resonance over the frequency
band so that single dial control is possible. In aligning the circuits the
detector is oscillated to beat with the carrier of the tone modulated
wave from a standard signal generator. Regeneration is then readjusted,
to a maximum without oscillation of the detector. The radio stages are
then “brought into line” by the adjustment of their trimming conden-
sers. The several by-pass condensers and choke coils shown in the
system of voltage supply to the various plate circuits serve to prevent
reactions through the common B battery supply.

In Fig. 21, the original portable. loop developed for this job is
shown. The loop itself is a one-meter-square single turn of tubing. The
shielded supporting column containing the slip rings, the dial, tripod,
ete., and its portable nature are clear from the photograph. In Fig.
22 is shown the SCR-173 direction finder developed by Wireless Spe-
cialty Apparatus Co. This set which followed the development of the
first SCR-170 is for general direction finding and employs three loops
and three tuners which are built as interchangeable drawers fitting
into the chassis case. The short-wave (A unit and 4 loop) arrangement
of this set may be employed for the same purpose as the SCR-170
receiver in tracking meteorological balloon transmitters. Thus far,
however, the SCR-173 equipment has not proved as sensitive for such
work and is much heavier and less portable. Briefly, the SCR-173 is a
superheterodyne and has two tuning controls, one for loop tuning, the
other for setting the “beating oscillator.” An auxilliary antenna is used
to pick up signal and combine it with the energy picked up by the
loop in proper amplitude and phase to cancel out the antenna effect.
The tripod, loop, and set arrangement was partly the result of a study
of the first SCR-170. In turn, the final design of the SCR-170 used
ideas from the 173 development. For example, the dial and handwheel
are the same, having been-obtained from Wireless Specialty Apparatus
Co. The castings are our own design but follow, in much lighter form,
the construction of the SCR-173. Ball bearings are used in all the de-
signs to give ease and reliability of operation. A magnetic compass and
peep sight, set at 90 degrees to the plane of the loop, enable the zero
setting of the loop with reference to the base line (or to a North and
South line) to be readily made. The dial for reading bearings has a
double calibration so that the opposite “null” point can be readily
checked. The dial may be rotated with reference to the loop and locked
so that bearings are directly readable relative to the base line. The
SCR-170 has in addition a lock to hold the loop fast, after sighting
along the base line until the dial can be set and locked. The brushes are

?a’
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readily accessible for cleaning. Ilumination is provided for the dial
and has been used, in connection with a relay, for timing the intervals
at which readings are made in tracking balloons. The SCR-173 loop has
electrostatic shielding. This shield is the heavy tubing of the photo-

Fig. 22

graph, the loop wires being spaced within. The tubing is broken at the
top and carefully insulated at that point so that a complete loop, which
would exclude all signals, cannot be formed. The shield being at ground
potential assures that the capacity of the loop to ground shall remain
constant as the loop is rotated.

A point of interest, the facts of which are often observed in direc-
tion finding, is that errors in direction frequently arise when the re-
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ceiver is set up near metal structures or telegraph and power lines. It
often happened in field tests that on receivers near telegraph lines no
direction whatever was obtainable, but on moving the receiver a few
yards away perfect bearings were obtained. The following explanation is
believed to offer a slightly new point of view in explaining this phenom-
enon by the concept of a rotating field. It is probable that the loop is
being energized not only by the direct wave of the transmitter but also
by the same signal as picked up and reradiated by the telegraph line.
When the receiver location is close to the telegraph line, the two fields
may be of nearly equal amplitude. Resolving the reradiated field into
components, it is evident that the loop will be affected by radiation
from the direction of the transmitter, and also by a component arriv-
ing from an apparent direction 90 degrees from the transmitter’s direc-
tion. The path taken by the wave traveling via the telegraph line is
longer than the direct path and hence the reradiated wave differs in
time phase from the direct wave. Thus we have two fields cutting the
loop in space quadrature and differing in time phase. The resulting
field is a rotating field (or may be spoken of as a field having circular
or elliptical polarization). It is clear, from the ordinary facts of rotat-
ing fields, that an exploring cell (our loop) will show no zero whatever.
As the reradiated component decreases on moving ones receiver mini-
mum points begin to appear and when the receiver has been moved
sufficiently far from the telegraph lines to make their effect negligible,
the direct wave alone is received and sharp “null” points obtain.

Only a few transmitters have actually been expended in actual bal-
loon tracking tests, but in each of these tests the transmitters have
never failed. The first test ended after three minutes through the burst-
ing of one of a cluster of four balloons, the shock of the explosion break-
ing the supporting antenna leg. On the second test, balloons carried
the transmitter successfully aloft. Two SCR-170 direction finders at
the ends of an 860-yard base line were used as well as a theodolite at
each terminal. The horizontal angles were thus checked and the theodo-
lites enabled the ascentional rate of the balloons to be determined. On
this test the balloons passed behind elouds after the 13th minute and
were lost by the theodolite. The radio continued to record sharply de-
fined bearings up to the 30th minute and still held a signal at_the 57th
minute when the test was discontinued. Subsequent tests show that the
SCR-170 will give accurate bearings from the small BC-164 transmitter
determined by a “null” point which ean be read to less than half a de-
gree when the balloons are within 5 miles and useful bearings at a
distance of 10 miles.

Work on the proper balloon inflation data and the use of a single
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large balloon is being carried forward by the Meteorological Laboratory
but this is hardly a radio problem to be included here. It should be
stated, however, that the accuracy of 1/2 to 1/4 degree possible with

TABLE I
Minute Theodolite Bearing ‘ Radio Bearing | Error
1 | Missed 12 —_
2 60.5 24 ] -35.5
3 20.4 25 4.6
4 26.9 26 0.9
5 32.1 32 — 0.1
6 37.5 34 3.5
7 42.7 40 2.7
8 48.6 46 2.6
9 54.6 56 1.4
10 61.8 62 0.2
11 68.9 71 2.1
12 75.5 72 3.5
13 82.9 78 4.9
14 86.5 87 0.5
15 89.4 90 0.6
16 92.1 91 — 1.1
17 95,2 96 0.8
18 98.9 98 - 0.9
19 102.0 102 0.0
20 104.8 104 0.8
21 108.3 110 1.7
22 112.3 113 0.7
23 118.3 121 3.3
24 124.6 124 - 0.6
25 130.2 131 0.8
26 136.4 136 — 0.4
27 139.4 142 2.6
28 144 .4 143 — 1.4
29 149.7 147 - 2.7
30 154.8 154 — 0.8
31 159.5 160 0.5
32 164.2 163 - 1.2
33 168.7 169 0.3
34 173.6 175 , 1.4
35 177.7 183 5.3
36 182.0 183 1.0
37 185.6 186 0.4
38 188 .4 192 3.6
39 190.7 190 - 0.7
40 192.1 194 1.9
41 193.1 191 - 2.1
42 194.1 193 - 1.1
43 195.0 195 0.0
44 1905.1 195 - 0.1
45 195.0 194 - 1.0
46 195.0 194 - 1.0
47 195.0 194 - 1.0
48 195.0 195 0.0
49 1905.1 196 0.9
50 194.7 196 —
51 196.5 197 0.5
652 197.0 194 - 3.0
53 197.9 197 - 0.9
54 198.7 197 - 1.7
55 199.7 196 - 3.7
56 200.6 197 — 4.6
57 201.5 197 — 45 ,
58 202.5 199 - 3.5
59 203.6 202 - 1.6 !
60 204 .8 205 0.2 !

the direction finders does not compare with the finer determination of
bearings possible with the theodolite unless a very long base line is ‘

used and in this connection a base line of 3 miles is planned for the
radio method.
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To meet this base line requirement a communication system is
necessary to coordinate the listening stations and the central point
where thetransmitters are releasedso thattheoperators may knowwhen
the test is to start and take their readings simultaneously at one minute
intervals. To this end a small portable transmitter operating on dry

Fig. 23

cells has been built. This transmitter enables the listening sfations to
be informed by radiotelephone when the balloons are to be released.
Subsequently this transmitter sends out a tone modulated signal, (one
dash being a warning and the second dash the time for taking the read-
ing) at one-minute intervals. The frequency of this coordinating trans-
mitter is set to be the same as that of the balloon transmitter so the

-~
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listening operators concern themselves only with the following of the
balloon signal, and the timing signal arrives superimposed.

The following table is of readings by theodolite and direction finder,
and the error considering the theodolite as correct, as recorded at sta-
tion No. 2 on the third balloon test. It will be noted that the radio
operator did not attempt to read to less than a degree although it is a
fact that he could have read closer during the first fifteen minutes.

An observable swinging of the radio bearing over a few degrees is
at times noted by the direction finder when according to the theodo-
lite no such variations in the balloon’s position is occurring. This is

Fig. 24

attributed to wind gusts causing the antenna to swing as a pendulum.
If an appreciable component of swing is in a direction at right angles to
the line of direction between the balloons and the receiver, the ap- .
proaching wave is shifted slightly in its plane of polarization. As is well
known, a rotation of the wave’s plane of polarization of 90 degrees
will give a direction finding error of 90 degrees also, and hence it seems
reasonable to attribute the swinging change in the bearing to this swing-
ing of the transmitter.

It may be said in closing that the receiver for the SCR-170, inde-
pendently of the direction finding input, has many features which are
desirable for military radio. The receiver has therefore been adopted
for other uses and with changes only as to circuit constants has become
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the receiver for the SCR-132 and SCR-136 longer wave systems, as well
the receiver for tank radio and for cavalry use in the SCR-163. The
SCR-170 is shown as set up in the field in Fig. 23, and Fig. 24 shows
the receiver as modified for tank radio.

Acknowledgement is due to many at Fort Monmouth who contrib-
uted to this project. Some early work on a miniature spark transmit-
ter and receiver was done by L. J. Troxler, Jr. and H. Harris. In the
building of the apparatus described in the paper the aid of R. I. Cohn,
H. Trees, K. H. Emerson, and S. E. Spittle is gratefully acknowledged.
Tests at times required the aid of a large number of the laboratory
staff, as three points had to be covered in order to release the trans-
mitter and check bearings with both radio and theodolites properly.
In this connection Capt. W. H. Murphy and Paul E. Watson of the
Radio Division and J. W. Goodin of the Meteorological Section, who
is continuing this part of the work, aided greatly.
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SOME CHARACTERISTICS OF THYRATRONS*

By
J. C. WARNER

(Vacuum Tube Engineering Department, General Electric Company, Scheneetady, N. Y.)

Summary— The fundamental characteristics of thyratrons are discussed. Com-
parisons are made with characteristics of high-vacuum tubes to show the outstanding
advantages and limitations of the thyratron. Slarting characteristics are discussed
and typical examples are shown. Several types and sizes of thyratrons are described

briefly.

ANY applications for thyratrons! are being found in the field
M of electrical engineering and, while these have not yet spread

to the radio field to any great extent, it is believed that a dis-
cussion of some of the tube characteristics will be of interest to radio
engineers.

The characteristics and mode of operation of the thyratron can
perhaps be most easily explained by comparing it with the high-
vacuum amplifier tube and showing how it resembles the high-vacuum
tube in some respects and differs from it in others.

Uni1QuE CHARACTERISTICS OF THE HicH-VAcuuM
AmpLIFIER TUBE

The high-vacuum tube has a number of unique characteristics
which have been responsible for its important place in communication
engineering. Most of its applications depend upon the fact that the
tube can control an amount of power in the output circuit which is
much larger than that expended in the control circuit. That is, the tube
is a power amplifier.

The control in the high-vacuum tube is continuous. That is, under
proper conditions the output current follows the wave form of the
control voltage without discontinuities.

The high-vacuum tube is independent of frequency, up to the point
where the time required for an electron to go from cathode to anode be-
comes important.

The current flow through the tube is unidirectional. This is not al-
ways a desirable characteristic although it does not greatly handicap
the use of the tube.

¥ Decimal classification: R131. Original manuscript received by the Institute
.2p{;)l3111, 1931. Presented before Sixth Annual Convention of the Institute, June
’ = - .
. ! “Thyratron” is the General Electric name for a gas- or vapor-filled tube
in which the current is controlled by means of a grid or control electrode.
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LimitraTions oF THE HigH-VacuuMm TUBE

Theoretically a high-vacuum triode could be built to control any
amount of power or current buf actually there are serious difficulties
in going to very high currents, that is, of the order of 50 amperes or
more. In order to carry such currents the effect of the space charge
must be minimized by large electrode areas or by the use of high volt-
ages. Tubes with large electrode areas are of course costly to build and
the larger the area the greater must be the spacing between electrodes
which partially nullifies the effect of the large areas. Raising the volt-
age across the tube of course increases the losses and at currents of the
order of twenty-five amperes the voltage drop may be several thousand
volts. These limitations make the high-vacuum tube unsuitable for
most uses where more than a few amperes are to be controlled. So, while
the space charge is one of the essential factors in the fundamental
operation of the high-vacuum tube, it establishes certain practical or
economic limits to the design and application of the tube.

A second limitation in the high-vacuum tube is in the design of the
cathode. At best the efficiency of an open electron emitter is low since
most of the energy supplied is lost by radiated heat. Any attempt to
reduce this radiated heat by reflectors or shields invariably increases
the space charge effect.

TuE EFFECT oF IONIZATION IN THE THYRATRON

The thyratron contains a low pressure of gas or vapor which ion-
izes whenever the voltage rises above a certain point. Mercury is most
often used to supply the vapor although for some applications an inert
gas is more suitable.

The ionization of the vapor neutralizes the electron space charge
and leads to two important results. If the voltage across the tube is
more than a certain critical value—about 15 volts for mercury—the
current becomes limited only by the impedance of the external cir-
cuit, provided of course that the electron emission from the cathode is
ample. The voltage across the tube is then practically constant for any
amount of -current.

The second effect of space-charge neutralization is that it becomes
unnecessary to have the cathode open and exposed to the field of the
anode as in a high-vacuum tube. This makes it possible to place heat-
reflecting shields around the cathode and thereby increase the emission
efficiency tremendously. While an open cathode may be expected to
give a useful emission efficiency of a hundred milliamperes per watt, a
heat-shielded cathode with internal tungsten heater will supply cur-
rent of more than an ampere per watt.
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Tue ActioN oF THE THYRATRON CoNTrOL GRID

The purpose of the control grid is to vary the field at the cathode,
somewhat as in a high-vacuum tube, but once ionization takes place
the effect of any charge on the grid is neutralized by the positive ions.
Thus, while the grid of the high-vacuum tube can exercise continuous
control over the instantaneous magnitude of the plate current, the
thyratron grid can only start the current or prevent it from starting.
Once the current has started the grid cannot control its magnitude, nor
stop it so long as the plate voltage is maintained. However, if the plate
voltage is momentarily reduced to zero or at least below the critical
voltage, the grid can regain control. If the plate is supplied with an
alternating voltage the grid has a chance to gain control once io every
cycle and can therefore exercise smooth and precise control of the
average plate current. This action forms the basis of many applications
of the tube. It is necessary, of course, that the plate voltage should
remain below the critical value long enough for the space to become
deionized. The time required varies from a few microseconds up to
several hundred microseconds, depending on the structure of the tube.

FuNDAMENTAL CHARACTERISTICS OF THE THYRATRON

The fundamental characteristics of the thyratron may be sum-
marized for comparison with the characteristics of the high-vacuum
tube which have been given.

(1) Asin the high-vacuum tube the power controlled is much greater
than that expended in the control circuit.

(2) Control is not instantaneously continuous. The current can be
started by the grid but not stopped.

(3) With a-c plate voltage the average plate current can be con-
trolled exactly.

(4) Voltage drop is low and practically constant.

(5) Cathode efficiency is high.

(6) Plate current is unidirectional, except for small incidental effects
such as deionization currents.

CURRENT-STARTING CHARACTERISTICS

In a high-vacuum tube the three coefficients, transconductance,
plate resistance, and mu-factor give considerable information relative
to the design of the tube and its suitability for certain applications. In
the thyratron, transconductance and plate resistance have no mean-
ing since once the discharge is started the grid no longer exerts control
and the plate voltage is independent of the plate current. Furthermore,
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the mu-factor has no significance except at the point just before the
current starts. The term “grid-control factor” or “grid-control ratio”
has sometimes been used to indicate the mu-factor at this starting point
but since the ratio varies considerably with plate voltage and since the
starting voltage may be either positive or negative, it has been found
more convenient to express the tube characteristics in terms of the grid
voltage for starting the plate current, at a given plate voltage and
temperature. This starting voltage is usually expressed for at least two
typical plate voltages. For example, a small tube designed for low-volt-
age control applications might have as part of its rating the grid volt-
age for starting at plate voltages of 1000 and 100.

i | Pal 1S
[ = D¢, GMD VOLTAG
| @ l+&.0 +4 +6__ .

Fig. 1

The starting voltage may be either positive or negative, depending
upon the structure of the tube and the plate voltage. A tube may be
designed so that, within its plate voltage limits, the starting voltage is
always negative, always positive, or so that it is negative for high
plate voltages and positive for low. In an extreme case the positive grid
voltage may be so high that ionization occurs and current starts be-
tween grid and cathode before the plate current starts. 3

Typical starting characteristics are given in Fig. 1 for three small
tubes, one of which is shown in Fig. 2. These tubes all have the same
cathode but different grids. The pressure of the vapor also has some
effect in shifting the starting point, the higher the pressure the lower
the plate voltage required to start the current at a given grid voltage.
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THYRATRON RATINGS

There are a number of current and voltage limits which are covered
by the ratings of a thyratron. Of particular importance are the maxi-
mum, average, and instantaneous currents and the maximum instan-
taneous inverse and forward voltages.

The maximum average current is determined by the allowable heat-
ing of the anode and in fact the entire bulb. Since the voltage drop is
constant the anode dissipation is proportional to the average current
instead of the r-m-s value. The heating of the bulb is important in the
mercury vapor tube since the coolest part of the bulb determines the
pressure of the vapor.

Fig. 2—This tube is actually about one-fourth the height of the
tubes shown in Figs. 5 and 6.

The maximum ¢nstantaneous current is determined by the cathode
design since the electron emission must be sufficient to supply at all
times the required current.

In general the average current rating is more significant than the
instantaneous current rating in indicating the size of the tube as circuit
conditions often influence the permissible instantaneous current.

The maximum instantaneous inverse voltage is determined by the
ability of the tube to withstand negative plate voltages. Discharges in
an inverse direction are often known as “arc-backs” and the voltage at
which they occur depends upon the structural design of the tube and
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the pressure of the gas or vapor. The actual inverse voltage is often
found to be much higher than the voltage predicted by ordinary calcu-
lations. Transients or distortion of the voltage wave form often increase
the voltage far above the value calculated from sine waves.

The maximum instantaneous forward voltage is of importance when
the tube is used as an inverter. It is the highest voltage at which the
grid can prevent the starting of current.

Fig. 3

THYRATRON CIRCUITS

Circuits employing thyratrons are too numerous to discuss in de-
tail but some outstanding classes of applications will be mentioned
briefly.

One of the most common applications is the controlled rectifier.
Here the plate input is a-¢, usually at constant potential, and the grid
controls the rectified output voltage. The most effective method of ob-
taining the control is by varying the phase of the grid voltage with
respect to the plate. If the grid voltage is in phase with the plate volt-
age, the full current will flow in the plate circuit. If the grid voltage is
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180 degrees out of phase, no current will flow since the grid is always
negative when the plate is positive. Between these two extremes the
plate current can be made to start at any point in the positive half cycle
and the average output current can thus be controlled as precisely as
desired. Fig. 3 illustrates this type of control and shows the conditions
for some intermediate values of phase difference.

The phase shift of the grid voltage may be obtained by various well-
known means. A three-phase supply with a phase shifter provides a
convenient method or if only single-phase supply is available the phase

Fig. 4

shift may be obtained from a bridge circuit. Another method is to add
two a-c voltages which are out of phase and vary the magnitude of one
of these. This varies the phase angle of the resultant voltage. Still
another method is to use the combination of a d-¢ bias and an a-c bias
which is out of phase with the plate voltage and then to vary the mag-
nitude of the d-¢ bias. Controlled rectifiers can of course be designed
for single-phase or polyphase circuits.

Another application is the inverter. This consists of a combination
of tubes and circuits which is supplied with power from a d-c¢ source
and gives an a-c output. There are many types of inverter circuits both
single phase and polyphase. These all involve the switching of the d-c
line current from one tube to another by purely electrical means and
thereby producing an alternating current inthe outputcircuit. Inverters
may be separately excited at the frequency desired or if the output
circuit is resonant the grid circuits may be coupled to the output to
produce self-excitation.
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TypicAL THYRATRONS

Thyratrons are at present made for control of average currents
ranging from half an ampere up to 100 amperes. The instantaneous
currents are usually from four to six times the average. The voltage

Fig. 5 Fig. 6

limits range from 1000 to 15,000 volts. Fig. 4 shows a group of glass
tubes of various sizes and Fig. 5 a glass tube which has a maximum
current rating of 64 amperes average and has an inverse plate voltage
limit of 15,000 volts. Fig. 6 shows a low voltage metal tube for currents
of 100 amperes average.
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TWENTY-WATT AIRCRAFT TRANSMITTER*

By
A. P. Bock

(Westinghouse Electric and Manufncturing Company, Chicopee Falls, Mass.)

Summary—A transmitter for aircraft employing cw telegraph signals only 1s
unusually effective in performance and economical in operation. By employing a
special method of screen-grid modulation, phone signaling can be provided for use
when phone signaling is most needed- namely, when flying in the vicinity of air-
ports—with almost negligible additions to the cw transmitter. A rapid transfer of
information is mostly needed at or near an airport. Short-range phone signaling
provides for this need. When Alying on regular courses, telegraphy is rapid enough.
Cuw telegraph signals remain 100 per cent intelligible under conditions which would
be near O intelligibility for the same power phone signals.

' HE importance of communication with aircraft engaged in point-
Tto-point flying has been readily recognized ever since this mode
of transportation has developed into a reality. The problem of
providing a practical means of communication with ground stations
involves a combination of requirements that demand a number of
especial considerations in design. This paper describes an aircraft
transmitter developed in conjunction with the Radiomarine Corpora-
tion which is believed to contribute to this end.
A brief review of essential and desirable characteristics of an air-
craft transmitter is outlined below. 5
1. Reliability.

(a) Simplicity.

(b) Ruggedness.

2. Sufficient performance to meet a wide scope of communication
requirements.
3. Low first cost.

(a) Adaptability to a wide variety of planes to permit quantity
production.

(b) Adaptability to various types of service for the same reason.

4. Practical and economical to operate.

(a) Convenience of installation and maintenance.

(b) Light weight. (Pay load capacity has been estimated to be
worth from $20.00 to $75.00 per pound, depending upon the
type of plane and service engaged in.) :

An outline of the nominal ratings of the particular aircraft trans-
mitter described in this paper is as follows:

~ * Decimal classification: R522.1. Original manuseript received by the In-
stitute, May 28, 1931. Presented before Sixth Annual Convention of the Insti-
tute, June 4, 1931.

1569




1570 Bock: 20-Wait Aircraft Transmitter

Frequency range 300 to 10,000 kilocycles, using plug-in coils.

Continuous-wave radio-frequency output of transmitter unit—20

watts. '

Phone output—>5 watts, 50 per cent modulated.

- Power supply, derived from the plane’s 12-volt battery.
Total input current to the transmitter from the 12-volt battery—
24 amperes.

Type antenna, fixed for frequencies between 2500 and 10,000 kilo-
cycles; trailing wire with external loading coil for frequencies between
300 and 2500 kilocycles.

Control for starting and stopping the transmitter, and changing
from ew to phone signaling can be done remotely at the control box.

Transmitter weight—14 Ibs.

Dynamotor weight—14% 1bs.

Control box weight—13 1bs.

Key assembly—1 Ib.

Antinoise microphone and cord—3 1b.

Low-frequency antenna load coil—1% 1b.

Dimensions of transmitter case—133 inches long, 8 inches high,

102 inches deep.

Height of shock mountings—3 inches.

Dynamotor—S5 inches diameter, 9 inches long.

Control box—S8 inches long, 4 inches wide 2 inches high.

Low-frequency antenna load coil—43 X 41 X8 inches.

The general circuit of the transmitter consists of a self-excited
master oscillator and a tuned power amplifier. A modulator tube is
employed for telephone signals. The antenna circuit is inductively
coupled to the tuned power amplifier circuit. Adjustable inductance
and capacity are employed within the transmitter to provide for res-
onating a fixed antenna over the band of frequencies from 2500 to
10,000 kilocycles. A UX-841 tube is employed as a master oscillator.
A UX-210 tube can be used at a slightly higher plate input. Two UX-
865 screen-grid tubes connected in parallel are employed as the power
amplifier. A UX-171-A tube is employed to modulate the screen grids
of the amplifier when phone signaling is desired. Filament power is
obtained from the plane’s 12-volt battery. Plate energy is obtained
from the 750-volt dynamotor which operates from the same battery.

Fig, 1 is a circuit diagram of the transmitter equipment with its
component parts. The master oscillator tank inductance L, is of the
plug-in type. The power amplifier tank inductance L,, variable an-
tenna coupling coil L;, and adjustable capacitor Cs are a plug-in
assembly. The antenna inductance L, and series capacitors Cy, Cio,

5
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and C,s are permanently mounted in the transmitter assembly with
provision for adjusting externally.

Variable capacitor C, serves as a trimmer by giving a small band
coverage for each plug-in inductance. Intermediate points between
coils and outside the range of variable capacitor C, are obtained by
shifting a tap on the coil by means of an adjustable link attached to the
coil.

The capacity range of Cs on the power amplifier coil is sufficient
to cover the entire range of a master oscillator coil without tapping.

It is intended that for each operating frequency, a set of two pre-
adjusted plug-in coils be used. Then to change frequency in the air
(in the band 2500 to 10,000 kilocycles) it only becomes necessary to
open the hinged top of the transmitter, insert the new plug-in coils,
and readjust the antenna tuning circuit to resonance with the new fre-
quency.

As an example of coverage by the above described method, seven
sets of coils can be made to cover any frequency within a band of 2700
to 9700 kilocycles.

For frequencies below 2500 kilocycles, for example 600 kilocycles,
an additional capacity is assembled on each coil to provide a suitable
LC ratio. Each coil system is made up for one working frequency.
The variable capacitor C, of the frequency determining circuit then
serves as a vernier for adjusting to the working frequency.

The use of screen grid tubes in the power amplifier contributes
greatly to a stable frequency characteristic which is recommended by
Department of Commerce regulations and is a desirable factor for ef-
ficient communications.

The control box serves as a junction for ail power and control cir-
cuits. These circuits are brought in through three multiconductor
cables, a two-conductor to the 12-volt battery, a four-conductor to
the dynamotor and a seven-conductor to the transmitter. There are
two switches, two telephone jacks, a battery input ammeter and a
filter capacitor mounted in the control box.

The start-stop switch marked “send-receive” closes the 12-volt
battery circuit to the dynamotor, transmitter tube filaments, and an-
tenna transfer switch. This places the transmitter in operation in
approximately one second of time. The “phone” position of the ew
phone switch closes the key circuit, the modulator filament, circuit
and the microphone supply circuit. One jack terminates the telegraph
key, the other the microphone.

The ammeter indieates the input current to the set and dynamotor
from the 12-volt battery.
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The plate supply derived from the dynamotor is filtered by capa-
citor Oy, in the control box, reactor X, and capacitor Cr in the
transmitter. A closed circuit jack Ji is provided in the plate circuit of
the transmitter assembly for insertion of an external milliammeter to
serve as an indicator when adjusting the power amplifier tuned circuit
to resonance at a predetermined frequency. A lamp of very small watt-
age is mounted on the front panel and is coupled to the antenna cir-
cuit so as to indicate radiation. The use of screen-grid tubes in the
power amplifier eliminates any neutralizing procedure when frequency
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Fig. 2-—Oscillogram of modutation.

or even coils are changed. This feature contributes to the assurance
of a stable operating set in the field and enables a relatively rapid
change of frequencies to be effected.

This transmitter is designed for phone signaling up to 40 miles.
Using the screen-grid method of modulation, very little audio appara-
tus is necessary and there is no increase of power input. A small micro-
phone transformer 7, microphone filter choke X; and a single
UX-171-A tube is employed to modulate the screen electrodes of the
power amplifier.

The screen-grid potential of the power amplifier is obtained from
the plate supply through resistor Rs. The value of this resistor is
chosen to give optimum cw telegraph output. The plate of the UX-
171-A modulator tube is permanently connected to the screen elec-
trodes of the power amplifier. When the filament of the UX-171-A
is energized by throwing the “cw-phone” switch to phone position,
the plate resistance of the modulator tube becomes a leg of a poten-
tiometer supplying the potential to the screen grids of the power am-
plifier. The plate circuit of the tube being in parallel with the power
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amplifier screen circuit increases the current drain through the secreen
resistor Rs, resulting in an increase of voltage drop. This, in turn,
reduces the screen-grid potential to a point below the optimuin
value, reducing the antenna current or carrier to approximately 60
per cent of the value obtained in ew telegraph operation. When an
audio voltage is impressed upon the grid of the modulator tube, its

Fig. 3—Transmitting equipment.

plate resistance fluctuates so as to vary the screen-grid potential of
the power amplifier at an audio rate. The maximum instantaneous
voltage obtained this way will approach the optimum screen-grid
potential as the instantaneous plate resistance of the modulator tube
approaches infinity. The minimum instantaneous voltage will reach
a value corresponding to the ratio of the minimum instantaneous plate
resistance of the modulator tube and resistor Rs. Symmetrical modu-
lation up to 50 per cent is thus obtainable which is entirely adequate
for the radiotelephone service for which this set is planned.

The microphone supply is obtained from the 12-volt battery. The
circuit is filtered by reactor X; and resistor R; to minimize the effects
of ripple voltages set up by the counter e.m.f. of the dynamotor. Bias
for the modulator tube is obtained from the high voltage circuit by
utilizing the drop of resistor R, Grid leaks which are of sufficiently
high resistance to operate directly in parallel with the grids are used.

L]
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The circuits described above have thus been reduced to the simplest
forms and to the minimum number consistent with the performance

requirements to be met.

Fig. 4—Top view of transmitter (open).

Fig. 5—Coil systems.

A view of the transmitting equipment is shown in Fig. 3. The dyna-
motor is equipped with locking snap-on connections to facilitate quick
removal from the plane for routine maintenance of this machine.

The equipment is sprayproof construction which allows the {rans-
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mitter to operate despite the presence of ordinary waterspray condi-
tions.

Ventilation is effected through small intake openings at the bottom
of the transmitter assembly and louvers in the sides. The dynamotor is
totally enclosed but is provided with a means for forced ventilation
in case the duty cycle is to exceed 30 minutes.

The transmitter unit can be quickly detached from its shock ab-
sorber mounting by loosening two wing nuts at the bottom front of
the case after removing antenna, ground connections, and the power
plug.

The control box is mounted on a flat metal base. By loosening three
thumb nuts and lifting the box over the three studs projecting from
the base, the internal connections, switches, and jacks are made
accessible.

The telegraph key is of the leg elamp type. The key and antinoise
microphone are quickly attached by plugging into their respective
jacks. Microphone and key cables, as well as all of the others are of
weatherproof construction.

The large dial on the front of the transmitter unit controls the vari-
able air capacitor of the master oscillator circuit. It provides a vernier
adjustment to a desired frequency, and can be securely locked in place
after it has been set. The other three controls provide for antenna
tuning adjustments. The nine-point switch taps an inductance, the
four-point provides selection of three values of series capacity, and
the small knob provides a continuous adjustment of inductance be-
tween switch positions.

An open top view of the transmitter is shown in Fig. 4. The com-
ponents are mounted on a metal chassis approximately 13 inches X 10
inches X 1 inch. Practically all of the wiring except the antenna circuit
is confined below the top surface and within the chassis. Upon removal
of the transmitter unit from the mounting base, the entire under sur-
face is open, making the wiring easily accessible for maintenance pur-
poses.

The master oscillator plug-in coil is located at the left front. The
power amplifier plug-in unit is located at the right center. The modu-
lator tube, reactors, and antenna transfer relay are located at the rear
of the assembly.

Coil systems for operation at 333 ke, 500 ke, and 2700 to 9700 ke
are shown in Fig. 5. The external load coil for use on 333 and 500 ke
is shown at the top. The rotor coupling coil and adjustable capacitor
can be seen on the power amplifier coils that cover 2700 to 9700 ke.

The transmitter equipment has been flight tested in conjunction
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with Radiomarine Corporation between various points in New Eng-
land on phone and cw signals. A map and chart showing distances
covered over a period of several months on frequencies between 3256
and 8650 ke are shown in Fig. 6. Greater distances on c¢w signals were
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TESTS

Fig. 6—Transmission tests.

not attempted at the time of these tests, but since that time a distance
of 600 miles has been reported. In all cases above, a fixed type of an-
tenna was used and in one case over 150 miles was obtained with the
plane on the ground. A range of 200 miles cw may be expected at fre-
quencies above 3000 ke.

The use of cw signaling as the major method of communication
permits a simplified equipment and a great saving of weight as com-
pared to an equipment of equal phone range.
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An interesting fact when considering the two methods of communi-
cation is that heterodyne cw signals in a receiver are 100 per cent in-
telligible even though the noise level of the receiver is equal to several
times the signal voltage. This fact enables great ranges of ew communi-
cation possible with relatively small powers. There are times, however,
when a more rapid transfer of information between plane and ground
than telegraph will afford would be desirable, for example, such times
when a plane is nearing a port to land. Provision for short-range tele-
phony is made in this equipment to meet this need.

Freq. ke.

3256 phone
3256 cw
4795 cw
4795 phone
4795 ew
6425 cw
8650 cw
8650 phone
8650 phone
6425 cw
6425 cw
6425 cw
6425 phone
6425 phone
6425 phone

3256 cw
6425 cw

TABLE 1

Signal strength reported at
Roosevelt Field, L. I.

Very good tested 6 microphones
for 30 minutes
Heard by RCA plane near Bal-

Message received OK. At Ft.
Monmouth, New Jersey, R-3

Location of
plane

Bridgeport
Springfield
Springfield
Bridgeport
Springfield
Springfield
New Britain
Bridgeport
Bridgeport
Webster
Hyannis
Springfield
New Haven
Bridgeport

Stamford
New Britain

Northampton

o el > @ < G e

Approx,

alt.

2000
1500
2000
2000

2000
2000

2000
3000
1500

2500
1000

3500
2500

Date

10-20-30
10-20-30
10-21-30
10-21-30
10-21-30
10-22-30
10-22-30
10-22-30
10-23-30
10-23-30
10-23-30
10-27-30
10-27-30
10-27-30

11- 7-30
12- 9-30
12-11-30

[App
| mi

Uexr
38

108

108

108

rox

I W S e ——
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A COURSE INDICATOR OF POINTER TYPE FOR THE VISUAL
RADIO RANGE BEACON SYSTEM®

B
F. W. DunmoRre
(Bureau of Standards, Washington, D. C.)

Summary—A form of tuned-reed radio range beacon course indicator 18 de-
scribed, called a reed converter, sn which the course indications are not given by ob-
serving the two reed motions as heretofore, but by means of a zero-cenlér poinier {ype
indicating instrument. The motion of the two reeds generales small alternating volt-
ages, which when rectified by oride rectifiers and passed in opposing polarities
through a zero-center indicating instrument, serve o give course indications by the
deflection of the sndicating instrument needle in the direction of deviation of the air-
plane from the course.

Each reed converter wunil consists of a polarized reed tuned lo one of the beacon
modulation frequencies. The reed vibrates between a set of driving cosls which are
supplied with the signal from the radio range, and also extends belween a sel of pick-
up coils, and generates a vollage in these cosls.

Since a null method of course indication is used, il is necessary to provide a
signal volume sndicator sn the form of a 0—500 microammeler in the outpul circust
of the ozide rectifiers.

Several forms of converter selector swilch circuit arrangements are shown.

The advantages and disadvantages of the reed converter as compared to the tuned
reed indscator are discussed.

I. INTRODUCTION -

7T VHE tuned-reed type of visual indicator' is used to give a pilot
a visual indication as to whether or not he is flying on a specified

“* double-modulation radio range beacon course and, if not, to
which side and how much he has deviated. This type of tuned-reed
indicator gives the course indication continuously by means of two
vibrating reeds, the relative amplitudes of which indicate the position
of the airplane with respect to the beacon course. In order to observe
the reed vibration, each reed carries a white tab on its free end. These
two tabs produce two adjacent white lines when the reeds vibrate. It is
the relative length of these two lines which the pilot observes. Each
reed is tuned to one of the frequencies of modulation used at the radio
range beacon. The course is a zone of space where the strengths of the
beacon modulation frequencies are equal, each zone being indicated

* Decimal classification: R526.12. Original manuscript received by the In-
situte, April 25, 1931.
~1J. H. Dellinger, H. Diamond, and F. W. Dunmore, “Development of the
visual type airway radio beacon system.” Bureau of Standards Journal of Re-
search, 4, 425; March, 1930; RP 159; Proc. I.R.E., 18, 796; May, 1930. F. W.
Dunmore, “A tuned-reed course indicator for the 4- and 12-course aireraft radio
range.” Bureiu of Standard Journal of Research, 4, 461; April, 1930; Research
Paper No. 160; Proc. I.R.E,, 18, 963; June, 1930°
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to the pilot by amplitude equality of the two vibrating reeds. A de-
viation from the course is indicated by an increase in that reed ampli-
tude on the side to which the airplane has deviated and an equivalent
decrease in the other reed amplitude.

The development of a form of reed indicator is deseribed in this
paper in which the course indications are given by a zero-center pointer
type instrument. The motions of the two reeds generate small alter-
nating voltages, which, when rectified and passed in opposing polari-
ties through the zero-center indicating instrument, serve to give course
indications by the deflection of the indicating instrument needle in the
direction of the airplane’s deviation from the course. A form of course
selector switch is also described which makes possible the use of this
type of visual courseindicator on any one of the courses of a four- or
twelve-course radio range beacon in such manner that the instrument
needle deflects in the same direction as the deviation of the airplane
from the course, regardless of which course is being flown or the direc-
tion of flight. It is only necessary for the pilot to set the pointer of the
switch to the color of the beacon course he is to fly, and to the direction
of flight along this course, i.e., to “To” or “From” the radio beacon.
This switch selects the proper two-reed converter units, and connects
their outputs in the proper polarity to the zero-center indicating in-
strument, thus causing the needle to deflect in the direction of devia-
tion of the airplane from the course. In its complete form the reed con-
verter consists of three units, one tuned to 65 cycles, another to 86.67,
and the third to 108.33 cycles. In this form it is applicable for use on
the 12-course visual type radio range beacon or on four-course beacons
having different combinations of the above frequencies.

II. Tae Tunep REED ConNVERTER UNIT

1. Principles of Operation

The tuned-reed converter in its simplest form is shown in Fig. 1. Tt
consists of a polarized metal reed vibrating between two sets of electro-
magnet coils, one set being supplied with an alternating current of the
frequency to which the reed is tuned, thus causing it to vibrate, and the
other set, by virtue of the changing magnetic flux caused by the vibrat-
ing reed, generates an alternating voltage of the same frequency. At A,
Fig. 1, is shown a simple reed driving unit, the magnet T polarizing
the reed R with a south pole, and the pole pieces of the electromagnets
M with a north pole. With the electromagnet coils connected in series
in the proper electrical polarity, i.e., so that current flowing through
them in series will tend to produce opposite magnetic polarities at the
pole tips, the reed will, during one half-cycle of the driving current, be
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attracted by the upper electromagnet and repelled by the lower one,
thus moving up. During the second half-cycle of the driving current
the net driving force reverses. Thus when an alternating current of the
natural frequency of the reed is applied at A B the reed will vibrate in
synchronism.

Consider this same reed, now in motion, to be moving also between
a second set of electromagnet coils G, as shown at B, Fig. 1. As the reed
moves up, the flux in the upper coil will increase, thus producing an
e.m.f. at the upper coil terminals, and the flux in the lower coil will

South

Fig. 1—The tuned-reed converter illustrating method of operation.

decrease, thus producing an e.m.f. at the lower coil terminals. If con-
nected in the proper polarity, these e.m.f.’s will add and a voltage will
be produced at the terminals CD. When the reed goes down, a voltage
of opposite polarity is produced at CD. Thus the vibrating reed pro-
duces an alternating-current voltage of the frequency of vibration of
the reed.

The reed converter was made by combining the one reed i as
shown at C, Tig. 1, with the two sets of permanent magnets 7 and L.
One set of coils M is supplied with the radio beacon signal modulated
at the frequency to which the reed is tuned, thus causing the reed to
vibrate, and thereby gencrating in the other set of coils (7 a voltage of
the frequency of the vibrating reed. This reed converter therefore acts
as a mechanical filter, allowing practically nothing but one frequency,
that to which the reed is tuned, to pass through it.
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In flight on a given radio range beacon course, two units of the
type shown in Fig. 1C are used, the reed in one unit being tuned to, say,
65 cycles, with the reed in the second unit tuned to, say, 86.67 cycles.
The outputs from the coils G in each unit are rectified by means of
oxide rectifiers and the rectified voltages applied in opposition to a
zero-center microammeter, as shown in Fig. 2.

TO 654 AND 86.7~ RADIO RANGE
BEACON SIGNAL RECEIVED ON
AIRPLANE RECEIVING SET

REED TUNED

TO 65~ REED TUNED
TO 867 ~

REED CONVERTER
UNITS

- FULL~WAVE |
COPPER OXIDE RECTIFIER — |

o+ |
T

——

ZERO-CENTER COURSE=-
INDICATING MICROAMMETER

Fig. 2—The simplest form of circuit arrangement used with
the tuned-reed converter.

2. Details of Design

(a) The Reed Converter Unit Design.

The reed converter unit, as finally designed, is shown in detail in
Fig. 3. Fig. 4 is a photograph of the unit. The unit is mounted on a
bakelite base with plug connections so that it may readily be removed
from its shockproof base (not shown), so that a reed unit tuned to a
different frequency may be inserted if desired. This plug-in feature also
facilitates checking the reed calibration, as a spare unit may be easily
inserted while the calibration check on the old unit is being made. The
copper-oxide rectifier O is also arranged to plug into the circuit. This
rectifier, which is of the type used in a-¢ indicating instruments, is
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mounted in a small bakelite case for protection, a lock nut and screw
being employed for holding the case in place. Since the rectifier operates
on the output of the reed converter, it can never be overloaded, as it is
rated at 5 milliamperes, and the maximum possible input which occurs
as the reeds bump the pole pieces, is about 500 microamperes.

The permanent magnets T and L are made from a chromium-cobalt
iron alloy known as 36 per cent “Cobalterom.” They are magnetized
with a polarity as indicated in Fig. 3. Two are used to keep the driving
and pick-up magnetic circuits separated to prevent coupling and to in-

@

¥ W R

M - DRIVING COILS

G - PICK=-UP COILS

T - PERMANENT MAGNET

O - COPPER OXIDE RECTIFIER

o t 2 3
R - REED |
S . IORING SOLDER (RS ) o ]
C -~ PLUG CONNECTIONS SCALE (INCHES)

W - TUNING ADJUSTMENT SCREW

Fig. 3—Schematic diagram showing construction of tuned-reed
converter unit with oxide rectifier.

crease the sensitivity. The electromagnet coils M and @ are similar to
those used on the Western Electric type 509-W head telephones. The
pick-up coils G are connected in series in the proper polarity, and the
reed driving coils M are connected either in series or in parallel in the
proper polarity depending upon the impedance desired in order to
match that of the receiving set output. The two pick-up coils are placed
1 inch from the base of the reed and the two driving coils 11/16 inch
from the base. ,

The reed R is made of an alloy known as Allegheny Electric Metal.
It has a magnetic permeability as good as that of steel, is rustproof, and
has a modulus of elasticity, which, although not entirely independent
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of temperature, is sufficiently so to allow of its use, especially with the
broadness of tuning of the reed as used in this converter unit. This ma-
terial is noncorrosive in ordinary climates so that its weight does not
change during use. Any change in weight will of course throw the reed

Fig. 5—Tuned-reed converters in a two-unit shockproof mounting.

out of tune. The 65-cycle reed is 2 inches long, 1 inch wide, and 0.013
inch thick. The 86.66-cycle reed is 12 inches long with the other dimen-
sions the same as above. The 108.3-cycle reed is the same thickness
and width but 1§ inches long. The proper size and shape of a reed for
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a given frequency may be determined mathematically.? The reeds are
tuned approximately to the desired frequency by means of solder (s,
in Fig. 3) on the end of the reed. The final tuning is done by adjusting
screw W, Figs. 3 and 4, which is made to turn very tightly in its
threaded socket so that it cannot be moved except with a screw driver.
The screw and mounting are of noncorrosive material. It allows of a
variation of 1.0 per cent in the tuning of the reed.

Fig. 6—Tuned-reed converters in a three-unit shockproof mounting.

The gaps between the two pole pieces of the driving electromagnets
M control to a large degree the sensitivity of the indicator, while the
gap between the pick-up coil pole pieces G controls the reed damping
as well as the sensitivity. For one set of reed converter units con-
structed, in which the two driving coils were connected in parallel,
0 5-volt input to these two coils gave a deflection of 200 microamperes
on the course indicating instrument. The sharpness of resonance was
about 40 (see Fig. 8). In these units the gap between the electromagnet
pole pieces varied between 0.04 and 0.06 inch.

2 G. L. Davies, “Theory of design and calibration of vibrating reed indica-
tors for radio range-heacons,” Bureau of Standards Journal of Research, 7,195;
July, 1931; RP 338.
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At this point it might be well to mention the effect of direct cou-
pling between the driving coils and the pick-up coils. Separate perma-
nent magnets for the driving and pick-up coils solved the coupling prob-
lem as the two magnetic circuits are thus practically segregated. At the
frequencies used, 65, 86.7 and 108.3, the direct magnetic coupling be-
tween these coils, with the reed beld stationary, is so small that it can
not be measured on a 0-200 microammeter. This is with the normal
input voltage to the reed converter unit which can not be exceeded due
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Fig. 7—Sensitivity characteristics for the 65-86.7-cycle, 65-108.3-cycle, and
86.7-108.3-cycle reed converter course indicators.

to the automatic volume control feature used on the receiving set out-
put.? Should an excessive interfering signal of, say, 1000 cycles be im-
pressed on a converter unit, there is some appreciable coupling, but
since two converter units are always used in series, and the output of
the oxide rectifiers connected in opposing polarity, any effect.from such
a signal would be present in equal amounts in each converter unit and
would therefore balance out. Furthermore, when used in a receiving
circuit for reception from the simultaneous telephone and beacon type

3 W. S. Hinman, Jr., “Automatic volume control for aireraft radio receivers,”
Bureau of Standards Journal of Research, 7, 37; July, 1931; RP 330.
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of signal,* all frequencies above, say, 200 cycles are cut off from the reed
converter input and are sent to the head telephones, and are therefore
not present in the reed converter circuits.

(b) The Reed Converter Unit Mounting.

Since the least motion of the reeds in this type of reed converter in-
duces a voltage in the pick-up coils, due to the small clearance between
the reed and pole pieces, it is important that the reed be moved only
by the driving coils and not by any mechanical vibration. The reed con-

- )~ REE

& 3 ———
0% SRLEL

b

.
20~
BHARONEDS OF QESONAMCE 481 + B3

as: 43 633 837 639 Sl 83 68 G4V B8 G2 @RI IS SIY OTT 68, S8 Mo

REED CONVERTER OUTPUT CURRENT IN MICROAMPERES

200 3 —
W0BI-REED

o L N Y
*0

Jeo as~ ~ 88 o

& 8~
1o -
SHARPNESS OF RUSONANCE “43 s-%§
1067 1072 L) 019 w083 w0et (= s 0

FREQUENCY (CYCLES/SELLOND)

Fig. 8—Resonance curves for the three reeds in the reed converter units, show-
ing effect of correctly proportioning the damping to keep converter outputs
the same with the same percentage change in frequency.

verter units are therefore placed on a base which in turn is mounted on
conical springs, stuffed with cotton for damping, as shown in Fig. 5.
The two-unit mounting shown in Fig. 5. contains the plug terminals
for receiving the reed converter units and the 6-terminal socket for
making the necessary external connections by means of a 6-terminal
plug. The 3-unit mounting requires a 10-terminal plug connection.
Such a mounting containing three converter units is shown in Fig. 6.
The resistance for adjusting the course sharpness (to be described later
in this paper) is also placed on this mounting. It can only be adjusted

¢ F. G. Kear and G. H. Wintermute, “A simultaneous radio telephone and
visual range-beacon for the airways,” Bureau of Standards Journal of Research,
7, 261; August, 1931; RP 331.
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by means of a screw driver, since when once set to give the desired
course sharpness it should not be moved.

(c) Sensitivity.

The gaps between the driving electromagnetic pole pieces are ad-
Justed for each tuned-reed converter unit so that the three units will
be of equal sensitivity. This adjustment is made at a normal course
indicator operating current of, say, 200 microamperes. Fig. 7 shows the
sensitivity curves for the three-unit combinations. The a-c input volt-
age was measured across two units in series, as they are used in this
way in practice. The two driving coils in each unit were connected in
parallel. In the region of operation of the reeds, that is, 100 to 300
microamperes, a linear relation exists between the input voltage and
output current, and the slopes of the curves are about the same, which
feature provides true course deviation indications as the relative value
of the input voltage varies. The power input on one frequency to the
two reed converters in series is about 1.0 milliwatt when an output
current of 200 microamperes is obtained. This sensitivity, which is
about equivalent to that of the ordinary tuned-reed indicator, has been
obtained with over twice the amount of damping in the reeds. The ad-
vantage of this increased damping is discussed under the following sec-
tion.

(d) Sharpness of Resonance

While the tuned-reed converter is about equal in sensitivity to that
of the tuned-reed indicator, the amount of damping possible at this
sensitivity is over twice as great. This damping, a large proportion of
which is caused by the load introduced by the pick-up coils, is of course
an advantage, since the modulation frequencies at the beacon need not
be held to the accuracy required for the tuned-reed indicator.

The damping is so proportioned that the output from the three reed
converters will not change appreciably even though the frequency va-
ries as much as + 1 per cent. The resonance curves for the three reed
converter units are shown in Fig. 8. Since the three frequencies of
modulation at the radio range beacon are obtained in most cases from
three generators with 6, 8, and 10 poles, respectively, and with a com-
mon shaft connected to a synehronous motor driven from the 60-cycle
line, the three frequencies must vary in the ratio of 6:8:10. Therefore,
if a 0.75-cycle variation occurs in the 65-cycle frequency, a 1.0-cycle
variation will oceur in the 86.7-cycle frequency and a 1.25-cycle varia-
tion will occur in the 108.3-cycle frequency. From the graphs in Fig. 8
it will be seen that for such a variation in each frequency, each reed
converter output drops by the same amount, that is, 30 per cent, or
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from 200 microamperes to 140 microamperes. Since the relative outputs
of the reed converters do not change, no apparent shift in course 1S
caused by a variation in the 60-cycle power line frequency by as much
as + 1 per cent. A more conservative figure would be +0.75 per cent,
however, since the resonance curves for a given reed converter may
change slightly with time due to aging of the permanent magnets, etc.

A convenient method for expressing the sharpness of resonance of a
tuned reed by a simple numeral has been adopted:

Sharpness of resonance = (resonance frequency in cycles/band
width in cycles at 30 per cent drop in converter output from that at
resonance.) From the graphs shown in Fig. 8, this figure is 43.3 in each
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_RED e 3 REOD

X
4]
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J
L}

Fig. 9—Space pattern for the 4-course double modulation radio
range beacon giving red and black courses.

case. This figure should be the same for each reed converter unit when-
ever two units are used together, as they always are in practice. For
the standard tuned-reed indicator (not the reed converter type), this
figure runs around 90.

111. TrE COURSE SELECTOR SWITCH, DEVIOMETER, VOLUME
INDICATOR, AND COURSE SHARPNESS CONTROL

1. Reed Converter as Applied to a Four-Course Radio Range Beacon

In order to show the application of the reed converter to the radio
beacon courses, a typical space pattern for a four-course radio range
beacon with red and black courses is shown in Fig. 9. The radio range
islocated at B. 65-cycle and 86.7-cycle modulation frequencies are used
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on these courses. It is evident that the simple circuit arrangement
shown in Fig. 2 makes the reed converter applicable to but one direc-
tion of flight on each of these courses, if the needle of the zero-center
indicating instrument A is to deflect in the same direction as the devia-
tion of the airplane from the course. Thus when going from the beacon
on a hlack course, if the airplane deviates to the right and flies along
some course such as BD, the 65-cycle signal will predominate by an
amount proportional to CD, as shown in Fig. 9, and since the + side of
the oxide rectifier in the 65-cycle reed converter unit in Fig. 2 is con-
nected to the + side of the zero-center indicating instrument, the
needle will" deflect to the right. (Such instruments are wired to give

L TO RADIO RANGE. BEACON RECEINVING SET OUTPUT

e )

REED CONVERTER. REED CONVERTER.
UNIT UNIT

I |

MICROAMMETER
COURSE.
INDICATOR,

Fig. 10—Use of reversing switch in reed converter outputs in order to adapt

converter to the 4-course radio range beacon.
a needle deflection to the right with a positive potential on the -+
terminal.) In a like manner, when going to the beacon on a red course
a deviation to the right of the course causes a predominant 65-cycle
signal and, therefore, a right-hand deflection of the indicator needle.
The needle deflections are in the wrong direction when flying to the
beacon on a black course or from the beacon on a red course. A simple
method for overcoming this difficulty is to put a reversing_switch be-
tween the oxide rectifier outputs and the zero-center indicating instru-
ment, as shown in Fig. 10.

A color system is chosen such that the indicator needle deflection
isalwaysin the same direction as the deviation of the airplane from the
course when flying in either direction on either the red or black courses.
- If the circuits in Fig. 10 are checked through in conjunction with Fig. 9,
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it will be found that if the reversing switch S is set to any desired direc-
tion of flight on either of the courses (red or black) and the airplane
deviates, say, to the right, the resultant polarity of the voltage im-
pressed at the terminals of indicating instrument A will cause it to de-
flect to the right. In Fig. 10 the pointers on switch S are set for flying
either fo the beacon on a black course or from the beacon on a red
course.

TO RECEIVING

ﬁ\ SET OUTPUT y
< /C
REED &7 Jaiet REED
CONVERTER | l L CONVERTER
\ I A
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\ ~ 0]/
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Fig. 11—Simple deviometer and volume indicator circuit arrangements for
using the reed converters on a red course.

2. Use of the Deviometer, Volume Indicator, and
Course Sharpness Control
(a) The Deviomeler.

Before going into the application of the reed converter to the
twelve-course beacon, the use of the deviometer, volume indicator, and
course sharpness control will be discussed. The deviometer is used with
the reed converter in the same way as with the tuned-reed indicator,
its function being to enable a pilot to fly along an off-course route, yet
allowing the zero-center indicating instrument to read zero when the
air plane is on this off-course route. Any deviations from this route are
thus indicated in the usual way. Such off-course routes may be flown
along any line making an angle of up to 15 degrees on either side of the
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equisignal course. The deviometer shown at C, Fig. 11, consists of a
10- to 20-thousand ohm resistor shunted across the two converter driv-
ing coils, with the sliding contact connected to the common connection
between the two sets of driving coils. The arrangement at C, Fig. 11,
is for a red course only. Such a double pointer and wording arrange-
ment is necessary since the direction of movement of the sliding contact
on the resistor reverses for a reversal of the direction of flight. Referring
to Fig. 9, assume a pilot desired to fly along an off-course line such as
BE on the right of the red course going to the beacon. In order to keep
the zero-center course indicating instrument from deflecting to the
right due to an increase of the 65-cycle signal along this route, the
effective sensitivity of the 65-cycle converter driving coils is reduced by
lowering the deviometer shunting resistance across these coils. This is
done by moving one of the deviometer pointers, Fig. 11, to point, on
the “To” scale, to the segment marked “Right.” The amount of move-
ment of deviometer C should be sufficient to reduce the indicating in-
strument deflection at A to the zero center when the airplane is on the
new course, BE. The application of the deviometer and reed converter
to all courses of the four or twelve-course beacon will be discussed
below.

(b) The Volume Indicator.

One seeming disadvantage of the reed converter type of beacon
course indicator is that a null method of course indication is used, which
means that the beacon signal may be off, or the receiving set not func-
tioning, yet the course indicating needle will read “on course.” This
cannot happen with the tuned-reed indicator as the moving reeds are
always visible, indicating the presence of a beacon signal as well as the
volume output of the receiving set.

A method of overcoming this difficulty is to use a second indicating
instrument with a range of about 0-500 microamperes as a volume in-
dicator. The method of connecting this instrument in the reed con-
verter circuit is shown in Fig. 11 at B. A center-tap resistor R of about
100 ohms is so connected to the oxide rectifier outputs that the RI
drops across this resistance are additive so that both rectifier outputs
deflect the needle of instrument B in the same direction. Such a system
gives a positive indication that both modulation signals from the bea-
con are present in the reed converter circuits. Furthermore, instrument
B indicates the volume of signal output from the receiving set; thus a
beacon signal may be tuned in by watching instrument B until it reads
a maximum as the receiving set is tuned. A normal reading for B is
about 250 microamperes. This output level may be held in flight either
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by an occasional adjustment of the volume control on the receiving
set or by one adjustment in the automatic volume control unit, if such
a unit is used.

There are several advantages in locating the volume indicating in-
strument in the position in the circuit as shown in Fig. 11, and not in
the output of the receiving set or elsewhere in the receiving set circuits.
First, it is located at the very end of the whole receiving circuit ar-

HOIOATOR

COURSE

Fig. 12—Course and volume indicating instruments with reversing switch for
use with reed converter on a red, brown, or yellow radio heacon course.

rangement, including the reed converter circuits, so that it will indi-
cate a malfunctioning of any part of the complete beacon receiving
system, and, second, instrument B is operated only by the tuned-reed
outputs so that the mechanically tuned selectivity of the reeds prevents
any interfering signal from operating it.

Fig. 12 is a photograph of a panel containing the course and volume
indicating instruments and a reversing switch. The reversing switch
is of the snap type, and may be either thrown toward the word “From”
(when flying from the beacon) or to the word “To” (when flying to the
beacon). The panel is wired for use when flying in either direction on a
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red course. It may also be used on a brown or yellow course with the
proper reed converters. By reversing the leads to the course indicating
instrument, this panel may be used on a black, blue, or green course.
These new courses will be discussed below.

The two indicating instruments in Fig. 12 plug into iron cans sup-
ported on the panel, making the necessary electrical connections. The
cans are iron to keep strong magnetic fields from the instruments from
effecting the airplane’s magnetic compass. The lower can contains the
resistance It, Fig. 11.

Fig. 13—Reed converter course indicating microammeter
in plug-in shockproof mounting.

As the indicating instruments are the most fragile part of the reed
converter apparatus, it is preferable to mount them on springs. Such
a spring mounting for the course indicating microammeter is shown in
Fig. 13. Fig. 14 shows a rear view of the instrument removed from its
iron case holder, showing the electrical plug connections. In case an
instrument is found to be defective, a new one may be immediately
plugged into the holder.

(c) The Course Sharpness Control.

Unlike the tuned-reed indicator the course sharpness indication
given by the reed converter is a function of the beacon signal level de-
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livered to it or to the course indicating instrument. An unbalance in
the course indicator with two strong output signals from the reed con-
verter gives a much greater deflection and, consequently, an apparently
sharper course. The degree of sharpness may be set to suit the pilot,
either by adjusting the automatic volume control on the receiving set
(or hand volume control) to change the signal level delivered to the
converter or, assuming a given signal level, the course sharpness may
be controlled to a large extent by means of a 10,000-ohm resistance )
Fig. 11, which is connected in series with the course indicating instru-
ment A. The value of this resistance depends upon the sensitivity of the
instrument used. By decreasing this resistance or increasing the beacon

Fig. 14—Reed converter course indicating microammeter showing
plug-in feature and shockproof mounting.

signal delivered to the reed converter, an apparent sharpening of the
beacon course is brought about. However, in so doing, the useful por-
tion of the beacon space pattern is reduced, since a deviation of only 10
degrees from the course may throw a 100-0-100 microampere course
indicator off scale with a strong beacon signal level impressed on the
reed converter, while with a weak signal and broad course indications,
the needle will stay on scale for a 45-degree deviation from the course.
In other words, the useful width of the beacon space pattern may be in-
creased at a sacrifice of course sharpness. An advantage of the tuned-
reed indicator over the reed converter is that it gives useful course in-
dications up to the full width of the beacon space pattern. A method
of partially overcoming this disadvantage in the reed converter is to
have a course indicating instrument with a more open scale. Such in-
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struments are now made with 270 degrees of scale in place of the cus-
tomary 100 degrees.

The effect of the apparent variation of the course sharpness with
beacon signal strength input to the reed converter is shown in Fig. 15.
The data for these curves were taken on the Bureau of Standards’
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Fig. 15—Course indicator deflections as airplane deviates from the course using
different beacon signal levels impressed on the reed converter, illustrating
course sharpness variation with signal level.

visual type beacon at College Park, Maryland. The test circuit ar-
rangement used is as shown in Fig. 15. It will be noted that with a
beacon signal input voltage to the reed converters of 3.5 volts, the
effective width of the beacon space pattern is only 10 degrees when us-
ing a 100-0-100 microammeter and about 24 degrees when using a
250-0-250 microammeter, while with a voltage input of 1.5 volts the
width is 27 degrees with the 100-0-100 instrument and the full width
of 90 degrees with the 250-0-250 instrument. Thus, when using a 100-
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(100 microammeter and an input voltage of 3.5 volts, the pilot cannot
deviate more than +5 degrees from the true course without losing an
indication of the degree of further deviation.

Satisfactory course indication for most purposes is given by using a
signal volume level I, of 250 microamperes, which is half-scale deflec-
tion. This signal level when used with a 250-0-250 microammeter
course indicator, makes possible a deviation from the course of “3=31
degrees, with correct coursedeviation indications throughout this range.

L
oc8s

Fig. 16—The 12-course radio range beacon transmission characteristic. The
colors indicate the courses where two modulation frequencies are of equal
strength and reed converter outputs are equal, producing an on-course read-
ing on the course indicator.

Instead of varying the voltage E as shown, it may be held at some
value such as 3.5 volts and a similar set of graphs obtained by varying
the resistance R, Fig. 15, in series with the course indicating microam-
meter.

From the above it will be seen that the reed converter used in the
circuits as shown is very flexible in its indications and may be adjusted
at will (by the pilot if desired) to suit the conditions of use.

3. Reed Converter Applied to Four- or Twelve-Course Beacon
(a) Two-Unat Plug-In Arrangement.’

One method of applying the reed converters for use on any course
® See second paper of reference (1).
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of a four-, or twelve-course beacon as shown in Fig. 16, is shown in Fig.
17. Here a double reed converter plug-in mounting, as shown in Iig. 5,
is provided at A-B, into which any two converter units may be quickly
plugged. With a given set of two units, the pilot may use four of the
courses of a twelve-course beacon or the four courses of a four-course
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Fig. 17—Deviometer and course selector switch with color system and converter
plug-in arrangement for adapting the reed converter for use in any direction
of flight on any course of a 4- or 12-course beacon.

beacon. By putting a 65-cycle converter in at 4 and an 86.7 cycle con-
verter at B, a red or black course may be flown. By putting a 108.3-
cycle converter in place of the 86.7-cycle unit in B, a brown or blue
course may be flown, or by putting an 86.7-cycle converter in at 4 and
leaving the 108.3-cycle unit in at B, a yellow or green course may be
flown. I'or example, let us assume that it is desired to fly an airplane
over a yellow radio beacon course. Referring to Fig. 17, the chart on the
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right shows that for a yellow course an 86.7-cycle converter should be
plugged in at 4 and a 108.3-cycle converter at B. This may be done by
the ground personnel. Now, let the direction of flight be From the bea-
con and let us assume that the pilot wishes to fly along the line OD, Fig.
16, slightly to the right of the course (airplanes going in the opposite
direction flying a little to their right to avoid collision). The devi-
ometer pointer, pointing to the yellow scale, is turned to point toward
the word “Right” on the “From” scale. This increases the sensitivity of
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Fig. 18—Three-unit dual control arrangement for 4- or 12-course range beacon.
By setting dial A to the color of the course to be flown the proper two reed
converters are automatically connected in circuit: B is the reversing sw itch
for the course indicating instrument.

the 86.7-cycle reed at A and decreases the sensitivity of the 108.3-
cycle reed at B. It will be noted from Fig. 16 when going From the bea-
con (the beacon being at the intersection of all courses at O) on a yel-
low course, when deviating to the right along the line OD, the 108.3-
cycle signal becomes greater than the 86.7-cycle signal by an amount
proportional to EF, so it must be cut down to make them equal. Thisis
what occurs when the deviometer pointer is moved as stated above,
since a lower resistance is shunted across B or the 108.3-cycle reed,
thus cutting down its sensitivity, and a higher resistance is shunted
across A, the 86.7-cycle reed, thus increasing its sensitivity.
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The course-selector switch must also be set so that the pointer on
the yellow scale points to “From.” In this position it will be noted that
the positive output of the 108.3-cycle converter at B is connected to
the + side of the course indicating instrument, thus causing it to de-
flect to the right, as the 108.3-cycle signal predominates over the 86.7-
cycle signal.

The two-unit plug-in converter arrangement shown in Fig. 17 is
applicable where a given airplane is flown over the routes of four-
course beacons with the same colored courses or from one twelve-
course beacon to another on the same color and 90-degree color routes;
for example, airplanes flying on a transcontinental air route or on a
north and south route would probably use the same color course all the
way, in which case this circuit arrangement would be useful. Sould the
airplane fly other routes, the proper set of reed converter units may be
plugged in, thereby adapting the course indicator for use on these
routes. An advantage of this circuit with plug-in arrangement is that a
simple form of course selector switch may be used as shown in Fig. 17.

(b) Three-Unit Dual-Control Arrangement.

In order to make a single reed converter installation useful on any
course of a four-or twelve-course beacon at all times without any plug-
ging in of reed converter units by the pilot or ground personnel, a
three-unit circuit arrangement shown in Fig. 18 has been worked out.
The selector or reversing switch and deviometer shown in Fig. 17 have
been retained but a second selector switch containing the dial A and
switches M-G-M-G on a common shaft has been added. The three con-
verter units are left permanently in circuit, although they are still of
the plug-in type so as to be quickly removed for replacement if neces-
sary. The dial A when set to the color of the course the pilot desires to
fly, connects the proper two reed converter units in circuit by means of
selector switches M-G-M-G. Switches M connect the proper converter
driving coils or inputs to the receiving set output, and switches @ con-
nect the same two converter outputs to the reversing switch and course
indicator. This circuit may be checked with the aid of Fig. 16 in the
same way Fig. 17 was checked with Fig. 16.

(¢) Three-Unit Single-Control Arrangement.

A still further simplification in the use of the reed converter in ap-
plication to any of the four or twelve courses is shown in Fig. 19. Here
all switches have been combined into one unit on a common shaft.
While the switch is a little more complicated, this is warranted since it
is only necessary for the pilot to set one of two pointers on one dial D to
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the color of the course he desires to fly and the direction he desires to
fly on it. The proper two-reed converters are selected by switch £, and
the proper common connection between them connected to the sliding
contact of the deviometer by switch F. The proper two-converter out-
puts are selected by switches I and J. J also applies the RI drop across
resistance R, Fig. 11, to the volume indicator in the proper polarity.
G and H constitute the reversing switch which operates to keep the de-
flection of the course indicator needle in the same direction as the de-
viation of the airplane from the course. The deviometer, requiring
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Fig. 19—Three-unit single-control arrangement for the 4- or 12-course range
beacon. In this arrangement both the selector switeh and the indicating in-
strument reversing switch are operated by one control

separate adjustment, is on a separate shaft. The pilot’s control panel
with course indicator, volume indicator, course selector switch, con-
trol knob, and deviometer, is shown at the left in Fig. 19. The course
ghacrpness adjustment may also be put ou this panel if it is so desired

1V. Aprrrications orF Tie REED CoNvErRTER COURSBE INDICATOR
1. As @ Main Airways Beacon Course Indicator

The use of this indicator on the main long range visual type beacon
has already been described under T11-3. Many flight tests of the reed
converter on such bescons have already been made, proving the value
of the reed converter as a course indicator. The reed converter has also
been used on the simultaneous radio telephone and radio range bonoon
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To date several reed converter installations have been made and have
proved satisfactory.

2. Use in Holding an Airplane Automatically on a
Radio Beacon Course

An early application of the reed converter was realized to be that of
holding an airplane automatically on a given radio beacon course.
While the details of this application have not been tried, the fact that
the reed converter produces a varying current output with a polarity
depending upon the direction of deviation of the airplane from the
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Fig. 20—Combined flying and landing instrument connected to give: (1) Main
beacon course indications; (2) Signal volume indications; (3) Runway course
indications; (4) Landing beam path indications.

course, makes it possible to use this current for control purposes, the
airplane thereby being guided automatically in a horizontal plane
along the radio beacon course.

3. Use as a Course Indicator on the Runway Localizing Beacon for
Blind Landing Purposes

A valuable application of the reed converter has been found in the
radio system of blind landing aids developed by the Bureau of Stand-
ards.® Here the reed converter is used as a runway localizer course in-
dicator giving indication that the airplane is over the runway (along

§ H. Diamond and F. W. Dunmore, “A radio beacon and receiving system

for blind landing of aircraft,” Bureau of Standards Journal of Research, 5, October,
1930; RP 238; Proc., I.LR.E,, 19, 585-627; April, 1931.
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which the runway beacon course is oriented). Since vertical guidance is
obtained by flying in on the underside of a high-frequeney radio beam
using as the indicator a 0-500 microammeter mounted horizontally, it
has been found possible to combine the reed converter runway course
indicating instrument and the fog landing beam indicating instrument
into one unit, as shown in Fig. 20. Here the vertical needle is the 100-0-
100 microammeter reed converter runway course indicator giving hori-
zontal guidance, and the horizontal needle the high-frequency landing
beam course indieator giving vertical guidance. With the landing air-
plane on both courses, the two needles intersect over the circle. The
needle intersection in Fig. 20 shows that the airplane is below the prop-
er glide path of the high-frequency landing beam, as the horizontal
needle is below the circle, and off to the left of the runway course, as the
vertical needle is to the left of the circle. This type of combined instru-
ment has been found by numerous flights to be much easier to use than
two separate instruments.

An advantage of the use of this combined instrument is that the
(-500 microammeter which is used to indicate the landing beam path,
may perform a dual function, as shown in Fig. 20. By means of a
double-pole double-throw switch this instrument may be connected
either to the output of the high-frequency fog landing beam receiver
and used as the landing beam course indicator when landing in fog, or it
may be connected across resistance R (see also Fig. 11) in the output
of the oxide rectifiers and thus may serve as the signal volume indica-
tor. Since the signal volume indicator is not necessary when landing,
the combined instrument is thus made to take the place of three in-
struments. Thus when flying on the main radio range beacon the verti-
cal pointer gives course indication and the horizontal needle, signal
volume indication. When landing in fog, the same two pointers are
used, the vertical one now giving runway course indication since the
receiving set is tuned to the runway localizer beacon, and the hoti-
zontal pointer correct landing beam path indications. By making the
switch of the three-pole double-throw type as shown at 8, Iig. 20, it
may bhe made to turn on the landing beam receiving set at the same
time the instrument is connected to this set.

(d) Combination with Turn Indicator.

Another combination of sireraft instrutnents made possible with the
reed converter type of indicator is that of the turn indicator and the
reed converter course indienting instrument. Such a combination is
shown in Fig, 21, where the turn indicator is mounted in the rear of tho
zero-center beacon coutse indientor with a pointer on an extended
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shaft, traveling over the same instrument face as the pointer of the
course indicator. The pointers are quite different in form to avoid con-
fusion, and travel over different scales but on the same face. This com-

bination greatly facilitates the use of the two instruments and saves
panel space.

V. ComPaRIsSON OF REED CONVERTER WITH REED INDICATOR
1. Advantages of Reed Converter

(a) Gives sharper course indications.

(b) More easily adapted in combination with other aireraft and
radio instruments.

Fig. 21—The tuned-reed converter course indicating instrument combined with
the turn indicator, giving both indications on one dial.

(c) Greater damping of reeds allows of greater variation in th®
modulation frequencies at the beacon.

(d) More easily adapted to the 12-course radio range beacon.

(e) Pointer type of course indications easier to see.

(f) Adapted to hold an airplane automatically on the course.

(g) Easier to tune the reed to the required frequency.

2. Dusadvantages of Reed Converter

(a) Has six elements in place of one, as is the case with the reed in-
dicator. These are: 2 connector units, 2 oxide rectifier units, 2
indicating instruments.

(b) Requires the use of a delicate and sensitive course indicating
instrument.

(¢) Requires an added signal volume indicator.

(d) Motion of course indicator pointer under extreme interference,
more noticeable than movement of reeds in reed indicator.
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(e) Heavier.
(f) More costly
(g) Calibration not as permanent.

From the foregoing it is questionable which type of course indicator
is superior, but it would seem that the reed converter has a definite
field of usefulness as well as the reed indicator.
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SOME ACOUSTICAL PROBLEMS OF SOUND
PICTURE ENGINEERING*

By
W. A. MacNaIr

(Bell Telephone Laboratories, New York City)

Summary—The purpcse of this paper is to point oul that many advances in
acoustical engineering have been necessary in order to understand and control ade-
quately the conditions under which modern sound pictures are recorded and repro-
duced. To illustrate this point, some of the acoustical problems encountered at Bell
Telephone Laboratories are discussed. The sudden and successive changes in sound
intensity level to be expected tn a room during the growth and decay of sound from
an intermittent source are pointed out. The necessity of using the more general rever-
beration time formula, which was developed over a year ago, when dealing with com-
paratively “dead” rooms, is indicated. One type of acoustical distortion which is due
to interference is discussed together with the measures necessary to minimize il in
sound pick-up work. These phases of acoustical engineering have been selected for
discusston from many which confront the engineer in this field.

HE development of the technique of sound picture recording and
Treproduction has presented many acoustical problems. Most of

these have been concerned with improvements in the quality of
recording and the illusion of reality of the reproduced sound. It was
necessary to consider what acoustical conditions were required on mo-
tion picture sets for the proper recording of the sound. These involve
the design and construction of the sets and the acoustical treatment
which is necessary on the sound stage in which the sets are built and
also the technique of proper sound pick-up by the microphone. On the
other hand many theatres have been treated with acoustical materials
in such a way as to reduce the reverberation time and eliminate objec-
tionable echoes. Many of these problems are similar to those which are
encountered in broadcasting and for this reason it may be desirable to
review some of them.

For many years there has been an established science of acoustics
which has furnished a basis for the correction of unsatisfactory acous-
tical conditions in many auditoriums and the proper design of others.
Such a scientific background has been extremely useful in that it has
served to encourage effective corrective measures and to discourage
many methods of acoustical treatment which are not based on principles
which are sound from an engineering standpoint. As an example of this
latter type of treatment, one recalls the rather well-established idea
that a multitude of wires strung overhead produce satisfactory listen-
ing conditions.

* Decimal classification: 621. 385. 96. Original manuscript received by the
Institute, April 22, 1931. Presented before Sixth Annual Convention of the In-
stitute, June 5, 1931.
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In an attempt to apply this established science of acoustics to these
modern problems, however, one of the first things which became obvi-
ous was that the older methods of describing acoustical phenomena
were inadequate in that they did not give a sufficiently detailed and
accurate picture of the situation. In order to illustrate this let us choose
for discussion a few of the many acoustical problems which confront
the sound picture engineer.

First, let us consider the growth and decay of sound energy in an
enclosure. Fig. 1 illustrates one method of plotting the average sound
intensity throughout a room against the time for a sound source which
is turned on at the time =0 and cut off at the time (=0.2. As will be
seen on inspecting the curves the average sound intensity increases
very rapidly at first and then much less rapidly as the average intensity

1.0

0.8 |-

a6

RELATIVE INTENSITY

0.8 2]

Fig. 1—Relative intensity of sound (averaged throughout the room) vs. time in
seconds measured from the time the source begins to operate.

reaches the maximum value which is attained after the sound has been
on long enough to establish a steady state condition. If after the steady
state condition has been reached the sound source is cut off suddenly,
the average sound intensity in the room will decrease in accordance
with the curve shown to the right of the abscissa, t=0.2.

If the data shown in Fig. 1 are replotted using a logarithmic scale
for the sound intensity the result is the curve shown in Fig. 2. The unit
often used in this case is the decibel which is well known in acoustical
circles. Since the sense of hearing exhibits approximately a logarithmic
response to the stimulus of sound, this curve represents very nearly the
rise and fall of the intensity level as the ear hears it, and therefore it
suits our purpose better to plot the data in this way. As may be seen,
the intensity level reaches a point which is within one decibel of maxi-
mum in a surprisingly short time and the decay of the average intensity
level is uniform with time, that is, the plot of the decay is a straight
line. The slope of this straight line indicates the rate of decay of the
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sound intensity level. In a room, of given size and shape, this rate de-
pends on the amount of sound absorption present. Since undue per-
sistance of sound is a frequent cause of poor hearing conditions con-
siderable importance is attached to the study of the rate of decay of
sound intensity level in auditoriums. It has become conventional to
describe this property of a room by stating the time it takes the sound
intensity to decay to one millionth of its value after the sound source is
cut off (after a steady state condition has been established), or using the
scale of sound intensity level shown in the last figure, it is the time it
takes the sound intensity level to decrease 60 decibels. This interval of
time is called the reverberation time.

In sound picture engineering, and especially in recording, we are
concerned with the variation in the intensity level at any one point in a
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Fig. 2—Relative intensity level (averaged throughout the room) vs. time. The
data shown in Fig. 1 are here plotted to a different scale of ordinates.

room. Immediately, we realize that this established method of ap-
proach is inadequate. For instance, at a point ten feet from a sound
source the increase in the sound intensity would not take place the
instant the source is sounded as might be inferred from the above
figures but would be delayed until the sound waves have traveled the
intervening distance. When this direct wave arrives there is an abrupt
increase in the sound intensity followed by a further sharp increase
when the reflection from the floor arrives. Fig. 3 illustrates what hap-
pens.! Here again, the abscissas are the intervals of time after the sound
source has been started and the ordinates indicate the sound intensity
level at any time. As is seen, the intensity level increases very rapidly
at the moment the direct wave from the source arrives and it increases

! This method of analysis has been applied by R. L. Hanson of the Bell

Telephone Laboratories to calculating the changes in sound intensity level at
discrete points in sound picture studios and sets.
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further in small increments as the floor reflection and the multitude of
reflections from the walls arrive. In a very short time, however, the
intensity level is very near to its maximum value. If the sound source is
cut off at the time ¢t =0.2, it is again a short interval of time before the
end of the direct wave passes by, causing the first change in the sound
intensity. There is another change when the train of waves reflected
from the floor passes by and further discrete changes as the wave trains
from other surfaces pass by. But soon there are so many of these and
each makes such a small change in itself that the decay becomes essen-
tially uniform with time. This part of the decay is illustrated on the
curve by a straight line. Considering the sound pick-up from this view-
point we see clearly the rapid and intermittent changes in sound in-
tensity which are taking place.?
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Fig. 3—Relative intensity level at a point ten feet from the source vs. time.

This last picture of the building up and decay of sound intensity
level has been constructed for a simple room. In practical cases many
irregularities are present. The plane surfaces of the walls may be in-
terrupted by doors and windows. Usually the room contains furniture
and there are people present. These objects will more or less scatter and
diffuse the sound waves and the more they are diffused the less abrupt
will be the changes of intensity level so prominent in Fig. 3.

This discussion of the rise and fall of the sound intensity in enclo-
sures will serve to point out that the science of acoustics must be ad-

* These changes have been illustrated in Fig. 3 as successive decreases in
the sound intensity level. This plot has been made without regard to the relative
phases of the various wave trains. If these are taken into consideration, the
magnitude, but not the time, of any particular change may be different from
that illustrated. In fact, sometimes the passing of a wave train is indicated by
an increase in level. This is the case when destructive interference is eliminated

by the cessation of one of the interfering waves. On the whole, however, the in-
tensity level decreases rapidly, essentially as illustrated.




1610 MacNair: Acoustical Problems of Sound Picture Engineering

vanced and extended if it is to serve the demands of modern engineer-
ing adequately.

For many years engineers concerned with applied acoustics have
been active in measuring, calculating, and controlling the reverberation
time in auditoriums and other enclosures. With the advent of radio
broadcasting and sound pictures, activity in this field has been multi-
plied. Therefore, a correct reverberation time formula which may be
used in designing rooms to have predetermined acoustical characteris-
tics is much to be desired.

Until recently the formula used for this purpose is as follows:

0.05V  0.05V
T = =

a Sa,

in which T is the reverberation time in seconds,
V is the volume of the room in cubic feet,
a is the number of absorption units in square feet,
S is the surface of the room in square feet, and
o, is the average coefficient of absorption of the surface.

The upper curve in Fig. 4 shows the reverberation time at various fre-
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Fig. 4—Reverberation time vs. frequency for a comparatively “dead” studio.

quencies, calculated by means of this formula for the sound stage of
Bell Telephone Laboratories. After the room was completed, however,
equipment was available to actually measure the reverberation time at
various frequencies with the results shown by the other curve on Fig. 4.
It will be seen the discrepancy between the calculated and measured
reverberation time throughout the whole frequency range is quite large,
amounting to 50 per cent for some frequencies. Such a disparity be-
tween predicted and actual results can be quite disturbing. In this case
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the solution of the problem proved extremely valuable. An extremely
careful analysis of the derivation of this reverberation time formula
indicated that it is applicable to “live” rooms only and that it is not
suitable for rooms which are comparatively “dead” as sound stages
usually are.

On the basis of these careful considerations, Eyring? has developed
a more general formula which is applicable to all rooms whether “live”
or “dead.” This formula is

0.05V

T —Slog(l—au)
Comparing this to the older formula it will be noticed that the change

has been to put —log.(1 —a,) in place of a... For “live” rooms, where the
average absorption coefficient is small, the two formulas yield results
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Fig. 5—Transmission frequency characteristic between sound source, S, and
microphone, M, located as shown.

which are practically identical, but in the case of dead rooms where a4
is comparatively large the newer formula gives much lower values of
the reverberation time than the older one and these lower values agree
with those actually measured experimentally.*

Another acoustical problem of sound picture engineering is con-
cerned with the amount of distortion which may be introduced into the
recording system between the speaker and the microphone. Unless pre-
cautions are taken, this cause of impaired quality of the sound record
may prove serious. One of the main causes of this type of distortion
is the interference at the microphone of two or more sound waves com-

8 C. F. Eyring, Jour. Acous. Soc. of Am., 1, 217-241; January, 1930. Fig. 4
has been taken from this paper.

4 It is believed by many that there is a limited range of reverberation time
which is optimum for recording in any one studio. See, for instance, Maxfreld
and Harrison, Bell Syst. Tech. Jour., 5, 493-523; July. 1926
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ing from the same source by different paths. A quantitative analysis of
this type of distortion has been made by Hanson.? Fig. 5 shows the
transmission frequency characteristic of sound from a source S to a
microphone M situated as illustrated in the sketch. In this case the
direct wave travels ten feet to the microphone while the wave reflected
from the floor travels about fourteen feet.

The explanation of this phenomena is simple. Since the sound waves
from the source reach the microphone by two paths, one of which is
longer than the other, there will be certain frequencies for which the
two waves arrive in phase and there will be other frequencies for which
the two waves will arrive exactly 180 degrees out of phase. On this basis
we can plot a theoretical frequency characteristic of the transmission
which appears in Fig. 6. The peaks of the curve appear at those fre-
quencies for which the two waves are in phase and the valleys appear
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Fig. 6—Theoretical transmission frequency characteristic between sound source,

S, and microphone, M, located as shown, assuming the reflecting surface
to have a reflection coefficient of 0.95.

5000

at these frequencies for which the two waves appear out of phase and
partially cancel one another. It is noticed that the frequencies at which
the peaks and valleys of the experimental curve occur are very nearly
the same as those at which the peaks and valleys of the theoretical
curve appear.

After covering the floor with very efficient absorbing material and
adding a second microphone placed about fourteen feet from the source,
the transmission characteristic between the source and the combined
outputs of the two microphones was found to be as illustrated in Fig. 7.
In this case there are two paths which the sound can take to reach the
electrical recording system and the lengths of these two paths are
exactly the same as those in the previous case considered, namely, ten

® R. L. Hanson, Jour. S.M.P.E., 15, 460-470; October, 1930. Figs. 5 to 8
have been taken from this paper.
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and fourteen feet. Note that here also the peaks and the valleys come at
the same frequencies at which the peaks and valleys occur on the theo-
retical curve. The explanation of the curve then is the same as before
except that the interference takes place between the electrical outputs
of the two microphones.
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Fig. 7—Transmission frequency characteristic between a source and the com-
bined outputs of two microphones located as shown.

[oxperimental sound records made under conditions where distor-
tion due to interference existed show a very characteristic unnatural
quality which is described by some as “hollow.” Conditions of recording
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Fig. 8 ~The upper illustration shows an arrangement of spenker 8, and micro-
phone, M, which would result in a sound record of poor quality due to the
interference nt M of the direet sound and that reflected from the table. The

lower illustration indicates a location of the mierophone such that it receives
the direct sound only.

which often lead to this distortion are found in cases where a speaker
is talking near a table, a wall, or a mirrov in such a way that the sound
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striking the near-by surface is reflected into the microphone. One such
case is illustrated in Fig. 8. The arrangement of speaker S and micro-
phone M in the upper part of the figure illustrates a condition which
would result in a sound record of poor quality due to the interference
at the microphone of the direct sound and that reflected from the table.
However, the position of the microphone shown in the lower part of this
figure is such that the sound reflected from the table top cannot reach
it. This arrangement would result in a sound record which is not af-
fected by this form of distortion.

Acoustic distortion of this type can be avoided by the elimination
of reflecting surfaces in the immediate proximity of the speaker or by a
proper selection of the microphone position so that it will avoid sound
reflected from these surfaces.

We have discussed the growth and decay of sound intensity in an
enclosure indicating the necessity of considering the intermittent
changes which occur more or less suddenly. We have seen also the
necessity of using the more general reverberation time formula in
modern acoustical work. The possibility of severe acoustical distortion
which may occur between the source of sound and the microphone has
been called to your attention. These phases of the acoustical problems
encountered in sound picture engineering at the Bell Telephone Labo-
ratories have been discussed with a view to pointing out that many ad-
vances in acoustical engineering have been necessary in order to under-
stand and control adequately the conditions under which modern
sound pictures are recorded and reproduced.
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A METHOD OF REPRESENTING RADIO WAVE
PROPAGATION CONDITIONS

By
L. W. AusvIN

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

Summary—The daylight radio transmission conditions across the North
Atlantic Ocean in 1930 for wavelengths of 10,000 to £0,000 m (1530 kc) are shown
in a table based on the daily observations of the signal sirength of seven Europeat
high power stations taken in Washington. It is expected that similar tables of daily
transmission conditions for the years beginning with 1924 will soon be ready for
publication. The object of this form of tabulation is lo furnish a ready means of
comparison of radio conditions with other natural phenomena—sun spots, snagnelic
storms, weather, elc.

the signal strength of several stations of similar wavelength trans-

mitting along adjacent paths, it seems desirable to average the
observations from the several stations so as to represent the general
conditions of transmission.

Measurements have been made at this laboratory on the daylight
signal strength of a number of long-wave European stations for the past
fifteen years. The number of the stations has varied, from one (Nauen,
Germany, 1915-1922) to fourteen in 1930, sowe of which, however, do
not transmit regularly enough for our purpose. In recent years these
daily signal values of the different stations have been mimeographed
and distributed to those interested. There has not, however, been a
great enough demand for observational data of this kind to warrant
the printing of such a mass of material, nor would the separate daily
observations be in a particularly convenient form for study of the wave
propagation conditions over the North Atlantic.

Within the last few years, considerable interest has been aroused
in the study of the relationship of solar and geophysical phenomena to
the propagation of radio waves, and it now seems a proper time for
putting the radio data in a more convenient form for study.

If the signal intensities from the various stations studied always
rose and fell together, the observations on any one station which trans-
mitted daily would be sufficient for our purpose, but while one station,
when averaged by years or even by months, may give a fair representa-
tion of conditions; in dealing with daily observations this is by no

J_[N THE study of wave propagation involving the measurement of

~ * Decimal classification: R113.2. Original manuscript received by the In-
stitute, May 18, 1931. Publication approved by the Director of the Bureau of
Standards of the U. S. Department of Commerce.

1615




1616 Austin; Radio Wave Propagation Conditions

means the case. It appears that the Kennelly-Heaviside layer is gener- -
ally sufficiently nonhomogeneous to vary considerably the conditions
TABLE I
NorrH AtrANTIC DAYLIGHT RIAQ%IO TraNnsM18810N CONDITIONS
(A =10,000-20,000 m, / =15~30 k).
Miecrovolts per Meter

1
Day Jan Feb. | Mar. | Apr I May | June | July | Aug. l Sep. Oct. | Nov Dec
1 = 31 42 42 36 37 63 81 99 57
2 29 —_ = 41 40 65 81 = 47 63 . 56
3 25 42 36 11 41 49 53 58 50 59 22 62
4 35 18 34 38 — 53 — — 48 42 22 53
5 == 29 28 40 52 52 — —_ 44 —_ 38 50
6 41 41 46 = 37 49 — —_ 53 96 35 60
. 34 38 33 42 67 61 59 — —_ 82 45 61
8 27 25 27 66 48 —_ 47 39 53 88 47 45
9 30 —_— = 59 58 = 37 = 55 102 —_ 40
10 —_— 34 40 57 31 31 42 —_ 59 56 27 60
11 33 31 31 45 —_ 40 30 45 54 61 43 57
12 — 45 33 80 50 56 35 44 51 —_ 41 | 65
13 25 14 42 o 43 48 —_ 56 48 47 35 | 61
14 19 32 43 87 44 54 — 56 —_ 41 26 68
15 26 43 43 76 40 — 63 63 42 43 25 68
16 53 —_ —_ 39 38 — 57 67 44 46 41 58
17 40 50 39 44 43 — 61 = 46 56 38 58
18 21 48 58 43 — — 56 73 38 49 39 49
19 — 36 51 55 22 32 52 88 47 — 28 853
20 39 31 38 — 38 30 — 143 45 61 37 48
21 27 29 50 58 —_ 43 49 46 —_ 61 19 45
22 21 — 61 45 — — 50 72 54 68 18 60
23 50 — — 39 30 — 46 92 60 74 40 46
24 39 32 27 44 50 53 44 —_ 62 55 34 60
25 48 37 26 — —_ 35 49 84 54 55 50 =
26 — 15 30 54 40 32 54 72 45 —_ 60 55
27 23 29 41 —_ 46 33 — 80 23 44 49 63
28 — 25 45 27 35 35 38 63 — 98 46 72
29 22 — 52 45 40 —_— 50 72 67 55 51 58
30 13 - — 44 —_ 32 58 64 62 98 73 75
31 42 — 37 —_ — — — — —_ 48 —_ 40
Monthly I
Average| 32 33 40 49 42 44 50 69 50 64 40 | 58
|
— No observation.
TABLE II
TRANSMISSION DaTa
Approximate Approximate| Effective | Distance from
Call Location Frequency and Antenna Height Washington
Wavelength Current h(m) d (kilometers)
f A\ I amperes
ke : m
FYL* Bordeaux, 15.9 18900 500 180 6160
France
FTT* Ste. Assise, 20.8 14400 350 180 6200
France
DFY* Nauen, 16.5 18100 400 170 6650
Germany
DFWwW* Nauen, 23.4 12800 400 130 6650
Germany
GBR* Rugby, 16.1 18600 700 185 5930
England
IRB ﬁo}ne, 20.8 14400 500 156 7160
aly
PCG Kootwijk, 16.8 17800 325 156 6100
Holland

* Antenna currents reporte«z_.

of absorption and reflection of signals of different wavelengths travers-
ing adjacent paths. For example, in one month during which ohserva-

-
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tions were made on twenty-six days, and during which the number of
stations regularly observed about 10:00 a.M. each day varied from four
to six, on only one day did all the signal strengths of the stations rise
and fall together, while on eight days all but one of the stations varied
together. On twelve days from one-half to two-thirds followed each
other.

As Nauen is the only station which has been observed continuously
during the whole fifteen years, and since it is also the station about
which the most complete information regarding antenna current and
antenna height has been available, it has seemed best to make this the
base station for our averages. The other stations are brought to this
common basis by multiplying their daily values of received field
strength in microvolts per meter by the average daylight ratio of the
signal strength of Nauen to the corresponding strength of the given
station during all the years that the given station has been observed;
corrections being applied to the observations to take account of any
known changes of antenna current, if these exceed twenty per cent of
the average.

In the following table the daylight North Atlantic radio transmis-
sion conditions for wavelengths of 10,000 to 20,000 m (15-30 kc) are
given for the year 1930. These are expressed in terms of a station of
13,000 m wavelength (23 ke), 130 m effective height, 380 ampere an-
tenna current, at a distance of 6650 km, measured at Washington at
about 10:00 .M. E.S.T.

The stations used in the tabulation for 1930 are Nauen, DFW and
DFY, Ste. Assise, F1'T, Bordeaux, FYL, Kootwijk, PCG, Rugby,
GBR, and Rome, IRB.
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USE OF AUTOMATIC RECORDING EQUIPMENT IN RADIO
TRANSMISSION RESEARCH*

By
P. A. pE Mars,! G. W. KENrick,2 AND G. W. PicKARD?

(*Tufts College, Mass.; SRCA Victor Co. of Mass., Boston, Mass.)

Summary—This is an apparatus paper describing equipment recently de-
veloped for low frequency (17.8 kc); intermediate frequency (770 kc); and high fre-
quency (6942.5 kc) field intensity recording. The circuits employed are presented and
discussed with particular reference to expedients for obtaining nearly logarithmic
scales (when used with Leeds and Northrup recording potentiomelers).

T'ypical records obtained with the aid of the equipment described are presented
and the salient characteristics of the high-frequency records (which show striking
evidence of skip distance phenomena) are pointed out.

INTRODUCTION

VHE history of radio transmission research furnishes ample evi-
dence of the value of data involving series of continuous obser-
vations. However, if such measurements are attempted with

apparatus requiring constant manual attention or monitoring the at-
tendant cost of such data is very great and it is hence not surprising
that the history of radio transmission measurements discloses a pro-
gressive advance in the use of automatic equipment requiring a mini-
mum of attention and maintenance. The difficulties encountered in
evolving equipment of this sort suitable for all desired types of obser-
vations are considerable, and published work familiar to the authors
still leaves much to be desired from this point of view.

The rapid development in receiving equipment in the last few years,
however, is constantly rendering new devices available admirably a-
dapted to the solution of many of the difficulties encountered in the de-
sign of suitable recording equipment. The precise nature of these diffi-
culties depends on the frequency range, etc., of the data desired and
will be discussed in due course.

In transmission researches now in progress at the Electrotechnical
Laboratory of Tufts College and at Newton Center, Mass., the limited
personnel and funds available have rendered the development of auto-
matic equipment essential when numerous and continuous series of ob-
servations are desired. Several features have been employed which
have not, so far as the authors are aware, been published elsewhere. It
is the purpose of this paper to describe the equipment in sufficient de-

* Decimal classification: R365.3 X R270. Original manusecript received by
the Institute, May 23, 1931. Presented before U.R.S.1., April, 1931.
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tail to render these expedients readily available to others desiring to
make such observations. Suggestions for further developments are also
included. Observations now in progress at Tufts in which automatic re-
cording equipment is being employed are:
I. Field intensity and polarization of WCI (17.8 kc) asreceived at
the Electrotechnical Laboratory, Tufts College, Mass.
II. Field intensity of WBBM (770 kc) as received at the Electro-
technical Laboratory, Tufts College, Mass.
I1I. Field intensity of WEV (6942.5 kc) as received at the Electro-
technical Laboratory, Tufts College, Mass.

Fig. 1—Circuit of low-frequency recording equipment.

A description of the equipment employed in these projects and a

description of the difficulties peculiar to each will now be described
in turn.

I. Fieup INTENSITY OF WCI

These ohservations represent a continuation and extension of a
series begun in July, 1928, at Newton Center, Mass. In the observa-
tions conducted at Newton Center, July, 1928, to December, 1929,
only the field intensity on an antenna of the T type was obtained but
in the series taken at Tufts observations on a loop oriented at various
angles to the direction of the station (45-degree intervals) are also
available. The significant characteristics of the data obtained in this
series and a discussion of their interpretation have already been given
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in another paper! together with a diagram and a brief discussion of the
apparatus employed. Discussion of this project will hence be limited to
a mention of certain further details peculiar to this project. A diagram
and brief discussion of the circuit will be included for completeness.?

Fig. 2—Front view of low-frequency recorder.

A schematic diagram of this equipment is shown in Fig. 1 and the
physical appearance of the equipment is shown in Fig. 2.

Features of interest in this set-up include the alternation of the ob-
servations on the antenna and variously oriented loop by means of re-
lays controlled over a trunk connected at the remotely located loop to a
contact mechanism driven by the same motor utilized to drive the

! de Mars, Kenrick, and Pickard, Proc. I.R.E., 18, 1488-1501; September,

1930.
2 See also reference (1), Fig. 6, and related discussion.
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same mechanism which rotates the loop. These relays shift the radio-
frequency amplifier from the antenna to the loop at 21-minute intervals
and at the same time shift the recorder origin so as to render the rec-
ords readily decipherable. The type of record obtained using this equip-
ment is shown in Fig. 3 (showing a sample record). The antenna origin
is 40 divisions and the loop is 5 divisions from the bottom of the rec-
ord asindicated. Other points of interest include the use of the copper-
oxide rectifier with a large external resistance inserted in series with the
input to the Leeds and Northrup recorder to give a linear scale.

The large field intensity and relatively small changes in signal
levels which it is usually necessary to record (about 20 db) in this
project render the use of this scale quite feasible (a situation quite in
contrast to that encountered in projects II and III).

It will be noted that the tubes employed in this set-up are not of the
modern a-c heater type. At the time of assembly of this equipment,
Western Electric tubes were selected because of their long life and
constancy of emission. However, the advantage of freedom from bat-
tery maintenance was in part secured by the use of a storage battery
A supply floated on the output of a tungar rectifier supplied from the
a-¢ mains. Very good constancy of potential was thus obtained. Cop-
per-oxide rectifiers were first employed for this purpose but they were
later replaced by a tungar rectifier of greater capacity which was found
to give quieter operation (particularly from the standpoint of noise in
the other recording equipment located nearby3. The B su pply was first
obtained from B batteries floated across a filter in the output of an a-c
rectifier but later experience disclosed that the batteries were unneces-
sary and quieter operation could be obtained when they were removed,
particularly if appreciable aging has occurred. For a discussion of selec-
tivity requirements and further details in regard to this circuit the
reader is referred to a previous paper.! The day-to-day constancy of
the over-all calibration of the set-up is within 15 per cent and the ab-

solute precision of the measurements obtained is estimated at 20 per
cent.

1I. FieLp INTENSITY oF WBDBM

The rapid advance in the use of radio receiving equipment utilizing
tubes of the heater type operating entirely from alternating current
without the use of any batteries whatsoever led to an investigation of
the suitability of commercial equipment of this type for use in field in-
tensity measurements in the broadeast frequency region. Several
sources of possible difficulty were considered; in particular, the pos-

! Loc. cit.
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sible presence of an excessive noise level at the high gains desired due
to a-¢ hum or other noise introduced from power supply transients.
Another even more serious apprehension entertained at the start was
with regard to the effect of tube aging and supply voltage fluctuations
on the constancy of the calibration. Experiment with equipment of

Fig. 4—Front view of broadcast recording equipment
(in foreground). Note panel assembly.

this type, however, disclosed that the present state of the art rendered
the use of this apparatus entirely feasible in measuring equipment.
Thus, with the set-up shown in Fig. 4 giving an over-all gain of 100 db,
the noise level encountered under favorable conditions from all causes
was not in excess of the equivalent of 5 microvolts in the antenna (cor-
responding to a noise level of 1 microvolt per meter with the 5-meter
effective height antenna employed). This noise level is a very favor-
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able one in urban areas when only natural disturbances and inductive
interference entirely external to the set-up are considered. These fig-
ures refer of course to values as registered on the recorder and not to
audible responses. Perceptible a-¢ hum was of course encountered at
many points throughout the equipment but did not appreciably im-
pair the record.

The constancy of calibration was also very satisfactory with com-
mercial (Champion) tubes.® An average day-to-day constancy within
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Fig. 5—Circuit diagram of broadcast recording equipment.
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15 per cent was attained and an average useful tube life of well in ex-
cess of one thousand hours of continuous operation in the set-up was
realized.

The apparatus and circuits employed in this equipment are shown
in schematic in Fig. 5. The requirements and hence the set-ups differ
from the low-frequency recorder in several important respects (beside
in the use of a-c tubes). Thus, the fields observable (and measureable
above the noise level) are about 10 db weaker than those which are
encountered or which can be reliably recorded on the low-frequency
equipment with the usual low-frequency static level. Observed and re-
cordable variations in Project IT are of the order of 50 db; under such

3 Commercial equipment employed in this set-up is freely mentioned by
name throughout. This equipment was chosen on the basis of ready availability
and satisfactory performance but not as the result of extended comparative

tests. In fact it is believed that comparable results should be obtainable with any
commercial equipment of good grade.
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conditions automatic recording with a linear scale is hardly feasible'
and a scale calibration at least approximately logarithmic in field in-
tensities (and hence linear in db) over the working range scems best
adapted to this problem.

In the broadcast region, considerable high-frequency gain is avail-
able all assembled in the modern a-c screen grid broadcast chassis which
only possesses the disadvantage of somewhat unsatisfactory selectivity
for the recording of the relatively weak field received at Boston from
WBBM, separated but 10 ke from the much stronger fields developed in
the vicinity of Boston by WJ%. This feature rendered the usc of double
detection and a narrow band filter to improve selectivity desirable. The
set-up shown was hence devised.

Numerous plans are available in the literature for securing wide
range scales and “automatic volume control”® but none seemed more
flexible (at the time the circuit was evolved) than that finally em-
ployed. The wide variation of gain of screen-grid tubes with screen
voltage has frequently been emphasized but the use of this character-
istic in conjunction with the Leeds and Northrup recorder to secure
wide range scales in the manner shown in Fig. 5 appears to be new.
Thus, over a considerable range of screen voltage, the gain of the stage
varies nearly exponentially with this bias (see Fig. 6) so that if the bias
is made inversely proportional to the output a logarithmic, or nearly
logarithmic output characteristic results. .

When a Leeds and Northrup recorder is utilized, this variation of
screen bias is readily secured from an additional high resistance po-
tentiometer on the same shaft as the moving potentiometer which bal-
ances the instrument. By proper poling, (see Fig. 5) this additional po-
tentiometer may be used to reduce the voltage on the screen grids of
screen-grid tubes in proportion to the increase in the reading of the
recorder. In practice the range of the scale covered may be controlled
by varying the number of screen-grid stages on which the variable volt-
age is impressed and by introducing a constant bias in series with the
screen voltage controlled by the potentiometer so that the resultant
screen-grid bias is not reduced to zero at full scale reading on the re-
corder. Such an additional bias (which is supplied in Fig. 5 by the

‘A limited degree of automatic recording was obtained in earlier set-ups by
use of linear scales and manually controlled stepped gain. A further development
contemplated the use of linear scales and automatically controlled stepped gain.
The writers believe the type of record obtained by the db scale to be fully as
significant and easier to visualize and reduce than such records. However, the
use of manual monitoring of course seriously limited the duration of the observa-
tions possible with limited personnel and funds.

- s See for example Ballantine, “Variable-mu tetrodes in logarithmic record-
ing,” “Electronics,” January, 1931.
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12,000 ohm resistance in series with the extra potentiometer) is also
necessary in order to avoid severe hunting which otherwise results at
near full scale due to the very rapid change of gain with deflection en-
countered there. In the recorder set-up shown, a nearly uniform range
of 40 db is obtained between deflections of 10 scale divisions and 90
scale divisions on the recorder with a screen bias of 60 volts at zero
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Fig. 7—View of high-frequency recorder.

deflection (zero line 10 small divisions up) and of 25 volts at full scale
deflection (90 divisions range). This calibration is indicated in Fig. 6
which shows an actual record of WBBM'’s field. The scale noted on the
left is calibrated in microvolts in the antenna. The physical appearance
of the apparatus is shown in Fig. 5.

In order to insure sufficient selectivity to avoid interference from
adjacent channels a filter with 2000 cycles pass-band width (1000
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cycles from carrier) was introduced. This of course excludes modula-
tion components above this value which would not, however, appreci-
ably change the average values recorded. The quality observed aud-
ibly in the monitor is intelligible for moderately strong fields but is of
course not good. Complete absence of interference from adjacent chan-
nels is achieved and a marked reduction in noise level attained. This no
doubt accounts for the favorable noise levels observable.

In order to secure sufficient frequency stability for the low 18-ke
intermediate frequency and narrow filter a crystal temperature con-
trolled oscillator operating at 752 ke at 50 degrees Centigrade is em-
ployed. The set-up may be and (during the daytime) is also employed
for recording WJZ on 760 ke. In this case absence of powerful inter-
ference on contiguous channels renders the selectivity obtainable in the
broadeast chassis adequate. The 17-19-ke filter is hence patched out
and the 3000—c ~ high-pass filter substituted which readily passes the
8-kc intermediate frequency used in this work.

Gain is conveniently and metrically controlled by means of the
(ieneral Radio 60-db attenuator. This makes a check possible on the
relative accuracy of readings taken at varyinginput calibration volt-
ages and allows a raising or lowering of recorded scales by any de-
sired number of decibels. This feature is identical with that incorpo-
rated in the WCI recorder and has been found extremely useful. The
very satisfactory copper-oxide rectifier and ifs associated output cir-
cuit first employed there is also preserved without essential change
in this set-up. The copper-oxide rectifier is found to be quite satis-
factory at 20 ke but would not of course be adapted for direct rectifica-
tion of broadcast frequencies because of its excessive capacitive re-
actance under such conditions. The detailed output circuit is shown.
(For further values of constants see Fig. 1.)

Absolute calibrations (in terms of microvolts in the antenna) are
obtained with the aid of the General Radio standard signal generator,
the output of which may be introduced directly in series with the an-
tenna and the set. Comparative calibrations (for testing daily varia-
tions in sensitivity) are better obtained with the generator connected
directly across the set, i.e., with the D.P.D.T. switch thrown to the
left. This reduces the input impedance to the first grid and practically
eliminates stray pick-ups due to imperfect shielding of the generator
and stray capacity effects experienced in the other method of calibra-
tion. For reasonably large input voltages the two methods check with-
in less than 1.6 db. Calibrations for low input voltages are impossible
with the series connection hecause of the effects mentioned.
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As will be noted in Figs. 5 and 8, important points in the circuit are
rendered readily available by the use of jacks for tests or special hook-
ups and the panel type of assembly is as far as possible preserved.

Checks of this set-up with observations taken at Newton Center
give an average agreement over long periods within + 20 per cent in ab-
solute field although the short period fading as observed at the two
points is quite incoherent.

The authors extend thanks to the Carnegie Institution, Department
of Terrestrial Magnetism, for yearly grants which have been utilized to
continue these observations. A nearly unbroken series is hence avail-
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Fig. 8 —Circuit diagram of high-frequency recorder.

able from February, 1926 to date. These funds were utilized in the
earlier part of the series to pay for an observer for manual monitoring
and later for the construction and maintenance of the recording appa-
ratus described above and for the reduction of the records obtained.

The series soon proved its value in establishing significant correla-
tions with certain cosmical elements® and further investigations of this
type are now in progress.

¢ G. W. Pickard, “Correlation of radio reception with solar activity and
terrestrial magnetism,” 1 and 11, Proc. I.R.E,, 15, 2; February, 1927, 15, 93
September, 1927. “The relation of radio reception to sunspot position and area,
Proc. I.R.E,, 15, 12; December, 1927. “Some correlations of radio reception
with atmospheric temperature and pressure,” Proc. I.R.E., 16, 6; June, 1928.
“Note on the fifteen-month period in solar activity, terrestrial magnetism, and
radio reception,” Proc. I.R.E., 19, 3; March, 1931. “A note on the relation of
meteor showers and radio reception,” Proc. I.R.E., 19, 7; July, 1931. “Notes on
correlation-investigations between Kennelly-Heaviside layer and lunar altitude,
Trans. Am. Geophys. Union, June, 1931.
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III. FieLp INTENSITY FROM WEV (6942.5 xC)

During the past year a grant made available from the Permanent
Science Fund administered by the American Academy of Sciences has
made possible the construction of another recorder for investigation of
field intensities in the high-frequency region. Many of the desirable
features and circuit details employed in the broadcast frequency re-
corder have been retained but certain new problems accompanied the
extension of the recording to include the higher frequency regions.
Thus, the close frequency proximity of telegraph channels in the
7-megacycle region and the great variations of recordable signal in-
tensity required extreme selectivity to be maintained and rendered the
use of double detection and amplification at a lower intermediate fre-
quency desirable. Inexpensive a-c operated high gain amplifiers of con-
siderable selectivity were available in the broadcast frequency region
already assembled in the form of broadcast receiving set chassis. This
led to the choice of this frequency region for this amplification. In order
to maintain the intermediate frequency within suitable limits, how-
ever, the use of a crystal controlled oscillator seemed desirable.

The intermediate frequency chosen (863.5 ke) required a local fre-
quency of 7806 ke to be maintained with considerable stability, and a
temperature controlled crystal was hence employed. However, as this
frequency is rather high for direct crystal operation, a crystal of 1301-
ke was employed, together with a sixth harmonic amplifier.

The circuit details for the set-up employed for this recorder in-
cluding the two-stage crystal amplifier, are shown in Fig. 8, and the
physical appearance of the apparatus is shown in Fig. 7. (It will be
noted that many of the circuits employed in the broadcast recorder
were retained in this case.) It was not considered desirable, however, to
introduce still lower intermediate frequencies which would operate
satisfactorily with the copper-oxide rectifier owing to the added com-
plexity introduced by the additional erystal oscillator required and due
also to annoyance from the increasing multiplicity of crystal harmonics
(which are usually but imperfectly suppressed by convenient shielding)
from other high gain receivers operating in close proximity. Another
method was therefore employed to permit the use of a copper-oxide out-
put circuit to the Leeds and Northrup recorder similar to that em-
ployed in the other recorders. In this case, this was accomplished by
operating the first crystal harmonic amplifier plate supply from 110-
volt a-c mains thereby introducing a large 60-cyele modulation on the
local beat frequency (i.e., 7808 ke). This resulted in a 60-cycle modu-
lation of the code signals received but (when introduced at this point)
did not, appreciably raise the inductive interference in the receiver or
introduce 2 hum in the absence of signals.
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The circuit details and operation of the recorder (as shown in Fig.
8) may, therefore, be briefly outlined as follows:

The incoming frequency (6942.5 ke) is first amplified by one stage
of radio-frequency shield-grid amplification and then combined in a
first detector tube with a modulated 7806-ke input supplied locally
from the 1301-kc crystal oscillator and its associated sixth harmonic
amplifier (with a 60-cycle modulation at the first stage’s plate supply
as already described). This modulated input is inductively coupled to
the grid circuit of the shield-grid detector circuit. The radio-frequency
amplifier and first detector were adapted from the assembly employed
by the National Company in their high-frequency receiver, i.e., tuned
circuits employing their standard 5-prong plug-in coils and ganged con-
densers (with tuner circuit) were utilized as assembled on their chassis.
Appropriate circuit modifications were of course made as indicated.
These coils are indicated in Fig. 8. The small winding indicated above
and below the main winding are auxiliary windings of the slot type.
These coils and condensers were also found convenient in the harmonic
amplifier assembly as indicated.

The beat frequency output of the first detector plate circuit is re-
sistance coupled to the grid of a “link-circuit” tube. The coupling re-
sistance is in the form of a special logarithmic resistance which was
wound to be as nearly as possible noninductive at broadcast frequen-
cies and graduated in db. While such a crude attenuator (range 0-20
db) can hardly be expected to prove highly accurate it has in practice
served as a convenient roughly metrical means of volume control. The
anticipated calibration was found to check other calibrating means
within about 30 per cent.

This link circuit was designed to permit the use of this type of
coupling and to secure added selectivity rather than for additional
gain (a slight gain is, however, realized in this stage). It also provides
an appropriate input circuit to the broadcast chassis (utilized for in-
termediate frequency amplification) and thereby shows the full se-
lectivity of the broadcast chassis preselector circuit to be utilized. A
schematic diagram of the M B 29-A National chassis is shown. It will
be noted that the input is directly to a tuned circuit rather than to an
aperiodic tube as in the case of the later designs indicated in Fig. 6. If
the broadcast chassis utilized here had employed an aperiodie tube (as
in the case of the broadcast recorder) the use of a link circuit might
have proved unnecessary as the input from the drop-wire attenuator
could then have been introduced directly on the first grid of the broad-
cast chassis. Too great a loss of selectivity was however experienced
if the preselector circuit was eliminated by introducing the slide-wire
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attenuator’s output voltage directly on the grid of the first tube of the
broadcast chassis.

As in the case of the broadecast recorder shown in Fig. 6 a nearly
logarithmic over-all characteristic is obtained for this recorder by use
of a variable screen voltage in the intermediate-frequency (broadcast)
amplifier. This voltage is controlled as in the case of the broadecast as-
sembly, from a potentiometer carried on the same shaft as the Leeds
and Northrup recorder potentiometer. The details of these circuits, and
the input circuits to the recorder follow closely those already desecribed
and are shown in detail in Fig. 8. In this case of course the input to the
copper-oxide rectifier is the 60-cycle component in the second detector
circuit resulting from the detection of the modulated intermediate fre-
quency code signal input produced as already described.

During the spring of 1931 observations were made on station WEG
on 7415 ke. Changes in operating schedules, etc., however, rendered a
change to WEV on 6942.5 ke necessary during the summer of 1931
between the time this paper was presented at the U.R.S.I. meeting in
April, 1931, and the time of its publication.

The phenomena observed on both frequencies are nearly identical
(since the transmission path is the same and the frequencies not very
different) and the results obtained during the earlier series of observa-
tions on WEG will hence be deseribed (as in the oral presentation).

For recording WEG an intermediate beat frequency of 6505, i.e.,
fifth harmonic, was used. This gave a beat frequency of 910 ke.

A typical WEG record on which the resulting scale obtained is
noted is shown in Fig. 9. This scale is calibrated in microvolts in the
antenna by means of the General Radio standard signal generator
which is adapted by plug-in coils to operate in this frequency region.
Certain further precautions are required, however, to secure a reliable
calibration at this frequency. Thus, additional shielding with a one-
point ground was required and it was found desirable to locate the
generator at about 6 feet from the apparatus and to utilize shielded
input leads.

The typical record shown in Figs. 9 and 10 admirably emphasises
the enormous changes in field from day to night produced by skip-
distance phenomena. The WEG transmitter operates on a_24-hour
schedule on a nondirectional antenna system, and through kind co-
Operation with the R.C.A. added precautions were taken to insure the
continuity of the transmission during petiods of light traffic. The enor-
mous and very rapid changes in field intensity due to Kennelly-
Heaviside layer height variations, etc., are therefore without doubt



de Mars, Kenrick, and Pickard: Automatic Recording Equipment 1633

genuine. Marked seasonal changes and correlations with magnetic
phenomena are anticipated as soon as a sufficiently long series of data
has accumulated to make statistical treatment appropriate. A more de-

tailed consideration of these records will be considered in another
paper.
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THE PROPAGATION OF SHORT RADIO WAVES
OVER THE NORTH ATLANTIC*

By

C. R. Burrows
(Bell Telephone Laboratories, New York City)

Summary—Transmission conditions for each season are shown by “surfaces”
gwing the received field strength as a function of time of day and Srequency. These
show that frequencies near 18 mc are best for daytime transmission. In summer the
best frequencies for nighttime transmission are those near 9 me. In winter an addi-
tional frequency near 6 me is required during the middle of the night. A frequency
(such as 14 mc) intermediate between the day and night Jrequency 18 useful during
the transition period between total daylight and total darkness over the path. Day-to-
day variations change the periods of usefulness of these frequencies. In particular the
period of usefulness on 14 mc sometimes extends so that it is the best daytime fre-
quency.

Transmission conditions on undisturbed days were found to be the same for the
same time of year on different years. These undisturbed transmission conditions are
presented by “normal” surfaces. Comparison of these surfaces shows that the higher
frequencies are less attenuated in winter. Reception on the highest frequency, 27 mc
was best tn winter; in summer this frequency was never heard.

The effect of solar disturbances on short-wave transmission is to reduce reception
on all frequencies. Sometimes the higher frequencies are the more adversely affected.
Some of the possible causes of these disturbances are discussed.

From the measurements made on “static” at New Southgate, data on the varia-
tion of its field strength as a function of frequency, time of day, and season are given.

INTRODUCTION

ROM the point of view of actual or potential commercial develop-
ment, there probably is no radio communication area that can
exceed the North Atlantic in importance. This applies not only
to the point-to-point links connecting this continent with the populous
countries of Europe, but also to the growing services to ships which
travel this most important sea route. A complete picture of the high-
frequency (short-wave) radio transmission characteristics of this path
is naturally of great interest but it is apparent that a comprehensive
view will require observations over a period of years. While the more
general characteristics of transmission are reproduced year after year,
important differences also occur. We cannot be entirely certain that our
picture is correct, even in a qualitative sense, without consistent obser-
vations over a long period.
This paper, therefore, is presented as a contribution toward this
more comprehensive body of data bearing on transatlantic transmis-

* Decimal classification: R113. Original manuseript received by the Insti-
tute, May 18, 1931. Presented before Sixth Annual Convention of the Institute,
June 4, 1931.
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sion. It gives quantitative measurements of the field strength from
Deal, N. J., as measured at New Southgate, l'ngland, from June, 1926
to August, 1929.

Score

Transmissions were made in rotation on several frequencies which
covered the useful range for this path. For the greater part of the time
transmissions were made throughout the twenty-four hours at intervals
of one week. On each frequency the test consisted of an identification
signal, unmodulated carrier, steady tone modulation, and intelligibility
test. At the receiver the field strength was measured, and the type and
intensity of fading were noted. The field strength of “static” was meas-
ured on each frequency during a silence period immediately after trans-
mission on that frequency.

One of the short-wave transmitters! of the Bell Telephone Labora-
tories at Deal was employed for these tests. It consisted of a crystal
controlled master oscillator with two stages of power amplification sub-
sequent to modulation. The standard radiators for these tests were in-
ductively loaded half-wave vertical antennas. At various times, how-
ever, simple directive antennas were used. In these cases the field
strength results were corrected by the use of a factor which was found
by actual experiment to represent the relative efficiencies of the two
antennas in the direction of England.

The receiver was a double detection measaring set. For some of the
early tests a field strength recorder? designed by R. A. Heising was
employed. During June, 1926, and since December, 1926, a measuring
set of greater sensitivity, developed by H. T. Friis and E. Bruce,® was
used.

The field strength data for individual days have been plotted as
shown in Fig. 1.* Each circle gives the average field strength received
during the five-minute tone period, in decibels above one microvolt per
meter for one kilowatt radiated from a half-wave vertical antenna. The
solid lines connect measured [values and the dashed lines estimated
values. These estimated values were obtained by producing a beat note
with the incoming signal and comparing this eat note with a locally
produced beat note. This local beat note had a definite relation to the

! For description of transmitter see R. A. Heising, J. C. Schelleng, and G. C.
Southworth, “Some measurements of short-wave transmission,” Proc. I .R.E,
14, 614-615; October, 1926; E. B. Ferrell, “The transatlantic short-wave trans-
mitters,” Bell Laboratories Record, 7, 497-501; August, 1929.

2 For photograph see Proe. I.R.E., 14, 617, 1926.

$ “A radio field-strength measuring system for frequencies up to forty mega-
cycles,” Proc. I.R.E,, 14, 507-519; August, 1926.

‘ The curves for individual days have been omitted for clarity and to bring
the scope of the paper within reasonable limits.
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lowest measurable signal so that the method gave the field strength
with a fair degree of accuracy. The lowest audible signal is indicated
by the narrow dashed line. This gives an upper limit to the signal
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Fig. 1—Diurnal variation of received field strength on
December 14, 1928.
strength when the signal was not heard. An arrow pointing down from
a circle indicates that the signal was below this value.
These diurnal variation curves of the received field strength are
typical of transmission over the path in winter on undisturbed days.
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Transmission conditions change with the time of year and condition of
the sun as well as with time of day as shown by the curves.

In order to show the variation with time of year, average transmis-
sion conditions for each season were obtained by grouping the data into
four seasonal periods such that the middle of each quarter was a sol-
stice or an equinox. Curves showing the average diurnal variation
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Fig. 2— Average field strength surface for June, 1926.
Db above 1 uv/m for 1 kw radiated.

of the received signal on each frequency were drawn. From these,
curves have been drawn in which the field strength is given by contours
on a coordinate system with time of day as abscissa and frequency as
ordinate.

AVERAGE TransmissioN CONDITIONS

These field strength “surfaces” (Figs. 2 to 12) show at a glance the
average transmission characteristics on frequencies within the useful
range for this path. They all have certain characteristics in common.
These are (1) the nighttime peak or plateau for the lower frequencies,
(2) the more or less level region during the daytime on the higher fre-
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quencies, (3) the early morning valley on the higher frequencies, due to
the skip effect, (4) the valley at the lower frequencies in the daytime,
due to absorption caused by excessive ionization, and (5) the “saddle”
connecting (1) and (2), and separating (3) and (4).

The character of these features changes gradually with the seasons.
The nighttime maximum (1) and the nighttime minimum (3) widen as
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Fig. 3—Average field strength surface for autumn, 1926.
Db above 1 uv/m for 1 kw radiated.

the season changes from summer to winter. On the other hand the day-
time features, (2) and (4), become narrower in accordance with the
length of day and night.

These figures show transmission conditions near a sun spot maxi-
mum. They probably are representative of transmission conditions
over this path in general, although this is not necessarily true of the
details. 4

The reader who is not interested in the detailed discussion of these
surfaces is referred to the next section on “Normal Transmission Con-
ditions,” page (1643).



Burrows: Propagation of Short Radio Waves 1639

Fig. 2 represents data taken on ten consecutive days in the month
of June, 1926. These were the transmission conditions at the summer
solstice. The early morning minimum was extremely short. This is pre-
sumably due to the fact that in summer darkness over this particular
transmission path does not extend very high above the surface of the
earth at any time during the night.® The short period of total darkness
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Fig. 4—Average field strength surface for winter, 1926-1927.
Db above 1 uv/m for 1 kw radiated.
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also results in a large daytime absorption valley. These depressions go
below the limit of sensitivity of the receiver. The field strength was
probably very much lower than minus twenty decibels within the black
regions.

The maximum field strength occurred in a region around 9 me at
2200 E.S.T. (10 p.m.). Although the field strength was lower on 18 me,
it was sufficient for telephony during almost the entire {wenty-four

8 Due to the high latitude twilight extends throughout the night during this
month for over half of the transmission path. Since points a few degrees further
north have daylight throughout the twenty-four hours at this time, the zenith
distance to the edge of the earth’s shadow is small.
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hours. This was due in part to the lower noise level on the higher fre-
quencies.

As the season progressed to autumn (Fig. 3) there was an apparent
shift of similar transmission conditions to lower frequencies. The pla-
teau on the lower frequencies was broader and extended to even lower
frequencies than those measured. Transmission during the daytime was
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Fig, 5—Average field strength surface for spring, 1927.
Db above 1 uv/m for 1 kw radiated.

also possible on lower frequencies. The skip valley was larger, the
absorption valley smaller.

The same changes are noticed in going from the autumn to the
winter quarter (Fig. 4). Here the highest field strength probably oc-
curred on a frequency below the lowest frequency transmitted. The
spring quarter of the next year (Fig. 5) was similar to that of the pre-
vious autumn.

A higher frequency was included in the tests the next year. Fig. 6,
for summer, 1927, is not directly comparable with Fig. 2, the data for
which was limited to the month of June, 1926. The fact that the latter
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represents conditions at the solstice rather than for the whole thre.e-
month period, is partial explanation of the differences shown. It will
also be observed that the maximum frequency used was greater in
1927.

Transmission conditions during autumn and winter. were not as
favorable in 1927 as in 1926. The general level of the field strengths was
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Fig. 6—Average field strength surface for summer, 1927.
Db above 1 uv/m for | kw radiated.

more than 10 db below those of the previous year as can be seen by a
comparison of Fig. 7 with Fig. 3, and Fig. 8 with Fig. 4. By the spring
of 1928 the field strengths had increased and were above those of the
previous year. (Compare Figs. 5and 9.)

The differences between surfaces for the same season for two years
are probably due to a difference in the ratio of the number of disturbed
days to the number of undisturbed days included in the averages for
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the two years. As will be shown later, the average transmission condi-
tions on undisturbed days were the same for the same time of year on
different years. The differences, then, are due to the disturbed days
that are included in these seasonal averages.

The surface for winter, 1928-1929,% (Fig. 10) is similar to those of
the two previous winters. The general level at the lower frequencies has
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Fig. 7—Average field strength surface for autumn, 1927,
Db above 1 uv/m for 1 kw radiated.

recovered to that of 1926-27 while the higher frequencies tend to hold
the 1927-1928 values. The higher frequency, 27 mc, which was included
this quarter, was received only during the period of total daylight.
In the following spring (Fig. 11) reception on this frequency was re-
duced, and in the summer (Fig. 12) this frequency was never received.

¢ These tests were temporarily discontinued during summer and autumn,
1928
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From these surfaces it is evident that there is a seasonal variation in
transmission characteristics depending upon the “exposure” of the path
to the sun. Besides these “normal” variations there are other seemingly
haphazard variations due mainly to solar disturbances. It is as if the
normal variations were modulated by changes in solar activity giving
the complicated results observed.
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Fig. 8—Average field strength surface for winter, 1927-1928.
Db above 1 uv/m for 1 kw radiated.

“NorMaL” TraNsMmIssioN CONDITIONS

We must naturally be cautious in using the word “normal.” It is
not unlikely that variations are the normal thing to expect. This view
is strengthened by the corresponding conclusion in terrestrial magne-
tism. In northern latitudes the earth’s magnetic field is “normally” in a
stage of disturbance, the fluctuations increasing as the auroral region is
approached.”
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Nevertheless, for transatlantic transmission there are a large num-
ber of days showing practically undisturbed conditions which are
properly regarded as “normal.” Average transmission conditions on
these days are shown in Figs. 13 and 14 for summer and winter respec-
tively. In selecting the normal days, those that showed a large varia-
tion from the remainder were discarded, as in selecting average data in
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Fig. 9—Average field strength surface for spring, 1928.

Db above 1 uv/m for 1 kw radiated.

precise experimental determinations. The occurrence of magnetic
storms and the passage of large spots across the central meridian of the
sun were used as guides in discarding “disturbed” days.

These figures (13 and 14) show the normal transmission conditions
over this transatlantic path during the last sun spot maximum. Trans-

7 8. Chapman, “On certain characteristics of world wide magnetic disturb-
ances,” Proc. Roy. Soc. (London), A115, 254; July, 1927.
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mission conditions on normal days probably do not change very much
from year to year although there is a possibility that the ionization of
the upper atmosphere may be different during a period of maximum
solar activity even on magnetically “quiet” days.
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Fig. 10—Average field strength surface for winter, 1928-1929.
Db above 1 uv/m for 1 kw radiated.

The fact, found by C. Chree,® that the diurnal variation of the
earth’s magnetic field on quiet days is different during a period of maxi-
mum solar activity than that during a period of minimum activity
indicates that a similar difference is to be expected in normal radio
transmission.

8 Studies in Terrestrial Magnetism, pages 160-176.
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Fig. 13 represents normal transmission conditions over the path
during summer with a fair degree of certainty. The diurnal field strength
variation curves for the individual years are very similar in shape (see
Fig. 15),° indicating that truly undisturbed days were used in the
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Fig. 11— Average field strength surface for spring, 1929.
Db above 1 pv/m for 1 kw radiated.

averages. Also the diurnal field strength variation curves for the dif-
ferent frequencies fit together to make a smooth surface (see Fig. 15),
® The spread between the curves for different years at the lower values of

field strengths indicates a change in the sensitivity of the measuring system
(transmitted power, antennas, receiver, etc.) rather than a difference between

the years.
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indicating that data were obtained on frequencies close enough to-
gether to show the characteristics throughout the frequency spectrum
explored.

This normal surface is very similar to the average summer surface
for the individual years. The skip minimum that occurs during the
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Fig. 12—Average field strength surface for summer, 1929.
Db above 1 pv/m for 1 kw radiated.

night on frequencies near 18 mec spreads out as the frequency is in-
creased until it extends throughout the 24 hours on frequencies slightly
higher than 22 me. On normal days frequencies near to 18 me are the
best for daytime transmission.!® Frequencies in the neighborhood of 9
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me have the highest fields during the night. A transition frequency
might not be necessary on the afternoon of normal summer days since
the times of high fields on 18 and 9 me overlap. In the early morning,
however, a transition frequency of 14 mc should be useful. The daytime
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Fig. 13—Normal summer field strength surface.
Db above 1 uv/m for 1 kw radiated.

absorption minimum is pronounced on frequencies lower than 13 me.
While the normal winter surface, Fig. 14, represents the major
characteristics of transmission over the path on normal winter days, the

10 Here and elsewhere throughout the paper comparisons between frequen-
cies refer to received field strengths. In the operation of a telephone circuit there
are other important factors, such as, noise, fading, and interference that are be-
yond the scope of this paper. y
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details are somewhat in doubt. Although the diurnal variation curves
for 1926-1927 and 1928-1929 are very much the same for the two fre-
quencies on which tests were made both years, namely 18.4 and 6.7 mc,
the field strengths were lower during 1927-1928 on all of the test fre-
quencies. This difference is especially marked on the higher frequen-
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Fig. 14—Normal winter field strength surface.
Db above 1 uv/m for 1 kw radiated.

cies, 21.6, 18.4, and 13.4 me. Only three of the test days were picked as
“normal” during 1927-1928, and since the field strength was reduced

on these days there probably was an after effect of disturbed conditions
even on these days.
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The field strengths on the two new frequencies, 16.27 and 10.5 me,
included during 1928-1929, were lower than the smooth surface through
the remainder of the data would indicate. In view of the fact that the
fields on the other frequencies were not reduced that year, it seems to
indicate that transmission conditions were more unfavorable for these
frequencies than for the test frequencies on either side of them. Since
this has no simple physical explanation and the data on the adjacent
test frequencies were obtained in a different year, it has been assumed
that the data is insufficient to determine these details of the surface,
and smooth curves showing the average conditions have been drawn
through the data.

The normal winter surface, Fig. 14, has the same general character-
istics as the average winter surfaces for the individual years, but the
general level is slightly higher. This figure indicates that during the
period of total daylight, transmission on the higher frequencies is better
in winter than in summer. In summer the surface goes below the — 20-
db level at about 23 mc while in winter it is still above —10 db at 28
me.!* This is remarkable since the other three regions are affected in an
opposite direction.

The nighttime skip region is much more pronounced in winter. In
summer it is only a small tongue extending about 5 mc below the high-
frequency limit of the surface to about 17 me, while in winter it ex-
tends over 18 me, from beyond the frequency range explored to about
10 me.

The daytime absorption on the lower frequencies is less in winter,
which causes this valley to be partly filled in, so that it has the same
height at 8 mc for winter that it has at 13 me for summer. In fact, nor-
mal transmission conditions during the period of total daylight are
more favorable in winter on all frequencies. The field strength on the
best day frequency is about 10 db above the summer maximum, and
the surface extends more than 6 mc further into the higher frequencies
and about 4 me further into the lower frequencies.

While transmission conditions during the daytime are satisfactory
on 18 mec in winter as well as in summer, they are also satisfactory
on lower frequencies. In fact, the period of high fields in winter is

11 Tt would be desirable to have more data on this point since the frequency
of 27 me was transmitted during only one summer and one winter. On this basis
alone it would probably be unsafe to conclude that the difference was a seasonal
effect. However, if the difference is due to some other cause than a seasonal one,
it should be evident also on 18 mc where we have data covering a period of years.
On 18 me the differences between these two periods, other than the seasonal vari-
ations, are much smaller than the differences on 27 mc indicating that this is a
seasonal variation. Also the monthly averages of the daytime field strengths on
18 mc have a minimum in summer and a maximum in winter indicating a better
transmission of the higher frequencies in winter.
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longer on 13 me than on 18 me. The higher frequency may still be de-
sirable for daytime transmission, however, due to the fact that the
atmospheric noise is lower on this frequency or for other reasons. The
lower frequency (13 mec) then becomes necessary as a transition fre-
quency between daytime and nighttime conditions.

The best nighttime frequencies are lower in winter than in summer.
The skip valley extends so far into the low frequencies that a frequency
below 9 me is required for transmission during the middle of the night.
This and the absorption valley extend so far into the intermediate fre-
quencies that the plateau is divided into three parts.

Day-to-day variations are great enough to change the best fre-
quency. Due to the difficulty of maintaining short-wave telephone
communication over this path, it is desirable to determine the best
frequency experimentally each day. Since transmission conditions grad-
ually change from day to night, this means that as transmission con-
ditions on one frequency become poor the next lower frequency is
brought into service. The operation is repeated in the reverse direction
in going from night to day. Disturbed conditions require a different
choice of frequencies. This will be discussed later.

DiscussioN

All of the main differences between the normal summer and the
normal winter surfaces can be explained by the fact that the transmis-
sion path is more exposed to the ionizing effect of ultra-violet radiation
from the sun during summer than winter.

There are two ways in which the ionization of the upper atmosphere
may cause a “skip effect.” The ionization may not be sufficient to cause
the necessary refraction, or the ionic gradient and atmospheric density
may combine to produce excessive absorption. Regardless of which of
these effects predominates, the nighttime “skip” region should be of
longer duration in winter than in summer because of the correspond-
ing length of night.

Other things being equal, the absorption on all frequencies should
be less in winter because of the lesser ionization at the lower altitudes.
On the lower frequencies this results in a smaller daytime absorption
region. As the frequency is increased, the received signal strength
should also increase until a frequency is reached where some other
effect predominates. This results in the field strengths on 12 to 20 meg-
acycles being larger in winter than in summer.

The fact that the field strength is lower in the summer than in win-
ter on frequencies above 20 megacycles, can hardly be explained on the
simple hypothesis of insufficient ionization as the cause of the “skip”
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effect since the summer maximum should then exceed that of winter.
It is apparently necessary to bring in absorption in order to explain the
difference betweentthe two surfaces. It may well be that for this region
of the surfaces, the wave never penetrates to the region of maximum
ionization. If this be so, then the fact that at noon better transmission
is obtained during winter than during summer may be explained for all
frequencies by the same assumption, namely that the ionization which
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Fig. 15—Diurnal variation of received field strength on
normal days in summer.

is necessary to produce refraction occurs in winter at levels where the
air density is less than it is in summer. In the summer the maximum fre-
quency at which a signal can be received over this path is about 23 me.
If it is proper to refer to this absence of signals at the higher frequencies
as a “skip effect,” then the explanation of this “skip effect” in the
theory held by T. L. Eckersley!? appears to be correct.*

1 Loc. cit.
12 “Short wave wireless telegraphy,” Jour. I.E.E. (London), 65, 600-644;

June, 1927; “Aninvestigation of short waves,” Jour. I.E.E. (London), 67, 1027-
1029; August, 1929.
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Di1sTURBED TrRANSMISSION CONDITIONS

The effect of solar disturbances is always to reduce the received
field strength!® below the normal values for all frequencies. Of especial
interest is the fact that the optimum frequency is often shifted to a
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Fig. 16—Field strength surface for March 1, 1929.
Db above 1 pv/m for 1 kw radiated.

lower value. In fact, the whole surface is sometimes shifted toward the
lower frequencies. The general reduction in field strength at these times
makes the selection of the best frequency especially important. An

12 C. N. Anderson, “Notes on the effect of disturbances on transatlantic
radio transmission,” Proc. .R.E., 17, 1528-1535; September, 1929; W. Wilson
and . Espenschied, “Overseas radio extensions to wire telephone networks,”
Proc. 1.R.E,, 19, 282-303; February, 1931.
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intermediate frequency, such as 14 me, therefore, finds considerable
application at these times. As pointed out previously, this frequency is
also useful at some times of year during the transition between day and
night.

An example of disturbed radio conditions is shown in Fig. 16. This
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Fig. 17—Field strength surface for February 21, 1929.
Db above 1 uv/m for 1 kw radiated.

gives transmission conditions on the day after the most disturbed day.
The nature of the disturbance can be seen by comparison with Fig. 17
which represents conditions on a normal day. The general level of the
received field strength is lowered resulting in a union of the absorption
and skip valleys.
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In the discussion of normal conditions, it was observed that the
general signal level is higher in winter than in summer during the day-
time. In other words the lower signal level is coincident with the
stronger ionization. Extending this rule to include disturbed days, it is
possibly not improper to conclude that the still lower signals then ob-
served are due to a still stronger ionization. This, in fact, is the view
usually held. It is of some interest, however, to note that these two
experimental observations are consistent with that view.

It is generally recognized that “magnetic storms,” earth current
“storms,” aurora, and the disturbed radio transmission conditions that
accompany them have their origin in the sun. The exact nature of the
solar disturbance that is responsible for the disturbed terrestrial condi-
tions, and the nature of the emanation from the sun by which these
disturbances are transmitted to the earth have not been determined
experimentally. One theory suggested by A. Schuster* and developed
by H. B. Maris and E. O. Hulburt, assumes the emanation to be
ultra-violet light. This theory postulates a flash of ultra-violet light
such as would come from a hot spot 10~ of the solar disk in size and
at a temperature of 30,000 degrees K. Such a flash would result in a
brightening of the sun in the visible spectrum equivalent to a change of
5 in stellar magnitude. That is, the spot would appear as much brighter
than the sun’s disk as a first magnitude star is brighter than the faintest
star which is visible with the naked eye. J

The only known observation of such a spot was made by R. C.
Carrington and 2. Hodgson!” on September 1, 1859. This was followed
by a severe magnetic storm. Further direct evidence substantiating the
ultra-violet light theory seems to be lacking, although the sun has been
observed for many years by numerous observers who could hardly fail
to see such an outstanding change in the sun’s brightness.

Another theory that has long been held as a possible cause of dis-
turbed terrestrial phenomena assumes the disturbing emanation from

" “Sun-spots and magnetic storms,” Monthly Notices of the Royal Aslro-
nomical Soctety, 65, 186197, January, 1905.

* H. B. Maris and E. O. Hulburt, “Ultra-violet ]ipht of the sun as origin of
aurora and magnetic stormns,” Nuturcl 122, 807-808; November 24, 1928,

. B. Maris and E. O. Hulburt, “A theory of auroras and magnetic storms,”

Phys. Rev., S2, 33, 412-431; March, 1929.

H. B. Maris and E. O. Hutburt, Proc. 1.R.E.; 17, 494-500; March, 1929.

E. 0. Hulburt, “On the ultra-violet light theory of aurorne and magnetic
storma,” Phys. Reyv., 34, 344-351; July 15, 1029.

E. "4 ). Hulburt, “The ultra-violet light theory of auroras and magnetic
storms,” Phya. Rev., 35, 15687, June 18, 1930.
. ”"“Drm-npnon of a singular appearance soen In the sun on September 1,
1859,” Monthly Notices Itoyal Astronomical Societ}/, 20, 13-15; Beptermber, 1859.

Y ““’n a curious appearance seen in the sun,” Monthly Nolices Royal Astro
nomical Society; 20, 15-16; September, 1859.
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the sun to be charged particles. This has been extensively developed
for auroras by C. Stormer!® and for magnetic storms by Chapman.?
Observations made on solar prominences, principally by Pettit,?° show
that eruptive prominences are shot out from the sun with increasing
velocity; and that velocities have been measured, before the promi-
nence became too rare for observations,which would project the matter
to the earth in approximately a day and a half. Pike? has shown that
these motions are the necessary result of selective radiation pressure.

It is fairly well established that a magnetic storm, beginning today,
establishes a probability that another will occur approximately 27 days
hence. The approximation to 27 days is close enough to indicate that
the original source of disturbance rotates substantially with the sun,
and moreover, that it must have the same approximate position rela-
tive to the earth for each magnetic storm in the series. In fact, there is
now a considerable body of evidence that this position is apt to be near
the center of the sun’s disk.?2 This strongly suggests that the radiation

18 “Cause of magnetic storms,” Comptes Rendus, 147, 733-735; October 26,
1908.

“Corpuscular theory of the aurora borealis,” Terr. Mag. and Aimos. Elec.,
22, 23-24; March, 1917; and 22, 97-112; September, 1917.

“Passage of Alpha and Beta particles through the earth’s atmosphere,”
Comptes Rendus, 170, 742-744; March 22, 1920.

19 S. Chapman, “An outline of a theory of magnetic storms,” Proc. Roy. Soc.
(London), A95, 61-83; October 7, 1918.

S. Chapman, “On the certain characteristics of world wide magnetic dis-
turbances,” Proc. Roy. Soc. (London), A115, 242-267, 1927.

S. Chapman, “Solar streams of corpuscles,” Monthly Notices of the Royal
Astronomical Socuety, 89, 456-470; March, 1929.

S. Chapman and V. C. A. Ferraro, “Electrical state of solar streams of cor-
puscles,” Monthly Notices of the Royal Astronomical Society, 89, 470-479; March,
1929.

S. Chapman, “A new theory of magnetic storms,” Nature, 126, 120-130;
July 26, 1930.

Lindeman, “Note on the theory of magnetic storms,” Phil. Mag., 38, 664-
684, 1919.

20 Since the writing of this paper, a paper by S. Chapman and V. C. A.
Ferraro on, “A new theory of magnetic storms, Part I, the initial phase,” has
appeared in Terr. Mag. and Atmos. Elec., 36, 77-97; June, 1931. This contains
an extensive bibliography on the theory of magnetic storms. E. Pettit, “The
forms and motions of the solar prominences,” Pub. of the Yerkes Obs., 3, pt. 4,
pp- 205-239 + 37 plates.

21 §. R. Pike, “The motions of gases in the sun’s atmosphere,” Monthly
Notices of the Royal Astronomical Society, 88, 3-30; November, 1927.

22 E. W. Maunder, “Great magnetic storms 1875 to 1903,” Monthly Notices
of the Royal Astronomical Society, 64, 205; January, 1904.

E. W. Maunder, “Magretic disturbances 1882 to 1903 as recorded at the
Royal Observatory, Greenwich, and their association with sun-spots,” Monthly
Notices of the Royal Astronomical Society, 65, 2-34. Maunder states that the mag-
netic disturbances themselves supply absolutely conclusive evidence that they
are due to action along definite restricted lines.

W. M. H. Greaves and H. W. Newton, “Large magnetic storms and large
sun-spots,” Monthly Notices of the Royal Astronomical Soctety, 88, 556-567; May,
1928. Page 561-—“The circumstances that 16 out of 17 very large magnetic storms
occur within 4 days of the central meridian passage of a striking solar disturb-
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is fairly directional within a certain restricted angle. The solar streamns
of Chapman’s theory are assumed by him to be directional. Radiation
pressure may be mentioned as a definite agency which will tend to
bring this about. On the other hand, it seems more difhicult to point to
a mechanism which might produce an ultra-violet beam, sufficiently
directional to explain this strong tendency to a 27-day period. It may
also be mentioned that eruptions on the sun, in which matter is seen (o
be projected toward the earth, have been photographed preceding ter-
restrial magnetic storms,® while observations on the *hot, spots” re-
quired by the ultra-violet light theory are almost entirely lacking.

FieLp STRENGTH OF “StaTICT

The atmospheric noise at New Southgate has been determined by
the same method as that by which the signal field strength is measured
The measurements show that the “static™ field strength has a diurnal
variation in phase with the diurnal variation of the signal. In other
words, the “static® is greater when the signal is received than it is when
the signal is unheard. Fig. 18 shows graphically the varistion of the
field strength of static. The top curves show the variation of the field
strength of static with frequency during the summer; curve 1 shows
the average daily maximum and curve 2 shows the average daily mini-
mum. Both the absolute magnitude and the diurnal variation of the
static field strength are less for the higher frequencies. In fact for the
highest frequencies, 18, 22, and 28 mc, there is no noticeable diurnal

ance, points to an individual connection between magnetic storms and spots. But
the 17th case is a reminder that a large storm may originate from a solar dis-
turbance which manifests itself as a small spot only, or possibly from something
which does not manifest itself as a spot at all.”

W. M. H. Greaves and H. W. Newton, *Magnetic storms and solar activity
1874 to 1927, Monthly Notices of the Royal Astronomical Society, 89, 84-92;
November, 1928.

G. W. Pickard, “The correlation of radio reception wiih solar activity and
terrestrial magnetism,” Proc. I.R.E,,15, 83-97; February,1927. Page 96—-*1 find
that, in general, reception is most affected when a spot or group of spots is near
the center of solar disc, that is, when they most nearly face the earth, although
there are exceptions.”

G. W. Pickard, “The correlation of radio reception with solar activity and
terrestrial magnetism. I11.? Proc. I.R.E,, 15, 749-877; September, 1927.

G. W. Pickard, *The relation of radio reception to sun spot position and
area,” Proc. I.R.E., 15, 1004-1012; December, 1927.

3 George Hale, *The spectroheliscope and its work,* Astrophysical Journal,
70, 309 and references given here.

H. W. Newton, “An active region on August 12, 1930,” M.V.R.A.S,, 90,
820-825. (See references given in this article.)

Royal Observatory, Greenwich, “A solar eruption on November 25, 1930,”
M.N.R.AS., 91, 239-241; December, 1930.
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variation. During the winter both the diurnal variation and the mag-
nitude of the static are less than during the summer as shown by curves
3 and 4.

At the bottom of Fig. 18, the variation of the static field strength
with time of year is plotted by frequencies. Here as before the upper
curve is the maximum of the diurnal variation and the lower curve is
the minimum of the diurnal variation.
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Fig. 18—Variation of the field strength of static.

Some of the measurements were made with directive receiving an-
tennas. This is indicated on the sketch by “par” for a receiving an-
tenna with a parabolic reflector and by “dir” for a directivé array.
While data taken with the directive antennas are for a different year
than those on nondirective antennas, the data show that there isa
definite decrease in the field strength of static due to the directivity
of the receiving antenna.

2 A small diurnal variation, if present, might not have been detected by

these tests since at times the set noise precluded a measurement of the field
strength of static.
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CONCLUSIONS

“Normal” transmission conditions over the transatlantic path in
summer are shown in Fig. 13. These indicate that frequencies near 18
me are the best for daytime transmission and frequencies near 9 mc for
nighttime. An intermediate frequency near 13 mc is required during the
morning transition period. Fig. 14 shows the “normal” transmission
conditions in winter. The skip valley is enlarged and the absorption
valley reduced, as would be expected from decreased exposure of the
path to the ionizing effect of the sun. There is also better transmission
on the higher frequencies during the period of total daylight. This
would be explained if it were found that the ionized layer were in a
region of lower molecular density in winter than in summer. In winter
the range of best day frequencies is larger, the field strengths being as
great on 13 mc as on 18 me. Other considerations may require 18 mc
for daytime transmission. A frequency near 13 mc is necessary as a
transition frequency. During the evening and early morning, fre-
quencies near 9 mc are useful, while a frequency near 6 mc is required
during the middle of the night.

Over North Atlantic paths a very careful choice of frequencies is
necessary in order to obtain the best service possible. Experience has
shown these paths to be more susceptible to disturbed solar conditions
than those farther south. The five hours difference in time at the termi-
nals and the irregular day-to-day variations contribute to the need for
frequent changes in frequency.

The effect of solar disturbances on short wave transmission over this
path is always to reduce the received signal. If the disturbance is not
too severe, better transmission results on frequencies slightly lower
than on those that would normally be employed.

The diurnal variation of the atmospheric noise at New Southgate,
England, is in phase with that of the received signal. The field strength
of the atmospheric noise is given in Fig. 18. In summer it is greater and
also has a larger diurnal variation than in winter. On the higher fre-
quencies it is smaller and has a smaller diurnal variation than on the
lower frequencies.

The author is indebted to J. C. Schelleng whose consultation he has
found extremely helpful. Acknowledgement is also due to A. G. Jensen
who was in charge at New Southgate, and under whose supervision
these data were obtained.
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LONG-DISTANCE TRANSMISSION OF
STATIC IMPULSES*

By
S. W. DEaN

(Formerly of the American Telephone and Telegraph Company, New York City)

URING the operation of the long-wave transatlantic radio-
D telephone circuit, it has been noticed that strong crashes of

static are often heard simultaneously at the two ends of the
circuit. It is not unreasonable that this should be the case as there is
considerable evidence in previous experience pointing to the propaga-
tion of static crashes over extremely long distances.!

In order to obtain an oscillographic record of such occurrences, an
effort was made on June 21, 1927, to transmit the static received at
Houlton, Maine, to New Southgate near London, where it could be
recorded on an oscillograph simultaneously with static transmitted to
New Southgate from Cupar, Scotland. In order to transmit the Houl-
ton static across the ocean with the minimum interference from local
static on the English side of the ocean, the short-wave channel from
Deal Beach, New Jersey, to New Southgate was chosen. The static
from Houlton was transmitted to Deal Beach over a telephone circuit.
The transmissions from Deal Beach were picked up directly at New
Southgate on a short-wave receiving set. The static from Cupar was
transmitted to New Southgate over a telephone line. As an additional
precaution against the effect of local static on the short-wave receiver
at New Southgate, an additional short-wave monitoring receiver was
provided at that point whose output would indicate any local crashes
strong enough to affect the receiver which was tuned to Deal Beach.

A reproduction of the oscillogram obtained is shown in Fig. 1. The
upper record represents the static received at Houlton and transmitted
across the ocean via the short-wave channel. The middle record shows
" the static received at Cupar. The lower record is that of the short-wave
monitoring receiver. Timing marks are shown on the record by dis-
placement of the short-wave spot at one-minute intervals. It should
be noted that one of these timing marks occurred during a blank inter-
val on the oscillogram and, therefore, is not shown. There were also

* Decimal classification: R113X114. Original manuseript received by the In-
stitute, May 29, 1931.

! M. Baumler, “Simultaneous atmospheric disturbances in radio telegraphy,”
Proc. I.R.E,, 14, 765; December, 1926.

The Range of Atmospherics—Report from the Committee on the Relation
between Atmospherics and Weather, of the Royal Meteorological Society.
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apparently no timing marks on the first portion of the oscillogram. The
rate of film travel determined from these marks was approximately
11} inches per minute.

Lavet from Houllen
dcopped cuddeniy

Increased Goin

increased Gain on Cupar G,

Fig. 1 Ouncillogram showing atmospherics received simultancously at Houltor,

Maine, (long-wave), Cupnr, Seotlnnd, (long-wnve); and New Southgnte,
England, (short-wave) e

An examination of the oscillogram shows a large number of simul
taneous crashes at Cupar and Houlton. Some of the most striking of
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these are marked by small x’s. The detail correspondence of some of
these records is quite remarkable. Unfortunately, the relative ampli-
tudes of the three records were not always the best, and due allowance
for this must be made in interpreting the results. For instance, on the
last part of the oscillogram the gain of the short-wave monitoring re-
ceiver was so great that the set noise produced deflections which over-
lapped the Cupar record the greater part of the time.

This oscillogram, together with previous evidence on the subject,
leaves little doubt that strong atmospheric distyrbances are often pro-
pagated 3000 miles or more

This experiment was made possible by the coéperation of the Brit-
ish General Post Office, R. A. Watson Watt of the British Radio Re-
search Board, A. G. Jensen of the Bell Telephone Laboratories, and
R. K. Potter of the American Telephone and Telegraph Company.

oo ) > O o @ -
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THE RELATION CONNECTING SKIP DISTANCE,
WAVELENGTH, AND THE CONSTANTS OF
THE IONIZED LAYERS*

By
N. H. EpEs

(Captain, Royal Signnals, Attached Roynl Canndian Signale, Camp Borden, Ont., Cnannda

Summary— Neglecting the short-range ground ray, st 13 assumed that short-
wave propagation is due to single or multiple total reflection between the earth and
one or more tonized layers in the atmosphere. For single reflection at a single layer
an equation is developed giving the wavelength in terms of the skip distance, the
height of the layer and the degree of ionization of the layer. The curve represented by
this equation is discussed.

The equation, sn conjunction with experimental deta, shows the height of the
layer which governs the skip distance in daylight to be about 230 km, and its ionsza-
tion about 7.0 X 10° electrons per cu. cm. It is thought that, in daylight, hagher layers
of greater ionization do not exist. But there may be lower ones of lesser tonization.

The theory is then applied to the case of multiple reflection in daylight. The data
lead to a value of 10.4 meters for the shortest useful wavelength for daylight work.

The case of two or more layers 1s next discussed, and erperimental data for
darkness are used, by means of the theory, to estimate the structure of the tonized
regions at night. On winter nights there appear to be at least two layers, one at a
height of about 620 km and with an fons:zation of about £X10* electrons per cu.cm,
the other at a height of the order of 40 kwn and with an ionization of the order of
3.5 X 10" electrons per cu. cm. On summer nights there is a layer at a height of about
230 km and with ionization of about 6.8 X 10° per cu. cm., and, in addition a low-
lying layer of small ionization (10 km, and 6.7 X 10° electrons per cu.cm).

DEFINITION OF SKIP DISTANCE

Y SKIP distance is meant the distance, measured along the
13 earth’s surface, from a station sending on a given wavelength,

to the place where signals first become audible. (Signals due to
the ground ray are neglected.)

Tae ProBLEM UNDER DiscussioN

The problem may be stated in either of two ways: (a) For known
atmospheric conditions, what is the skip distance associated with any
given wavelength? or (b) for the known conditions, what is the shortest
wavelength that will give readable signals at any given distance?

Put in yet another way, the paper sets out to discuss the shape of
the lower dotted curves in Fig. 7 of the author’s previous paper.

* Decimal classification: R113. Original manuscript received by the Insti-
tute, J%qpn%{IS,EhQSI.

I N. H. es, “Some experiences with short-wave wireless telegraphy,”
Proc. I.R.E., 18, 2030; December, 1930. i g

1663




1664 Edes: Skip Distance, Wavelength, and Ionized Layers

SymBoLs USeDp

i The height in km of an ionized layer above the surface of the
earth.

R=6371 Theradius of the earth in km.

N The ionization of the layer, i.e., the number of electrons per
cu. cm.

# The refractive index of the layer as compared with that of air.

e =1.59X107%° The charge on an electron, in electromagnetic
units.

m=8.97X107%® The mass of an electron in grams.

A =1.115X10° The constant 7m/10%.¢?

A Agiven wavelength, measured in meters.

z  The skip distance, in km, associated with the wavelength \. 1

Ao The wavelength in meters for which the refractive index of a
given ionized layer is zero, i.e, the shortest wavelength for
which all rays are totally reflected by the layer—even those
rays which meet the layer perpendicularly.

6  Half the angle, in radians, subtended by z at the center of the
earth.

¢ Theangle of incidence of a ray meeting the layer.

Nore: The equations in this paper need no modification if &, R,
and z are all expressed in miles, or any other unit of length, instead of
in km.

ASSUMPTIONS MADE AND RELATIONS ResvuLTING FROM THEM

A ray traveling between the earth and an ionized layer is assumed
to follow an approximately straight line. On meeting the layer it is
either transmitted, or totally reflected in accordance with the laws of
light. If totally reflected, its distance of penetration into the layer is
taken to be negligible.

The conductivity of the layer is supposed to be entirely due to the
presence of free electrons. This supposition gives:

/ 104e? : N /(A
n) = A & ST U4 R |
B el /AL =0 =/ = )
And, T
Ao = 1 N_ (2)

T Alternatively, z may be regarded as a given range and X as the shortest
wavelength necessary in order to get communication over that range.
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At the critical angle,
sing = u
A
cos¢ = V{1 — u*l (3)

Ao

[CQUATION FOR SINGLE REFLECTION AT A SINGLE LAYER
In Fig. 11let A and B be sending and receiving stations, 0 the center

354 T

e
i
!

Figz. 1—Single reflection at a single layer.

of the earth, and P the point where the ray causing communication is

reflected by the layer.
From the triangle OAP:
sing sin (6 + @) v
R  R+h
~. (R + h)sing = R(sin 6 cos ¢ + cos 6 sin @)
R sin 8
. tan ¢ 4)

R+ h — Rcosb
2R® — 2R(R + h) cos6 + 2Rh + h?
(R + h — R cos 6)*
A R+ h— Rcos?
I e ———
No v {2R*—2R(R + 1) cosf + 2Rh + h?}
Now h is, in general, small compared with R, and for a single reflection

9 is in general a small angle. Therefore, substituting cos 8 =1—0%/2!
+6t/4!— - - - ete., we get, to the second order of small quantities:

= R
I
2

Ao v/ {R®? + h* + Rhf?}

. sect¢ = 1 +tan®o
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But,
%

2R

A x? + SRh

R 4R1/{;r2<1 +—h—> + 4h2}
) R

Remembering that from (2) No=+/4/N, we see that (5) is the
required relation connecting z, \, 4, and N.

6 =

Discussion oF THE KqQuaTIion

The general form of the curve represented by (5) is shown in Fig. 2.
LRY

l
A
!

—ep

l :
‘ ) \\\ X’, A

C— x —
Fig. 2—\¢—Maximum value of \. It oceurs when z =0.
N—Minimum value of A.
z'—Value of z corresponding to A =)’
(zix;)—Point of inflection.

Consideration of the equation leads to the following table, which
will be found useful for comparing experimental results with the theory
here developed. Column I shows some of the cardinal features of the
curve; Column II shows their value as derived from (5); Column III
shows approximations for these values; and Column IV shows grosser
approximations which are often useful. p has been written for the
(usually) small ratio h/R.

Columns III and IV may be used in conjuction for comparatively
accurate calculation of the quantities concerned, by the method of
successive approximations.

It may be noted from (5) that,if we write X for 22 and A for A2
the curve connecting X and A is part of a hyperbola.

-
AN AccuRATE TRIGONOMETRICAL METHOD
Equation (4) may be written:

o=l

cot ¢ = cosec f — cot 6. (15)
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TABLE 1
T SRR D=L A s P v 3
A
o f— | See (2)
V N =l g g _
d x  SRA-=z(1+m | | %
dz iR {20+ )+l | ) I L LS
W (1+Z) l 21'(1 39) | 2 @
* : | ¥ & PR AR -
No ‘ R 1+p |
2RAh P |
2 2y@rr- (1 2 v (2RN) 8
x "1 (1 +p) ‘ v (2RN) ( 2) ‘ | (
1 5
N } ( + ) 4h(1 p) ah 9
4h 4
o (1 + p)32
‘ N / 1+p 1 '
No 2R — A Y4 A
z » | 2R'—(1 + ) | 2R 10
/ 1 \ 4 l
2 , 7 o Sl
3p. | f |
% 2 [1+42 b 2 3p 2
[} s p | ‘ .(1 + 1 — (11)
v~ |V 3 7 |1 P 3 8 3
1+ 1+ ! [
4 2 - |
O vah A |
N 3p vz-h(1 = ) V2 h \ (12
{ 3(1 +p(1+ )2 Fhi: | l
4
Ao . | ‘
Slope | —— — I Y3 XNe 3p | ¥3 Mo
at == (1 ——) —e = | 03
inflection 3\/3"1‘ § 1 +p)(1 + )2 9 h 4 g
L 2 BT =
I / 1+3p | P '
2 | S 2 l 442-R(1 = ) 4y2-R (14)
p 4V2'R 1/ < ) | . ‘

| 1+p | |

Suppose h and N (or \,) are known. For any value of z, 6 =z/2R, and
cosec 0 and cot @ can then be found from trigonometrical tables. Sub-
stituting these values in (15) we can find cot ¢, and therefore ¢. Then
\ can be found, since from (3) A =X, cos ¢.

This method involves no approximations other than those in the
trigonometrical tables.

DISCONTINUITY ON PROCEEDING TO HIGHER
OrDER OF REFLECTION

It is evident from Fig. 1 that § has its greatest possible value when
the ray leaves the sending station tangentially to the earth. From (4)
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we see that ¢ increases with increase of 6. Therefore, when the ray is
tangential, cos ¢ hasits least possible value;also 0+¢ =7/2.
But from (3), A\/A¢=cos ¢. Therefore, X has its least possible value
when the ray is tangential. This has been pointed out by Eckersley.2
Now when the ray is tangential, cos § = R/(R+h)=(1+p)!

02 04
C— = A8 o raa e, . = . 2
'+4! 1—p+0p
.’EZ
i = 0% = 2p(1 —
il p(1 — p)
e p
= 2V2RA {1 —
‘ Vai-(1- )
And,
B Nosin® = Ao/ 4 oy
== 0008(25— o SIn &= 0,1/ ’1_<R_—*-—])>‘
P
78]
/' 2h 1 +2
=)\,1/ . L
R 1+p

But these are the values of x and A (derived from (5)) for which A
is a mathematical minimum (see the Table). The mathematical mini-
mum shown in Fig. 2 therefore occurs at the range which is, physically,
the greatest that can be obtained with a single reflection. Physical
reasons therefore preclude our continuing the curve of Fig. 2 beyond
the point at which X\ is a minimum, namely the point representing
tangency between the ray and earth.*

Still considering the grazing ray, let us increase the wavelength.
The ray will be reflected, and will touch the earth at the same point as
before. Therefore for a single reflection the value of the greatest range
obtainable is independent of the wavelength. To get a greater range
we need at least two reflections. It follows that in order to extend the
curve to portray the greater ranges we must proceed in the way de-
seribed by the author when discussing the question of “best wave-
length.”? The curve will then be as shown in Fig. 3.

* T. L. Eckersley, “Multiple signals in short-wave transmission,” Proc.
[LR.E,, 18, 115; January, 1930.

* The same result may be obtained by differentiating the equation from

which we obtained (4), viz.: )
sin¢ (6 + ¢)
= sin
R R +h

d¢/d6 will be found to be positive until §+¢ =w/2, when it becomes zero. This
shows that ¢ is a maximum and A\ a minimum when the ray is tangential.

° Edes, “The multiple refraction and reflection of short waves,” Proc.
[.R.E,, 19, 1024-1033; June, 1931.
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The curve for ranges needing 7 reflections will be the last n-th
portion of the curve for single reflection with its scale along the z-axis
increased n-fold. From both mathematical and physical considerations
it is easy to show that there is the same minimum value of A (namely
\’) at the end of every stage of the characteristic.

By this method and (5) or (15) we can, if we know h and N, con-
struct the skip distance or lower wavelength characteristic for all
ranges.

- = - - , etc.

I x e
Fig. 3—Multiple reflection at a single layer.

Tug THEORY APPLIED TO RESULTS OBTAINED IN PRACTICE

In Fig. 4 are reproduced experimental curves marked (e) and (b)
obtained by the author for summer daylight and winter daylight.!
They suggest a value of about 40 for Ao.

On the same scale are plotted the curves marked (¢) and (d) given
by (5) for the values (c) ho=40, h =220, and (d) No=40, h=240. If 40
is not quite the right value for Ao we ought to increase or decrease all
the ordinates of curves (¢) and (d) in the same ratio.

The figure shows that in daylight the height of the reflecting layer
lies between about 220 and 240 km. We can get the ionization of the
layer by substituting Ao =40 in (2). This gives a value of 7.0X 10° elec-
trons per cu. em. We can calculate N\’ and z’ from (7) and (8); taking
\o as 40 and h as 230 they come to about 10.4 meters and 2100 miles.
Or we can find them from the fact that for the tangential ray cos 0
— R/(R+h). In the present case this gives 0 = 15°9’. Hence z' =2[20 can
be found. And since at tangeney N/Ao=sin 0, we get A" =40 sin 15°9.
This method gives the same figures as those from (7) and (8).

These values are in remarkably close agreement with those given
by Appleton,? Breit, Tuve, and Dahl} and Eckersley.? It is to be noted,
however, that Breit, Tuve, and Dahl, and Eckersley find a daytime

1 IJOC- C’Lt
+ E. V. Appleton, Letter in Nature, 123, 445; March, 1929.

5 Breit, Tuve, and Dahl, Proc. [ R.E,, 16, 1236; September, 1928.
2 Eckersley, loc. cit.
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layer of high ionization at a height of 340 km. The present results are
not in agreement with this. This question will be referred to later on.
The value now found for the ionization of the 230-km layer agrees well
with that in Eckersley’s table, but a pparently disagrees with that in his
diagram.$
More TuaN ONE LAYER

We must now consider what happens if there are two or more layers
at different heights and with different degrees of ionization.

For simplicity we will only deal with the case of two layers, the
higher one having a much greater ionization than the lower one.

40 T
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Fig. 4—(a)—Experimental curve for summer daylight.
(b)—Experimental curve for winter daylight.
(c)—Theoretical curve for Ao =40 h=220.
(d)—Theoretical curve for Ao =40 h =240,

Knowing ~ and N for each layer we can plot the two characteristics
P,Q, ete., and piq,paq: ete., as in Fig. 5.

Let P,Q, and pyq; cut at S. Now, except for wavelengths shorter
than that given by the ordinate of ¢,, the abscissa of S gives the great-
est range attainable by rays singly reflected by the higher layer—since
rays emitted at flatter angles than that corresponding to S are reflected
by the lower layer and never reach the higher one. This is represented

¢ Eckersley, loc. cit., p. 112 and Fig. 3 respectively.
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by the branch Sq,. For double reflection at the higher layer we must
carry out the construction already described, starting from S. This
gives us TU, which is the second half (horizontally reckoned) of PsS
with its horizontal scale doubled.

Similarly p.ge is the characteristic for double reflection at the lower
layer.

Now it will be seen that the portion TV for the higher layer is
masked by the portion Sgq, for the lower layer; while the portion p.{

=y

Fig.-5—Two layers.

for the lower layer is masked by the portion VU for the higher layer.
The skip distance curve that would be found by experiment is therefore
as shown by the full line in Fig. 5. Proceeding beyond U we get the
portion UW representing double reflection at the lower layer, and we
then come to 1'Q, representing single reflection at the higher layer of
the waves so short that they always penetrate the lower layer.

And so the characteristic can be extended. The above is merely
given as an example. The actual form of the characteristic depends on
the relative values of the constants of the layers.

If, as is possible, the characteristics do not cross, considerations of
skip distance (to which this paper is confined) will lead to the identifi-
cation of one layer only, namely the one with the smaller value of
\g, i.e., with the larger value of N. This will probably be the higher layer
of the two. The results for daylight therefore seem to conflict with
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those of Breit, Tuve, and Dahl, and of Eckersley, but not with those of
Appleton. That is, the results seem to belie the existence of a layer at
340 km, but to allow of (yet not to reveal) a layer at 100 km.

We have tacitly assumed that a ray passing through a layer is
undeviated in its course to the next layer or to the earth as the case
may be. This is approximately true only if the space between the
layersis un-ionized and the layer penetrated is thin.

It should be noted that multiple reflection between two layers can-
not take place if each layer is uniform. For if a ray has penetrated the
lower layer it will, after reflection at the higher layer, penetrate the
lower layer again.

ExPERIMENTAL EvIDENCE oF MoRE TuaN ONE LAYER

From the foregoing it is clear that the existence of a multiplicity of
layers will greatly complicate the interpretation of experimental re-
sults.

Our investigation of the results for full daylight conditions seems
to indicate that skip distance in daytime is determined by one layer
only. When, however, we examine the curves for darkness we find
that the hypothesis of a single governing layer will not fit the facts.
For instance the curve given by the author for winter darkness in
China® cannot be made to obey (5), no matter what values are chosen
for A and N. It is thought that the curve can be divided into two dif-
ferent portions representing single reflection from two separate layers;
the portions suggested are those denoting ranges from about (a) 0 to
650 miles and (b) 650 to 900 miles. Experience in China suggests a value
of about 75 meters for A\, for the higher layer (a). This, in conjunction
with the curve, suggests very roughly a value of 520 km for 4. Also
Ao=75 meters gives N=2X10° electrons per cu. cm. For the lower
layer, the portion (b) seems to have values for 2’ and A\’ of approxi-
mately 900 miles and 20 meters. These lead to A+40 km, \o= 180
meters and NV ==3.5X 10¢ electrons per cu. cm.

Thus, for winter darkness in the zone of latitude 30 to 40 degrees
North, there is some evidence for the existence of two layers, rough
estimates of the heights and ionizations being:

| 1st. Layer 1 2nd. Layer
Height (km) | 520 | 40
No. of electrons per cu. cm. l 2 X 108 ' 3:5 X 10¢

1 Loc. cit.
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The corresponding curve for summer darkness! is interesting.
From the theory in the present paper it appears that d\/dzx is always
negative. The right-hand portion of the curve is therefore open to sus-
picion. When the curve was originally plotted, fairly reliable points
had been obtained for the left-hand portion, and for the range 620
miles. For 450 miles there was evidence that \ had on occasions a value
of about 33 meters. As this point lay off the smooth curve through the
others. it was considered unreliable and discarded; and the curve was
drawn as in the previous paper here quoted. With the fuller knowledge
now acquired through investigation of the theory we see that the dis-
carded point is likely to have been approximately correct. There would

4

Fig 6.

then be a discontinuity at a range of about 450 miles. { The right-hand
portion of the curve would have a negative slope as required by the
theory, and it would represent double reflection. But, even when thus
modified, the curve cannot be made to fit (5) for a single layer. It can,
however, be explained on the hypothesis of two layers possessing char-
acteristics somewhat as sketched in Fig. 6.

The minimum at about 450 miles is considered to be due to the
lower layer. The constants of the higher layer are not very different
from those found for the daylight layer. Values of k=230, A\o=42,
N =6.3 %X 10° will be found to fit the curve tolerably well. For the lower
layer we have x’= 450 miles, A’ =23 meters. These give values of about
10 km for k, 410 meters for Ao and 6.7 X 10° for N.

1 Loc. cit.
t It appears that, for these conditions, 450 miles is one of the “unfortunate”
ranges alluded to in the author’s paper on multiple reflection. See footnote 3.
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The evidence is somewhat slender, but there is at least the sugges-
tion that in summer darkness in latitudes of 30 to 40 degrees North
two layers are operative, one of them being of low ionization and only
a few miles above the surface of the earth. The constants very tenta-
tively estimated for these layers are:

1st. Layer ,’ 2nd. Layer
Height (km) i 230 l 10
No. of electrons per cu. cm. 6-3 X 10° } 6-7 X 10°
CoNcLUsION

The theory propounded in the paper is in good agreement with the
experimental data available for daylight.

In darkness, skip distance seems to be governed by more than one
layer, and the data as yet available are insufficient to afford precise
computation of the constants of those layers, or a complete test of the
theory.

The acquirement of further data, especially for propagation in the
hours of darkness, may lead to considerable progress not only in the
art of radio communication but also in the science of geophysics.

Correction in previous paper, “The multiple refraction and reflec-
tion of short waves,” Proc. IL.R.E,, 19, 1024-1033; June, 1931.

{line 2, for 1/2z read /2
line 5, for 22/3 read x/3

Page 1026
'line 6, for (n—1/n)-d read z/n
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A CORRELATION OF LONG-WAVE RADIO FIELD INTENSITY
WITH THE PASSAGE OF STORMS*

By
I.J. WyMORE SHIEL
(Laboratory for Special Radio Transmission Research, Bureau of Standards, Washington, D. C.)

Summary— Variation in received field intensity of long radio waves i3 com-
pared with variation of temperature, pressure, and rainfall during the passing of
general storms at Washington. The results show that in general there is a definite
falling off in signal intensity in front of the advancing low. This is followed by an
increased intensily which persists from one to two days after the storm center passes.
This indicales some real relationship between received signal strength of long waves
and weather over that part df the path of the wave over which it passes shortly before
reaching the receiving station.

1. INTRODUCTION

URING some cold periods of January, 1924, a marked increase

in the received signal intensity of the Radio Corporation sta-

tions at Tuckerton and New Brunswick, N. J., was observed
at Washington.! A later comparison, covering 1924 and 1925, between
temperature and the daily signal observations of these stations indi-
cated, in general, an inverse relationship between the two which was
especially marked in winter.?

It had also been noted on many occasions that increased intensity
of European long-wave stations often accompanied or followed the fall
in temperature associated with the passage of low-pressure areas. (Fig.
1). This suggested a possible relationship between the propagation of
long radio waves and surface meteorological conditions. In order to
determine the probability of this relationship, a statistical study was
made of the daily signal intensities of some of the long-wave Furopean
radio stations which have been measured at the Bureau of Standards
for a number of years. A priori, any such correlation seemed very im-
probable, as a degree of ionization in the atmosphere sufficient to
affect cither reflection, refraction, or absorption of radio waves is
believed to exist only at heights {ar above the regions to which the
surface storms are confined.

[I. Mgrinon or UsING TiE OBSERVATIONAL MATERIAL

In this study the changes in received field intensity of certain long-
wave Furopean stations are examined in connection with the passing

¢ Decimal classification: R113.5. Original manuseript receivoed hy the In-
stitute, May 9, 1931. Publication Approved by the Diroctor of the Bureau of
Btandords of the U. B. Department of Commerce.

b L. W, Austin, Proc, 1R, 12, 681, 16024

"L, W. Austin apd 1. J. Wymore, Proc. 1.R.E., 14, 781, 1920,

1675
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of atmospheric lows, as evidenced by changes in temperature and
barometer and by rainfall at Washington, and by temperature varia-
tions at Eastport, Maine. The study includes observations covering a
six-year period from 1924 to 1929, inclusive. Since observations on
the Radio Corporation stations had already given evidence of a rela-
tionship between received field intensity and temperature variations,
after some consideration temperature drop was chosen as the primary
indication of passage of the storms. In the winter, spring, and autumn
months to which this analysis is confined, low-pressure areas are in
general preceded by rising temperature, falling pressure, and rainfall.
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Fig. 1—Signals from Bordeaux (FYL) received at Washington
during the passage of four typical storms in 1926.
In the rear of the moving storm, clear weather and lower temperatures
obtain. The greatest fall in temperature from the day before generally
indicates that the low is just passing and that higher pressures are
becoming effective. This day of greatest temperature drop was used,
therefore, as the center or zero day in the figures. Fig. 2 illustrates the
method of selecting the center days; the arrows indicate the days
chosen.

In this investigation, only those storms were considered during
whose passage subnormal temperatures were registered at Washington.
These included the majority of storms with which a drop of over 10
degrees F. was associated. For the six years under examination the
average duration of continuous subnormal temperatures was 3.4 days.
A five-day period centering on the day of the greatest temperature drop



B

Wymore Shsel: Long-Wave Radio Field Intensity 1677

is assumed to cover the time of signal variations due to the passage of
the storm. To show this relationship, temperature, and signal gradient
curves for this five-day period were drawn, and as further evidence of
the progress of the storm, a rainfall and a pressure curve for Washing-
ton were added.

Because temperature drops in summer are more likely to be due to
local causes, such as thunderstorms, the period from May 15 to Sep-
tember 15 was not included. It has been demonstrated that at times of
severe magnetic storms (No. 2 days)? the field strengths of long as well
as short waves are often disturbed for several days before and after
the storm. Therefore, all days falling on the day of any severe magnetic
disturbance, or within four days before or after, were also excluded.*
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Fig. 2—Illustrations of method of obtaining zero days.
(Arrows indicate day chosen.)

The radio stations in Europe selected for this work were those lying
in latitude 45-55 degrees N and within the frequency limits of 15 and
20 ke; Lafayette (FYL) near Bordeaux, Nauen (AGW) near Berlin,
Ste. Assise (FU) near Paris, Rugby (GBR) in England, and Kootwijk
(PCG) in Holland. The changes in field intensity of long-wave stations,
while irregular, are generally much slower than those of shorter wave-
lengths, and their periods of strong or weak signals may last for a few
hours or often for several days. Although it might be expected that the
morning signals with all daylight paths would behave differently from

3 The Cheltenham Magnetic Observatory reports magnetic conditions as
follows: 0—magnetically quiet days; 1—moderately disturbed days; 2—severely
disturbed days.

¢+ Espenschied, Anderson, and Bailey, Bell. Sys.Tech. Jour. 13,459, 1925; 1. J.
Wymore, Proc. [.R.E,, 17, 1206; July, 1929, C. N. Anderson, Proc. I.R.E., 17,
1528; September, 1929.
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those of the afternoon which come from darkness into daylight, it is
found that, in general, they rise or fall together, and, therefore, both
were used in making up the averages. Table I shows a typical month
of signal data giving the percentage deviation of the daily observations
from the monthly averages of the stations. The final average used in
the computationsis an algebraic average of the deviations of the several

TABLE 1
MaRgrcH, 1925
DEvVIATION FROM MONTHLY AVERAGE IN PER CENT
10 A.M. 3 p.M.

Day JENE FU AGW LY FU AGW Av. Change
1 * * » - T * * * i ;v T
2 +27.1 +41.2 +15.4 3 - * +27.9 + 3.8
3 +44.1 +29.4 +84.6 +37.6 +26.3 +84.6 +51.1 +23.2
4 * . * * * * * *

5 —13.5 +17.6 +50.0 +56.0 - 5.2 - 7.7 +16.2 —34.9
6 + 5.9 +29.4 +26.9 * £ s +20.7 + 4.5
7 —18.6 —17.6 - 7.7 —11.9 +42.1 +38.5 + 4.1 —16.6
8 * * Ed * * * * *

9 —18.6 —17.6 - 7.7 —11.9 +10.5 +26.9 + 3.0 - 7.1
10 — 8.5 E —19.2 —11.9 — 5.2 —42.3 —17.4 —14 .4
11 +18.6 > -17.3 +10.1 +42.1 +26.9 +16.0 +33.4
12 +27.1 — 5.9 —30.8 —17 .4 —21.1 +26.9 — 3.5 —19.5
13 —39.0 —17.6 —30.8 +37.6 — 5.2 i —~11.0 - 7.5
14 —13.5 +29.4 - 7.7 —11.9 +10.5 +15.4 + 3.7 +14.7
15 * * * * * * * *

16 + 1.7 . —19.2 — 0.9 * —19.2 — 9.4 —13.1
17 — 8.5 — 5.9 —30.8 —11.9 — 5.2 +50.0 — 2.0 + 7.4
18 , — 3.3 - 5.9 - 7.7 —56.0 —36.8 —42.3 —35.3 —33.3
19 —23.7 —29.4 - 7.7 —17 .4 —21.1 +38.5 —10.1 +25.2
20 + 5.9 -~29.4 +38.5 +21.1 * i + 9.0 +19.1
21 +52.5 ¢ +15.4 +64.2 * +26.9 +39.7 +30.7
22 " * * * Ed = * *

23 +39.8 +29.4 +15.4 +46.8 +42.1 + 3.8 +29.5 —10.2
24 + 1.7 +29.4 +15.4 —17.4 —36.8 —42.3 — 8.3 —37.8
25 + 9.6 * + 3.8 —39.5 ¥ —30.8 —14.2 — 5.9
26 -—13.5 * +15.4 +14.7 +26.3 +38.5 +16.2 +30.4
27 — 8.5 +17.6 —19.2 —44.9 —-21.1 —42.3 —19.7 —35.9
28 —49.1 —29.4 —61.5 —11.9 +10.5 —42.3 —30.6 —-10.9
29 * * * = * * * *

30 —23.7 —53.0 —30.8 —28.4 —36.8 —42.3 —35.8 — 5.2
31 + 5.9 Ly - 7.7 - 0.9 — 5.2 .8 - 7.7 +28.1

* No observations.

stations for the day. The average signal change from day to day, that
is, the difference in field intensity from one day to the next, was com-
puted from this daily average percentage deviation. (See last column,
Table I). These values were used in making up the curves for compari-
son with pressure, temperature, and rainfall. If one day’s signal obser-
vations were missing, it was assumed that the change recorded on the
following day took place uniformly over the two-day period.

The day-to-day pressure changes were computed from the 8 a.m.
(75th Meridian time) barometrie readings at Washington; the tem-
perature changes from the daily temperatures measured at Washington
and Eastport, Maine.

It was difficult in cases where the storins were separated by less
than five days to determine whether the storm preceding or the one
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following had the greater influence on the intervening observations.
Tt was assumed that the weather conditions nearest the day in question
would have the greater effect. If an observation occurred both on the
first day after one zero day and two days before another it was aver-

Average length of

TABLE I1

No. of overlapping observations

subnormal temperature Days before Days after
periods at Washington oL T o2 | Center | "~ sl TAER

st il 3l 1 2 |
- : & e - 54 i I ]

1924 3.4 31 3 2 0 2 3

1925 st [T zenedl 2 3 0 3 2

1928 3.5 | 4 3 1 0 1 3

1927 3.9 22 0 1 0 1 0

1928 3.8 [ 25 | 2 1 0 1 2

1929 2.9 31 | 4 2 0 2 4

aged in the first group and not in the second. If the observations oc-
curred on days which were removed from two center days by the same
number of days, they were used in connection_with both storms. The
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Fig. & Average daily pereentage clmngo of signal during the passago of storms
over Washington, with sgccompanying changes in pressure, temperature, and
rainfall for the yenars 1024 and 1925.

number of such overlapping observations and the days on which they
occurred, as well as the number of storins considered, are given in
Table [1. This table shows that these ovorlapping observations are too
few in number to have any marked influence on the averagoes.
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The temperature and pressure curves (2, 3, and 4 in Figs. 3, 4, and
5) are made up of the average daily changes occurring at the times of
the passing of the various storms for each year. The rainfall values
(curve 5) were weighted by multiplying by the number of days on
which rain fell. By this means emphasis was placed on general condi-
tions of storminess rather than on the total rainfall. In computing
these averages the minimum measurement (0.01 inch) was used where
a trace, an amount too small to measure, was reported in the precipita-
tion tables.
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Fig. 4—Average daily percentage change of signal during the passage of storms
over Washington, with accompanying changes in pressure, temperature, and
rainfall for the years 1926 and 1927.

There were missing signal intensity values due to the absence of
Sunday measurements and of observations on a few other days. The
daily records are complete for pressure, temperature, and rainfall.
Since averages containing the greater number of measurements are
assumed to give the truer mean, the signal values were weighted by
multiplying by the number of observations available in making up
each average.

III. DiscussioN oF ReEsuLTiNG CURVES

In Figs. 3, 4, and 5 are shown curves of the average daily change, in-
creasing or decreasing, in pressure, temperature, and signal intensity,
and the average rainfall that occurred in the five-day periods centering
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on the day of the greatest temperature drop during the storms of the
years 1924, 1925, 1926, 1927, 1928, and 1929. While they include the
majority of severe storms, these do not include all that passed Washing-
ton during these years because of the elimination of periods marked by
severe magnetic disturbance and the exclusion of those storms in which
the temperature did not fall below normal.

Curves 1, 2, 3, and 4 in Figs. 3 to 5 represent not only the relative
magnitude of change from day to day, but also the duration of this
change within the 5-day period. All values above the zero line show

INCHES

DEGREES P

SIGNAL CHANGE
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Fig. 5—Average daily percentage change of signal during the passage of storms
over Washington, with accompanying changes in pressure, temperature, and
rainfall for the years 1928 and 1929.

that, on the average, the change is upward; those below, downward.
The temperature curve is inverted to facilitate comparison. Curve 5
is composed of the relative rainfall values (midnight to midnight).

The center day, and, in most cases, the few days following, were
days with temperature below normal at Washington. These days of
falling temperature were usually, though not always, accompanied by a
rising barometer. The days preceding the center day were days of rising
temperature, which was usually well above normal and accompanied
by rainfall.

If we assume that long radio waves from Europe reach America by
a series of more or less regular reflections between the Kennelly-Heavi-
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side layer and the earth, the last reflection from the ionized layer quite
probably would oceur above a point not far from the Maine coast.

It seemed important, therefore, to obtain some idea of the weather
conditions in this region. Average curves were made of temperature
changes at Fastport, Maine, and compared with those of Washington.
Fig. 6 shows that in the majority of the storms affecting both Washing-
ton and Eastport for the whole period 1924 to 1928 the greatest tem-
perature drop in Eastport took place within 24 hours after the greatest
drop in Washington. In 1924 and 1926 (Figs. 3 and 4) the drop in East-
port came on an average on the following day.
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Fig. 6—Average daily percentage change of signal, with the temperature
changes at Kastport and Washington, from 1924 to 1928.

In all curves for the individual years (Figs. 3, 4, and 5) the rise in
signal strength after the storm is well marked. In most years, too, fall-
ing signal intensity occurs as soon as the barometer starts downward
and the temperature rises.

Except for 1927 (Fig. 4), the signal strength is rising on the day of
the maximum temperature drop at Washington (center day). The rain-
fall curve for this year reaches a maximum on zero day. This suggests
the possibility that increased static which usually accompanies rain-
storms may have influenced the observations. This does not seem
probable, however, as static is seldom high in the months considered,
and in only one curve, that of 1929, does the greatest drop in signal
intensity fall on the day of maximum rainfall. There are small varia-
tions from the course of the five-year mean (Fig. 6) in the signal inten-
sity curves for 1925 (Fig. 3) and 1927 (Fig. 4), and in the Eastport
temperature curves for 1924 and 1926 (Fig. 4). It is interesting to note
in connection with these irregularities, that the years 1925, 1926, and
1927 contained the greatest number of magnetically disturbed days

(No. 1 and No. 2) for the six years examined.
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All the curves show a marked falling-off of signal intensity one or
two days before the storm passes Washington. Judging from the pres-
sure and rainfall* curves, this decrease appears to occur in front of the
low as it approaches Washington. As soon as the low-pressure center
has passed, signal strength increases. I'or all the years examined the
maximum rise falls on the day of, or on the day after, the passing of this
center. In four of the years radio intensity begins to decrease as soon
as the barometer falls and the temperature rises. For two years, 1927
(Fig. 4) and 1929 (Fig. 5), there is still an upward trend in the signal
on the second day after the storm has passed. In 1927 this increase is
well marked, and accompanies a continued rise in pressure.

IV. CoNCLUSIONS

For long-wave radio transmission between Europe and Washing-
ton, D. C., there appears to be a decided drop in signal intensity coin-
cident with heavy rainfall, rising temperature, and falling barometer,
at the receiving station at the time of general storms, and an increased
signal intensity as the storm center passes and is followed by clear and
colder weather. This rise in intensity continues from one to two days.
"This is sufficient time for a storm to reach and pass Eastport traveling
normally to the northeast.

A peculiar indication of this study is the seemingly preponderant
effect of weather conditions on signals within a few hundred kilometers
of the receiving station at Washington, D. C. in"comparison with the
influence of the weather over all the rest of the path.

If we accept the existence of a connection between radio wave pro-
pagation in the upper atmosphere and storms which occur at the
earth’s surface, new problems present themselves to the geophysicists,
for, as Austin has pointed out in the first paper mentioned, either radio
waves are subject to large absorption in the lower atmosphere, due to
a degree of ionization not known to exist, or surface storms are in-
fluenced by conditions existing at great heights.

Grateful acknowledgement is made to W. J. Humphreys of the
U. S. Weather Bureau, whose advice contributed materially to the
preparation of the weather data. These data were kindly furnished by
the Weather Bureaus at Washington and Atlanta, Georgia.

* Dr. Humphreys has suggested that the state of dryness or wetness of the
antenna insulation may have appreciably affected the strength of reception. The
radio-frequency resistance of the antenna circuit used at this laboratory is
checked regularly. For the past five years except under extremely abnormal con-
ditions such as heavy sleet the variation from the mean antenna resistance (85
ohms) has not exceeded 9 per cent. This would result in approximately a signal
strength variation of 10 per cent, whic¢h is within the limit of accuracy of the
method. The variation in field intensity during the passage of a storm is fre-
quently from 25 to 100 per cent as shown in Fig. 1.
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side layer and the earth, the last reflection from the ionized layer quite
probably would occur above a point not far from the Maine coast.

It seemed important, therefore, to obtain some idea of the weather
conditions in this region. Average curves were made of temperature
changes at Eastport, Maine, and compared with those of Washington.
Fig. 6 shows that in the majority of the storms affecting both Washing-
ton and Eastport for the whole period 1924 to 1928 the greatest tem-
perature drop in Eastport took place within 24 hours after the greatest
drop in Washington. In 1924 and 1926 (Figs. 3 and 4) the drop in East-
port came on an average on the following day.
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Fig. 6—Average daily percentage change of signal, with the temperature
changes at Eastport and Washington, from 1924 to 1928.

In all curves for the individual years (Figs. 3, 4, and 5) the rise in
signal strength after the storm is well marked. In most years, too, fall-
ing signal intensity occurs as soon as the barometer starts downward
and the temperature rises.

Except for 1927 (Fig. 4), the signal strength is rising on the day of
the maximum temperature drop at Washington (center day). The rain-
fall curve for this year reaches a maximum on zero day. This suggests
the possibility that increased static which usually accompanies rain-
storms may have influenced the observations. This does not seem
probable, however, as static is seldom high in the months considered,
and in only one curve, that of 1929, does the greatest drop in signal
intensity fall on the day of maximum rainfall. There are small varia-
tions from the course of the five-year mean (Fig. 6) in the signal inten-
sity curves for 1925 (Fig. 3) and 1927 (Fig. 4), and in the Fastport
temperature curves Tor 1924 and 1926 (Fig. 4). It is interesting to note
in connection with these irregularii:fies, that the years 1925, 1926, and
1927 contained the greatest number of magnetically disturbed days

(No. 1 and No. 2) for the six years examined.
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All the curves show a marked falling-off of signal intensity one or
two days before the storm passes Washington. Judging from the pres-
sure and rainfall* curves, this decrease appears to occur in front of the
low as it approaches Washington. As soon as the low-pressure center
has passed, signal strength increases. For all the years examined the
maximum rise falls on the day of, or on the day after, the passing of this
center. In four of the years radio intensity begins to decrease as soon
as the barometer falls and the temperature rises. For two years, 1927
(Fig. 4) and 1929 (Fig. 5), there is still an upward trend in the signal
on the second day after the storm has passed. In 1927 this increase is
well marked, and accompanies a continued rise in pressure.

IV. CoNcLUSIONS

For long-wave radio transmission between Europe and Washing-
ton, D. C., there appears to be a decided drop in signal intensity coin-
cident with heavy rainfall, rising temperature, and falling barometer,
at the receiving station at the time of general storms, and an increased
signal intensity as the storm center passes and is followed by clear and
colder weather. This rise in intensity continues from one to two days.
'This is sufficient time for a storm to reach and pass Eastport traveling
normally to the northeast.

A peculiar indication of this study is the seemingly preponderant
effect of weather conditions on signals within a few hundred kilometers
of the receiving station at Washington, D. C. in"comparison with the
influence of the weather over all the rest of the path.

If we accept the existence of a connection between radio wave pro-
pagation in the upper atmosphere and storms which occur at the
earth’s surface, new problems present themselves to the geophysicists,
for, as Austin has pointed out in the first paper mentioned, either radio
waves are subject to large absorption in the lower atmosphere, due to
a degree of ionization not known to exist, or surface storms are in-
fluenced by conditions existing at great heights.

Grateful acknowledgement is made to W. J. Humplireys of the
U. B. Weather Bureau, whose advice contributed materially to the
preparation of the weather data. These data were kindly furnished by
the Weather Bureaus at Washington and Atlanta, Georgia.

* Dr. Humphn-yu has suggested that the state of dryness or wetness of the
antenna insulation may have anrr-rinbly affected the strength of reception. The
radio-frequency rewistance of the aptenna circuit used at this lnboratory is

checked regularly. For the past five years except under extremely abnormal con-
ditions such as heavy sleet the varistion from the mean antenna resistance (856
ohms) has not excesdad 9 por cent. ‘This would result in approximately a signal
strength voristion of 10 per cent, which is within the limit of accurncy of the
meéthod. The varistion in ficld intensity during the passage of u storm is fre-
quently from 25 to 100 per cent as shown in Pig. 1
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The temperature and pressure curves (2, 3, and 4 in Figs. 3, 4, and
5) are made up of the average daily changes occurring at the times of
the passing of the various storms for each year. The rainfall values
(curve 5) were weighted by multiplying by the number of days on
which rain fell. By this means emphasis was placed on general condi-
tions of storminess rather than on the total rainfall. In computing
these averages the minimum measurement (0.01 inch) was used where
a trace, an amount too small to measure, was reported in the precipita-
tion tables.
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Fig. 4—Average daily percentage change of signal during the passage of storms
over Washington, with accompanying changes in pressure, temperature, and
rainfall for the years 1926 and 1927.

-

There were missing signal intensity values due to the absence of
Sunday measurements and of observations on a few other days. The
daily records are complete for pressure, temperature, and rainfall.
Since averages containing the greater number of measurements are
assumed to give the truer mean, the signal values were weighted by
multiplying by the number of observations available in making up
each average.

ITI. DiscussioN oF Resurting CURVES
In Figs. 3, 4, and 5 are shown curves of the average daily change, in-

creasing or decreasing, in pressure, temperature, and signal intensity,
and the average rainfall that occurred in the five-day periods eentering
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on the day of the greatest temperature drop during the storms of the
years 1924, 1925, 1926, 1927, 1928, and 1929. While they include the
majority of severe storms, these do not include all that passed Washing-
ton during these years because of the elimination of periods marked by
severe magnetic disturbance and the exclusion of those storms in which
the temperature did not fall below normal.

Curves 1, 2, 3, and 4 in Figs. 3 to 5 represent not only the relative
magnitude of change from day to day, but also the duration of this
change within the 5-day period. All values above the zero line show
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Fig. 5—Average daily percentage change of signal during the passage of storms
over Washington, with accompanying changes in pressure, temperature, and
rainfall for the years 1928 and 1929.

that, on the average, the change is upward; those below, downward.
The temperature curve is inverted to facilitate comparison. Curve 5
is composed of the relative rainfall values (midnight to midnight).

The center day, and, in most cases, the few days following, were
days with temperature below normal at Washington. These days of
falling temperature were usually, though not always, accompanied by a
rising barometer. The days preceding the center day were days of rising
temperature, which was usually well above normal and accompanied
by rainfall.

If we assume that long radio waves from Europe reach America by
a series of more or less regular reflections between the Kennelly-Heavi-
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side layer and the earth, the last reflection from the ionized layer quite
probably would occur above a point not far from the Maine coast.

It seemed important, therefore, to obtain some idea of the weather
conditions in this region. Average curves were made of temperature
changes at Eastport, Maine, and compared with those of Washington.
IFig. 6 shows that in the majority of the storms affecting both Washing-
ton and Eastport for the whole period 1924 to 1928 the greatest tem-
perature drop in Eastport took place within 24 hours after the greatest
drop in Washington. In 1924 and 1926 (Figs. 3 and 4) the drop in East-
port came on an average on the following day.
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Fig. 6—Average daily percentage change of signal, with the temperature
changes at Kastport and Washington, from 1924 to 1928.

In all curves for the individual years (Figs. 3, 4, and 5) the rise in
signal strength after the storm is well marked. In most years, too, fall-
ing signal intensity occurs as soon as the barometer starts downward
and the temperature rises.

Except for 1927 (Fig. 4), the signal strength is rising on the day of
the maximum temperature drop at Washington (center day). The rain-
fall curve for this year reaches a maximum on zero day. This suggests
the possibility that increased static which usually accompanies rain-
storms may have influenced the observations. This does not seem
probable, however, as static is seldom high in the months considered,
and in only one curve, that of 1929, does the greatest drop in signal
intensity fall on the day of maximum rainfall. There are small varia-
tions from the course of the five-year mean (Fig. 6) in the signal inten-
sity curves for 1925 (Fig. 3) and 1927 (Fig. 4), and in the Eastport
temperature curves for 1924 and 1926 (Fig. 4). It is interesting to note
in connection with these irregularities, that the years 1925, 1926, and
1927 contained the greatest number of magnetically disturbed days
(No. 1 and No. 2) for the six years examined.
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All the curves show a marked falling-off of signal intensity one or
two days before the storm passes Washington. Judging from the pres-
sure and rainfall* curves, this decrease appears to occur in front of the
low as it approaches Washington. As soon as the low-pressure center
has passed, signal strength increases. For all the years examined the
maximum rise falls on the day of, or on the day after, the passing of this
center. In four of the years radio intensity begins to decrease as soon
as the barometer falls and the temperature rises. For two years, 1927
(Fig. 4) and 1929 (Fig. 5), there is still an upward trend in the signal
on the second day after the storm has passed. In 1927 this increase is
well marked, and accompanies a continued rise in pressure.

IV. CoNCLUSIONS

For long-wave radio transmission between Europe and Washing-
ton, D. C., there appears to be a decided drop in signal intensity coin-
cident with heavy rainfall, rising temperature, and falling barometer,
at the receiving station at the time of general storms, and an increased
signal intensity as the storm center passes and is followed by clear and
colder weather. This rise in intensity continues from one to two days.
T'his is sufficient time for a storm to reach and pass Eastport traveling
normally to the northeast.

A peculiar indication of this study is the seemingly preponderant
effect of weather conditions on signals within a few hundred kilometers
of the receiving station at Washington, D. C. in"comparison with the
influence of the weather over all the rest of the path.

If we accept the existence of a connection between radio wave pro-
pagation in the upper atmosphere and storms which occur at the
earth’s surface, new problems present themselves to the geophysicists,
for, as Austin has pointed out in the first paper mentioned, either radio
waves are subject to Jarge absorption in the lower atmosphere, due to
a degree of ionization not known to exist, or surface storms are in-
fluenced by conditions existing at great heights.

Grateful acknowledgement is made to W. J. Humphreys of the
U. 8. Weather Bureau, whose advice contributed materially to the
preparation of the weather data. These data were kindly furnished by
the Weather Bureaus at Washington and Atlanta, Georgia.

¢ Dr }Tum;»hwyn han suggested that the state of dryness or wetness of the
antenny indulation may have npvrm'iuhly nffected the strength of reception. The
radio-frequency resistance of the antenna cireuit usad at this Inboratory is
checked regulsrly. For the past five years excopt under extremely abnormal con
ditionn sueh ns heavy sleat the varigtion from the mean nntenna resistnnce (85
ohms) has not exgeeded 9 por ecent. Thin would result in npproximatiely a signal
sirength variation of 10 per cent, which ix within the limit of aceurney of the
method. Tha varlation in field intensity during the passnge of o storm is fre-
quently from 25 to 100 per cent as shown in Jig. 1
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THE GROUNDED CONDENSER ANTENNA
RADIATION FORMULA*

By
W. Howarp WiISE
(American Telephone and Telegraph Company, New York City)

Summary—Ezact formulas for the wave function and vertical electric field
at the surface of the ground are derived for a vertical dipole of zero height.

OMMERFELD'’S derivation of series developments for the wave
S function of a grounded condenser antenna! makes use of approxi-
mations based on the assumption that k? /k? =1/(e+172c\o) is neg-
ligibly small in comparison with unity. This was a legitimate assump-
tion for the long wavelengths in use at the time his paper was written.
But with a very short wave the conductivity ¢ and dielectric constant
e may be so low that kf /k? is scarcely negligible in comparison with

Fig. 1

unity. Under such conditions approximations are a source of worry and
one prefers an exact formula. It is therefore of some interest and im-
portance to derive the series without the use of this approximation.
The only limitation on the formulas here derived for use at the surface
of the ground is that the distance must be large enough for the antenna
to look like a dipole.

The electric and magnetic fields of an antenna are obtained by

* Decimal classification: R121. Original manuseript received by the Insti-

tute, April 14, 1931.
L Ann. der Phys., 28, 665, 1909.
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BOOKLETS, CATALOGUES, AND PAMPHLETS RECEIVED

Copies of the publications listed on this page may be obtained gratis by
addressing a request to the manufacturer or publisher.

A 12-page folder of mimeographed material issued by the Weston Electrical
Corporation of Newark, N. J., describes their Model 590 modulated radio-fre-
quency oscillator. The oscillator is completely shielded and has a continuously
variable frequency range from approximately 115 ke to 200 ke for testing inter-
mediate frequency amplifiers, and a second range from 550 ke to 1500 ke covering
the broadcast spectrum. A mimeographed folder of about 20 pages entitled “Ser-
vice Manual and Instructions for Weston Model 556 Type 3 Radio Set Tester”
contains test data for the use of those servicing radio receivers. “Rectifier Type
Instruments,” especially those of the Model 301 class, are described in a leaflet
by this title. An instrument for determining percentage modulation in systems
using the constant current system of modulation is described in data sheets en-
titled “Model 588 Modulation Meter.”

Engineering data sheets and technical bulletins covering various individual
tubes in the CeCo line are available in a convenient folder from the CeCo Manu-
facturing Company, Inc., Providence, R. I.

Bulletin No. 9 gives data on several new types of resistors manufactured
by the Ohmite Manufacturing Co., 636 N. Albany Ave., Chicago. Stock list No.
8 lists a more complete line of resistors manufactured by this concern.

The De Forest Radio Co. of Passaic, N. J., has recently issued a book giving
“A Quarter Century of Radio Progress,” a folder on “Transmission Audions,”
and a new price list.

Bulletin 700 of the Shalleross Manufacturing Comppany, Collingdale, Pa. is
devoted to “Kilovoltmeter Multipliers” for low current meters. Bulletin 900
describes “Shalleross Megohm Decade Resistance Boxes.” These boxes are avail-
able with a resistance of 60 megohms in steps of 1 megohm. The accuracy of
calibration is 0.1 per cent.

Bulletins 3001 and 3002 are devoted to portable amplifying and pick-up
equipment manufactured by the Radio Receptor Company, Inc., 106 Seventh
Ave., New York.

Three booklets have recently been issued by the Stenode Corporation of
America, Hempstead Gardens, L. 1., N. Y. One of these, “The Stenode,” is a
paper delivered by -Dr. James Robinson before the Radio Club of America.
“Engineering Bulletin Number One” is a 23-page booklet giving a general outline
of the stenode system, while “Quartz Crystals in Radio Receiving Circuits” deals
with the use of quartz resonators in superheterodyne receivers.

Heavy duty rheostats and potentiometers manufactured by the De-Jur-
Amsco Corporation, 95 Morton St., New York, N. Y. are described in a folder
recently issuéd by this firm.
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REFERENCES TO CURRENT RADIO LITERATURE

HIS is a montly list of references prepared by the Bureau of Standards,

and is intended to cover the more important papers of interest to the

professional radio engineer which have recently appeared in periodicals,
books, etc. The number at the left of each reference classifies the reference by
subject, in accordance with the “Classification of radio subjects: An extens’on of
the Dewey Decimal System,” Bureau of Standards Circular No. 385, which ap-
peared in full on pp. 1433-56 of the August, 1930, issue of the PrRocEEDINGS of
the Institute of Radio Engineers. The classification numbers are in some in-
stances different from those used in the earlier version of this system used in the
issues of the PRocEEDINGS of the Institute of Radio Engineers before the October
1930, issue.

The articles listed are not obtainable from the Government or the Institute
of Radio Engineers, except when publications thereof. The various periodicals
can be secured from their publishers and can be consulted at large public librar-
ies.

R100. Rapio PRINCIPLES

R111.2 Boll, M. Considérations électroniques sur l’émission radioéléec-
trique (Electronic considerations of radiation). L’Onde Electrique,
10, 251-258; June, 1931.

The classical concept of the doublet may be advantageously replaced by the idea

of an oscillating electron. It permits the calculation of the electric and magnetic fields
at all distances from the radiator as well as the radiating resistance of the latter.

R113 Anderson, C. N. Notes on radio transmission. Proc. [.R.E., 19
1150-1165; July, 1931.

Considerable data on radio transmission have been obtained the past few years in
connection with the establishment and operation of various radio-telephone services
by the Bell System. It is the purpose of these notes to present certain aspects of some
of these data which may be of interest in the development of a general physical
picture of radio transmission and in indicating the effects of disturbances accompany-
ing storms in the earth’s magnetic field.

R113.5 Pickard, G. W. A note on the relation of meteor showers and radio
reception. Proc. I.R.E., 19, 1166-1170; July, 1931.

A comparison of reception measurements with meteor showers over five-year periods
indicates an accompanying increase of night fields and a decrease of day fields. The
highest correlation appeared between monthly means of meteor hour rates and night
fields. No associated disturbance of terrestrial magnetism was found.

R113.62 Goubon, G. and Zenneck, J. Messungen von Echos bei der Aus-
breitung elektromagnetischer Wellen in der Atmosphéire (Echo
measurements of electromagnetic waves in the atmosphere). Zeits.
Siur Hochfrequenz., 37, 207-218; June, 1931.

Results of echo measurements taken over the period September, 1929, to July, 1930,
are reported. Salient features of the procedure employed include the strictly elec-
trical method of producing the jab impulses for modulating the radio transmitter,
the photographic recording of Braun tube figures at the receiving end and the method
of evaluating these figures.

R125 Gothe, A. Neuere Messungen an Kurzwellen-Richtantennen
(Recent measurements on short-wave directional antennas).
Elek. Zeits., 52, 872-875; July, 1931.
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The directional characteristics of short-wave antenna arrays for transmission and
reception were measured at close range. Effective signal increase and signal-to-noise
ratio were measured over transatlantic distances. In every case experimental results
were shown to check with theoretical calculations.

Sterba, E. J. Theoretical and practical aspects of directional trans-
mitting systems. Proc. I.R.E. 19, 1184-1215; July, 1931.

Some of the more important principles involved in the development of directional
transmitting antennas at present employed by the Bell System are discussed. Various
practical’ problems are described, including antenna tuning procedure, transmission
line adjustments, and sleet melting facilities.

Valves—The Eta series. Wireless World and Radio Review, 28,
657-660; June, 1931.

Data and characteristic curves of a representative series of British vacuum tubes
are given.

Barton, L. E. High audio power from relatively small tubes:
Proc. I.LR.E., 19, 1131-1149; July, 1931.

A method of obtaining audio outputs five to ten times the usual output of a tube
of given size is presented. This is accomplished with the same plate voltage; lower
average plate dissipation and with no serious effects on the tube, by taking advantage
of essential features of the class “B” amplifier.

Benioff, H. The operating frequency of regenerative oscillatory
systems. Proc. I.R.E,, 19, 1274-1277; July, 1931.

The operating frequency of regenerative oscillatory systems‘is quantitatively de-
rived in terms of the natural frequency, the damping constant, and the phase of the
driving force. As an example the results are used to calculate the change in rate of
a pendulum clock due to a given variation in the phase of the driving impulses. Ap-
plications to other types of systems are briefly indicated.

Arenberg, A. Systémes polyphasés a auto-excitation (Self-excited
polyphase systems). L'Onde Electrique, 10, 259-274; June, 1931.

It is shown that several ordinary vacuum-tube oscillators may be combined to
produce polyphase currents. The fundamental freqliency does not circulate in the
power supply wires of the combination but these circuits carry currents of f =g, n,
where » =fundamental frequency; » =number of phases; ¢=1, 2, 3,. . . . A number
of applications are discussed.

Nelson, J. R. High level automatic or self bias detection. Elec-
tronics, 3, 14-15; July, 1931.

The principles of self or automatic bias detection as used extensively in present
day radio receivers are explained.

Nelson, J. R. Note on radio-frequency transformer coupled circuit
theory. Proc. I.R.E,, 19, 1233-1241; July, 1931; discussion, 1281—
1282; July, 1931.

Equations considering the effects of output and distributed capacities and primary
resistance are developed for radio-frequency transformer-coupled amplifiers using
either a tuned or an untuned primary. It is shown that the amplification obtainable
with a tube and a transformer having an untuned primary may be made nearly uni-
form over a frequency range such as that covered by the broadecast band by adding
resistance to the primary to reduce the high-frequency amplification.

Langly, R. H. Tuning by permeability variation. Electronics, 3
8-10; July, 1931.

A new method of tuning radio-frequency circuits is described. The variable air con-
denser is eliminated and tuning is accomplished by gradually inserting specially pre-
pared iron cores into the radio-frequency transformers. Constant amplification and
selectivity over the broadcast band, as well as economic advantages are claimed.

Reed, M. The design of high-frequency transformers. Ezxperimen-
tal Wireless and the Wireless Engineer, 8, 349-355; July, 1931.




1694 References to Current Radio Literature

An analysis of the factors which influence the design of high-frequency transformers
is given. It is pointed out that the same considerations govern the design of both in-
terstage and antenna coupling transformers.

R142.3 Barclay, W. A. Making the most of the low-frequency transformer.
XR382.1 Wireless World and Radio Review, 29, 30-33; July, 1931; 72-74;
July, 1931.

Simplified calculations using alignment charts are suggested for selecting the proper
tube and correct turns ratio for the low-frequency transfommer-coupled stage.

R142.5 van B. Roberts, W. Capacity-coupled circuits. Electronics, 3, 20;
July, 1931.
An analysis of capacity-coupled circuits with a view of obtaining maximum ampli-
fication.
R142.5 Barclay, W. A. The variation of magnification with pitch in re-

XR363.2 sistance-capacity coupled amplifiers. Ezxperimental Wircless and
the Wireless Engineer, 8, 362—-369; July, 1931.

A purely-theoretical analysis of the frequency characteristics of resistance-capacity
coupled amplifiers.

R191 Boella, M. Performance of piezo-oscillators and the influence of the
X 537.65 decrement of quartz on the frequency oscillations. Proc. L.R.E.,
19, 1252-1273; July, 1931.

.The performance of piezo oscillators is treated on the basis of experimentally de-
termined resonance curves of the quartz and with the help of vector diagrams. The
influence of the decrement of the quartz resonator on the oscillation frequency is
examined. This study has led to the development of an arrangement which permits
the quartz to oscillate in proximity to its frequency of resonance and to reduce thereby
the influence of the decrement on frequency to about 1,10 of that usually found.

R200. RaApio MEASUREMENTS AND STANDARDIZATION

R210 Schiffer, W. and Lubszynski, G. Measuring frequency characteris-
X 535.38 tics with the photo-audio generator. Proc. I.R.E., 19, 1242-1251;
XR350 July, 1931; Elek. Nach. Technik, 8, 213-217; May, 1931.

An audio-frequency generator for frequency measurements is described. Greater
simplicity, better wave form and continuous frequency range are some of the ad-
vantages claimed over the conventional vacuum-tube generator.

R210 Nancarrow, F. E. Frequency measurement in the British Post

Office. The Post Office Electrical Engineers’ Journal (London), 24,
155-159; July, 1931.

The tuning fork frequency standard of the British Post Office is described as well
as methods used in comparing and measuring low, medium, and high frequencies.

R212 Whitehead, C. Calibrating ultra-short wave receivers employing
super-regeneration. Experimental Wireless and the Wireless Engi-
neer, 8, 370-371; July, 1931.

A Lecher-wire system of suitable dimensions is coupled to the oscillating detector
circuit and a meter is connected in the output of the receiving set to indicate the posi-
tion of successive nodes which are located by means of a short-circuiting bridge, at
intervals of /2 along the length of the Lecher system.

R214 Brown, S. L. and Harris, S. Measurement of temperature coefficient
and pressure coefficient of quartz-crystal oscillators. Review of
Scientific Instruments, 2, 180-183; March, 1931.
A method of measurement is used whereby variation in frequency of a high-fre-
quency oscillator can be measured to a fraction of a part in a million. The temperature

effect 1s of the order of 20 parts per million per degree C while the pressure effect is
of the order of 6 parts per million per atmosphere.

. 2
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Goodlet, B. L.; Edwards, F. S.; and Perry, F. R. Dielectric phenom-
ena at high voltages. Jour. I.E.E. (London), 69, 695-738; June,
1931.

Discusses the breakdown of air, oil, and solid dielectrics by normal, impulsive, and

high frequency voltages. A large amount of original numerical data is given, covering
the entire range of voltages up to 1 million volts.
Frithauf, H. Die Messung des Dampfungswiderstandes von Hoch-
frequenzschwingungskreisen mit Hilfe der Dynatronschaltung
(Measuring the damping resistance of high-frequency oscillatory
circuits by means of the dynatron). Zest. fir Hochfrequenz., 37,
229-234; June, 1931.

The use of the dynatron principle in measuring the damping resistance of oscillatory
circuits is outlined. Several other practical measurements that may be accomplished
with the dynatron circuit are mentioned.

Colebrook, F. M. Thermo-junctions at high radio frequencies.
Ezxperimental Wireless and the Wireless Engineer, 8, 366-361; July,
1931.

An investigation of mutual consistency of thermojunction milliammeters was made
by comparing them with a special vacuum-tube milliammeter over the frequency
range of 0 to 107 cycles/second. The maximum mutual error was about 5 per cent
and most of the variation occurred over the range 10¢ to 107 cycles per second.

Smith-Rose, R. L. Testing wireless receivers. Wireless World and
Radio Review, 28, 636—638 and 653-655; June, 1931.

Standardized tests of broadeast radio receivers are sugzested for England.

Olney, B. Notes on loud speaker response measurements and some
typical response curves. Proc. I.R.E., 19, 1113-1129; July, 1931.

The difficulties in loud speaker measurements are briefly reviewed and a description
of the acoustic features of both indoor and outdoor measuring systems are given. The
interpretation of loud speaker response curves is digcussed.

Field strength measurements of short-wave transmissions. Mar-
coni Review, No. 30, 1-12. May—June, 1931.

_An analysis of the results of a series of systematic measurements of short-wave
signal intensities made at the Marconi Research Laboratories at Chelmsford over the
period October, 1930, to January, 1931.

Barringer, L. E. Mycalex—A molding material with unique prop-
erties. General Electric Review, 34, 406-409; July, 1931.

The unique properties of mycalex are enumerated and a table of comparative
properties of mycalex, wet-process porcelain, and transparent fused-quartz 1s given.

R300. RAp10 APPARATUS AND EQUIPMENT

Hatry, L. W. Anti-noise receiving aerials. Modern Radio, 1, 7-11;
July, 1931.

Proved methods of eliminating man-made electrical interference from receiving
antennas are described.
Tubes for generating eighteen-centimeter waves. Electronics, 3, 4;
July, 1931.

. A brief description of the characteristics and construction of the vacuum tube used
in the recent radio telephone experiments using wave-lengths of the order of eighteen
centimeters.

Reich, H. J. A periodic contactor operated by a neon-tube oscilla-
tor. Review of Scientific Instruments, 2, 164-170; March, 1931;
234-236; April, 1931.
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A simple device, capable of closing a circuit periodically at any desired frequency
and holding it closed for any desired fraction of a eycle is described.
Telephone transmitting equipment on board the “Homeric.”
Marconi Review, No. 30, 23-28; May-June, 1931.

A description is given of the short-wave telephone transmitters recently installed
on the “Homeric” and “Empress of Britain.” These transmitters are similar to that
originally designed for use on Marconi's yacht, the “Elettra” and equipment of
similar design is now being employed on the Rome-Sardinia duplex circuit operating
at A =9.87 meters and A =9.77 meters.

Developments in the use of very short radio waves. The Post
Office Electrical Engineers’ Journal (London), 24, 152-154; July

1931.

The equipment used for ultra-high-frequency (A =18 c¢m) telephony across the
English Channel is briefly deseribed.
Dixon, E. J. C. Frequency control equipment of Post Office short-
wave transmitters. The Post Office Electrical Engineers’ Journal
(London), 24, 159-164; July, 1931.

Piezo-electric frequency control equipment used by the British Post Office is de-
scribed in detail.

David, P. Générateur de F. E. M. étalonnées sur ondes courtes (A
generator of standard e.m.f.’s at high frequencies). L’Onde Elec-
trique, 10, 233-250; June, 1931.

A type of standard generator is described. It furnishes known em.f.’s from one
microvolt to one volt at wave lengths from 10 to 100 meters with a precision of the
order of 5 per cent.

Dinsdale, A. Remote tuning control systems. Wireless World and
Radio Review, 28, 646-650; June, 1931.

Three devices for remote tuning control are described. All three employ synchron-
ous motors and are marketed by American concerns.

R400. Rapto COMMUNICATION SYSTEMS

Cowan, F. A. Overseas radio telephone service. Electrical Engineer-
ing, 50, 476-477; July, 1931.

A brief account of some of the more recent developments in radio telephone sys-
tems between North American and other countries.

Whiting, H. G. Der Kurzwellen-Fernsprechsender in Rughy. (The
short-wave radio telephone transmitter at Rugby). Elek. Zeits., 52,
895-898; July, 1931.

A detailed semitechnical description of the translantic radio telephone transmitter
at Rugby is given.

R500. ArrLicaTiONs OF RaDbIO

Hinman, W. S., Jr. Automatic volume control for aircraft radio
receivers. Bureau of Standards Journal of Research, 7, 37-46; July,
1931. Bureau of Standards Research Paper No. 330.

An automatic volume-control device is described for use primarily in the reception
of visual type radio range beacon signals, the device being easily applied to existing
aircraft radio receiving sets. This device operates on the output voltage of the radio
receiver, and is provided with a filter unit to prevent operation of the automatic
volume control by signals other than those from the range-beacon. The controlling
voltage is derived from the output of the radio receiver, part of which is rectified
and then applied as negative bias to the radio-frequency amplifier. The automatic
volume control maintains a substantially constant output voltage for input voltage
variations of the order of 5000 to 1. A distance indicator, operating in conjunction
with the automatic volume-control device, is provided to serve as a gauge of distance
from the transmitting station,
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Eisner, F.; Sudeck, G.; Schréer, R.; and Zinke, O. Ver grésserung
der effektiven Héhe von Flugzeugschleppantennen (Increasing the
effective height of airplane trailing-wire antennas). Zeits. fir
Hochfrequenz., 37, 211-229; June, 1931.

The conventional trailing-wire antenna was found to be a poor radiator when com-

pared with the newly developed L-type trailing wire. Comparative experimental re-
sults are reported.

Dunmore, F. W. A course indicator of pointer type for the visual
radio range-beacon system. Bureau of Standards Journal of IRe-
search, 7, 147-170; July, 1931. Bureau of Standards Research
Paper No. 336.

A form of tuned-reed radio range beacon course indicator called a reed converter
is described, in which the course indications are not given by observing the two reed
motions as heretofore, but by means of a zero-center pointer type indicating instru-
ment. The motion of the two reeds generates small alternating voltages, which when
rectified by oxide rectifiers and passed in opposing polarities through the zero-center
indicating instrument, serve to give course indications by the deflection of the indicat-
ing instrument needle in the direction of deviation of the airplane from the course.

Davies, G. L. Theory of design and calibration of vibrating-reed
indicators for radio range-beacons. Bureau of Standards Journal
of Research, 7, 195-213; July, 1931. Bureau of Standards Research
Paper No. 338.

This paper gives a general treatment of the theory of design of vibrating-reed in-
dicators, which was developed in connection with measurement and design work on

the tuned-reed course indicator for the aircraft radio range beacon. The equations
and conclusions may be readily adapted to apply to any similar vibrating system.

Marconi portable picture apparatus. Marconi Review, No. 30;
13-22; May—June, 1931.

The Marconi portable transmitting and receiving apparatus has been designed to
provide means of a semi-portable nature, to enable rough sketches, maps, weather

charts, and the like to be transmitted by wireless from the air to ground or between
two ground stations.

Tracing balloon drift by wireless—Super midget radio transmitter.
Wireless World and Radio Review, 28, 603; June, 1931; Electronics,
3, 21; July, 1931.

A miniature one-pound radio transmitter attached to meteorological balloons
makes it possible to trace the latter by means of radio direction finders.

R&800. NoNRADIO SUBJECTS

Prindle, E. J. Single Patent Appeal Court is proposed. Electrical
Engineering, 5, 502-506; Section 1; July, 1931.

Outlines the foundation for a proposed single U. S. Court of Patent Appeals which
would be second only to the U, S. Supreme Court and would abolish t%e duplicate

and conflicting efforts of the ten district courts in patent matters. Full text of the
proposed House of Representatives bill is given.

Ruff, H. R. The photo cell. Wireless World and Radio Review,
29, 2-4; 39-42; July, 1931.

The f)rincip_les and properties of photo-electric cells are explained and some of the
manifold applications of such cells are enumerated.

Gray, T. S. A photo-electric integraph. Journal of the Franklin
Institute, 212, 77-102; July, 1931.

. A machine for the purpose of facilitating mathematical solution of problems requir-
ing the evaluation of anintegral, in which the integrand involvesa variable parameter
is described. It involves the use of an optical system in which the transmission of
light is limited in o definite manner by apertures having the shape of the area under
curves representing mathematical functions.
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Zworykin, V. K. Photocell theory and practice. Journal of the
Franklin I'nstitute, 212, 1-41; July, 1931.

A comprehensive treatment of photo-eleetrie cells, including history, methods of
preparation, and applications. S8ound-picture and television systems are described in
detail and other applications such as contactless relays and reading aids for the blind
are mentioned.

Davies, L. J. Photo cells and thyratrons. Electrician (London),
106, 936-938; June, 1931.

The characteristics of typical photocells and thyratrons are tabulated and discussed.
Some of the manifold applications of these electronic devices are enumerated.
Wyeth, C. A. Photo-tube circuit design for sound pictures. Elec-
tronics, 3, 22-23; July, 1931.

The potassium caesium, selenium, and photolytic types of photo-tube are described
‘and their suitability for use with various possible circuit arrangements in sound-
picture reproduction is discussed.

Ide, J. M. Measurements on magnetostriction vibrators. Proc.
IL.R.E, 19, 1216-1232; July, 1931.

The study of electromechanical vibrating systems through the measurement of
motional impedance was undertaken. The effect of polarizing field, diameter of rod,
heat treatment, alternating field, and inductance of exciting coil, on the vibratory
characteristics of magnetostrictive resonators are discussed.

Esau, A. Uber den Quereffekt der Magnetostriktion (On the
transverse effect of magnetostriction). Physikalische Zeit. 32,
483-485; June 15, 1931.

The transverse effect is derived mathematically from observed longitudinal and
volume effects and is to be compared with direct measurements that are in progress

Mirick, C. B. and Wilkie, H. Temperature rating of engine driven
aircraft radio generators. Proc. I.LR.E., 19, 1175-1183; July, 1931.

Previously described methods of temperature measurement and computation are
applied to engine driven aircraft radio generators in flight. Observed and computed
heating curves are shown from which an emission constant for this type of machine
has been derived.

Raven-Hart, R. Electronic musical instruments. Elecironics, 3,
18-19; July, 1931.

A résumé of recent European developments in electronic musical devices and a
description of some of these instruments that were on display at the International
Electronic Music Congress in Munich.
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Proceedings of the Institute of Radio Engineers
Volume 19, Number 9 September, 1931

CONTRIBUTORS TO THIS ISSUE

Austin, L. W.: Born October 30, 1867 at Orwell, Vermont. Received
A.B. degree, Middlebury College, 1889; Ph.D. degree, University of Strassburg,
1893. Instructor and assistant professor, University of Wisconsin, 1893-1901.
Research work, University of Berlin, 1901-1902. With Bureau of Standards,
Washington, D. C., since 1904. Head of U. 8. Naval Research Laboratory, 1908
1923; chief of Radio Physics Laboratory, 1923 to date. President, Institute of
Radio Engineers, 1914; served on Board of Direction, 1915-1917; awarded Medal
of Honor, 1927. Associate member, Institute of Radio Engineers, 1913; Member,
1913; Fellow, 1915.

Blair, William R.: Born November 7, 1874 in County Derry, Ireland. Gradu-
ated, Kansas State Normal School, 1895. Received B.S. degree, University of
Chicago, 1904; Ph.D. degree, 1906. Entered government service, 1906; research
director in charge upper air research, U.S. Weather Bureau, 1907; Physical
Laboratory, 1910; executive office, charge Mt. Weather Observatory, Virginia,
1912-1914; professor of meteorology, U. S. Weather Bureau since 1915; commis-
sioned major, N.A., 1917, and assigned to Aviation Corps with A.E.F. in France;
signal corps, 1918; lieutenant-colonel, 1919; major, regular army, 1921; chief of
research and engineering division, office of chief signal officer, Washington, 1927-
1930; officer in charge, signal corps laboratories, Fort Monmouth, N. J., 1930 to
date; member, technical subcommittee, International Commission for Aerial
Navigation, International Wireless Commission, Paris, 1919; meteorologist for
world flight, 1924; member, International Radio Conference, Washington, 1927.
Nonmember, Institute of Radio Engineers.

Bock, Ashley P.: Born July 23, 1897 at Chesterton, Indiana. Received B.S.
degree, Michigan State College, 1920. Student engineer, General Electric Com-
pany, Fort Wayne Works, 1920-1922. Manager, radio retail organization, 1922
1925. Radio engineering department, transmitter division, Westinghouse Elec-
tric and Manufacturing Company, 1925-1930; in charge, aircraft radio equip-

ment section, 1930 to date. Associate member, Institute of Radio Engineers,
1927; Member, 1930.

Burrows, C. R.: Born June 21, 1902 at Detroit, Michigan. Received B.S.
degree in E.E., University of Michigan, 1924; A.M. degree in Physics, Columbia
University, 1927. Radio research department, Western Electric Company,
1924-1925; Bell Telephone Laboratories, 1925 to date. Associate member,
Society of Sigma Xi, 1924. Student member, A. 1. E. E., 1923, associate, 1925.
Associate member of the Institute of Radio Engineers, 1924.

Dean, S. W.: Born August 29, 1897 at Cambridge, Massachusetts. Received
A.B. degree, Harvard University, 1919. Cutting and Washington, Inc., 1917; en-
sign, U. S. Naval Reserve Force, 1918; Radio Corporation of America, 1919—
1925; department of development and research, American Telephone and Tele-
graph Company, 1925 to 1931, working chiefly in connection with long-wave
transatlantic radio receiving systems. Junior member, Institute of Radio Engi-
neers, 1914; Associate, 1918; Member, 1926. Died January 8, 1931.

de Mars, Paul A.: See ProcEEDINGS for January, 1931.

Dunmore, F. W.: See ProcEEDINGS for April, 1931.
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THE TELEPHONE HAS

LIVING

IDEALS

THE Bell System is chiefly people.
‘There is four billion dollars’ worth of
telephone buildings and equipment but
what makes these dead things live is
the organization, the skill and the
ideals of the people who operate this
vast plant.

The System’s ideals of service are
reflected through the employees in 2+
regional operating companies. Each
company is adapted to the needs of its
particular area. Each takes advantage
of the improvements developed by the
5000 members of the Bell Laboratories
staff. Each avails itself of the produc-
tion economies of Western Electric,
which manufactures equipment of the
highest quality for the whole System.
Each makes use of the general and

technical staff work done by American
Telephone and Telegraph.

The spirit of the people comprising
this organization is also shown in the
attitude of the System toward its busi-
ness. Its policy is to pay a reasonable
dividend to stockholders; to use all
other earnings to improve and widen
the service. There are more than
600,000 American Telephone and
Telegraph Company stockholders . . .
and no one person owns so much as
one per cent of the stock.

The ideals of the Bell System are
working in your interest every time
you use the telephone. Through them,
you get better and better service and
constantly growing value for your
money.

* AMERICAN TELEPHONE AND TELEGRAPH COMPANY *

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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SPECIAL ITEMS FOR
RADIO MANUFACTURERS

s e |

"
) Readily adaptable to
: other specifications ~
No. 7280A No. 7260A
3 gang, 4 positions 3 gang, 2 positions
single circuit 2 circuits

No. 7150A No. 7120A No. 7220A k
5 positions, 2 circuits Combined Acoustic and mut- 12 positions, single circuit
ing switch 2 or 3 positions

Terminal Strip Terminal Strip
5 Lugs No. 6880A, 4 lugs No. 6990A 4 Clips, No. 6830A
Terminal Strip Terminal Strip
5 Lugs, No. 6950A .5 Clips, No. A6310AA, 4 Clips No. A6320AA

NON-INDUCTIVE
1 Watt Dissipation

FIXED RESISTORS
ALL VALUES

1030A

After many months of development we announce the perfection
of a new process whereby we can give you closer limits and abso-
lutely permanent values at a large saving. Perfectly noiseless.

SORENG - MANEGOLD CO.

771 Mather Street, CHICAGO, ILL.

1646 W. Adams St. 701 Stephenson Bldg. 243-5th Ave.
Los Angeles, Cal. Detroit, Mich. New York City

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

_>—




For Every Electrical Service

W here Condensers Are Used

If you have any problem involving
the application of condensers, con-
sult us. We are specialists in the
production of condensers for every
known application, Cornell experi-
ence and Cornell service are at your

disposal.

i The condenser illustrated here is the h
famous Cornell “Cub” Condenser
now used by more than a hundred
radio  set manufacturers in the
United States and Canada.

Let us know your requirements. Our
Engineering Department will glad-
ly extend their cooperation for the
solution of your particular condenser
problem,

Cornell Electric Mfg. Co., Inc.

LONG ISLAND CITY, NEW YORK

Filter Condensers—By-Pass Condensers—Radio In-
terference Filters—Power Factor Correction Banks
Uniformly High Insulation Resistance—Paper Dielec-
tric Condensers (All Types)—Resistors (All Types)

e ——

AL V0 0, e 7
4 7 bl

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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WRITE for data on
Burgess Radiovisor
Bridge and its basic
applications to con-
trol of circuits, Our
engineers will gladly
co-operate on light-
control problems,

B Prorto-ELEcTRIC

ART IN OVERALLS

B Redlizing the limitations of the

usual photo-electric cells, with their elab-

orate, delicate and costly associated

equipment, the technicians of England,

Germany and America have collaborated

in the development of a new and practical

art for everyday use. The foundation of

that new art is the

BURGESS
RADIOVISOR®
BRIDGE

A thoroughly tested Eng-
lish development in light-
sensitive cells, combining
simplicity, ruggedness
and long life for an en-
tirely new conception of

light control of electrical

circuits. This development
is now offered for the first
time to engineers, manu-
facturers and experimen-
ters of the United States
and Canada by the Bur-
gess Battery Company.

BURGESS BATTERY COMPANY

RADIOVISOR DIVISION

® Reg. U. S. Pat, OF. 295 MADISON AVENUE NEW YORK CITY

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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A\
UNUSUALLY
ADAPTABLE

Balancing
Condenser

The unusually adaptable design of the CARDWELL con-
denser affords a variety of types and sizes obtainable no-
where else, an invaluable aid to the research engineer.

To those “in the know,” thousands of
special condensers, receiving and trans-
mitting, representing over 1500 varia-
tions of our standard line have been
supplied for research and experimenta-
tion as well as for commercial adapta-
tions.

May we send our literature? Counterbalanced

nit

el > @< G <

CARDWELL made-to-order apparatus is well known for
its excellence. We solicit your proposals. Our estimate on
your requirements puts you under no obligation to us.

o el > @ < G e

CARDWELL CONDENSERS

AND

MANUFACTURING SERVICE

The Allen D. Cardwell Mfg. Corp'n

\ 93 Prospect Street, Brooklyn, N. Y. /

When writing fo advertisers mention of the PROCEEDINGS will be mutually helpful.
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NEW FEATURES
FOR NEW TRENDS!

Ever alert to today’s trend toward com-
pactness and economy, Cinch now of-
fers a Midget Radio Socket. Smaller in
size . . . saving space. Lower in price

. . saving approximately 10% in cost
over our regular size socket. 115"
mounting centers, 1 7/16” wide. Made
from 3/64” as well as the regular 1/16”
bakelite. Regular size Cinch Sockets

also provide this additional economy.

4

Investigate the complete Cinch line . . .
and present Cinch prices. Let our tech-
nically trained staff help you solve your
problems. Ask for samples and full de-

tails?!

CINCH

MANUFACTURING CORP.

CINCH 2335 W. Van Buren Street, Chicago
SOLDERING-LUGS

CINCH PRODUCTS SERVE BETTER!

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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The Hammarlund
LF. tuning condensers showing
Isolantite products in mounting
base.

NOTHER manufacturer of high quality condensers
for application in super-heterodyne circuits uses Iso-
lantite ceramics exclusively in their devices.

The Hammarlund Manufacturing Company has long
received engineering approval of their products because
of their high order of technical excellence. They preserve
the high standards for insulating material entering the as-
sembly of these important intermediate frequency tuning
condensers by using ceramic products by Isolantite.

They know that the use of Isolantite products eliminates
all doubt concerning the stability of insulation, even in
the face of severe climatic conditions prevailing during the

sumimer season.

They are sure that, in the use of Isolantite products, low
power factor in their condensers is readily achieved and is
undisturbed by sudden changes in temperature. Their cus-
tomers recognize the merit of the high grade ceramics
which Isolantite, Inc. alone has specialized in producing ex-
clusively for the radio industry.

Isolantite Ine.

Belleville New Jersey

When writing to advertisers mention of the PROCEEDINGs will be mutually helpful.
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new visual test set

NTER more than ten years’ experience in the develop-
mentandthe practical applicationof Visual Test Equip-
ment, we are pleased to announce the new RCA Victor
Visual Test Set, Type TMS-34, an instrument with the
following paramount advantages:

Great Flexibility |

It may be used for both test and alignment of completed Inter-
mediate Frequency Amplifiers, and individual transformers,
and in addition for the test of capacitors and inductors over a
wide range of values.

Wide Frequency Range
From 40 to 1500 K. C.

Speedy, Simplified Operation
Complete resonance curve is visible on the screen at all times.
Simplified design and sturdy construction make it ideal for
use both on the production lines and in the laboratory.
A photographic attachment for obtaining permanent records
is available at a small additional cost.

For prices and information address

INDUSTRIAL PRODUCTS SECTION

RCA Victor Company, Inc., Camden, N. J.

A Radio Corporation of America Subsidiary

100 West Monroe Street ' 235 Montgomery Street

Chicago I\ e g San Francisco

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

ANNOUNCE A NEW

MIDGET CONDENSER

Specially made for manufacturers of
MIDGET TRI-SHORT WAVE AND
SUPER-HETERODYNE RECEIVERS

DeJur-Amsco again meet the midget set manufacturers’ new
requirements with a new, smaller and better midget condenser

with the following
NEW FEATURES

New Curve for Uniform Kilocycle Separation

Smaller Size for More Compactness

Sturdy Construction for Longer Life

Larger Ratio of Maximum to Minimum Capacity

Complete Shielding Between Sections

Special Oscillator Tuning Section for Super-Het Re-
ceivers

2-3-4 Gang Units

NEW LOWER PRICES

Write for Circul iving fall
M A N U F A c T U R E R S ll’art‘i’:ul::::ua:‘t.igi;:it(lzss i

DeJur-Amsco (ORPORATION

95 MORTON ST., NEW YORK CITY

When writing lo advertisers mention of the PROCEEDINGS will be mutually helpful.
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The Institute of Radio Engineers

Incorporated
33 West 39th Street, New York, N. Y.
APPLICATION FOR ASSOCIATE MEMBERSHIP

(Application forms for other grades of membership are obtainable from the
Institute)

To the Board of Direction

Gentlemen:

I hereby make application for Associate membership in the Institute.

I certify that the statements made in the record of my training and pro-
fessional experience are correct, and agree if elected, that I will be governed
by the constitution of the Institute as long as I continue a member. I further-
more agree to promote the objects of the Institute so far as shall be in my
power, and if my membership shall be discontinued will return my member-

ship badge.
i 4 Yours respectfully,

...........................................

(Date) (City and State)
References:

(Signature of references not required here)

MG o e R s SO MW s G R o
AT 0 eSS R I ey & S S ALAressiives s Ho i Pone vos v Shartr
e B T i I TR A T i o B T S TR ORI PP T S Y- -
A ATES SIRTTS wraiis i v e B s et in o b2 N AT S S A e o 80 w2 hY. o' A R
VTS en Ao B o Tt a0 ] g
AddReSS S e R b ¢4 o St T s w4

_The following extracts from the Constitution govern applications for admission to the
Institute in the Associate grade:

ARTICLE II—MEMBERSHIP

Sec. lz.The membership of the Institute shall consist of: * * * (d) Associates, who shall he
entitled to all the rights and privileges of the Institute except the right to hold the office of
President, Vice-president and Editor. * * *

Sec. 5: An Associate shall be not less than twenty-one years of age and shall be: (a) A radio
engineer hy profession; (b) A teacher of radio subjects; (c) A person who is interested
in and connected with the study or application of radio science or the radio arts.

ARTICLE III-—ADMISSION

Séc. 2: * * * Applicants shall give references to members of the Institute as follows: * * * for
the grade of Associate, fo five Fellows, Members, or Ascociates; * * * Each application for
admission * * * shall embody a concise statement, with dates, of the candidate’s training
and experience.

The requirements of the foregoing paragraph may be waived in whole or in part where
the application is for Associate grade. An applicant who is so situated as not to be personally
known to the required number of members may supply the names of non-members who are
personally familiar with his radio interest.

XXII1




(Typewriting preferred in filling in this form) No....o.ocoooinne.
RECORD OF TRAINING AND PROFESSIONAL

EXPERIENCE
TERINEYIG Mo g o 2 S A 2 ok B T o 5 T RN TH SPTR e 1 oV S sy W P . AR
(Give full name, last name first)
2. APeaon [OEEURRGEIEN rolys o ok s i fa o s ir o 0o st | 800l 4 LEUL sl S5 NS
(Title and name of concern)
SR e T an el LT O E AT (TS M tort s B budet - bk Cae b boe ah o S et me B Lhe suscetlet .
B ST e S A (S S e e ot rs & Aty v B TeTa s ety e T s -
53 T 0 SN B3 Y e S, O Date of Binthe., cem s s e ke Algelien e
© | I T I 7 (o ot A A A R A e RARSRSIIY ( 03 &, 5, e TR eSS L e
/R D) e e etk e e E Y SR AL TT v o o Tt WA s B 1 == [y W
(college) (Date received)
8 Training and Professional experience to date..............c.covuiiiiiinn...

NOTE: 1. Give location and dates. 2. In applying for admission to the grade
of Associate, give briefly record of radio experience and present employment.

DATES HERE

ORSDECialtys A THANIYARAREE SIS RS SE -« & 25 - orih ks bERTv o - (Tl rritre s op o o 08 b Al
Receipt Acknowledged............. Elected............. Deferred.............
GrAdCH e i ks . Advised of Election........... ‘This Record Filed. ..........
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THORDARSON

"PENTRAN"

@,méoﬂ POWER FOR THE
Q«“o P E N T O D E

You can adopt the pentode with no transformer worries — and with actual saving in the
transformer component, so attractive is the price at which Thordarson offers the new
"PENTRAN"—developed and built by Thordarson for Radio Manufacturers whose
first consideration is quality in every part, and outstanding performance of the finished
product. Thordarson Precision Machines which are maryels of economical manufacturing,
and Thordarson straightline assembly, enable set manutacturers to have the "PENTRAN"
far below what it would cost them to make

A ADAPTABLE—Because skillfully and ac-
their own pentode power transformers.

curately designed to cover every requirement
You are invited to consult Thordarson engi- .""h:hpe"'.‘:’de"“be_.:: 4G ”"‘“;"‘e‘""’fh'

. . n e 5
neers on the adaptation of this remarkable 4 o A e e

4 A acteyistics,
transformer to your particular requirements,

» 1 DEPEND ABLE—Because built with true
Thordarson Electric Manufacturing Company Thordarson fidelity, from best materials, an
500 West Huron Street, Chicago, lllinois extra measure of quality, nothing skimped.

COMPACT—Weighs only 4 pounds 6
ounces. 3Y4x4 inches; total depth 33 inches;
above chassis 234 inches,

UNIFORM—Because cach transformer is

rigidly inspected at every step of manufacture
and must pass a final, individual test in which

TRANSFORMER allhsecorlrdary voltages under load are held
ithin plus or minus 5%, i

SPECIALISTS 3

SINCE 1895, .,

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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In this laboratory endurance test

soveral hundred standard Arcturus
Pentode Tubes are operated under con-
ditions paraileling the most scvere usage
encountered in a radio receiver. Those
tubes, up to the time of going to press,
which have already exceeded the life cx-
pected from the best radio tubes, show
that the important characteristics (includ-
ing emission) of every tube are above the
requirements for efficient performance.
These tubes are periodically selected
from actual production and theseresults
arerepresentative of the consistent uni-
formity of Arcturus Pentodes

WL e VY
CHIEF ENGINEER

are you
getting this kind of
service from your
PENTODE
TUBES?

Laboratory Tests Show that Areturus Pentodes give the Same
Long Life as Type°4353 Power Tubes of the best
manufacture. Longer Manufacturing Experi-
ence explains this Exeeptional Endurance.

The Arcturus Pentode Tube made possible many impor-
tant radio improvements, and is performing efficiently in
many of the country’s leading radio receivers. With this
better performance Arcturus Pentodes are giving the same
long life that made the Blue Tube famous.

Arcturus has been making Pentodes since 1928 — more
than a full year’s extra experience to perfect manufactur-
ing processes for this complex tube. That is the reason
why the Arcturus Pentode Tube gives unusually long
A | service— service that has proved most satisfactory to many
Renl:enlber Narl N of the leading manufacturers of today’s Pentode Radio
Radio Week || Receivers. That is the reason why Arcturus Pentodes are
Sept. 21-27 / 3

ranked as standard and used in laboratory tests by criti-
cal engineers. And that is why jobbers and dealers,
to avoid expensive service calls, demand Arcturus
Pentodes with their sets.

ARCTURUS RADIO TUBE COMPANY, NEWARK,NEW JERSEY

ARCTURUS

“She MWUBIE 5 the LAFE=LIKE "TONE"
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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THE MODERN
HIGH CAPACITY CONDENSER

HI-FARAD

ELECTROLYTIC
DR CONDENSER

500 VOLTS HE DRY characteristic and other
r advanced features of Aerovox Hi-
Farad DRY Electrolytic Condensers
make them the modern condensers in
every sense of the term. They are com-
pact, light in weight, low in cost per
microfarad per voltage rating, low in
leakage, safe, surge proof, self-healing,
provide long-life, stable operation, and
high filtering efficiency. Hi-Farad con-
densers can be mounted at any angle or
position and can be handled in prac-
tically the same manner as wax paper

condensers.

AN AEROVOX CONDENSER
AND RESISTOR FOR
EVERY USE

The Aerovox line includes the most complete line of condensers and resistors in the radio and electrical
industries. No matter what your requirements are for fixed and tapped condensers or resistors, you are
sure to find Aerovox units suited to your needs. In addition, we are equipped to supply special types
and sizes of condensers and resistors to meet individual requirements.

Write for our 1931 catalog. Also ask to receive the Aerovox Research Worker, a
monthly periodical which will be helpful and interesting to you.

AEROVOX WIRELESS CORP.
70 Washington Street, Brooklyn, N. Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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MODERN MOTOR GENERATOR
APPLICATION
Is Based on Three Fundamentals
QUALITY - PRICE - DELIVERY

There are as many interpretations of these three fundamentals as there are
manufacturers.

This is the Esco interpretation—

The entering of an order is the establishment of an obligation on our part to
deliver to our customer a machine of the highest quality of performance,
workmanship and material. The cost of manufacture must be low enough to
warrant a price both acceptable to our customer and fair to ourselves. The
delivery of the machine must be as prompt as practical without endangering
the quality.

We warrant our ability to fulfill the above obligation with the triple bond
of—

Long and Varied Experience. ESCO has devoted the last twenty years to the sole purpose
of developing special electrical machinery. The scope of this field has been tremendous.

Modern and Diversified Equipment. To carry out successfully the above program has
necessitated the building up of efficient and extensive equipment.

Practical Engineering Talent. Our staff of senior engineers has spent an average of 25
years in the électrical specialty line and believes in applying theory in a practical
manner.

300 South St. Stamford, Conn.

MANUFACTURERS OF

Motor Generators—High Voltage for radio transmission, Low Voltage for battery charg-
ing. YDynamotors, Rotary Converters for radio receivers and power amplifiers. JAirplane
generators and dynamotors. {Special motors for talkies and television. {Portable and
semi-portable gasoline electric sets for light and power.

When writing to advertisers mention of the DPROCEEDINGS will be mutually helpful.
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Type A, Single
Beadleyometer

e AA, Doutle
ragleyometer

In the Brodleyometer
approximately 50 solid
resistonce disks are
interleoved belween
metal disks forming
o resistonce column of
any desired volve. No
other resistor offers such
flexibility or occuracy

Tyoe AAA, Triple
Bradleyometer

Par tomt Tarmd Sotton of Anel

wi»  Radio Resistors i

Leads

Fixed or Variable
for any Electronic Circuit

BRADLEYUNIT RESISTORS are made In five sizes,
with or without leads. All Bradleyunits are color-
coded to meet set manufacturers' specifications,
These solid molded resistors are accurately colibraf.
ed ond have great mechonical strength. They are
used by the world's largest radio manufacturers for
providing correct C.bias, plate voltage, screen grid
voltage and for use as grid leaks.

The Bradleyometer is a stepped potentiometer of g
most amozing performance. It has astounded radio %
engineers who were skeptical of its advertised per-
formance. Any type of resistance-rotation curve can

be arranged to meet your requirements. Samples
will be sent to established manufacturers of elec-

tronic apparatus, for test and trial. Cm—

Get an Allen-Bradley quotation on your next
resistor order

Allen-Bradley Co.

116 W. Greenfield Ave Milwaukee, Wisconsin

ab ==

\=v/

ALLEN-BRADLEY RESISTORS

.Produced by the makers of Allen-Bradley Control Apparatus

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

When

you need coils

QUICKLY

Y

A

General Cable’s coil production
facilities are capable of fiiling
your needs promptly.

Dudlo, supplemented by Rome,
plus unlimited sources of magnet
wire provided by other organiza-
tions affiliated in General Cable,
bring together coil-making facil-
ities that are uniquely extensive.
In such facilities lie the advan-
tages of accelerated production,
and quick deliveries. Such deliv-
eries are effected without sacri-
ficing any of the General Cable

standards of quality. General

Cable’s capacity to produce car-
ries with it equal capacity to in-
spect and test. You are sure of
getting coils as dependable in
all respects under “hurry call,”
as you are under normal re-
quirements,

When it is advisable to keep
your inventories at minimum,
and at the same time miss no
sales owing to failure to deliver
your sets promptly, you will find
General Cable Coil Service an

especially valuable aid to profit-

able operation,

420 LEXINGTON AVENUE, NEW YORK

GENERAL CABLE CORPORATION

Y

>

e OFFICES IN PRINCIPAL CITIES %

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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Atleft: No. 70 Series, with
‘*Underwriters' Laborator-
ies Inspected'’ Switch,
Rated 1.5 Amps. 250 Volis,
3 Amps. 125 Volts.

At right: No. 70 Series,

without swilch.

Both illustrations
actual size

Surprising value and quality
in the new *“Seventy” Series
Volume and Tone Controls

UR new “70” Series Compo-

sition Element Volume and
Tone Controls recently an-
nounced, offer surprising value
and utmost quality in a low-
priced unit. Though low in price,
due to design economies and im-
prov‘t‘id ’r’naanac‘turmg methods, A WP
oo 2 our “70” Series is of remarkably Tandem Unit.
SigelgConrbls high quality with no skimping of
materials or workmanship.

This new Series Control has a
unique movable contact making a
full wiping contact with the hard,
smooth composition element at a
relatively high unit pressure. In
spite of this, frictional component
is extremely low and tests of 100,-
000 complete cycles of operation
fail to reveal any signs of fatigue.

Upon receipt of specifications
. from interested engineers, we will —
No. 20 Series with “Un. S€nd without charge, samples No. 40 Series with *Un-
derwriters’ Laboratories ] s derwriters' Laboratories
Inspected” Switch. Rated POSSESSING characteristics exactly Inspected’” Switch. Rated

§ b A 2 1.5 Amps. 250 Volts, 3
15 amps Bfvhasts 3 suited to your circuit conditions. Amps, 125 Volts.

CHICAGO TELEPHONE SUPPLY CO.

HereerT H. FrosT, Inc., Sales Division
GENERAL OFFICES AND PLANT
ELKHART, INDIANA

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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Miniature Indicating Instruments for

Every Need . . .

N THE experimental laboratory, on high speed
I production test panels, and as electrical indicat-
ing instruments on radio and sound equipment,
Jewell Miniature Instruments have proved outstand-
ingly successful.
The striking success of Jewell Miniatures in fields

where operating conditions are most severe is in-
dicative of their rugged construction and durability.

Available in direct current, alternating current,
thermo-couple, and rectifier types in sizes ranging
from two to seven inches in diameter, Jewell Minia-
ture and Switchboard Type Instruments answer every
indicating need.

Jewell facilities for producing miniature instruments
with special dials or other slight variations to meet the
requirements of manufacturers assure good service on

A group Of Jewell Minia- Special needs.

ture Instruments ready for

packing. These instruments . : .

o Adle s DEcal dials The experience of the Jewell engineering department
for a large manufacturer of is at the service of every manufacturer in the selection

radio equipment. . .
and adaptation of Jewell Instruments to his needs.

Whatever your instrument requirements, it will-pay
you to consult the nearest Jewell representative for in-
formation regarding instruments and recommendations
as to the best equipment for your application.

Sm— JEWELL ELECTRICAL INSTRUMENT COMPANY
T ¥ 1642-D Walnut Street Chicago, Ill.

When writing to advertisers mentipn of the ProcEEDpINGS will be mutually helpful.
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wiITH THE Hi-HAT

THAT pretty can all other electrolytic condensers use
for a dress costs you a lot of money—which you save
when you switch to Elkon. Qn parade, Elkon wears a
can like the best of them. But for everyday hard work it uses sturdy paraffined card-
board overalls. Inside—the most efficient electrolytic condenser ever' made. No
free water*—low power factor—high working voltage—long life—stable. Further-
more Elkon has practically the same characteristics as paper condensers—but is
lower in cost and much less bulky . .. and here’s news—all of the above characteristics
apply to our new Bi-pass condensers. 42 leading manufacturers have standardized
on Elkon. A request today will bring you your sample tomorrow. Complete infor-
mation will be sent to all members of your technical staff. Just send their names.

*—water of crystallization, of
course — but no free water.

Ao
ELKON \%lf- (ONDENSERS

ELKON DIVISION OF
P. R. MALLORY & CO,, Inc., Indianapolis, Ind.
Sales Offices: New York * Cleveland ° Detroit * Chicago ° Los Angeles

['(OST LESS TO BUY AND LESS TO IN'!TAI.I.V

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

It takes courageous leadership these days to make a radio success.
Leadership in selling, advertising, financing, and above all, leadership in

PERFORMANCE.

CENTRALAB Volume Controls play a silent but most important part in
leading mighty legions of radio listeners to smoother, better reception. Cen-
tralab leadership has been earned with a record of more than twenty million

volume controls.

The New CENTRALAB
Volume Control with Off and On Switch

More convenient than when mounted separately.
Saves space, saves assembly cost, saves in first cost.
Engineers: send your volume control specifications for

sample.

Volume Controls
CENTRAL RADIO LABORATORIES—MILWAUKEE, WIS.

When writing to advertisers mention of the PRoCEEDINGS will be mutually helpful,
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COMPARE IT WITH YOUR
PRESENT SPEAKER . . . .

2]

THE NEW

MAGNAVOX

SYMPHONIC SPEAKER

ANY speakers have
claimed tone perfection.

The new Magnavox Symphonic
Speaker has it! This great new
reproducer over-accents neither
the high nor low notes—it repro-
duces both in perfect harmony,
without booming or shrilling.
Only by hearing its true, melo-
dious voice—only by examining
its sturdier, shockproof construc-
tion—only by comparing it with
speakers costing far more-—can
you appreciate what a revolu-
tionary development in speaker
construction this new Magnavox
is. Just compare it with your

present speaker! We will furnish
a model without obligation, to
any radio manufacturer who de-
sires to see, and hear, for him-

self.

Three models: No. 144 (7”
cone); No. 142 (834" cone) ; No.
143 (1034” cone).

Magnavox Corapany [1d.

Executive and Subsidiaries:

Sales Offices: ] The Magnavox

155 E. Ohio St. Company
Chicago, Ill. /& Electro Forma-

tion, Inc.

Factories: Magnavox
Fort Wayne, (Great Britain)

Ind. Ltd.

Magnavox
(Australia) Ltd.

Magravox Spe Akers

THE PRODUCT OF TWENTY YEARS' PIONEER RESEARCH

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




ASY TO WORK>
AND PERMANENT
INSULATIN G PARTS

FORMICA provides a large number of

grades, and variants, in laminated phenolic
material adapted to specific requirements. Some
of these are especially easy to work, adapting
them to manufacturing processes; others stress
insulating as against all other considerations.

You can get the grade and type of material
best suited to your requirements in full sheets,
in cut pieces or in fabricated parts ready for as-
sembly.

Send your blue prints for quotations

THE FORMICA INSULATION COMPANY
4626 Spring Grove Avenue, Cincinnati, O.

ORMICA

Made from Anhydrons Bakelite Restns
SHEETS TUBgs RODS

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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POLYMET
ELECTROLYTIC
CONDENSERS

Built to highest
quality standards

of radio’s
leaders

Inquiries and
orders receive

immediate attention.

' Polymet
Mfg. Corp.

World’s Largest Manufacturers
of Radio Essentials

including Electrolytic, Paper and Mica Condensers;
Resistors, Transformers, Coils, Magnet Wire

829 East 134th St., New York City

British Isles: Canada:
A. H. Hunt, Ltd. Polymet of Canada, Ltd.
Tunsta!l Road, Surrey, England Catharine St. South, Hamilton, Ont.

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

Electrolytic Condensers

4 % -

Follow the leaders of
the industry. Specify
Acracon Electrolytic
Condensers. Also By-
Pass, Wax Impregnated,
Oil Impregnated, Power
and Transmitting types.
Write today, enclosing
specifications.

Preferred by the
Radio Industry

e o » Decause

they have proved
their dependability

Acracon is the only electrolytic condenser offering all these
features in electrical design and mechanical construction:

1. Metal cover for protection and 10. Metal washer.
appearance. 11. Anode nut.
Live, rubber nipple. 12. Anode soldering tab.
. Nipple spun into aluminum eh D o e insalati
S ge size insulating washer.
. Absolutel k- f.
shell, AbgoliielyTleak prog 14. Tapered hole to take tapered

w N
.

4. Anode spiral cold welded into o
node, giving rigid construc- et | | x .
:io:. i EIVIGERECIE 15. Special live, rubber insulating
) ! gasket free from impurities.
5. One piece extruded aluminum =
e 16. Heavy, rigid, anode stem of
I high purity aluminum.
6. Retaining flange for rubber s : .
gasket. 17. High purity anode, spiral, so
wound as to eliminate the
7. Tapered anode stem for snug necessity of insulating liner
fit. between anode and container.
8. Large cadmium plated steel 18. Special, high, critical voltage
mounting nut, concave to in- electrolyte, well over anode to
sure tight connection. insure long life.
9. 34"-16 thread neck for 19. Leak-proof rolled seam as
mounting: used in canning industry.

The ‘Acracon unit is now available in capacities up to 16
microfarads at either 440 or 475 volt peak in the single anode

type.

Acracon Features are Protected by Patents Pending

Condenser Corporation of America

259 Cornelison Ave., Jersey City, N.J.

Factory Representatives In:

Chicago Cincinnati St. Louis San Francisco Los Angeles Toronto

And Other Principal Cities

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

- > TYPE-642 -

v TYPE 640 TYPE 60!
TYPE 577

i 4

TYPE 581

TYPE 5188

TYPE 584

Leadership . . . Since 1913

A Group of Mica Dielectric Transmitting Condensers

There is a DUBILIER Capacitor available to meet any
electrical requirement,

Send us your inquiries for Mica, Paper, or Chemical
Dielectric Condensers.

Dubilier

CONDENSER
CORPORATION

4377 Bronx Blvd.
New York, N. Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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Continental Resistors

W g5

g 41 U SI——L || N |
Y s s 6 {11 J6

3 Watt

o[ ‘gz

2Watt
i wilg "‘Dz
1Watt |
e " G4
/ SaWatt | |
| b (53
'l ’;"’/ZWaItL K-

" \
f
/

Curtis
Electro
Chemical
Condenser

Essential
Characteristics

Full capacity at all
voltages

Uniform capacity at
all frequencies

Low freezing point

Low internal resis-
tance

Low leakage

Made in shape and
size to suit the cus-
tomer, in round,
square or rectangu-
lar, metal or card-
board containers.
Working voltage
from 6 Volts to
450 Volts.

For Further Particulars Write to
Curtis Continental Corp.

13900 Lorain Ave.,
Cleveland, O.

RESISTOR
CHARACTERISTICS:

NOISELESS

RESISTANCE CONSTANT

SMALL TEMPERATURE
COEFFICIENT

RUGGED

FIRMLY SOLDERED TERMINALS

DEPENDABLE

COLOR CODED

UNITS SHOWN HALF SIZE

CONTINENTAL SUPPRESSORS
For Radio-Equipped Cars

Stop ignition noise in the automobile radio

set when used with suitable by-pass con-

densers.

Spark Plug
Auto
Suppressor
Shown mounted
on Spark Plug
Universal
Connections
Water proof

Distributor Auto Suppressor

Shown mounted on distributor cap. Fully in-
sulated, no metal parts exposed, rigid mounting.

Write for Information and Prices
CONTINENTAL CARBON

INC.
WEST PARK, CLEVELAND, O.

r—
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PENTODE TRANSFORMERS

Three AmerTran Qutput Transformers
for use with the new 247-type pentode
power tube have won the enthusiastic ap-
proval of set builders. These pentode
transformers are designed and built with
the same skill and fine quality materials
and workmanship that has made Amer-
Tran Products the Standard of Excellence
since 1922.

Type 6150—Output from two type 247
pentode tubes to 500 ohms
(center tapped primary)
Type 6152—OQutput from two type 247
pentode tubes to 4000 ohms
(center tapped primary)
Type 6200—Qutput from two type 247
pentode tubes to 15 ohms
(center tapped primary)

DO YOU KNOW

that your set can provide perfect reproduc-
tion of music if Amer-Tran audio Trans-
formers are installed?

that radio results are improved if burnt-

out transformers are replaced by Amer-
TRAN in your commercial set?

that an AmerTran audio transformer is
available to satisfy every amplifier need?

American Transformer Company

Factory and R New York Office
Main Office— Room 1963
178 Emmet St. Hudson Terminal
Newark, N.]J. RA 50 Church Street

P.R.I. 9-31
American Transformer Company
178 Emmet Street, Newark, N.J.

Gentlemen: Send me bulletin with com-
plete information of AmerTran Output Trans-
formers.

IName IS % o v o B s oW &

A

Street

...............................
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YOUR NEW PROBLEM ¢ e«
and ITS SOLUTION!

WITH home recording promising to be an outstanding
feature of next year’s radio receivers, the problem of
HUM is more serious than ever.

Even a slight hum not noticeable in radio reproduction
will, when recorded and augmented through reproduction,
make itself heard with sufficient volume to prove disagree-
able. In this modern day of radio, hum is not to be tolerated
in radio or phonograph reproduction.

For more than twenty years, Pacent engineers have con-
cerned themselves exclusively with problems relating to
sound amplification. That’s why Pacent amplifiers are the
best in the field today.

A standard two stage Pacent Amplifier, Cat. No. 2245M
(without input transformer) employing one 227 and two
245’s in push-pull has a hum level of 23 DB below its maxi-
mum output rating. This same amplifier will provide 4.3
watts undistorted power output and has a voltage gain at
1000 cycles of 31 DB with 3.8 volts input. These figures are
not theoretical calculations. They are the result of actual
measurements made with a stock amplifier.

A Pacent Amplifier, the 170 Recordovox and the 107 Hi-
Output Phonovox make a remarkable combination for
recording and reproducing. With this apparatus, it is u
possible to assure professional results.

The Recordovox and Phonovox are available in special
manufacturers’ types. Write for additional information.

PACENT ELECTRIC COMPANY, INC.
91 SEVENTH AVE., NEW YORK, N.Y.

Pioneers in Radio and Electric Reproduction for over 20 Years.
Licensee for Canada: White Radio, Ltd., Hamilton, Ont.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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CHANGE IN MAILING ADDRESS
OR BUSINESS TITLE

Members of the Institute are asked to use this form for notify-
ing the Institute office of a change in their mailing address or
any change in the listing of their company affiliation or title for
the Year Book membership list.

The Secretary,

THE INSTITUTE OF RADIO ENGINEERS,
33 West 39th Street,

New York, N.Y.

Dear Sir:
Effective ........ SRR i please note change in my address
date
for mail as follows:
FROM
............................. (Name)

(City and State) 5

TO NEW ADDRESS

(City and State)

Also for the membership list for next year’s Year Book note change
in my business address (or title) as follows, this my mailing
address:

. 13
18 not

(Address: Street, City and State)

PLEASE FILL IN, DETACH, AND POST TO THE
INSTITUTE PROMPTLY

XLIII



Back Numbers of the Proceedings,
Indexes, and Year Books Available

D 1 EMBERS of the Institute will find that back issues of the Proceed-

ings are becoming increasingly valuable, and scarce. For the benefit
of those desiring to complete their file of back numbers there is printed be-
low a list of all complete volumes (bound and unbound) and miscellaneous
copies on hand for sale by the Institute.

The contents of each issue can be found in the 1914-1926 Index and in the
1929 Year Book (for the years 1927-28).
BOUND VOLUMES:

Vol. 10 (1922), $8.75 per volume to members
Vols. 17 and 18 (1929-1930), $9.50 to members

UNBOUND VOLUMES:
Vols. 6, 8, 9, 10, 11, and 14 (1918-1920-1921-1922-1923-1926), $6.75 per
volume (year) to members

MISCELLANEQUS COPIES:
Vol. 1 (1913) July and December
Vol. 2 (1914) June
Vol. 3 (1915) December
Vol. 4 (1916) June and August
Vol. 5 (1917) April, June, August, October and December
Vol. 7 (1919) February, April and December
Vol. 12 (1924) August, October and December
Vol. 13 (1925) April, June, August, October and December
Vol. 15 (1927) April, May, June, July, August, October, November
and December
Vol. 16 (1928) February, March, April, May, June, July, August, Septem-
ber, November and December.
Vol. 17 (1929) February, March, April, May, June, July, August, Septem-
ber, November and December
Vol. 18 (1930) April, May, June, July, August, September, October, No-
vember and December
These single copies are priced at $1.13 each to members to the January
1927 issue. Subsequent to that number the price is $0.75 each. Prior to
January 1927 the Proceedings was published bimonthly, beginning with
the February issue and ending with December. Since January 1927 it has
been published monthly.

D 1 EMBERS will also find that our index and Year Book supplies are
becoming limited. The following are now available;
INDEX
The Proceedings Index for the years 1909-1930 inclusive is available to
members at $1.00 per copy. This index is extensively cross indexed.
YEAR BOOK

The 1931 Year Book is available to members at $1.00 per copy. This
Year Book includes the 1931 Report of the Committee on Standardiza-
tion,—an “'up to the minute” report on the most recent standardization in-
formation available.

Make remittances payable to the Institute of Radio Engineers and send
orders to: %

THE INSTITUTE OF RADIO ENGINEERS

33 West 39th Street
NEW YORK CITY, N. Y.
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Flyer Eleetrie
Motors

have always been
R-1-66 H-T

STARTING RIGHT, Flyer Electric Radio-Phonograph motors

have steadily increased irf popularity. Everywhere giving serv-

ice with satisfaction, they now are in turn the accepted prefer-

able basic design for new uses in sound reproduction and home

recording.

The Green Flyer, and its equally popular companion motor the

Blue Flyer, each has won and holds the patronage of representative

large users whose demands are the most exacting.

Adopt a motor that has always been right. Send for samples of

the Green Flyer and the Blue Flyer, and test them out.

-

TeCENERAL INDUSTRIES CO.

3146 Taylor Street, Elyria, Ohio

@

The Green Flyer Motor unit.
Designed like the popular Blue
Flyer. Induction type, self-
starting, with automatic stop
equipment optional. Has silent
spiral-cut fiber gears, long
oversize bearings, and open
construction with complete
ventilation. Operates on all
voltages and frequencies. Also
made for direct current, either
110 or 220 volts. Complete
with mounting plate, turntable
and speed regulator.

Responsibly Guaranteed

: i
= — —
—3 ‘

Ontario Hydro-Electric
Power Commission
Approval No. 2685

When ordering
samples please
g ive voltage
and frequency.

When writing to advertisers mention of tite PROCEEDINGS will be mutually helpful.
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To the DeForest line of
Transmitting Audions rang-
ing from 15-watt oscillator to
10,000-watt water-cooled tube
and including screen-grids,
mercury-vapor rectifiers, ul-
tra-high-frequency oscillators
and other types, there is now
added the

DeForest Audion Type 549
Modulator —R.F. Amplifier —Oscillator

A most versatile tube. Finest
modulator built. Will modulate Characteristics
100 watts output at 1009,. Ex-

g Fil t Vol . .11 vol
tremely rugged details. Plate tiament Voltage volts

Filament Current ... .. ..

trussed like bridge to withstand ~ ........... 5 amperes
abuse for heaviest modulation. ~ Amplification Factor...19

k - Plate Voltage. .3000 volts
Exceptional r.f. oscillator for

Power Output. . . 350 watts
wave lengths over 100 meters, or Interchangeable with

Class C r.f. amplifier. Long life. Uv-849

High vacuum. Greater general

utility. Use this tube for higher output when working in
the 1700-2000 K.C. ’phone band and experience new
thrills!

Atlter all There's No Substitute for 25 Years' Experience

DE FOREST RADIO COMPANY, Passaic, N. J.
Export Department, 304 E. 45th Street, New York City, N.Y.,, U. S. A.

az M RECEIVING
(AUDIONYS) TRANQ}EA\IB TING TUBES

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

LECTRICAL TESTING
LABORATORIES

Tests of Inductances.
Condensers.Transform-
ers etc. Life and charac-
teristics of Radlo Tubes

80th. Street and East End Ave.
« o NEW YORK, NY. -

For EXPORT of Material Manufactured
by:
American Transformer Co.
Allen E. Cardwell Mfg. Co.
Corning Glass Works
Dubilier Condenser Corp.
P. R. Mallory
Radio Engineering Labs.
Universal Microphone Co., Ltd.
Ward Leonard Electric Co.
Weston Elec. Inst. Co.

Apply to
AD. AURIEMA, INCORPORATED

116 Broad St.
New York City, N.Y.

JENKINS & ADAIR, INC,
Engineers
Designers and manufacturers of appara-

tus essential to broadcasting, sound re-
cording and sound measurement work.

3333 Belmont Ave. Chicago, U.S.A.
Cable Address: Jenkadair
Telephones: Keystone 2130

The J. G. White
Engineering Corporation
Engineers—Constructors

Builders of New York Radio
Central

43 Exchange Place New York

BEN J. CHROMY
Attorney at Law

Patents and Patent Causes
National Press Bldg.
WASHINGTON, D.C.

“Radio Patent Service”

Weekly

ALLEN B. DU MONT
Consulting Engineer

Television Transmission and Reception
Vacuum Tube Manufacture, Development

and Application

Phorfe Office and Laboratory
Montclair 9 Bradford Way
2-2176 Upper Montclair, N.J.

BUSINESS EXECUTIVES!

The professional people introduced to you on this page offer wide and varied

experiences to assist you solve your business problems.

Consult the Professional Engineering Directory when you require special

services.

When writing io advertisers mention of the PROCEEDINGS will he mutually helpful,

XLVII




Alphabetical Index to Advertisements

A
Aerovox Wireless Corp........ XXVII
Allen-Bradley Co............... XXIX
American Tel. & Tel. Co.......... XIvV
American Transformer Co..... ... XI.I
Arcturus Radio Tube Co........ XXVI
B
Burgess Battery Co............. XVII
C

Cardwell, Allen D. Mfg. Corp...XVIII
Central Radio Lahoratories.. .. XXXIV

Cinch Mfg. Corp................. XIX

Condenser Corp. of America XXXVIII

Continental Carbon, Inc............ XL

Cornell Electric Mfg. Co......... XVI
D

DeForest Radio Co............. XLVI

DeJur-Amsco Corp.............. XXI1I

Dubilier Condenser Corp... ... XXXIX

E
Electric Specialty Co......... XXVIII
Employment Page.... ... ... ... XLIX
F
Formica Insulation Co......... XXXVI
Frost, H H,Inc.............. .. XXXI

G
General Cable Corp.............. XXX
General Industries Co............ XLV

General Radio Co..Qutside Back Cover

I
International Resistance Co.... ... XIII
I-REES 438 A R oAl XXIII, XX1V,
XLIII, XLIV, Inside Back Cover
Isolantite Co. of America....... ... XX
J
Jewell Elec. Inst. Co........... XXXII
M
Magnavox Co. Ltd............. XXXV
Mallory, P. R. & Co. Inc.. .... . XXXIII
P
Pacent Electric Co., Inc.......... XLII
Polymet Mfg. Corp.......... XXXVII

Professional Eng. Directory....XLVII

R
RCA Victor Co,, Inc.............. XXI
Roller-Smith Co................... LII
S
Scientific Radio Service.. . ... ... .. LI
Soreng-Manegold Co. .., .......... XV
Stupakoff Labs., Inc.............. ... L
y
Thordarson Elec. Co............. XXV

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




P N S —

EMPLOYMENT PAGE

Advertisements on this page are available to members of the Institute of Radio Engineers
and to manufacturing concerns who wish to sccure trained men for positions. All material
for publication on this page is subject to editing from the Institute office and must be
sent in by the 15th of the month previous to the month of publication. (September 15th
for October PROCEEDINGS IRE etc.) Employment blanks and rates will be supplied
by the Institute office. Address requests for such forms to the Institute of Radio Engineers,
33 West 39th Street, New York City, N.Y

MANUFACTURERS and others seeking radio engineers are invited to address replies to
these advertisements at the Box Number indicated, care the Institute of Radio Engineers.
All replies will be forwarded direct to the advertiser.

GRADUATE ENGINEER with credit in some graduate work desires responsible posi-
tion as engineer on vacuum tube circuits, or on test equipment for vacuum tube manufac-
turer. Has had two and one-half years experience as student engineer and engineer with
large electrical concern working on radio receivers and measuring equipment for receiv-
ers and vacuum tubes. Almost tiree years responsible work with well known radio concern
on application of vacuum tubes to radio receivers and other electrical products. B.S. in
E.E. in 1927. Single. Will travel. Age, 26. Box 78.

INSTRUCTOR IN RADIO for two and one-half years and with two years’ experience
designing, installing and servicing public address systems, talking motion pictures and
centralized radio equipment desires position offering opportunity to design and develop
audio frequency reproducing or recording equipment. Teaching experience includes theory
and laboratory work in radio comnunication. B.S. from M.I.T. in 1930. Single. Age 25.
Will travel. Box 79.

COLLEGE GRADUATE with considerable amateur and broadcast operating experience
desires position providing opportunity of doing work on vacuum tube amplifying circuits.
One year's experience as electrical technician in {)s'ychology at university in middle west
involving acoustical, electrical, and psychological problems. Has experience with public
address systems and holds broadcast operator’s license. B.A. in 1929. Single. Will travel.
Age. 23. Box 80.

BROADCAST OPERATOR s interested in transmitter or studio operation in broad-
cast station. Four years as commercial operator of radio telegraph transmitter ; one and
one-half year’s experience with broadcast station operation. Single. Wild travel. Age, 28.
Box 81.

COLLEGE GRADUATE, B.S. in E.E. in 1931, desires position in radio work, prefer-
ably along lines of research. Has had eight years amateur operating experience. ingle.
Age, 23. Box 82.

RADIO OPERATOR since 1924 and holding unrestricted second class operator’s license
desires permanent position at station of any power. Has ex crience at two 50-kw. broad-
casting stations as well as at stations of lower power. Single. Age, 31. Box 83.

LABORATORY ASSISTANT with two ycars experience on the measurement of charac-
teristics of broadcast receivers and tubes, and general construction and inspection of test
equipment for production purposes desires work in engineering department of vacuum
tube or receiver manufacturer. Has had two years experience with public utility company
on test work. Single. B.S. in E.E., 1931. Box 84.

ENGINEER-OPERATOR, holdinhg first class license for last six years, desires position

where fpast experience is of value, xperience includes building, installation, and opera-

tion of transmitters, receivers, high frequency phone, broadcast station operation, air-

gliané de;patchmg, and operation in the Arctic. Excellent Recommendations. Single. Age,
. Box 85.

RADIO OPERATOR desires position in radio field, preferably installing, servicing, or
demonstrating equipment on the road. Has had twelve years experience as commercial
operator, six months as broadcast station operator, one year field engineer for large radio
manufacturer, and two years as sound engineer. Holds first class commercial license and
gaés traveled extensively. Day or night work immaterial. Will travel. Single. Age, 33. Box

ENGINEER experienced in design and development of manual and automatic testing
equipment for telephone, radio, and sound picture circuits, having knowledge of industrial
applications of photo-clectric cells and vacuum tubes, desires connection in testing equip-
ment or communication field. Age, 31. Box 68.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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STUPAKOFF LABORATORIES, INC.

6619 Hamilton Ave. Pittsburgh, Pa. Cable Address—Stupakoff, Pittsburgh

Manufacturers of Stupakoff Insulators——Rods-—-Tubes—Plugs——Spacers
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Piezo Electric Crystals

New Price List Effective July 1, 1931

We are extremely pleased to announce NEW REDUCED
PRICES for HIGH GRADE CRYSTALS for POWER use. Due to
our NEW and MORE EFFICIENT METHOD of preparing these
crystals, we are allowing you to share in the LOWER COSTS of
producing these crystals.

We are proud of the confidence our customers have shown toward
us, we extend to them our sincere thanks for their patronage thus
making this reduction possible.

New prices for grinding POWER crystals in the various frequency
bands, together with the old prices are as follows:

OLD LIST FREQUENCY RANGE NEW LIST
$55.00 100 to 1500 Kc $40.00
$60.00 1501 to 3000 Kc $45.00
$65.00 3001 to 4000 Kc $50.00
$75.00 4001 to 6000 Kc $60.00

The above prices include holder of our Standard design, and the
crystals will be ground to within .03% of your specified frequency. If
crystal is wanted unmounted deduct $5.00 from the above prices.
Delivery two days after receipt of your order. In ordering please
specify type tube, plate voltage and operating temperature.

Special Prices Will Be Quoted in Quantities of Ten or More

CRYSTALS FOR AMATEUR USE

The prices below are for grinding a crystal to a frequency selected
by us unmounted, (if wanted mounted in our Standard Holder add
$5.00 to the prices below) said crystal to be ground for POWER use
and we will state the frequency accurate to better than a tenth of one
per-cent. IMMEDIATE SHIPMENT CAN BE MADE.

1715 to 2000 Kc band. ... .............. $12.00 each
3500 to 4000 Kc band.................. $15.00 each

LOW FREQUENCY STANDARD CRYSTALS

We have stock available to grind crystals as low as 13 Kilo-cycles.
Prices quoted upon receipt of your specifications.

CONSTANT TEMPERATURE HEATER UNITS

We can supply a high grade heater unit which maintains a constant
temperature BETTER than a tenth of one degree centigrade. These
units have provision for two of our Standard Holders, (one used as a
spare) and operate from the 110 V 60 cycle supply mains, entirely
automatic and of excellent design. Price and description sent upon
request.

Scientific Radio Service
“THE CRYSTAL SPECIALISTS”

P. O. Box 86 Mount Rainier, Maryland

When wriling to adverlisers mention of the PROCEEDINGS will be wmutually helpful.
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BOLLER-SMITH

Type BME Tester
For No. 6 Dry Cells

& OFY CELL ‘rsgw,}n
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Tester in Use

The Type BME No. 6 Cell Tester is offered to meet the need for an instru-
ment with which the real condition of dry cells can be ascertained quickly in
order that dead or nearly dead cells can be eliminated from groups.

As is generally known there are two ordinary methods used in checking up
dry cells, neither of which is satisfactory. They are

(1) The voltage check with a voltmeter. Unsatisfactory, because a voltage
reading is not a frue indication of battery condition.

(2) The current check with an ammeter. Unsatisfactory, because an am.
meter test means a “'dead short” on a battery and that is not good for the battery.

The BME Tester replaces these unsatisfactory methods and enables rapid test-
ing of cells without the need of any special knowledge on the part of the user.

The tester is built without polarity.

The terminals fit directly over the terminals of a No. 6 standard cell.

There are no loose parts. Nothing in the instrument can become demagnetized
and with ordinary care the instrument should last indefinitely.

New Supplement No. 2 to Bulletin No. K-210 is now ready. Send for your copy.

Over thirty-five years’ instrument experience is back o
y

OLLER-SMITH COMP%Y

| Electrical Measuring and Protective Appa

‘-Mam Office: Works: .

2134 Woolworth Bldg. Bethlehem,
NEW YORK

Pennsylvania

Offices in principal cities of U. S. A. and Canada.

When writing to adveriisers mention of the PROCEEDINGS will be mutually helpful.
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Take Your Choice

Every member.of the Institute of Radio Engineers will want
to wear one of these three attractive emblems. All of these
emblems are appropriately colored to indicate the various
grades of membership and each emblem is approximately the
size of the following illustrations. “

& |

The Lapel Button is of 14k gold, with background enameled in the
membership color, and with the lettering in gold. The screw-back on
the back of this button fastens it securely to your coat.

$2.75 postpaid—any grade.

The Pin is also of 14k gold. It is provided with a safety catch and is

appropriately colored for the various grades of membership.

$3.00 postpaid—any grade.

A

The Watch Charm, handsomely finished on both sides, is also of 14k
gold. This charm is equipped with a suspension ring for attaching to
a watch fob or chain.

$5.00 postpaid—any grade.

Orders, accompanied by checks made payable to the Institute
of Radio Engineers, should be addressed to

THE INSTITUTE OF RADIO ENGINEERS
33 West 39th Street
NEW YORK CITY, N. Y.

Send in your order now!
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A4C. YOLTS

4000 OHM
OUTPUT METER
TYPE 486  SERIALNQ.I}

GENERAL RADIO GO
CAMBRIDGE  MAS.

HE constant impedance output meter, introduced by Gen-

eral Radio more than two years ago, has been accepted by
engineers throughout the industry as an essential element in the
standard I.R.E.-broadcast-receiver tests.

In addition to the original model shown in the above photo-
graph, we can now supply output meters to cover a range of
0-2-4-10-20-40-100-200 volts. These can be had with terminal im-
pedances of 8000 and 20,000 ohms as well as' the standard 4000
ohms to match power-tube characteristics more closely.

The new meters are known as the Type 483 Output Meters
and are priced from $42.00 to $54.00.

Write for Literature /

GENERAL RADIO COMPANY

OFFICES :: LABORATORIES :: FACTORY

CAMBRIDGE A, MASSACHUSETTS
BRITISH BRANCH: 40, Buckingham Gate, London, S.W.,1

GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISOONSIN




