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‘R cAccepted ; '

. : by :
Radio Engineers

for Uniform Accuracy )

Where delicate accuracy is para-
mount and uniform quality essential
—where results must be exact—
Cunningham Radio Tubes are su-
preme.

4

The world's greatest radio engineers have
accepted the scientific accuracy and uni-
form quality of Cunningham Radio Tubes
for all laboratory work.

In your tests whatever they may be—
wherever it requires a radio tube, use
Cunningham Radio Tubes in every
socket.

Twenty different types in the
L i Ovrange and Blue Carton.

e E. T. CUNNINGHAM, Inc.
- New York Chicago San Francisco

WSStanrd for all Sets

L= "‘ 1
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I know because I use them”—

Men actively interested in Radio manufacture and traffic are
familiar with the many applications of Faradon capacitors
and know that the product of the Wireless Specialty Ap-
paratus Company can be depended upon to give unvarying,
long-lived service.

They know that the twenty years of Radio Condenser ex-
perience has produced in Faradon a product they may
specify and recommend with perfect confidence.

Units in regular production will take care of most require-
ments. Our engineers will be glad to advise with you re-
garding any unusual condenser problem.

WIRELESS SPECIALTY APPARATUS CO.
Established 1907

JAMAICA PLAIN, BOSTON, MASS., U. S. A.

aradorn

ELECTROSTATIC CONDENSERS
FOR ALL PURPOSES e
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ROLLER-SMITH announces

A New and
Very Much
Needed

Instrument

Type HTD
CIRCUIT
TESTER

The new Type HTD Circuit Tester is an in-
strument that ezervone has been waiting for. With
it one can instantly locate open circuits in coils and
circuits of all kinds. Not only that but it shows
directly the approximate resistance of the coil or
circuit up to a range of 10,000 ohms. It is small,
compact, rugged and thoroughly dependable. The
small, standard flash-light cell is self-contained.
The price is very low for such an instrument.
The many other features of interest are given in
new Supplement No. 1 to DBulletin No. K-300.
Send for vour copy. ‘

“Over thirty years' experience ix back of Roler-Smith”

OLLER-SMITH COME,

Electrical Measuring and Protective Apparatus
-,

-

MAIN OFFICE : WORKS
2134 Woolworth Bldg., New York Bethlehem, Penn,

Offices in principal cities in U. §. A. and Canada
| Representatives in Australia, Cuba and Japan

) _ |
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AMERTRAN | AMERTRAN | AMERTRAN VAMERTRAMIAMERTRAN | AMERTRAN | AMERTRAN] AMeRTRAN

New Transformers for

Other
AMER TRAN

Products

AmerTran Audio Trans-
formers.

AmerTran DeLuxe

AmerTrans Types AF-6
A

and AF-7.

AmerTran Power Trans-
formers.
Types PF-64, PF-52, PF-
280, PF-281.
AmerTran Heater Trans-

former.
Type H-67.

AmerChokes Types 418,
854, and 709.

AmerTran Resistor, Type
0.

Input and Output Trans-
formers for broadcasting.

A. C. Power Supply

YPE PF-281, AmerTran Power

Transformer ($25.00), Dbecomes
virtually an A-B-C eliminator when
used with AC tubes and the proper
filter circuit for DC voltages of from
425 to 650 volts, plate current 110 Ma.
This unit is designed for use with the
new UX-281 rectifying tube, and has
a 750 volt plate winding which en-
ables it to be used with a UX-281 or
216-B rectifying tube. In addition
there are filament heating windings for
the new AC tubes. Used with types
709 and 854 AmerChokes in the filter
circuit, a receiver may be constructed
to operate entirely from the house
hghting circuit.

Type H-67 Heater Transformer is a
new unit recommended for use with
the RCA UX-226 raw AC amplifier
tubes and the UY-227 detector tube.
It also has a third filament winding
capable of handling two UX-171 tubes.
In connection with the new AC tubes,
type H-67 becomes the power source
for the filament and is therefore a real
“A” battery eliminator. This trans-
former sells for $12.00.

Correspondence wilh our Engineering
Department is cordially invited.

American Transformer Co.

178 EMMET STREET

NEWARK, N. J.

“Transformer Builders for Over 26 Years”

AMERTRANIAMERTRAN | AMERTRAN | AMERTRAN |AMERTRAN | AMERTRAN | AMERTRAN| AMERToAN

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

III



Radio Frequency

Galvanometer

Pattern
A No. 64
Quality Radio Frequency
Product Galvanometer

The Jewell standard high frequency thermocouple
type galvanometer incorporates features of low resist-
ance and high sensitivity, which makes it a great favorite
with experimenters in radio phenomena.

The internal radio frequency resistance of the in-
strument is 2.5 ohms. The double scale has one section
calibrated exactly to 100 milliamperes and the other
evenly divided, running to 100 for decrement measure-
ments. It is, therefore, a milliammeter as well as a high
frequency galvanometer.

Movement parts of this instrument are all silvered
and the scale is silver etched with black characters. It
may be obtained in a special portable style as well as the
panel mounting.

Write for Radio Instrument Catalog No. 15-C.

Jewell Electrical Instrument Co.
1650 Walnut St., Chicago

“27 Years Making Good Instruments”
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Transmitting mes-
sagea with his
drum, the African
depond s on the
pitch and clarlty
of ita tonc. With
smazing speed
these mesnnges
are sent overmiles
of mountains and
jungle,

CC';ONE—FuH, deep, reso-

nant—unequaled in its
naturalness. As the musicis
played, as the artist sings, so
you should hear it—true,
rich, life-like—so faithfully
reproduced that you forget
you are listening to radio.

This is what you enjoy with
a Grebe Synchrophase
Seven, particularly in_com-
bination with the Grebe

Natural Speaker: A tone
quality that is unrivaled for
its naturalness, an ease of
operation that is remarkable
for its simplicity, and a re-
finement of appearancethat
harmonizes with any en-
vironment. Grebe Synchro-
phase Seven, $135; Grebe
Natural Speaker, $35.

Send for Booklet [; then ask

your dealer to demonstrate.

REBE,

bSYN

CHROPHASE,

TRAGH HASK A6 WA AnL OV,

RADIO

Tte olcest exclusive radio manufacturer

Vv

A. H. Grebe ® Co,, Inc,, 109 W. 57th St., New York City
Factory: Richmond Hill, N.Y. WesternBranch: 443 So. San Pedro St., Los Angeles, Cal.
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Radio - Is . BETTER - With - Dry - Battery - Power

ou can candle
an egg—but not a battery

7;{ERE isn’t much difference in the size or shape of batteries. And
you can’t tell how good they are before you use them. {If you
could, one element alone would win your preference for Burgess.
That element is Chrome. { Chrome is the preservative that main-
tains an abundance of unfailing energy in Burgess Batteries—long
after most dry cells cease to function. The black and white stripes
are individual marks for identifying Burgess Chrome Batteries.
Buy them for long lasting, dependable performance!

/ —the preserving element used in leather, metals, paints
C 17°0777€ and other materials subject to wear, is also used in Bur-

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

Ask Any Radio Engineer
Burcess BATTERY COMPANY

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

BURGESS BATTERIES
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A manufacturer produces an improved part

L

Tuning Coils with Bakelite Molded Parts. Made by Bruno Radio Corporatien,
Long Island City, N. Y.

~ » atone half former cost

TH ROUGH using
Bakelite Molded, the
Bruno Radio Corporation
were able to improve the
design and appearance of
their tuning coils and in-
crease their durability. In
addition, finishing and
drilling operations were
eliminated, production in-
creased, and cost reduced
fifty per cent.

This case is typical of the
experience of the majority
of radio parts manufac-

turers, and explains why
Bakelite Molded has be-
come the premier insula-
tion for radio devices.

Bakelite Engineering Service

Bakelite Sales and Service Engineers
are located in important industrial
centers throughout the country, and
they are equipped to render prompt
and helpful co-operation to present
and prospective users of Bakelite
Materials. The Bakelite Corpora-
tion places at their service the facik-
ties of its extensive laboratories, and
its unequalled ecxperience n the
practical application of phenol resin
products to the requirements of the
radio industyy. Write for Booklet
33—'‘Bakelite Molded.”

BAKELITE CORPORATION

247 Park Ave, New York, N.Y.
BAKELITE CORP. OF CANADA, LTD.

BAK

“Th e T Mok ok Sy thewn e e b4 wead iy o ok
ered wy Bakaite Pty

Corpmtnn Under the

THE MATERIAL OF \©Q/ A THOUSAND USES

Chicago Office: 635 W. 22nd St.
163 Dufferin St., Toronto, Ont.

v o vat. orr

LITE |

made fram motoriats
="l the o rcs] g T k. o8 smbord
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RADIOTRONS

for modern

A. C. OPERATION

POWER AMPLIFIER RADIOTRON UX-171
Filament—s Volts—.5 Amperes

Plate Voltage . g » . 90 136 180  Volts

Negative Grid Bias . . . 6% 27 4014 Volts

Plat.e Current g = 10 16 20 Milliamperes
\ate Resistance (A.C.) .. 2500 2200 2000 Ohms

Mutual Conductance . . 1200 1360 1500 Micromhos

Voltage Amplification Factor . 3.0 3.0 3.0

Max, %ndlstorted Output . . 130 330 700  Milliwatts

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

Plate Voltage . 2 5 90 135 136 180  Volts
Negative Grid Bias . S 6 12 9 13)2 Volts

Plate Current . . 3.7 3 6 7.5 Milliamperes
Plate Resistance (A.C.) . 9400 10,000 7400 7000 Ohms
Mutual Conductance . . 876 820 1100 1170 Micromhos
Voltage Amplification Factor 8.2 8.2 8.2 8.2

Max. Undistorted Output . 20 60 0 120 Milliwatts

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

Plate Voltage . n 45 90 Volts

Grid Leak ' ® . i s - - 2-9 Y4-1 Megohms
Plate Current . . . C - 2 7 Milliamperes
Plate Resistance (A.C.). . .. . 10,000 8000 Ohms
Mutual Conductance . . T 0 800 1600 Micromhos
Voltage Amplification Factor . B g § 8

FULL WAVE RECTIFIER RADIOTRON UX-23¢

A.C. Filument Voltage . - . . . - 5.0 Volts

A.C. Filament Current . 3 . A : 2.0 Amperes
A.C. Plate Voltage (Max. per p]ate) . 5 z - 300 Volts

D.C. Output Current (Maximum) . . . 125 Milliamperes

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

HALF WAVE RECTIFIER RADIOTRON UX-281

A.C. Filament Voltage . @ 7.6 Volts

A.C. Filament Current . ] : s 125 Amperes
A.C. Plate Voltage (Max. per pl.n,e) A A v 760 Volts

D.C. Output Current (Maximum) b - 110 Milliamperes

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

RADIO CORPORATION OF AMERICA
New York Chicago San Francisco

RCA~-Radiotron

MADE BY THE MAKERS OF THE RADIOLA

When writing to advertisers mention of the Proceedings will be mutually helpful.
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INSTITUTE ACTIVITIES

MEETING OF BOARD OF DIRECTION

At the meeting of the Board of Direction held in the offices
of the Institute on September 7, 1927, the following were present:
Ralph Bown, President; Melville Eastham, I.. A. Hazeltine, 1. A.
Heising, J. V. L. Hogan and J. M. Clayton, Assistant Secretary.

The Board approved the action of the Committee on Admis-
sions in the case of the following applications: transfer to the grade
of Fellow, Pendleton . Lehde and H. E. Hallborg; transfer to the
grade of Member, Ernest V. Amy, C. C. Harris, Harold Herbert,
Ross A. Hull, and W. A. Thomas; election to the grade of Member
W. H. Bailey, T. W. Bearup, R. B. Owens, and John Murchie.

Eighty-four Associate and eighteen Junior members were
elected.

During the months of July and August two hundred and thirty-
seven Associate and thirty-nine Junior members were eleeted.

The Board approved the application from members residing
within the vicinity of Buffalo for the formation of a Buffalo-
Niagara Section of the Institute.

NEw York MEETING OF THE INSTITUTE

At the first Fall New York meeting of the Institute, held on
September 7th in the Lngineering Societies Building, 33 West
39th Street, New York, a paper by Messrs. H. Diamond and J. 8.
Webb was presented by Mr. Diamond. The subject was, “The
Testing of Audio-Frequency Transformer-Coupled Amplifiers.”

The following took part in the discussion which followed the
reading of the paper: Professor L. A. Hazeltine, R. R. Bateher,
George Crom, I. G. Maloff, Melville Eastham, and others.

The attendance at this meeting was over three hundred.

News of the Sections

Practically all of the Sections are making plans for resumption
of activities for the Fall season. All of the Sections have meetings
planned for the month of September.

Those Sections requiring them are now being supplied with
preprint copies of all papers which are to be presented before the
New York meetings. In most cases these papers will be available
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824 Institute Activities

for Section use several weeks prior to the New York meetings.
Sufficient preprints are being supplied for each person attending
each Section meeting to secure one at the meeting.

Committee Work

At the meeting of the Committee on Admissions held on the
afternoon of September 6, 1927 in the offices of the Institute, the
following were present: Professor L. A. Hazeltine (Acting Chair-
man) and Messrs. R. A. Heising and H. F. Dart.

The Committee acted upon thirty-five applications for transfer
or election to the grades of Fellow and Member.

Fourteen Year Index

Printing of the fourteen year Index to the PROCEEDINGS
has been held up unavoidably. It is hoped that this Index will be
in the mails shortly after the October issue is published. When
completed, each member of the Institute will be mailed a copy of
the Index.

The price to non-members will be one dollar.



LONG-WAVE RADIO MEASUREMENTS AT THE
BUREAU OF STANDARDS IN 1926, WITH
SOME COMPARISONS OF SOLAR AC-
TIVITY AND RADIO PHENOMENA *

By
L. W. AusTIN

(Laboratory for Special Radio Transmission Research conducted jaintly
by the Bureau of Standards and the American Section of the International
Union of Scientific Telegraphy).

The following is a résumé of the measurements made by the
Bureau of Standards on long-wave signal intensities and atmos-
pheric disturbances during 1926, to which have been added some
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Fig. 1—Annual Average Signal, 10:00 A.M.

measurements from former vears for the purpose of studying the
relations of radio transmission and atmospheric disturbances to
other natural phenomena.

Received by the Editor, July 12, 1927.

Read before the International Union of Seientific Radio Telegraphy,
American Section, April 21, 1927.

* Published by Permission of the Director of the National Bureau of
Standards of the U. S. Department of Commerce.
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828 Austin: Comparisons of Solar Activity and Radio Phenomena

The method of measuring weak signals through heavy atmos-
pheries, described in the report for 1925'in which a correction factor
for the deadening effect of the atmospherics is determined by
measuring the apparent strength of a correspondingly weak arti-
ficial signal, with and without atmospheries, has proved entirely
successful.
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On account of the lack of assistants in the laboratory for taking
night and holiday observations, much time has been devoted by
my assistant, Mr. Judson, to experiments on automatic measuring
apparatus. At the close of the year these experiments had so far
progressed that regular 24-hour records were being made of the
Bordeaux, Tuckerton, and Cape Cod signals and atmospheric
disturbances, using a high antenna for Bordeaux and a lower one
for the American stations. A Cambridge-Paul recorder is being
used which records at every half minute for five minutes in each

! Proc. I. R. E,, vol. 14, p. 663; 1926.



Austin: Comparisons of Solar Activity and Radio Phenomena 827

hour on each station being measured, the antenna and secondary
cireuits being changed in tune by means of a clock-controlled relay
and secondary relays. The capacity of the system will permit
further stations to be added when it seems desirable. It is, of
course, not expected that Iiuropean stations can be recorded during
the summer without interruption from atmospherics. Apparatus
is also being developed for recording the direction of atmospherics.
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The tables and Figs. 1 to 4 are similar to those given in former
reports and are in general self-explanatory. The daylight strength
of all the stations shown, except LPZ, has continued to rise during
1926 while the average daylight atmospheric disturbances have
continued to fall.

Fig. 3 shows the seasonal variations of the 10 a.m. (ES.T.)
all daylight signals of various stations. Practically all these
stations show a peak in the curve of monthly averages in Septem-




828 Austin: Comparisons of Solar Activity and Radio Phenomena

ber or October, while the European stations show low values in
November and generally in December and January. A number of
stations also have peaks at some time in the spring. The north-
south stations NAU (Porto Rico) and LPZ (Argentina) do not
show the late autumn and winter minima nor does KET (Bolinas,
Calif.) (3 p.m.)? although its transmission is west-east. This con-
firms our earlier surmise that the low autumn and winter signals
of the European stations are due to the proximity of the Luropean
sunset to the transmitting time of the signals received at 10 A.m.
The September or October peak may possibly have some sig-
nificance. 1t is conceivable that it may have some connection with
the autumn peak of the curve of terrestrial magnetic range.

TABLE 1

Average Signal Intensity and Atmospheric Disturbances for Lafayette (LY), Ste. Assise (FU)
Nauen (AGW), Rugby (GBR), Monte Grande (LPV) and Rio de Janeiro (SPR),
in microvolts per meter.

A ML P, M.

1926 LY FU AGW GBR LPV SPR Dist. LY FU AGW GBRLPV SPR Dist.
January 156 62 68 134 - 34 240 91 116 48
February 157 76 51 136 32 186 65 72 170 54
March 156 7 54 137 38 203 83 63 159 59
April 168 63 60 156 65 174 7 33 129 = 96
x\{uy 162 74 62 155 51 41 144 59 46 127 31 -— 148
June 154 63 56 134 42 40 109 45 40 94 25 176
July 161 52 44 145 31 40 40 113 42 32 110 - 232
August 142 49 47 165 27 36 44 96 40 39 107 15 30 435
September 181 64 59 230 48 38 i34 142 47 2 181 — 18 209
October 124 54 49 145 33 36 30 122 58 53 152 34 27 82
Novenber 90 37 43 122 29 37 39 148 58 55 149 27 30 54
December 120 52 49 34 43 27 256 110 29 310 — 37 37
Average 148 60 54 151 36 38 39 161 64 58 154 26 28 136

Last year much time was devoted to a study of the observa-
tional data of the laboratory in regard to a relationship with
temperature and this relationship was quite definitely established
as far as stations at moderate distances are coneerned.?

At present the relationships of radio phenomena to solar ac-
tivity and terrestrial magnetism are being examined. Some pre-
liminary results of this study are here given.

SOLAR ACTIVITY AND RADIO PHENOMENA

It has been often suspected that a connection exists between
radio and the aurora and magnetic storms. The connection with
magnetic storms was first definitely established by Lspenschied,
Anderson and Bailey* in the work of the Bell Telephone Company
in preparation for the establishment of a transatlantic telephone

2 The 3 p.v. signals from Bolinas are given instead of those at 10 A.M. as
these give better all daylight conditions.

 Proc. I. R. E., vol. 14, p. 781; 1926.
“Proc. I. R E, vol. 14, p. 7; 1926,
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service. They found that magnetic storms greatly decreased the
strength of night signals and slightly increased the daylight
strength. This effect was more pronounced at a wave length of
5000 m. than at 17000 m. Since terrestrial magnetism is known

TABLE I1

Average Signal Intensity and Atmospheric Disturbances for Ste. Assise (FT), Bolinas (KET,
Nauen (AGS), Monte Grande (LPZ), Leafield (GBL) and Coltano (ICC) in
niicrovolts per meter.

A, ML P. M.

1926 FT KET AGS LLPZ GBL ICC Dist. FT KEI' AGS LPZ GBI ICC Dist.
January 48 72 33 57 20 41 o 5t 76 7 13 2 39
February 53 70 40 53 31 45 27 54 91 41 36 20 44
March 55 69 40 51 25 37 33 56 68 40 31 19 47
A})ril 60 71 42 40 27 43 57 49 71 34 33 22 24 84
May 59 76 47 41 23 46 33 38 55 27 17 15 31 129
June 48 62 35 39 21 44 35 21 41 21 15 12 22 153
July 39 57 31 34 16 34 34 25 36 17 17 15 21 192
\ugust 44 - 35 28 14 31 42 27 48 22 28 23 369
September 42 58 42 40 20 40 27 26 47 - 14 24 128
October 43 67 37 38 24 36 34 39 70 31 27 21 290 72
November 32 63 23 41 15 25 29 48 59 37 32 20 36 44
December 32 65 31 42 16 27 20 56 78 138 42 20 14 29
Average 46 66 36 42 21 37 33 41 62 32 29 18 28 111

to be closely connected with solar activity a similar connection
of solar activity and radio signal strength was to be expected, and
Pickard, in a recent paper,” has shown that such a relationship
exists.

Rough observations on signal strength by the shunted tele-
phone method were begun in this laboratory in 1915, and on the
strength of atmospherics a little later, while since 1922 measure-

TABLE III

Average Signal Intensity and Atmospheric Disturbances for El Cayey (NAU)
in michrovolbs per meter
A. M.

P. M.

1926 NAU Dist NAU Dist.
January 78 13 69 15
February 81 13 70 20
March 96 17 65 21
April 66 29 51 42
May 83 17 54 7t
June 80 18 51 80
July 65 17 41 112
August 72 23 61 147
September 91 16 57 80
Ocztober 66 15 65 30
November 83 14 54 19
1)ecember 92 11 83 13
Average 79.6 16.9 60.1 51.4

ments of these quantities have been made which have considerable
accuracy. These observations, which were originally planned for
the purpose of making comparisons with other natural phenomena
furnish considerable material for the present study.

In Fig. 5 the annual averages of sunspot numbers and the all
daylight reception from Nauen in Washington from 1915 to 1926
is seen. The earlier years of the Nauen reception curve have little

5 Proc. I. R. E,, vol. 15, p. 83; 1927.
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claim to aceuracy but it is certain that there was a reception maxi-
mum in 1917 and low values from 1920 to 1924. The signals are
reduced to uniform antenna current.

Fig. 6 shows the relationship between the monthly average
sunspot numbers and the monthly average strength of the all
daylight signals from Nauen covering a period of five vears from
1922 to 1926 inclusive. In order to eliminate the effects of seasonal
variations on the signal strength, the observational points on the
curve are the deviations from the means of the same months for
the five vears.
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Fig. 7 shows a similar curve for the averages of a number of
stations, from 1924 to 1926. These curves of sunspots and signals,
while not following each other exactly from month to month,
show a quite definite positive correlation between solar activity
and strength of long wave daylight radio transmission averagecl
over long periods.

Thus far our conclusions are reasonably certain, but in what
follows I feel that we are on much less secure ground.

If the existence of a correlation between solar activity and
radio be accepted, it is natural to suppose that there may be
variations in radio reception which may show a connection with
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TABLE IV
MISCELLANEOUS OBSERVATIONS ON SIGNAL INTENSITY IN MICROVOLTS PER METER

1926
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the period of rotation of the sun. It would not of course be expected
that the changes in strength of reception would regularly follow
the solar rotation, but if the irregular terrestrial factors could be
eliminated, it might well be that, on an average, a waxing and
waning of the signal strength would be found as the sun ro-
tates.

When it is suspected that observed values may have a tendency
to vary in a definite period, one of the best methods of handling
the data is to divide the observations into groups of days equal
to the suspected period, and then average the corresponding ob-
servations of the successive groups. By this process the real
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Fig. 5—Annual Average Signal Intensity of Nauen (AGS), 10:00 a.M. and
Sunspot Numbers.

periodic changes should build up while others should tend to
cancel. The apparent time of solar rotation is somewhat indefinite
since the surface of the sun is gaseous. At the solar equator, the
rotation period is about 25 days, at a latitude of 75 degrees, it is
32 days, while in the region where the sunspots are most numerous,
it may be taken approximately as 27 days.

In Figs. 8 and 9 the signal field strength deviations from
monthly averages have been divided into successive periods of
27 days, and the periods averaged, all the first days of all the
periods, then all the second days and so on. Fig. 8 shows the results
of this procedure for the sunspot numbers and for the daylight
signals from Nauen AGS for the three years, 1922-1924 inclusive,
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and also for 1925 and 1926.5 From this figure it appears that
the Nauen signals, like the sunspot numbers, vary with the solar
rotation and keep persistently in nearly opposite phase to them.

Some stations like LPZ (Argentina) appear to show very little
27-day variation; while in some cases, Bordeaux for example,
Fig. 9, there seems to be a strange persistence in the signal curve
forms even after an interval of a large number of 27-day periods.
It is interesting to note in Fig. 9 that the two curves of the first
halves of the two different vears are more nearly alike than the
first and second halves of the same year. In this connection it
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may be remembered that the spots of the sun’s northern hemi-
sphere face the earth from December to June, while from June to
December the southern spots face us. In addition to the 27-day
periods there also seem to be indications of periodie changes in
signal strength in shorter periods than 27 days. Some of the
stations appear to show a 9-day period, which is one third of the
period of solar rotation, while in some cases even shorter periods
can be detected.

¢ For the sake of clarity the observation points in all the periodic average
curves have been repeated beyond the 27-day period and in some cases smooth
curves have been drawn through the irregular curves of the actual averages.
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It seems scarcely possible that such detailed resemblances as

are shown in Fig. 9 can represent anything real in solar and radio
relations, but while they are very possibly without real significance,

t‘ MONTHLY DEVIATION FROM
a8 I YEAR MONTHLY AVERAGES ©
g1 OF SUNSPOT NUMBERS AND [ 3
g N SIGNAL (LY, HET, 4GS, FU.FT) =
;t /0 Arr & 3 PAM t
~
H
AN )
TN s
-
>4 %0
/ y. 6 3
y 2 M- k. 20
7 B
+ vi k. WK /0
J{ V| Teivewsmody |,
o ; ok i 5
/ Bis
! . ‘o
. A} y . y
N f K
1N
]
| 0 11
v N M g S VN J M N OJ N S M M v [
1924 1925 926
Fig. 7

the similarities are tantalizing. The continuation of these periodic
changes through several years, if they are real, would indicate
fixed active areas on the sun which persist over very long periods.

TABLE V
Dara ror TanLe 1V,
Approximate

Station wave length Frequency Location
AXL 18 300 m 16.3 ke Warsaw, Poland.
AGX 14 500 m 20.6 ke Eilvese, Germany.
GB 7 800 m 38.4 ke Glace Bay, N. S.
IDG 21 000 m 14.2 ke Disa, Italy.

LCM 12 000 m 24.9 ke Stavanger, Norway.
MUU 14 000 m 21.4 ke Carnarvon, Wales.
NPL 10 000 m 29.9 ke San Diego, Calif.
NBA 6 500 m 46.1 ke Darien, Panama.
PCG 17 800 m 16 .8 ke Kootwijk, Holland
SAQ 18 500 m 16.2 ke Goteborg, Sweden.
YN 15 400 m 19.7 ke Lyons, France.
AFL 7T 800 m 38.4 ke Koénigs-Wusterhausen,

Germany.

NPG 10 500 m 28.5 ke Mare Island, Calif.
GKB 6 800 n 44.0 ke Northolt, England.
Fz 10 200 m 29.3 ke Beirut, Syria.

1DO 11 000 m 27.2 ke Rome, Jtaly.

In addition to the comparisons of solar activity and signal
strength, a study is also being made of possible relations between
solar activity and the strength of daylight atmospheric dis-
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TABLE VI
TrANsMI8810N DaTa For TaBLEs I, II anp JII.
1926.

LY3, Bordeaux

FU, Ste. Assise, Paris

FT, Ste Assise, Paris

AGWS, Nauen, Berlin

AGS", Nauen, Berlin

GBR®#, Rugby

GBL, Leafield, Oxford

LPZ, Monte Grande, Buenos Aires
LPV, Monte Grande, Buenos Aires
SPR, Rio de Janeiro

KET?, Bolinas, San Francisco
ICC, Coltano, Pisa

NAU, Cayey, Porto Rico

Frequency

338

835

Wave Antenna  Effective  Distance

18 100 457
12 800 398
18 600 653
12 300 210
12 700 600

17 600 565
22 000 780
13 100 659
15 000 380
8 870 150

_L_ellg”l i Current
A 1
18 900 70
20 000 475
14 400 380

Height

km

5160

s Daily antenna current reported. Other antenna currents more or less uncertain.

turbances. This will be more fully reported at another time, but
the preliminary results are as follows: Here the connections are by
no means so clear as in the case of the signals. A comparison of the
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monthly averages of sunspots and long wave daylight atmos-
pherics, covering several years, shows little certain correlation
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between the two. If a correlation exists, it is apparently negative;
that is, there has been a tendency since 1924 for the atmospherics
to decrease with the increasing sunspot numbers of the advancing
I1-year cycle. Twenty-seven day periodic averages also appear
to show some degree of negative relation for the daylight atmos-
pherics.

In conclusion, the observations show with considerable cer-
tainty that there is a general increase of signal strength with
increasing sunspot numbers. There also appears to be a possible
periodic relationship between the sunspot numbers and daylight
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signals, in which, in the case of most stations observed, the signals
are nearly in opposite phase to the periodic changes of the sunspots.
This is in agreement with the results of Pickard in the broadcasting
range. While the work thus far must be considered to be in the
preliminary stage, it seems probable that the relations of solar
activity and radio phenomena will be found to be as worthy of
study as those of solar activity and terrestrial magnetism.

A limited number of mimeographed copies of the Bureau of
Standards record of daily signal measurements of long wave
stations since January 1, 1924, are available for distribution to
those engaged in the study of radio transmission phenomena.



RADIO ATMOSPHERIC DISTURBANCES AND
SOLAR ACTIVITY*

By
I.. W. AusTtIN

(Laboratory for Special Radio Transmission Research, Bureau of Standards)

The suggestion that atmospheric disturbances might be due
to a bombardment of the earth’s atmosphere by electrified particles
from the sun was first made by De Groot! in 1917. A number of
years later the U. S, Navy began experiments looking toward the
establishment of a connection between these disturbances and
solar activity. It was thought that there might be such a con-
nection in the case of the type of atmospherics which sometinies
produces simultaneous disturbances in the receiving apparatus

/4 | ! [ i
é‘ / F \ !
a‘ 7
S‘ /4
< I
i
——
80
t PN
i va
) Yy
1
g "
{
Y,
R ™9 1980 w7 19 BT s AR

Fig. 1—Annual Average Atmospheric Disturbances, 3:00 P.ar. (2% ke,
12500 m) and Sunspot Numbers.

at widely separated points as in Honolulu and San Francisco or
even in Honolulu or San Franecisco and Berlin.2 There seemed to
be some evidence that these simultaneous disturbances took place
when the large sunspots were in the center of the sun’s disk facing
the earth. The observations were made in San Francisco and in

Received by the Editor, July 12, 1927.

Read before the American Geophysical Union (Section of Terrestri:il
Magnetism and Electricity), April 28, 1927.

* Published by permission of the Director of the National Bureau of
Standards of the U. S. Departn:ent of Commerce.

1 C. De Groot, Proc. 1. R. E,, vol. 5, p. 75; 1917.

? Baumler, Jahrb. d. Drahtlosen Teleg., vol. 19, p. 325; 1922. Proc.
1. R. E, vol. 14, p. 765; 1926.
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Washington and were continued intermittently for more than a
vear but without leading to any definite conclusion.

During the past vear an examination has been made of the
observational material on daylight disturbances between 9000
and 20,000 meters wavelength collected by this laboratory since
1918. In theearlier measurements the strength of the atmospherics
was determined by the shunt across the telephone at which three
crashes could be heard in ten seconds. This was subject to all the
general inaccuracies of the shunted telephone method, including
the effect of changing ohservers and possible changes in the
sensitiveness of the telephones fromn time to time. The present
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Fig. 4—27-Day Period. Atmospleric Disturbances 10:00 a.n. (f—15ke,
20,000 m.) and Sunspot Numbers, 1925.

method which was adopted in 1924 rates the strength of the dis-
turbances in terms of the measured strength of an artificial signal
which is just readable through them. The changes in methods of
measurement do not permit comparisons of the earlier and later
observations which are of much quantitative value. It seems
certain, however, that the daylight atmospheries at 12,000 meters
between 1920 and 1924 were considerably stronger than during
191% and 1919 and during 1925 and 1926. This would indicate
a general negative correlation with sunspots. This is shown in
Fig. 1. The values before 1924 are dotted to indicate their com-
paratively low accuracy. Fig. 2 shows the deviations of the
individual monthly averages from the three-year monthly averages
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of the 20,000-m. atmospheric disturbances and of the sunspot
numbers from 1924 to 1926. The deviations are used, rather than
the monthly averages themselves, in order to eliminate the large
seasonal variations of the atmospherics. The increase in the
sunspot numbers with the advancing eleven-year cycle is evident
in the figure. The atmospheric disturbance curve, however, is
rather noncommittal, but with some evidence of a negative cor-
relation. The indistinctness of this relationship can be compared
with the much more definite correlation of sunspots and signal
intensity, as shown in Fig. 3, where the mean values of the daylight
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signal strength of several long-wave stations are compared with
the sunspot numbers by the same methods and over the same
period of time.

If the atmospheric disturbances are dependent upon sunspots
it would seem probable that there would be regular changes in
disturbance intensity in the period of the sun’s rotation. Fig. 4
shows the 27-day periodic averages of the 20,000-m. atmospherie
disturbances and sunspot numbers in 1925, the points being
repeated during a second 27-day period for clarity. The dis-
turbance curve is somewhat smoothed by 3-day moving averages.
It is seen that this curve, while very irregular, shows perhaps
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some slight evidence of being in nearly opposite phase to the
sunspots.

Fig. 5 shows a comparison of 10-day averages of 20,000-m
atmospheric disturbances and sunspots from January 1 to Decem-
ber 31, 1926. Here the prevailing correlation appears to be also
on the whole negative.

For a comparison with these rather indefinite evidences of
the solar influence on atmospherics, Figs. 6 and 7 show their much
more definite connection with terrestrial phenomena. Fig. 6 repre-
sents the quite close relationship between 20,000 m. atmospherics
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Fig. 6—Temperature and Atmospheric Disturbances—3:00 p.M.
Ten Day Averages.

and local temperature averaged in 10-day periods. Here the well-
known parallel variations with seasonal temperature are seen,
and in addition there is a remarkable correspondence even in the
small peaks and troughs of the two curves. Fig. 7 represents the
relationship of atmospheries and the number of thunderstorms
recorded in a region within approximately two hundred miles of
Washington. Here again, as in the case of the temperature, we
find a close relationship. The connections shown in Figs. 6 and 7
evidently have to do with atmospherics of comparatively local
origin. Many of the disturbances are, of course, known to come
from great distances, but these two figures show how prominent
a part relatively local atmospheries play in the difficulties of radio
reception in Washington.
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In conclusion, while there seems to be some evidence of solar

influences on long-wave daylight atmospheric disturbances, at
present, the proof seems insufficient to establish this with certainty.
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It may be that the influence of solar activity on the weather and
that of the weather on the atmospheries may be the indirect path
by which the connection must be traced.



TWO CONTRASTING EXAMPLES WHEREIN
RADIO RECEPTION WAS AFFECTED BY
A METEOROLOGICAL CONDITION*

By
LievutEnant E. H. Kincaip, U.S.N.

(Hydrographic Office, Navy Department)

The writer has had opportunity at sea to study statie with
relation to the atmosphere since the spring of 1924 on board the
U.S.S. Kittery. During 1926, these observations were made with
the assistance of the radio compass. The research originally started
on board the U.S.S. Kittery is now being continued by the Hydro-
graphic Office, Navy Department, in collaboration with the Bureau
of Engineering, Naval Communications, and the Bureau of
Aeronautics.

The purpose of this article is primarily to show that static has
sufficiently definite relationship to the distribution of the at-
mosphere as plotted on the daily weather map to enable one by
proper observations to make use of static in weather forecasting,
and to make use of our present knowledge of atinospheric distri-
bution and movement in static forecasting.

This problem must be considered from two different view-
points.

The first is by making use of instantaneous static intensities
without reference to any directional properties that static may
have. This might be called plotting the Highs and Lows of static
such as we now plot Highs and Lows of barometric pressure.

The first experiment conducted by the U.S.8. Kitiery for the
Navy Department before the introduction of the direction finder
was on this principle.

Considering that a definite relationship is established between
atmospherie structure or changing structure and static, facts
aseertainable conecerning static from one or more points will be
of value in forecasting weather and our knowledge concerning
development and movement of atmospheric conditions will assist
in making static forecasts.

Received by the Editor, June 8, 1927,

* Presented bhefore the American Section, International Union of Scien-
tific Radio Telegraphy, April 21, 1927.
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Add to this knowledge what directional properties static is
found to have and we begin to realize the possibility of the value
of a static observation to a condition remote from the station
making the observation. It is this latter feature that will prove
of greatest advantage to the mariner.

Two examples are given herewith of well-known meteorological
conditions with contrasting types of pressure distribution. One
is a well-formed homogeneous High which covers the West Indies,
the South Atlantic and East Gulf States, and the ocean area
adjacent thereto.

Fig. 1 illustrates the static-free and excellent communication
conditions attending this High. The ship at the time off Cape
Haytien, Haiti, on 16 March 1927, with a two-kilowatt set had
no difficulty in communicating with Port au Prince, Haiti, Guan-
tanamo, Cuba, San Juan, Porto Rico, Arlington, and New
York.

Fig. 2, the other example, is of the same geographical area
but with a hurricane, the most intense type of Low (save tor-
nadoes) occupying a part of the same area. The Low in this case
is the historical Miami hurricane shortly after it had passed over
and devastated Turks Island. The position of the observer was the
same during the observance of both states of weather and attend-
ant radio reception conditions, that is, off Cape Haytien, Haiti,
in this case on the evening of 16 September 1926.

In the former, the High, static was practically zero and
reception excellent in all directions over long ranges within the
High.

In the latter, the Low or Miami Hurricane, reception was
impossible although attempts were made to communicate with all
stations indicated by arrows in Fig. 2, namely, Arlington, San
Juan, Guantanamo, Port au Prince, and even Cape Haytien,
Haiti, which was only 40 miles distant.

Our steering gear broke here as we were entering Tortuga
Channel to obtain a better lee, and had an SOS been necessary,
it would have been drowned out by the intensity of the static.
Fortunately, the U.S.8. Kittery is a twin screw ship, and we used
our engines until the steering gear was repaired.

Here we deal not with theory but with facts, namely, (1} that
on one occasion static was teérrific and the observer was within the
29.60 isobar, southeast quadrant of a hurricane, and (2) on the
other occasion the observer was within a homogeneous High and
static was practically nil.
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The writer wishes to ask what this and similar phenomena
would seem to indicate. To the observer in this case the same
relative situations have recurred so often that he is of the opinion
that Highs are relatively static free and Lows are attended with
static somewhat preportional to the intensity of the disturbance.
This seems to hold good from troughs of Low pressure to hurricanes
and from poorly defined Highs with mild static to great homo-
geneous Highs with praectically no statie.

Fig. 3—Breeding Place of Hurricanes—Doldrums.
(After Bartholomew’s Physical Atlas, Vol. ITI, Plate 14.)

This High had traveled across the United States from the
Pacific States where it was central on 11 March. We have every
reason to believe that the same relative good reception condition
had identical motion of translation.
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The rate of the motion of translation of Highs is shown in
many publications of the U. S. Weather Bureau and authors of
meteorological works. (See I'ig. 14.)

With the same accuracy as Highs are now used in weather
forecasting they can be used in forecasting the negative informa-
tion concerning static conditions.

The Low, or Miami Hurricane, had traveled at the rate of
about 300 miles per day from the doldrums well out to the eastward
of the Lesser Antilles, possibly near the Cape Verde Islands. Itisa
certainty that this area of heavy static and impossible com-
munication conditions had traveled at the same relative position
to the hurricane and at the same rate of 300 miles per day. (See
Fig. 4.)

Considering that these things are true and that Highs and
Lows and our knowledge concerning their development, disinte-
gration, and motion of translation is to be the basis for our static
forecasting, we need next to study the structure of Highs and Lows
with a view to locating that part of each which may under the
most general conditions be expected to give the greater aimount of
static. We also want to know where within the High and Low
to expect the minimum amount of static for that particular
structure.

In the Miami hurricane, static was stronger in the southeast
quadrant than in the west and southwest quadrants. In general,
the eastern half of Lows will be more heavy in static than the
western; the southeast, in general, than the northeast; and the
southwest, than the northwest.

On 21 March when the High mentioned above had moved to
the eastward until the Killery’s position was in the southwest
quadrant, static increased steadily.

In Highs it has been my observation that the center has the
mildest static, the southeast quadrant less than the southwest,
the northeast less than the northwest. Especially is this true near
the edge of the structure.

Highs of different origin and hence different structure will
have different static conditions associated with them. A Pacific
High, deep but of limited area, will have a different static associa-
tion from an Alberta High which is shallow but of great magnitude.
And similarly Lows of different origin will have correspondingly
different static attendant thereto.

The above facts can be reconciled with results obtained by
many who are studying static with the view of correlating it with
the atmosphere.
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A few observations of others who have studied this subject
abroad may be added here:

ABSTRACTS OF PAPERS ON THE METEOROLOGICAL
RELATIONS OF ATMOSPHERICS

In June, 1923, the Council received a letter from Mr. R. L. Latcham, of
the cable steamer John W. Mackay, Nova Secotia, calling attention to the
possibility of using, for the purpose of weather foreeasting, observations of the
character of those naturally occurring electro-magnetic waves, called at-
mospheries, which are so familiar to all wireless listeners, The Council ap-
pointed a small committee to consider whether observations on atmospherics
might be of serviee in forecasting. As a preliminary to the work of the com-
mittee, the writer undertook to prepare the bibliography of the meteorological
relations of atmospheries which is now reproduced here.

The correlation between the occurrence of actual thunder or lightning
and the radiation of atmospheries is so well-known that many references to
it have been omitted, but it is believed that no other well-authenticated data
have been overlooked.

Tt will be seen that very acute divergences of opinion exist as to possible
relations between the intensity of atmospheries on the one hand and most
of the phenomena definitely recognized as ‘“meteorological’” on the other.
There is an overwhelining consensus in favor of the obvious correlation with
thunder, moderate agreement on the correlation with convective processes
in the absence of reported thunder, but beyond this point, the evidence is
mutually contradictory. Reasons for this are not difticult to assign. It is
established beyond doubt that the range of reception of atmospherics may
reach one or two thousand miles, it is most probable that the range frequently,
if not usually, attains the length of the earth’s semi-circumference. Com-
parisons between received atmospherics and local weather will therefore, in
part, be a comparison of the weather of a parish with the electrical phenomena
of a hemisphere. Moreover it is still impossible to find a scale and a classifica-
tion for the intensity and character of atmospheries which shall be generally
acceptable, unambiguous, and capable of assessment by the average observer.
The Beaufort of atmospherics is not yet.

Nevertheless, the evidence that the atmospheric was well, if rashly,
named is accumulating rapidly, and the summaries of the most recent work
show that the location of “cold fronts” by radiotelegraphic observations on
atmospherics is an established possibility. R.AW W,

After describing typical X effects from lightning, remnarks that X'’s are
more frequent in summer and autumn than in winter and spring, near high
mountains than in open sea, in south than in north winds (in the Mediter-
ranean), in the front of a cyclonic disturbance than in the rear, with falling
barometer than with rising barometer.

Notes case of a heavy winter gale, without observed lightning, which
was preceded by X disturbance-—Jacgson, H. B.—London, Proe. R. Soc.,
70 (A), 1902, p. 266.

X’s in Mediterranean are worst when pressure is low, temperature high,
and humidity low. The sirocco forms an exception to this rule, as it always
brings atmospherics.—CrawLEY, C. G.—London, Elect., 69, Jan. 31, 1913.
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Describes observations showing that every observed lightning flash pro-
duces an X, multiple flashes producing multiple X's, and discusses the ade-
quacy of the known thunderstorin distribution to account for all X distur
bance. The author proposes direction-finding for the location of X sources.
ErskiNe-MuURRrAY, J.—London, Elect., 67, 1911, p. 219,

Describes the recording of thunderstorms up to 500 km. distance by
crystal detector and galvanometer.—FrajoLeT, .—Paris, C.-R. Acad. Sci,,
154, 1912, p. 729.

On the basis of one vear’s observations at Anche (Indre et Loire) the
relations between X’s and weather are thus enunciated (the original French
descriptions being retained to avoid ambiguity by loss of onomatopoeis).

(1) Violent ‘“craquements”’ indicate a thunderstorn, approaching if
the X'’s become more and more frequent, receding if they becomne less frequent
or less strong.

(2) A slight “sitlement” is produced by a heavy hailstorm passing near
the receiver.

(3) Dry, isolated, and rather weak ‘“claquements’” generally precede a
fall of temperature, a spring frost.

(4) If the wind is about to turn, the X’s are of short wavelength, and
seem to come in strings.

(5) Numerous “crepitements,” accompanied by fairly regular strong and
“fusant” “craquements,”’ precede great barometric depressions and foretell
gales. —Franck-Duroquier.—Nature, Paris, 41 (1), 1913, p. 218.

Finds that X’s and changes of recorded potential gradient go together.
Balloon observations show great increase of X’s inside cloud, and a rapid
decrease of X’s with increasing height.—Lurzr, —Phys. Zeit., Leipzig,
14, 1913, p. 1194,

Observations at Mt. St. Aubert, Tournai, May-September, 1912, led to
the following conclusions: Absence of X's characterizes approach of fine
weather; little precipitate cracklings—hail or heavy rain; distant crackbngs—
fine weather; numerous and prolonged cracklings—stormy weather; prolonged
sound like water from a gutter—sudden change of weather; prolonged and
singing sound seeming distant at first, approaching little by little till strong—
violent thunderstorm or tempest.—DeLvaL, —Quoted in Perret Maison-
neuve’s “La T.S.F. et la Loi,” (1914).

An outburst of X's follows a sudden change of wind on the North Atlantic
coast of the United States, especially a change from South to North. X’s also
accompany a rise of temperature there.—Marrrort, R. H.—Proc. Inst. Radio
Engin., New York, 2, 1914, p. 37.

X storms coincide with convective weather, rapid fluctuations of pressure,
and rapid movements of depressions.

In Malta, X’s precede by several days the advent of convective weather.

In Australia, day-titne rain is preceded by X’s in 80 per cent of all cases.

In Ireland, X’sare bad with a North-West wind on the Atlantic coasts.

In Sierra Leone, the periodic dry wind suppresses X’s.—Rapto TELE-
GRAPHIC INVESTIGATIONS COMMITTEE OF THE BrITisH AssociaTioN. London,
Rep. Brit. Assn., 1915.

From observations in the Belgian Congo, 1915-17, the author believes
that X’s from lightning have an effective range not exceeding 100 or 200 km.
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In general a day of thunderstorm is preceded by several days of increased
X disturbance.

In general a day of thunderstorm is followed by several days of reduced
X disturbance. This law is more general than the former.—Gorpscuypt, R.
—*“La Telegraphie sans Fils au Congo Belge,” (Brussels, 1920).

Low X intensity is found under rainless cloud, X’s increase as cloud
begins to break up or as rain begins. Diminishing convection current goes with
low X intensity.

From a comparison of annual variation curves the author summarizes as
follows:—X maxima go with low potential gradient, but high convection
current and high numbers of ions per c.c., and conversely for X minima.

From diurnal variation curves:—X’s are bad when the vapor pressure
is at a maximum at the surface and increasing above, when the conductivity
at ground and aloft is increasing, and the surface wind decreasing. X dis-
turbance is at a minimum with maximum conductivity at a moderate height,
with overcast sky, with maximum relative humidity, minimum temperature,
and maximum air pressure.—WIEDENHOFF, S.—Jahrb. drahtl. Telegraph.,
Berlin, 18, 1921, p. 242.

Increased X frequency indicates an imminent thunderstorm; if the
intensity of X’s is great, the thunderstorm will be viclent, with wind and
rain, if the X intensity remains low, the thunderstorm is feeble. If the inten-
sity augments, the storm is approaching, and vice versa.

This diagnosis is valid at great distances, before the cloud associated
with the storm has appeared at the receiving station.—MarcuanDp, — Rev.
Gen. Sci., Paris, 32, 1921, p. 594.

Infrequent but sustained X’s with an intense high metallic note are due
to more or less distant cloud. Visible lightning, and hail, give this type of X.

Lacosts (q.v.) is summarized.—Rorug, E.—Paris, C.—R., Acad., Sci.,
175, 1921, p. 840.

Enunciates laws based on radiogoniometric observations at Strashourg.

(1) If a distinet well-developed depression exists, with closed concentric
isobars, the maximum X disturbance proceeds from the south or south-east of
the depression, the displacement in direction and variation of intensity allow
of following the course of the depression.

(2) If the depression has a distant center and less curvature, the X
maximum is still south or south-east of the periphery, but is less sharply
marked.

(3) Secondary depressions, with “barometric pockets’” and cols, corre-
spond to storm fronts, the direction of X maximum is difficult to find, and X’s
are violent from all azimuths.

(4) A near thunderstorm gives violent X’s from its azimuth.

Many X’s received in clear weather are comparable in intensity to those
of observed lightning. The author concludes that X'’s are due to more or less
distant storm phenomena, and are often produced in overcast regions.

The last few days’ work in the period in question indicates that fog
facilitates X transmission.—Lacoste, J.—Paris, C.—R. Acad. Sei., 175, 1921,
p. 843.

X’s come from definite azimuths when storm clouds are distant, but are
observed on all azimuths when the storm is very near.
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Storm clouds produce X’s which gradually cease as soon as uniform rain
starts, but X’s persist to some extent when rain is violent.

Strato-cumulus most often furnish well-defined and oriented rumbling
X’s.

Re-summarizes Lacoste, Q V.—Rorug, E.—Ann. Phys., Paris, 17, 1921,
p. 385.

Describes further work at Strasbourg in summer of 1922, confirming
previous conclusions, and demonstrating possibility of forecasting new depres-
sions. Remarks on the special value of the radiogoniometer in thunderstorm
forecasting.

Some thunderstorms give X'’s which are numerous only on short wave
okservations.—LacosTe, J.—Paris, C. R. Acad. Sci., 176, 1922, p. 707.

Preliminary results of directional observations on atmospherics during
1916-18, by stations on British coasts, show that on an average five apparent
sources of atmospherics per week were located. Of those checked against
meteorological data, 15 per cent agreed with reported thunderstorms, 10 per
cent with squall phenomena, 69 per cent with rainfall within the 24 hours
containing the time of observation, without reported thunderstorms or squalls,
Thus 94 per cent of the apparent sources were associated with rainfall. Thirty-
five per cent of the cases examined fell on the forward edge of a rain area.
WarsoN Wart, R. A.—Nature, London, 1922, p. 680.

Gives results of observations at Heidelberg, September 1919—August 1921,
on 2,000 and 12,500 metre wavelengths. In the warin half-year X’s developed
on the appearance of a new depression over North-West Europe, disappeared
on its departure or filling up.—Wour, F.—Jahrb. drahtl. Telegraph., Berlin
19, 1922, p. 289.

Observations in the plains of Upper Rhineland, 1915-17, on 600 to 2,000
meter wavelengths, led to a classification of X's in ten groups.

(1) Prevailing weather type, n whistling sound decreasing in strength,
ending almost in a whisper.

(2) Must type, weak hissing sound.

(3) Cloud break-up type, repeated groups in the form of explosive
crashes. Specially marked on break-up of alto-cumulus.

(4) Cirrus type, “trrrrtasss” (palatal r.), increasing as cirrus gathers,
continuing till cirrus ceases to increase.

(5) Lightning type “rrerrrssss” (palatal r.), a more rapid 7 guecession
than in (4).

(6) Front type (squally wind), creak like a revolving clapper.

(7) Cumulus-development type, short single sharp cracks.

(8) Thunderstorm-cumulus type, sharp cracks of different strength,
coming in groups.

(9) Sunrise type, violent rattling and seratching of longer duration, not
in group form.

(10) Sunset type, superposition of (3), (9) and other types, partly due to
surface cooling and condensation, partly to cloud break-up.

Every stage in the development of a thunderstorm released a definite
type of disturbance. Groups 4 and 9 are superposed in thunderstorms.

The lightning type was observed at night with perfectly clear sky.

The increase in disturbance numbers started several hours hefore the
onset of the thunderstorm, though there were exceptions to this rule.
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In spite of unmistakable signs of thunderstorm the number of distur-
banees remained normal until a sudden release oceurred.

Strong disturbanees were found to come from strata of misty haze and
also from forests with their well-known summer cloud formation.

Direction-finding differentiated between sharply directed X and those
showing little directivity. Localized thunderstorms and squalls could be
located in azimuth.—Srove, K.—Jahrb, drahtl. Telegraph., Berlin, 20, 1922,
p. 303.

Summarizes work on X’s under the Meteorological Office and the Radio
Research Board, gives examples of the location of thunderstorms up to 2,400
km. distant, by direction-finding on X’s, and discusses the relations of X',
rainfall, and lightning.—Warson Wart, R. A.—London, Wireless World and
Radio Rev., 12, 1923, p. 601.

Atmospherics are the phenomenon that hest gives evidence of the passing
of meteorological disturbances in tropical regions; the other meteorological
variables only indicate that passing in a much less regular way; moreover,
they only give evidence of the meteorological disturbance when it has reeched
the observing station, while atmospherics announce it some hours in advance.
—BureaU, R., and others.—C.R. Acad. Sci., 178, 1924, p. 556; 1623; 179,
1924, p. 394; 180, 1925, p. 529; 1122; Onde, Elec., 4, 1925, p. 31; 58,

Observations at Lausanne 1919 to 1922, at Zurich 1924

Preliminary conelusions are stated thus:

(1) Intensity frequency nature and direction of X’s vary with altitude.

(2) This variation is closely connected with variations of vertical tem-
perature gradient. Cooling augments, heating diminishes the phenomenon.

(3) Lower layers are much more disturbed than higher.

(4) Apart from X’s of proved distant origin, range of X’s originating in
the lower layers does not seem to exceed 250 K., and remains almost always
under 150 K. in mountainous regions. ‘LoGeon, J.—Paris, C.R. Acad. Sei..
180, 1925, p. 591,

Shows correlation between apparent sources of atmospherics and their
meteorological environment, Of 490 cases examined, 25 per cent fell within
250 K. of reported thunder, a further 28 per cent were associated with more
distant thunderstorms or with squall phenomena, 21 per cent more with rain,
13 per cent uncorrelated.

Reports the tracking of a cold front for 2,700 k. by automatic recorders
of X's—Warson Warr, R. A.—London, Proc. Phys, Soe., 37, 1925.

Most of them seem to have correlated static with a local
condition. I am trying to show how those local conditions are
carried along with the general diift of the atmosphere and how
static from them can be used in weather forecast ing.

I have listed the above facts in this particular manner in order
to show how much can be forecast concerning static once its re-
lationship to High and Low structure is well established. From
our knowledge of the development and motion of translation of
Highs and Lows we have the basis of a static forecast which will
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be enhanced by an instrument which will make use of the direc-

tional properties of static.
Fig. 5 shows the Miami hurricane as it was passing over

the Florida Peninsula.

TrACKING THE M1aMI HURRICANE
Here it will be seen that froni Guantanamo, where the U.S.S.
Kiltery was then moored, the heaviest static was in the general
direction of the southeast quadrant. The center of the storm was
600 miles distant. (See Fig. 5.)
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Fig. 4 shows the location of the centers of the Miami
hurricane from the time it was first observed to the eastward of
the Lesser Antilles to the time it filled up and dissipated over
Mobile, Alabama. Did not this static belt drift along with the
hurricane? How far will a direction finder be able to reach out
with sufficient precision as to make its use practical in habitually
tracking such storms? The dotted lines show where the system
may enable us to reach out in the region to the eastward of the
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Lesser Antilles where barometer readings are scarce and triangu-
late such a static center in hurricane season, from St. Thomas,
Barbados, and Trinidad.

TuE DoLprums’ BREEDING PLACES oF HURRICANES

Fig. 3 shows the ideal atmospheric distribution for summer,
from which the hurricane belt and the doldrums may be studied.
In addition to those hurricanes that form to the eastward of the
Lesser Antilles, we see the breeding place for the early spring and
late fall type that form around the Isthmus of Panama, between
the North Atlantic or States High and the South Pacific High.
The selection of compass stations here as elsewhere will depend
upon the proved range of accuracy of the radio compass for this
kind of work.

Anyone working a field as new and undeveloped as this
naturally finds comfort in another independent source wherein his
conclusions have been verified. Mr. Friis of the Bell Telephone
Research Laboratory has taken observations with an instrument
developed at that laboratory over a period extending from last
August up to the present date. They very generously cooperated
with the Hydrographie Office in this work and I show you here the
results of a part of their observations which substantiate work
previously done by me.

Fig. 6 shows the High central at Cliffwood, New Jersey,
November 20, 1926. Static was zero during the passage of this
homogeneous High.

Yollowing its passage, the Low shown in Fig. 7 in its motion
of translation to the eastward passed over the same station. Static
rose in intensity from 1 to over 400 microvolts per meter during
its passage.

The direction shifted consistently from west as shown to north
of east during the passage. 7

The graph of direction and intensity of static shown in Fig. 9
was received by their machine.

Some idea of the effect of this static intensity on the received
signal is gained when the reader realizes that the Bell Telephone
System try to maintain for trans-Atlantic work a received signal
strength for code of five microvolts per meter and for telephony
of 15 to 20 microvolts per meter.

The Hydrographie Office is pleased to see their desire of a year
ago so quickly fulfilled by commercial enterprise. We said then
that an instrument that would record both direction and intensity
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of static would he necessary to the successful accomplishment of
this work. Dr. Austin at the Bureau of Standards has also de-
veloped a fine automatic static recorder and there are still
others.

The recorder we used is shown in Figs. 8 and 15. It is slightly
different from the hookup we used at Bellevue Laboratories which
was as follows:

Fig. 8—Kincaid Static Recorder

The loop, an (SE-515A), was 6 ft. high, 4 ft. 3 in. wide, and
consisted of 90 turns, spaced over an axial length of 4 ft. 3 in.
The loop center was grounded.

The terminals were connected to an (SE-1834) amplifier and
tuned by a 0.01 p.f. variable condenser (SE-1830).
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The amplifier had three radio frequency stages, a detector, and
two audio frequency stages of amplification.

An additional audio frequency stage was used, the output of
the latter being connected in parallel, and the negative grid bias
being adjusted for zero plate current, at zero signal, by means of a
potentiometer. The plate current of the two tubes actuated a pen
which was shunted by a 1 u.f. condenser.

The instrument combination described above results in
depression of the pen for each static crash.

The pen records on a card, which rotates very slowly in
synchronism with the compass loop, two maxima and two minima
being indicated for 360 deg. of rotation (a bilateral loop operation).
Some unilateral experiments were conducted at Bellevue.
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Fig. 9

The motor was so geared as to be able to make one revolution
in six to ten minutes. From this it can be seen that each of the
static graphs contains from three to ten complete revolutions of the
‘compass and consumes from twenty minutes to 114 hours.

The recorder used at Cliffwood by the Bell Telephone Labora-
tories is shown in the schematic diagram Fig. 10. It is an ordinary
double detection set that requires altogether ten tubes, of which the
last low frequency amplifier tube must be able to handle 10 watts
in order to prevent overloading. The power supply may be rectified
AC.

The gain control is inserted in the first intermediate frequency
amplifier in order to be sure that no tubes are over-loaded. The
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local oscillator shown is used for amplification calibration of the
set and requires no special shielding as its input voltage induced
into the loop is comparatively large.

The selectivity of the set is determined by three separate
units, viz., the antenna circuits, the intermediate frequency filter,
and the low frequency filter, each of which has a specific use.
Carson and Zobel' have made the following statement:

“In filters designed to select a band of frequencies of width W,
the ratio of energy transmitted through the network by the signal
and by random interference is inversely proportional to the band
width and increases inappreciably when the number of sections
is increased beyond two.”

The main purpose of the filters is therefore not to define the
frequency band of the set insofar as static is concerned, but to
exclude continuous wave interference. It is hoped that 500 cycles
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Fig. 10—Sehematic Cireuit Diagram of Receiving Set.

wide frequency bands? can be maintained free of c.w. interference
for static measurements and the simplest way to obtain such a
band in the receiver is to make the low frequency filter an efficient
low pass filter that cuts off every frequency above 600 cycles.
More than two coupled circuits are hardly required in the antenna
circuits, but the intermediate frequency filter ought to have
sharper cut-off points than two coupled circuits will give. The
selection of filters naturally depends upon the c.w. interference
and it may in some cases be possible to reduce the number of
filters and thereby make the recorder cheaper. The records shown
later correspond to a frequency band of 2000 cycles—between
57.5 and 59.5 ke.,—but it will probably not be long before c.w.
interference makes it necessary to reduce this band width. It is
desirable to have a loud speaker connected to the output of the
set and occasionally listen for c.w. interference.

1 “Transient Oscillators in Electric Wave-Filters”—John R. Carson and

Otto J. Zobel, Bell System Technical Journal, Vol. I1, No. 3, p. 27.
2 Bands at 15, 30, 60, 120—kilocycles would probably be satisfactory.
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The constant-output control apparatus is shown in Fig. 11.
The fluxmeter is seen in the upper right corner. Full deflection
corresponds to 2X 10~ coulomb. The needle is normally free to
move except when the cam Z presses the needle down until its
point touches the scale OS. The shaft carrying the cam Z and the
disk N is rotated one complete turn in 15 seconds by a clock motor.
The different elements are explained in the figure and the whole
action may be understood by studying this carefully. However,
it is probably worth while to go through a complete 15 second
period and explain in detail the purpose of each part.

r DRIVEN BY CLOCK MOTOR
ONE TURN IN 15 3ECONDS

MOVING COIL
OF FLUXMETERY,
LOW FREQ.
TRANSFORMER

mmruul[ ¥,,,,A "“W
MBLIFER (FIG-2) ﬂ)
¢7
TR ER

GAN CONTROL MOTOR
(SERIES WOUND)

=

I~ GAIN CONTROL

nv:n:!::wuz wm:é ‘
ONE TURN N
= TO SECOND STAGE. \"04 FIRST STAGE
OF INT FREQUENCY OF INT FREQUENCY
AMPLINER AMPLIFIER
(SEE FiG-2)

Fig. 11-—Schematic Circuit of Constant-Output Control Apparatus.

Time in Seconds—0-10:

Switch G is open, therefore relay 4 is open and no current
can pass through the windings of relays € and D. (These relays
start the gain control motor, which is therefore shut off.)

Contact 1 of relay 4 is closed and closes the circuit consisting
of the secondary winding of the low frequency output transformer,
the rectifier for the static currents and the fluxmeter. The 2000-
and 4000-ohm resistances in this circuit insure distortionless input
voltage to the rectifier. The fluxmeter is damped by an 80-ohm
shunt. The needle, which was initially at zero, will therefore move,
its deflection being proportional to 7dt.

Time in Seconds—10-14:
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Switch G is closed by the cam on the revolving disk N and
locks relay A.

Contact 1 of relay A is opened and opens the rectifier fluxmeter
circuit, thereby bringing the fluxmeter needle to s stop.

Contact 3 of relay A is closed and makes the battery X charge
the 10-u.f. condenser through the 50,000-ohm resistance.

Time in Seconds—11-14;

The ecam Z presses the needle point down on the scale 08S.
Now, one of three things will happen.

1. Static has decreased since the last period, so that the needle
point will make contact with the metal strip OF and close the
following circuit: Battery X, needle of tluxmeter, winding of
relay (', switch I1 and switch (i to battery X. Relay C is therefore
closed and its closed contact 2, together with eontact 3 of the
open relay D will start the gain control motor. After approximately
half a turn of the gain control or motor shaft " the needle point is

E
]
(=3
>

——
TIME
Fig. 13—Shape of Impulse. Voltage.

lifted from OF by the rotation of the cam Z, but relay C stays
closed due to the fact that it is self-locking through its contact 1,
so that the shaft ¥ continues turning until the switch £ is opened
by the disk 7. This opens the self-locking circuit of relay (.
Relay C therefore opens and the gain control motor stops after
the shaft ¥ has made exactly one complete turn and increased the
gain of the set one step (4 Transmission Units or 1.58 times).
Notice that the opening of the needle point contact does not
break any current, due to the use of self-locking relays. This
preserves the needle point contact.

2. Static has not changed since the last period. The needle
point will now touch the insulating strip ’Q and nothing else
will happen, i.e., the gain of the set remains unchanged.

3. Static has increased since the last period so that the needle
point now will make contact with the metal strip QS and close
relay D and as in case 1 the motor will start and turn the shaft
Y one turn, but this time in the opposite direction, i.e., the gain
of the set is decreased one step.
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Time in Seconds—14:

Switch G is opened again by the revolving disk N and opens
relay A. Contact 2 of relay A is closed and will discharge the
10-uf. condenser through the fluxmeter, thereby bringing the
needle back to zero. (Notice that the time constant of this dis-
charge circuit is 10,000X10X10°=1-10 seconds.)

Time in Seconds—15:

A new period has started.

The purpose of the switches M and H is to stop the motor
when the gain control switch arm has reached the end of the
scale.

The recorder is of such recent development that no compre-
hensive data are vet available.

Fig. 14—The Bigelow System of Storm Tracks Across the United States.

Fig. 12 shows part of an actual record of static received on a
set tuned to 57.5-59.5 ke. The ordinates represent the attenuation
of the gain control of the set and it is to be remembered that the
gain of the rest of the set is constant. The curve shows that the
static power on the morning of October 30 changed more than
10,000 times. The point B on the curve gives the effect of inducing
a local signal of strength 330 microvolts/m. in the loop.® The
point C on the curve shows that at 8:25 A.M. the static intensity
received on a 2000-cycle wide frequency band corresponded to the
energy received from a c.w. signal of strength 3.8 microvolts/m.

s It may be worth while to have such a calibration signal introduced
automatically for instance once every two hours.
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It would be practical always to relate static to such a c.w. signal.
Lxperiments are now being conducted to determine whether the
energy received from statie is proportional to the width of the
frequeney band of the receiving set, and if such is found to be the
case then it is proposed to have the data relate to a 1000-cvele
wide band. That static is, say, 7 microvolts per meter per kilo-
cyele (7 microvolts/m./ke.) would then mean that the energy of
the static received on a 1000-cycle wide frequency band is the
same as the energy received from a e.w. signal of strength 7 miero-
volts/m.

Attempts have heen made to calibrate the set by inducing
in the loop, voltages of the shape shown in Fig. 13. Relating
static to such signals would have the advantage of being inde-
pendent of the band width of the set. Such signals were obtained
by closing and opening a merceury switch, but one signal per second,
or 10 impulses per period, would overload the set (the tubes) very
much. At least 10 impulses per second would be required if the
set should not be overloaded by each individual mmpulse, but this
would be a difficult task to accomplish and it is therefore recom-
mended that static be measured as explained above, by inducing a
local c.w. signal into the loop. The fact that five static crashes in
the course of 10 seconds—one period—does not overload the set
while 100 impulses of the shape shown in Fig. 5 are required to
prevent overloading gives us some interesting information on
static. It shows that a single static crash is not a single sudden
change of the field in the ether and that it can not be represente
by less than 20 consecutive impulses.

The record of Fig. 12 shows that each step on the gain control
potentiometer is 4 7U and the selection of such steps and of
15 seconds will not be discussed. 1o decrease the 4 TU step to a
1 TU step would decrease the speed of the set, i.e., it would take
four times longer for the recorder to register a sudden change in
the static level which is particularly a disadvantage when the
recorder is connected to a rotating directional antenna.

On the other hand a step larger than 4 TU would not give
the static level with sufficient accuracy. If the time periods are
changed from 15 to 10 seconds, then the “speed” of the set is
increased, hut the set is then Inoperative over a larger part of
the period sinee it takes 5 seconds to change the gain of the set
and bring the fluxmeter needle back to zero. Besides, such a
decrease in time period would increase the probability of over-
loading and also it would make the energy received per period
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vary more irregularly especially if static consisted of separate
crashes.

TaBLE oF CoNVERsSION OF Transmission UNiTs To RaTios

TU Ratio
0 1
6 2
12 4
20 10
40 100
60 1000

Dr. Friis in describing his static recorder says, “The reason
for the small advance which has been made to date in the auto-
matic recording of static is probably due largely to the lack of
suitable apparatus. Certainly there has never been any doubt that
automatic records would be very valuable. It is just as important
to know the static level as it is to know the strength of a radio
signal because it is the static to signal ratio that determines the
intelligibility of the signal. A static recorder connected to a
rotating directional antenna system would tell us where static
comes from and, therefore, enable the radio engineer to determine
whether it is worth while to construct a directive antenna system.
Also the connection between thunderstorm areas and static would
make static recording valuable to the meteorological service. There
is perhaps no reason why a suitable static recorder should not
make it possible in a few years to obtain a daily static forecast
just as we get our weather forecast now.”

I believe another year will see such static forecast as Dr. Iriis
mentions possible, and with such forecasts will come a more exact
knowledge of the relation of storms to static. The result of this
will be the identification and tracking of many storms which are
difficult especially over ocean areas where barometer readings are
scarce, and the definite forecasting of communication conditions.



A RADIO INTER-COMMUNICATING SYSTEM
FOR RAILROAD TRAIN SERVICE

By
Henry C. ForBES

(Formerly of the Zenith Radio Corporation, Chicago)

1. ProBLEM

In present day practice, communication between the front and
rear ends of moving freight trains is carried on almost entirely by
visual (arm or lantern) and whistle signals. Under certain con-
ditions the air-brake pressure line may be used to transmit signals
from rear to front of the train. Economic as well as safety con-
siderations demand that some sort of communication he main-
tained between the conductor in the caboose and the engineman
in the locomotive, prineipally in order to expedite the handling
of the train.

Something of the difficulties encountered in the operation of
trains of one hundred or more cars (approximately one mile) in
length may be realized when it is considered that whén using a
visual communicating system, a heavy rain or snow storm, a heavy
fog, curves in the track, hills, cuts, smoke, running “into the sun,”
and oceasionally, diverted attention on the part of the engine
crew, may partially or wholly prevent such communication. On
oceasions when stopping the train is imperative and the attention
of the engine crew cannot be obtained by signaling from the
caboose, it is possible to release the air at a valve provided for the
purpose in the caboose, thereby setting the brakes at the rear
end of the train and, if the train is not too long, reducing the air.
pressure in the locomotive so as to give warning that it is desired
to pass a signal or to stop the train. On extremely long trains it
is sometimes praectically impossible to reduce the pressure in the
locomotive sufficiently by this method to produce a definite signal.
In such cases, the brakes are, of course, heavily set at the rear end
of the train, and it is not uncommon to break a train in two or to
pull it off the track while on a curve, in attempting to signal the
locomotive in this manner.

At!the instigation of Committee No. 12 (Radio and Wire
Carrier Systems) of the Anmierican Railway Association, the Zenith

Received by the Editor, July 13, 1927.
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Radio Corporation undertook, in January, 1926, the development
of a radio inter-communication system for such freight service.
In response to a questionnaire submitted to that committee, it
was ascertained that it was the opinion of the interested railroad
that while either a one-way or two-way radio signaling system
would be a distinet improvement over the existing methods of
signaling, what is really desired is a complete two-way telephonic
inter-communicating system, providing, of course, that such a
system can be made sufficiently strong and simple of operation
to be entirely reliable. The New York Central Railroad, through
the office of the General Superintendent of Telegraph and Tele-
phone, and Committee No. 12 of the A.R.A., volunteered the use

Fig. 1—8howing Length of Train Equipped With Radio Intercommuniecat-
ing System.

of its equipment and facilities for any tests or experiments which
might be deemed necessary during the development of the ap-
paratus. During the subsequent development of the apparatus,
several conferences with members of a subcommittee appointed
for the purpose were held in order to correlate, in so far as possible,
the development of the apparatus with existing standard railroad
practice.

2. REQUIREMENTS OF THE SERVICE

Several rather difficult problems were presented in the design
of suitable equipment for this service. There is no source of electric
power on a caboose, and it was not considered practicable to utilize
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the power from the turbine-driven headlight generator on the
locomotive. Battery-operated sets were therefore necessary at
each end of the train. It was necessary to provide sufficient power
to produce an understandable loudspeaker signal at the opposite
end of the longest train that might be encountered, while the
train was running at top speed. At the samne time it was desirable
to limit the power used in order to limit the size of the apparatus
and the drain on the batteries, and also to minimize the possibility
of interference should the use of such apparatus become general.

The choice of a suitable antenna for the locomotive was a
considerable problem. Modern road engines are constructed
entirely of steel with an overhead clearance of about five inches
at the center of the cab roof, and only about 20 inches at either
side of the cab. It was desirable that the antenna used should be
mounted entirely on the locomotive, so that the coaling operations
and the taking of water would not be interfered with. The anfenna
must be constructed within the overhead clearance limits, must
be sufficiently sturdy to withstand road service, and should trans-
mit efficiently under all weather conditions, and in all directions
in the horizontal plane so that the signals will not fade while mak-
ing sharp curves.

The mounting of the radio apparatus itsell required some
attention inasmuch as it is necessary that it be installed in an
extremely small space. It must be completely shielded, should
withstand water and soot and exposure to heat, and must be
extremely carefully cushioned against the terrific jarring and
battering to which it is continually subjected in railroad service.
Sturdiness and simplicity of operation are essential.

3. DEVELOPMENT

Preliminary testsof theapparatus undergoing development were
made between a fixed station at the Zenith laboratory, constructed
to simulate the installation on a train, and a mobile station in-
stalled in an automobile. Several tests and experiments were also
made in the Chicago yards of the New York Central Railroad to
determine the characteristics of transmission from antennas
installed on the road engines. The form of antenna finally selected
consists of a single-turn horizontal loop mounted closely above
the cab roof on the locomotive and around the cupola on the
caboose. Such an antenna is nearly non-directional in the hori-
zontal plane parallel to the ground, and the transmission may
therefore take place in any direction from either end of the train.
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purpose. When communication is desired, the button on the
handle of the microphone is pressed, thereby actuating the’ relays
which make the necessary switching connections for operating
the transmitter. The button is released to restore the receiver to
operation. The switching, including the starting of the dyvnamotor,
takes only about one second, and very rapid two-way conversation
is possible.

The funetioning of the apparatus is indicated to the operator
by the flashing of colored pilot lights. One light indicates that the
receiver is in operation. A second flashes when the “talk” button
1s pressed, and indicates that the transmitter is ready for operation.
A third pilot light is operated directly from the antenna current,
and the flashing of this light indicates to the operator that the
transmitter is functioning properly. This third light also flickers
with the modulation, giving a direct indication that modulation
is taking place. The meters shown in the photographs are not to
be used on permanent apparatus.

A signaling system has also been provided which may be used
to attract the attention of the crew at either end of the train.
This signal is operated by pressing a second “signal”’ button which
1s mounted either on the microphone handle or on the set proper,
and, when operated, produces a shrill note of about 800 cycles in
the loudspeaker at the opposite end of the train. This frequency
was selected for this purpose after some experiment, and is readily
discernible in the locomotive through the noises encountered in
running. This signal may also be used to pass code signals in
case of failure of the telephonic system.

Special microphones were used in order to avoid the introduc-
tion of the terrific road noises into the communicating system. An
aircraft type of anti-noise microphone, originally developed for
war service, was found to be very satisfactory.

Extraordinary cushioning of all apparatus in both transmitter
and receiver was necessary in order to protect the parts properly
from the destructive vibration and shock encountered in railroad
work. Combinations of heavy sponge rubber and spring suspen-
sions were found to be generally satisfactory, although some
difficulty has been experienced in sufficiently quieting the detector
tube.

For the purposes of demonstration, one set was mounted on
the inside of the rear bulkhead of the locomotive cab over the rear
opening. Special plugs and cordage connectzd the set with the
batteries, dynamotor, and filter, which were mounted in a shovel-
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rack just outside of this same bulkhead. The leads to the loop
antenna were run directly up through the cab roof. A loudspeaker
horn was mounted just to the rear and above the head of the
engineer, so that the sound was projected directly past his head.
The hand microphone, with its control button was placed in a
clip convenient to both the engineer and the fireman.

In the caboose the set was installed flush into the side of a
locker convenient to the conductor’s desk, with the batteries,
dynamotor, and filter mounted on the floor of the locker. The leads
to the loop antenna went out directly through the roof. The loud-
speaker in this case was mounted overhead at one end of the car.

" oo

Fig. 3—Antenna on Cabhoose.

4. PreLimINARY TEsTs

In the first of the preliminary road tests of the apparatus on
June 11, 1926, a special train of twelve cars was run over the
western division of the New York Central between Elkhart, Ind.
and Chicago (Englewood), a distance of about 100 miles. The
apparatus operated in a manner considered very satisfactory by
the several railroad men present. No difficulty was had in main-
taining two-way conversation between the caboose and the loco-
motive when standing still or when running at top speed. The
engineer was able to hear and understand everything coming from
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the loudspeaker behind his head without diverting his attention
from the road ahead. The fireman was able to handle the apparatus
and to carry on extensive conversations with the officials in the
caboose. All train orders were given by means of the radio installa-
tion, and those present, including the train crew, were quite en-
thusiastic as to the possibilities of such radio apparatus. A severe
rain and electrical storm was encountered over practically the
entire run, which occupied about five hours, and aside from the
sharp crashes heard in the loudspeakers, it caused no trouble
whatsoever. Near Pinola, Ind., the train was stopped and the
engine uncoupled from the train and run ahead under orders given
entirely by radio from the caboose, in order to simulate the condi-
tions of a broken train, and to determine if possible, the range of
the apparatus. Communication was maintained with loudspeaker
operation at both ends up to a distance of four miles, the locomotive
then being at Hudson Lake, Ind. Lack of time prevented further
tests, although the signals at that distance were still quite satis-
factory, even with the locomotive in motion. The country between
the engine and caboose during this test was rather hilly, and the
engine passed through several cuts and around several curves
without affecting the operation. During this test it was found that
overhead power wires and small signal bridges had practically no
effect on the operation of the system. When passing under a large
steel bridge, however, communication is hroken (except for weak
headphone signals) while either the locomotive or caboose is
actually under the bridge. The communication is not affected
by the presence of the bridge between the engine and caboose after
the engine has once cleared 1t. It was also found that there were
no interfering disturbances produced on adjacent land telephone
wires alongside the right-of-way, even with the caboose trans-
mitting within 30 feet of a phone box. The passing of a train
going in the same or opposite direction upon an adjacent track
was found to have no effect upon the operation.

Subsequent tests in the Chicago yards have indicated that
satisfactory communication may be maintained between the
caboose and locomotive up to a distance of six miles with this
apparatus. Beyond this distance only headphone signals are
possible. Communication has actually been held at a separation
of eight miles between a moving locomotive and a stationary
caboose. It is expected that tunnels will completely prevent
communication while either end of a train is in or near the
tunnel.
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5. OFFiciAL TEsTs

An official demonstration of the apparatus before Committee
No. 12 of the American Railway Association and a large party of
officials of various railroads and representatives of the press was
given on July 8, 1926, on a New York Central freight train operated
between Chicago (Englewood) and Llkhart, Ind. There were 116
cars in the train, of which approximately sixty were loaded. A
coach and a business car were placed before the caboose for the
accommodation of the representatives. During the run of ap-
proximately five hours the practicability of a radio communication
service of this nature was clearly demonstrated. A number of
orders were transmitted which saved the delays which would have
otherwise oceurred while a member of the train crew walked the
entire length of the train. Practically all of the representatives
carried on a conversation with the engine crew at some time during
the run. With the exception of minor difficulties caused by the
loosening of ecordage connections by the severe vibration, no par-
ticular difficulty was encountered in maintaining complete and
satisfactory communication between the caboose and the engine
at all speeds. During the run, the train was double-headed and
a pusher locomotive was used directly behind the caboose for a
short distance. This apparently had no effeet upon the operation
of the radio system. The consensus of opinion of those present
was undoubtedly that the application of radio communicating
systems to railroad service was in immediate prospect.

In future designs of apparatus for this purpose, it is proposed
to provide several fixed wavelength adjustments on the transmit-
ters, any one of which may be selected at will by the manipulation
of a switch. It is contemnplated that instructions will be given to
the train crew before the run is started as to which of these several
wavelengths is to be used by that train during its run. Trains
traveling in the opposite direction would be operated upon another
wavelength and there would be no interference between the trains
while they were passing or within range. Communication between
the two trains would be readily possible at any time they were
within range, however, by merely turning the master switch to
the wavelength of the other train and proceeding in the usual
manner. The receivers would be made with a single wavelength
control adjustment which would cover all of the wavelengths in
use. Inasmuch as there are a number of channels available within
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the band assigned to this service, there should be no difficulty
with interference for some time to come.

6. Orner Usks

With the application of radio communication to railroad freight
service comes also the application of a similar service to passenger
train operation, not only for the purpose of train handling, but
also for the purpose of intercommunication between trains, and
between a train and a way-station. A further application which
has been given some consideration is that to large freight yards
where one towerman controls all of the locomotives working in a
yard perhaps five miles in length. Much time is now lost because
of the lack of prompt communication between the tower and the
individual locomotives.

SUMMARY

The problem of communication between the front and rear
ends of long freight trains is briefly discussed, and a two-way
telephonic radio intercommunicating system developed for this
service is described. The results of tests of the apparatus under
working conditions are also given.
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DIGESTS OF UNITED STATES PATENTS RELATING
TO RADIO TELEGRAPHY AND TELEPHONY

Issued August 30, to September 13, 1927

By
JOHN B. BRADY

(Patent Lawyer, Ouray Building, Washington, ). C.)

i 640 393—OPTICAL MEANS FOR GENERATING, AMPLIFYING, AND CONTROLL-
ING ELECTRIC CURRENTS—WILLIAM W. COBLENTZ, of Washington, D. C
Filed Sept. 18, 1923, issued Aug. 30. 1927,

1,640,427- “RADIO RECEIVING SYSTE\I—C W. RICE, of Schenectady, N. Y. Filed
Nov. 21, 1922, issued Aug. 30, 1927, Assigned to General Electric Co.

1,640, 162 ELECTRON DISCHARGE DEVICE—R. C. MATHES, of Wyoming, N. J.
Filed Oct. 16, 1924, issued Aug. 30, 1927. Assigned to Western Electric Co., Inc.

1,640,503 —ELECTRON DISCHARGE DEVICE—W. G. HOUSKEEPEK, of New York,
N. Y. Filed Oct. 30, 1922, issued Aug. 30, 1927. Assigned to Western Electrlc Co.. Inc.

1,640,534¢—RADIO ANTENNA 8Y STEM-—F. CONRAD, of Pittsburgh, Pa. Filed Dec. 14,
1920, issued Aug. 30, 1927. Assigned to \Vesunnhouse Electric & Mig. Co.

1,640,561 —VARIABLE 'CONDENSER—E. BREISCH, et al, of Edgewosd Park. and
LAWRENCE R. GOLLADAY, of East l’ltt&hurgl\, Pa. Flled July 24, 1925, ssued

g. 30, 1927. Assigned to W estmghouse Electric & Mfg.

1 640.4 IO—EI ECTRON EMITTING CATHODE AND PR()CESS OF PREPARING THE
SAME—H. Miller, of Newark, New Jersey. Filed March 1, 1926, issued Aug. 30, 1927.
Assigned to Hageltine Corp.

1,640,929- --PORTABLE RADlO ANTENNA— -H. FARKOUH, of Brooklyn, N. Y. Filed
Nov. 24, 1925, issued Aug. 30, 1927.

1,641,289 "RADIO SIGNALING S\ STEM-—RUSSELL 8. OHlL, New York City. TFiled
Nov. 23, 1925, issued Sept. 6, 1927. Assigned to American Telephone and Telegraph Co.

1641.314—\ \RIABLE CONDE\SER H\RRY L. BRADLEY, Milwaukee, Wisconsin.

Filed Oct. 17, 1924, issued Sept. 6, 1927

1,641 ,389—CONDENSER WINDING \IACH]\TF- -F. C. KROEGER and HARRY E.
{\TORV(I:EL Anderson, Ind. Filed July 29, 1922, issued Sept. 6, 1927. Assigned to Delco-

temy Cor

1,641 395 RECT[FYIVG RADIO SUILI D—TOM MOORE, Cincinnati, Ohio. Filed
Sept. 15, 1924, issued Sept. 6, 19

1641 425—-TRANSMISSIO\ CONTHOL ~-FRANK H. GRAHAM, Brooklyn, N. Y.
Filed Oct. 24, 1923, issued Sept. 6, 1927. Assigned to Western Electric Co.

1041431—CO\’I\1UNICAT10\ bYSTL\i —JOSEPH W. HORTON, Bloomﬁeld, N. J.
Filed Dec. 15, 1925, issued Sept. 6, 1927. Asslgncd to Western Electric Co.

1,641, 43§-d—VARIABLE CONDENSER —L. L. JONES, Oradell, N. J. Filed Dec. 13, 1923,
8 Se|

1,641,513—SlPL’PORTlNG MEANS FOR ELECTRICAL DEVICES—J. A. WARREN
Filed May 6, 1925, issued Sept. 6, 1927. Assigned to Dubilier Condenser Corp. tJ. A.
Warren, Mount Vernon )

1,641,593—MULTIPLE VARIABLE CONDENSER-—FREDERICK A. KOLSTER, Palo
Alto, Calif. Filed Apr. 28, 1926, issued Sept. 6, 1924 Assigned to Federal 'lelqzruph Co.

1,641,608—ELECTRICAL SIGNALING—G. O. UIER, Washington 1D C.; J. O.
MAUBORGNE, Chlcago, Hl.; and LOUIS COHEA A Washmgton, D. C. Filed June 24,
1922, issued Sept. 6,

1,641 G35—ADJUSTABLE CONI)ENSER ‘R. M. KLEIN, New York City. Filed Nov. 1,
1924 issued Sept. 6, 1927, Assigned to ¥. A. D. Andrea, Ine.

1,641,687 —VACUUM CONDENSER—H. J. NOLTE, Schenectady, N. Y. Filed Oct. 8, 1925,
issued Sept. 6, 1927, Assigned to General Electric Co.

1,642, 173—RADIO SIG\IAL‘%NG SYSTEM-—H. J. ROUND, London, England. Filed
Mar. 2, 1922, issued Sept. 13, 1927. Assigned to Radio Corp. of America.

1,642,350—TELESCOPING RADIO LOOP OR ANTENNA—L. ADAMS, Buffalo, N. Y
Filed Feb. 6, 1926, issued Sept. 13, 1927.

1.642,420—RADIO RECEIVING APPARATUS—S. LOEWE, Berlin, Germany. Filed Mar.
18, 1027, issued Sept. 13, 1927, Assigned to Radio Corp. of America.

1,642,4908—ELECTRON DISCHARGE DEVICE—W. G. HOUSKEEPER, New York, N. Y
Filed Oct. 30, 1922, issued Sept. 13, 1027. Assigned to Western Electric Co.

1,642, 522—LOOP ANTENNA— \'ROOM Ossining, N. Y. Filed May 26, 1924, issued Sept.
13, 1927. Assigned to Western Electric Co.

1,642, 526—\1EA\IS FOR SUPPLYING POWER TO THERMIONIC VALVES—G. M.
WRI GHT, Chesterfield, England. Filed Aug. 17, 1926, issued Sept. 13, 1927. Assigned to
Radio Corp of America.

1,642,663—SYSTEM OF RADIO COMMUNICATION—E. L. CHAFFEE, Belmont, Mass.
Filed Aug. 11, 1922, issued Sept. 13, 1927, Assu,ned to John Hays Hammond, 'r.

1,641 945—ELECTRICAL INSTRUMEN'I‘ J. MURRAY, Brooklyn, N. Y. Filed Nov. 4,
1923 issued Sept. 8, 1927.

1,641,946—MOVA LE DIELECTRIC CONDENSER—H, J. MURRAY, Brooklyn, N. Y.

Filed Jan. 29, 1925, issued Sept. 6, 1927

1,642,011—LIGHT TELEPHONY— L. W. CHUBB, Edgewood Park, Pa. Filed June 15,

1921, issued Sept. 13, 1927. Assigned to Westinghouse Electric & M fg C
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Here are some of the
manufacturers who
use Thordarson
Transformers as stan-

dard equipment on
their quality power
supply units.

Advance Auto Accessories
Corp.

Federal Telephone Mfg. Co.

Ferguson Radio Mfg. Co.

Freed Eisemann Radio Corp.

Howard Radio Co.

Colin B. Kennedy Corp.

Prestolite Storage Battery
Co.

Philadelphia Storage Battery
Co.

Sparks Withington Co.

Willard Storage Battery Co.

May we not figure on
your requirements also?

AL A SO TR A JIRLAVAL IS Lt AR UL
RADIO O
Jupreme in Musical Performance
TRANSFORMERS e
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An Instrument of Interest
to the Entire Radio Industry

RADIO SET SERVICING is one of the chief prob-
lems of the industry today, and any development
which establishes confidence between dealer and set
owner, improving their mutual relations and raising
the standard of service, is bound to be beneficial to
both the set manufacturer and scientific investigator.

Weston, through its design of the Model 519 Radio Set Tester,
has completely solved the problem of Radio Servicing by
providing radio dealers with a compact little instrument which
quickly and accurately makes every required test on a D.C.
or Battery Eliminator operated set. More than this, it enables
the dealer to realize unusual profits on both servicing and sale
of accessories. Only ten minutes required ior the average
job, and it definitely locates tube, battery and circuit defects.

An extremely useful instrument also for factory, laboratory
and research work. 1000 ohms per volt internal resistance
provides extreme sensitivity and low current consumption.
Three voltage ranges—200/80/8, and a 20 milliampere range.
Contained in mahogany carrying case. Total weight, 3 Ibs.
You will be interested n receiving full particulars. \Write to

WESTON ELECTRICAL INSTRUMENT CORPORATION
73 Weston Avenue Newark, N. J.

=3 STANDARD THE WORLD OVER

A WESTON (

Sunneers sice 1588
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(The Quality of Durability and Fixity)

ONE of the most important requirements in insulating
materials for radio work is the permanency of the insu
lating properties.

Pyrex* insulators have constant electrical and physi-
cal characteristics because they are products of a melting
process, and therefore homogeneous throughout their
structure.

The super-smooth surface is part of the body and
not a “glaze,” and it cannot craze or check. The surface
does not hold dust, is not affected by smoke or fumes,
and washes clean in a rain storm.

Pyrex* insulators are light in weight and available
in sizes for various power equipments.

Pyrex* insulator products comprise:

\ntenna, lead-in, stand-off and bus-bar insulators
moulded shapes for inductances, bushings, rods and
cylinders.

A booklet detailing the chemical, physical and elec-
trical characteristics of Pyrex Glass Products and des-
cribing some of the unique industrial applications of the
material is now available. \Vrite for a copy:

CORNING GLASS WORKS

Industrial Div. Dept. R
CORNING, NEW YORK

* Trade Mark Reg'd. U. S. Patent Office.

- |
PERMANENCE
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Always specify—
“ESCO” Maximum miles per watt
Power supplies for Transmission.

“ESCO” has developed a line of over 100 standard 2-bearing
Motor-generators for plate or filament. These include D.C., A.C,,
single phase and polyphase motors.

“ESCO” two and three unit sets have become the accepted stand-
ards for transmission. The “*ESCO” line consists of over 200
combinations. These are covered by Bulletin 237C.

Our engineers are always willing to cooperate in the development
of special sets.

“ESCO?” is the pioneer in designing, developing and producing Generators,
Motor-Generators, Dynamotors and Rotary Converters
for all Radio purposes.
How can “ESCO"” Serve You?
ELECTRIC SPECIALTY COMPANY

TRADE “ESCQ’ MARK
300 South Street Stamford, Conn.
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From Copper Rod to y
Magnet Wire and Coilse

The Dudlo production cycle is complete, controll-
ing all materials and processes from rod to coil.

Beginning with the bare copper rod, the drawing,
annealing, insulating and winding is completed in
the Dudlo factories under scientific, progressive in-
spection. This system of inspection prevents hid-
den flaws and insures uniform high quality.

The bare wire is drawn and then insulated with
enamel, cotton, silk, or any combination of the
three, to standard specifications or to meet special
requirements for the Coil Winding Department.

Specializing solely in the production of Magnet
Wire and Coils—with a wide variety of experience
with wire and coil problems—with every resource
of specially designed machinery and skilled en-
gineers, Dudlo gains greater efficiency, greater

flexibility and thus renders greater service to the

electrical trade.
DUDLO MANUFACTURING CORPORATION, FORT WAYNE, INDIANA

56 Earl Street 160 North La Salle St 4153 Bingham Ave. 274 Brannan St.
NEWARK, N. ]J. CHICAGO, ILL. ST. LOUIS, MO. SAN FRANCISCO, CALIF.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineeting Fields

The ]J. G. White
Engineering Corporation
Engineers—Constructors
Builders of New York Radio

Central
Industrial, Steam Power, and Gas
Plants, Steam and Electric Rail-

roads, Transmission Systems.

43 Exchange Place New York

Electrical Testing
Laboratories
Electrical, Photometrical,

Chemical and Mechanical
Laboratories

RADIO DEPARTMENT
80th St., and East End Ave.
New York, N. Y,

QRV
RADIO SERVICE, Inc.

JOHN 8. DUNHAM
J. F. B, MEACHAM

Devoted to Servicing Broadcast
Receivers Exclusively

1400 BROADWAY, NEW YORK
WISCONSIN 9780

J. E. JENKINS and S. E. ADAIR
Engineers

Broadcasting Equipment
General Radio Telephone
Engineering

1500 N. DEARBORN PARKWAY
CHICAGO, ILLINOIS

Free Radio Employment Service

Employers in any line of the
Radio industry (or in allied in-
dustries) should call on our Free
Radio Employment Service when
additional employees are needed.

Radio Fundamental Co.
Hearst Square
Chicago

Specializing in

radio and allied prob-
lems-

‘both mathematical and practical.

Thoroughly lramed experienced men Analysis. Criticisms. Economical pro.

supplied anywhere in the U. S. or Can- duction. Expert designing. Radio

ada on 48 hours notice. No charge for power supply. Small and large tube de-

service. Send post card today for our sign.  Also plant construction. Photo

free monthly bulletin. electric problems. Set design. Trans-

. lations. Patent problems. Cost sys-

Address National Radio Institute tems, etc. MWrite us in confidence.
Dept. I.R.E, \Vashmgton, D

John Minton I. G. Maloff

POSITION VACANT

RADIO RESEARCH ENGINEER,

with electrical engineering or cqluvalent

degree, who has specialized in theoreti-

cal and experimental rcccwcr circuit re-

search. In reply, give references to

publications, education, experience, and
salary required.

Radio Corporation of America

70 Van Cortlandt Park, South,
Bronx, New York City

Attention of Mr. J. Weinberger

JOHN MINTON, Ph.D.

Consulting Engineer
for
Developing — Designing —
Manufacturing
of

Radio Receivers, Amplifiers, Transform-
ers, Rectifiers, Sound Recording and
Reproducmg Apparatus.

Radio and Electro-Acoustical
Laboratory

8 Church St. White Plains, N, Y.
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The new
Kolster Radio Compass

- provides

Greater Safety—
Visual Bearings—
Simple, Positive Operation

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

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

Kolster Radio is also setting new standards of per-
formance in broadcast receiving sets

FEDERAL-BRANDES, INC.
200 Mt. Pleasant Avenue
Newark, N. J.
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Mirth and wisdom . . . . music and song . . .
nightly a nation’s entertainment wings through
unwired space. In the scientific precision of
those unseen parts that make possible radio
magic—Scovill is a leader. Scovill combines
exactness of workmanship with quantity produc-
tion in such a way that manufacturers can pro-
duce the superlative in radios and at the same
time effect important savings by reducing cost
of fabrication.

e e —

Scovill is the name of a broad service to industry. It places acres of
factories, forests of machinery, hosts of skilled workmen, metallurgists,
modern laboratories and trained representatives at the disposal of those
who require parts or finished products of metal. Why not see how
Scovill can serve you? Call our nearest office.

THESE ARE SCOVILL PRODUCTS

Made to Order: Condensers--Variable and Variable Vernier and parts
for same, Metal Stampings, Screw Machine Products, Switches, Decorated
Metal Radio Panels, Parts from Brass, Steel and Aluminum. Carried in
Stock: Butts and Hinges, Continuous Hinges, Machine Screws. Brass
Mill Products: Sheet, rod, wire, tubing.

SCOVILL MANUFACTURING COMPANY
Waterbury Connecticut

New York, Boaston, Chicago, Providence, Philadelphia, Cleveland,
San Francisco, Los Angeles, Atlanta, Cincinnati, Detroit

Member, Copper and Brass Research Association

.
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Greater Efficiency
and Lconomy
m
! “B” Eliminator

Resistances

HE new Centralab 4th Terminal Potentiometers have two

variable contact armns on each unit. ‘Two of these units in
series will provide complete voltage regulation for any “B”
power supply without additional fixed resistors or variables.
One additional unit will provide two “C” bias taps when de-
sired. The economy is apparent in that there are fewer units
to buy, and less assembly time to mount them on the panel.

Centralab 4th Terminal Potentiometers are wire wound on a
frame of metal and asbestos. They will safely dissipate in ex-
cess of 30 watts without break down. This high current
carrying capacity makes possible a low total resistance across
the “B” supply, giving much better voltage regulation than
the high resistances normally used, and sufficient current load
on open circuit to substantially lessen the danger of conden-
ser break down.

Fourth Terminal Potentiometers are wire wound in resis-
tance values up to 6000 ohms. The diameter is 2”, depth 34”.
They are recommended as the best and most economical of
available “B” power voltage controls.

Where smaller units must be used because of small panel
space, there are other Centralab wire wonnd potentiometers
with diameters of 154” and 134" respectively that can be
furnished in resistances up to 20,000 ohms, and variable high
resistances up to 500,000 ohms.

Complete information and circust data
will be gladly mailed to those interested.

Central Radio Laboratories
16 Keefe Avenue, Milwaukee, Wisconsin

___ Centralab———
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TRADE MARK REG'D U. S. PAT. OFFICE

| B-BLOCKS

Tose B-Brocks provide pletely electrified Radio.
in all required combina- Today our B-Brocks have
| tions of capacities an extra two sea-

and for different
working voltages—
the condenser
banks now univer-
sally required for
power-operated
Radio.

We may be par-
doned for pointing
with pride to the
date of the first
Toge B-Brock two recognized favor-

| seasons ahead of ably by the Ulti-
| the coming of com- mate Consumer.

Tobe Deutschmann Co.

Cambridge :: Mass.

sons’ of experience
packed in each one
of them. \When
you buy the ToBe
B-BLocks to stand-
ard or manufac-
turers’ specifica-
tions, you are buy-
ing units of proven
quality and of a
name that will be

Condensers for all usual working voltages
Tiny Tube Condensers
Veritas 2, 5, and 10 wart non-inductive high current Resistors

Write us for pamphlet O-10

——
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Quick Service

on Insulating Parts

The exceptional facilities and equip-
ment of the Formica Insulation Com-
pany make it possible to supply any
needed IFormica part quickly and in
quantity.

These include sub-panels, cut to size
or perforated and marked; terminal
strips, bushings, washers, tubes for
inductances and many others.

Many leading manufacturers have
depended on this service for years,
finding it prompt and efficient, and
the material of excellent quality and
uniformity.

THE FORMICA INSULATION COMPANY
4646 Spring Grove Avenue

CINCINNATI, OHIO

ORMICA

Made from Anhydrous Bakelite Resins
SHEETS TUBES RODS
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Crescent Lavite

is the pioneer resistance and
still in the van. Economical in
size but gluttons for punish-
ment.

Used by U. S. Government,
General Electric Co., Bell Tele-
phone Laboratories, Westing-
house Electric and Manufac-
turing Co., and ninety broad-
cast stations.

Write for data which will be
supplied on request.

Cresradio Corporation

166-32 Jamaica Ave., Jamaica, N. Y.
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SILVER-
MARSHALL
652 RESERVOIR B SUPPLY

VITROHM RESISTORS

—in power supply units

Uses Vitrohm Resiswr 507-64°

years of research and expe-
35 rience in the manufacture of

resistors is incorporated in
Vitrohms for radio.

There are available Vitrohms to
give you noiseless, dependable serv-
ice wherever resistance is indicated in
a current or power supply circuit.

Vitrohms do not age or change in
resistance valueafter use. Ten, twenty
or thirty years of constant use under
all conditions arc every-day records of
Vitrohms.

s clhesl

ViTRONH sorl
(Prae £220)

RAYTHEON A-B-C
350 m.a. CURRENT SUPPLY UNIT

Uses Vitrohm Resistor 507-62°
and Virohm Rheostat 507-63

(et BN e

- \\
Lo \\4
vnnmn}gr-md

QRS A-BC
400 ma. CURRENT SUPPLY UNIT

Uses Vitrohm Resistor 507-62°
and Vitrohm Rhenstat 50263

O~ \y
-
VITRQNM 3507-¢2

ST
J "7,*(%3"
. s wine = :
Vitrohms ie pezeed e R e vy e

tubes and protected by fused-on
vitreous enamel for the permanent
protection of resistance wirc and
terminals.

Per square inch of surface, Vitr-
ohms have greater watt dissipation
than any other resistor.

Send 15¢ for “"How To Use Re-
sistance 1n Radio.™ It contains many
circuits of interest to all experiment-
ers. Bulletin 507 describing Vitrohms
for radio is sent without charge upon * Approved by the Raytheon and

QR Sand RAYTHEON
85 m.o. CURRENT SUPPLY UNIT

Uses Virohin Resistors
507-16" and 50748

request. Q R S Laboratories.
Ward Leona rd/qec’rric Company
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RADIO RESISTORS

that do not deteriorate

BradleyunitA

PERFECT FIXED RESISTOR

L Pt
(10R) )

A solid-molded fixed resistor
baked under high pressure
and accurately calibrated.
Unaffected by temperature,
moisture or atmospheric
changes. Does not age or
change in resistance. Can be
soldered without affecting
accuracy of unit.

B it-B

PERFECT FIXED RESISTOR

Bradleyunit-B is similar to
Bradleyunit-A, but is made
especiallyfor manufacturers.
Itisavailable inan extremely
wide range of accurately
calibrated resistance values.

B E

PERFECT VARIABLE RESISTOR

Used extensively by leading
B-eliminator manufacturers
for plate voltage control.
Provides an extremely wide
rangeofresistancevalues.Va-
riation occurs only through
adjustment. Made in several
ranges and capacities.

Write for data and prices
Allen-Bradley Co., 282 Greenfield Avenue, Milwaukee, Wisconsin

en-Bragley

PERFECT RADIO RESISTORS
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A Variable Resistance

for Every Need

THE day is past when you must employ fixed resistance for cir-
cuits where variables are bound to exist in actual practice. And
your engineering ability is certain to be judged by actual results,

rather than by your slide-rule calculations of
what resistance values should be. So play safe
—and specify good variable resistors.

Of course all variable resistors are not
necessarily safe substitutes {or reliable fixed re-
sistors. There are good, bad and indifferent
variable resistors as there are in all things.
However, after five years of persistent, concen-
trated, specialized efforts to develop a satis-
factory variable resistor, we have produced the
Clarostat. Its resistance range, positive setting,

high current-handling capacity, noiseless operation, reliability and
long life are typically its own. It is a safe substitute for fixed
resistance, with the countless advantages of

variable resistance.

The Clarostat comes in four types and
in a wide range of resistances. There is a
Clarostat for every radio purpose. And
Clarostat can be depended upon to fill the

bill.

The fact that others have copied the
Clarostat and are now offering devices “‘just
as good as the Clarostat” speaks for itself.

Write us regarding your particular resistance

problems, and we shall be pleased to

help you solve it.

AMERICAN MECHANICAL LABORATORIES, INC.

G NS

Specialists in Variable Resistors
285 North Sixth St., Brookryn, N. Y.

CLARQSTAT—
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Haven't you often wished for a practical and good-
looking binder for your ProceepiNGgs? The Dbinder
pictured above is both.

Made of handsome Spanish Grain Fabrikoid—in blue
and gold—it is constructed to hold a complete volume
(12 issues). No matter where the pages are opened
they lie flat and wire straps permit easy transfers if
not used as a permanent binder. Space is provided on
the back for marking of volume number or your name.

PRICE $1.50 EACH

or $2.00 each with name stamped in gold

o

PINS and
WATCH CHARMS

Both 14K gold and enam-
eled in white, maroon
blue or gold

Pin has safety catch and is Watch charm has swivel
finished on one side. suspension ring and is fin-
ished on both sides.
Price, $3.00 each, any grade Price $5.00 each, any grade
— i

To obtain Binders, Pins or Watch Charms address the
Institute office and enclose cash or check with order.
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And to keep the grid bias
constant

You've heard a lot lately about
the use of the Eveready Layerbilt
“B” Battery No. 486 as a source
of power for short-wave, low-
power transmitters. Here’s an-
other way in which the Layerbilt
makes transmitters more reliable,
more economical, and helps make
better DX records—as a “C”
battery. Harry F. Dobbs, Di-
rector Southeastern Division, A.
R. R. L., operating 4ZA at At-
lanta, Ga., uses two Eveready
Layerbilts on his transmitter, to
put 2274 volts bias on the grid
of the oscillator, and 90 volts on
the amplifier. “The ruggedness
of construction, compactness of

size, and long life make Ever-
eady Batteries particularly adapt-
able for this installation,” says
Dobbs. ““Fhe batteries shown in
the illustration have been in use
more than six months and show
no drop in voltage.”

For amateur radio, as well as
broadcast reception, Eveready
Layerbilt can’t be beat. It is, as
amateurs say, the longest-lasting,
most economical of ‘““B” batteries.

NartioNnaL CarsoxN Co., Inc.
New York San Francisco
Unit of Union Carbide and Carbon Corperation
Tuesday night is Eweready Hour

Night—9 P. M., Eastern Standard
Time, through the WEAF netsvork,

eVERFADY

Radio Batteries

~they last longer

When writing to advertisers mention of the Proceedings will be mutually helgful.



Portable R. F. Oscillator

with range of 15 to 30,000 meters

TYPE 384 R. F. OSCILLATOR

The Type 384 oscillator has a wide range of utility in the
radio laboratory. It may be used as a source in high fre-
quency measurements of coils and condensers, or for
checking radio receivers. It is particularly useful for
checking over-all receiver characteristics when combined
with the General Radio Type 413 Beat-Frequency Oscil-
lator. By using the Type 384 R. F. Oscillator and Type
413 Beat Frequency Oscillator radio frequency and audio
frequency tests may be made simultaneously.

The Type 384 R. F. oscillator covers the range from 15
to 30,000 meters by means of nine plug-in coils.

A single UX-199 tube is used which permits an entirely
self-contained instrument. A plate milliammeter is pro-
vided to indicate oscillation.

Type 384 R. F. Oscillator, without Coils. ......... $80.00
Type 384-D Figure 8 Coil (200-600 meters). .. ... $ 4.00
Prices on coils covering other ranges on request.
Type 413 B. F. Oscillator.................. ... $210.00

Licensed under Patent No. 1113149 for experimental labor-
atory use only where no commercial features are involved.

Write for Bulletin 6150-1
General Radio Co., Cambridge, Mass.

GENERAL RADIO

LABORATORY EQUIPMENT





