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CUNNINGHAM
"PLIFIER real
TYZEC30i A

C-300-6 volts Gas
Content Detector.

$5.00

CUNNINGHAM
DETECTOR rust
TYPE C 300

C-301 A-6 volts
amp. Amplifier.
$5.00

CUNNINGHAM
4T,C Op Pon..1,0,

0,011,(L c

C-12-Similar to
C-11 with stand-
ard base.

PATENT NOTICE
Cunningham tubes are
covered by patents detest
2-18-08. and others is-
sued and pending. Li-
censed for amateur. ex-
perimental and entertain-
ment use in radio commu-
ideation. Any other use
will ho an Infringement.

$5.00

%rte.CUNNINGIUM
nopnrn

C-11 - -1.1 Volt .25
amp. Dry Battery
Det. and Amp.
Special hase.

$5.00

4/1244".

C-299-3 Volts .06
amp. Dry Battery
Der and Amp.

$5.00

RADIO TUBES
For Every Type of

Receiving Set
Three of the five tubes shown here are designed to use
dry batteries for filament lighting. Type C-299 is com-
pact. highly efficient as a radio -frequency amplifier, de-
tector and audio -frequency amplifier. The filament
draws only .06 amperes at 3 volts.
C-11 is a dry battery tube for use in sets having special
sockets, such as the Aeriola Senior and Aeriola Grand.
The filament is lighted from a single dry battery and
draws .25 amperes.
C-12 is identical to C-11, but is mounted on a base for
use in sets equipped with standard sockets without the
aid of special adaptors.
Whenever storage battery supply is available, the
C-300 is the most sensitive detector for reception of
distant and weak signals.
Under the same condition C-301 A is the best tube for
amplification at either radio or audio -frequency.

!tonne Office:
182 Second St. 154 Rest Lake St.
San Francisco Chicago New York

30 Church St.



411/ FOR SERVICE

RADIO CONDENSERS

Constant Capacity
Extremely Low Losses
Safety Gap Protection
High Current Carrying Capacity
Minimum Volume
Moisture -Proof Construction
Long Life
Quick Deliveries

These are some of the reasons why radio
engineers specify FARADONS.

There are over 2O standard FARADON con-
densers on which immediate deliveries can be made.
Complete new catalog will be sent on request.

Wireless Specialty Apparatus Company
BOSTON, MASS.

Established 1907



Roller -SmithInstruments
A complete line of 3M" A. C.
and D. C. Ammeters, Volt-
meters and Antenna Am-
meters for all radio applica-
tions.

Send for Bulletin No. K -I0

Roller -Smith Head -Sets
The Universal Type A, 3000 ohms.

-I A real head -set for the man who knows.

Send for Bulletin No. K-20
ff-

g- ittticaLIAlMSMIIII COMPANY

Instruments Meters and CIrmit breakers
O

-1 2134 Woolworth Bldg. NEW YORK
,.-- - Offices in Principal Cities in U.S.? and Canada

ACME TRANSFORMERSTRANSFORMERS

ACME

As specialists in the de-
sign and construction
of Transformers we are
prepared to quote prices
and delivery on Trans-
formers singly or in
quantity.

Our Radio Transformers
are well known for their
high efficiency and rug-
gedness.

APP 4RATUS COMPANY
200 MASSACHUSETTS AVENUE

CAMBRIDGE 39, MASS.

TRANSFORMER AND RADIO ENGINEERS AND MANUFACTURERS

iI



Constant Impedance

AUDIBILITY METER

Type 164

AUDIBILITY
METER

Price, $36

The ear alone cannot be depended upon to esti-
mate the intensity of received signal strength. Some
auxiliary standard of reference must be used.

One of the more common methods is to shunt the
telephone receivers. As the receivers are shunted.
however, a series resistance of such a value should
be added to the circuit that the impedance will re-
main unchanged.

The Type 164 Audibility Meter is so designed that
it is direct reading in audibilities, and keeps the total
impedance of the circuit practically constant.

Do not guess at your receiving results. Know the
real facts.

Send for Bulletin R

GENERAL RADIO CO.
Manufacturers of

Radio and Electrical Laboratory
Apparatus

Massachusetts Avenue and Windsor St.
CAMBRIDGE 39 MASSACHUSETTS
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PACENT
JACKS

tidt

There is an improved
Pacent Jack for every
Modern Circuit. Sizes
61 to 70. Prices from
60c. to $1.00

IMPROVED!
Universal Plug No. 40

Pat. Jan. 8. 1924. Other Pat. Pend.

Another marked improvement has been
made in this popular, low priced plug.
A new type of connector greatly simpli-
fies the connection. Just insert the cord
tips and clamp the shells together to
obtain a sure, gripping contact. Con-
nectors ate stamped to indicate polarity
and all metal parts are satin nickel
finished.

Write for Catalog D-2

Pacent Electric Co., Inc.
22 Park Place New York, N. Y.

Pacent
RADIO ESSENTIALS

RADIO
BATTERY

CHARGER

for use on a 110 -volt
D.C. line. Equipped
with the famous Ward
Leonard Vitrohm
Vitreous enamelled)

Resistor Units. Litera-
ture on request.

Ward Leonar
Mount

Company
Vernon.

Newyork.

I V
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co.,. 141001.10.
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RADIO -CLUB DE LA COTE DAZUR
NICE

Mr. E; K. JA2ES
c/o A.B. GREB'r. & Oo. Inc.,
Richmond Hill, N.Y. Nov. let. 1923.

Dear Mr. James,

Back home since four days only I hive reinstalled
my station for 100 meter work.

I am glad to say the GRABE 0a-13 which I brought
back has already done splendid work. I tuned down to 100
meters for the first time this morning at 0010 G.14.T. and
immediately heard :AMA. I followed him until 0..00 and all
the time his carrier wave was rood. he could have been
easily read in telerr phy. At times excellent orchestral
music and some words were plainly heard in spite of heavy
static and arc interference.

The distance from Pittsburgh to Nice must be about
7.000 kilometers (roumhly 4,400 miles); I have all reasons
to think this is the worll record distance transmission on
100 meter wave.

Please expreeL. my ::earty congratulations to the
GREBE 0o. for t;.eir wonderful receiver.

icry sineerely yours.

braD421,- -

-1.etthcinstructed
lead the way by
example."

-Kong Hsi.
Is relay work the
wise DX man
uses a dependable
GREBE

It is significant that the Grebe "13" is the choice of those
Amateurs who have established worth -while distance
records. Each detail of Grebe craftsmanship is fitting
testimony of its efficiency.
Combining Regeneration and Tuned R. F., it affords
sharper tunhtg, greater range and quieter operation. Its
wavelength range is: 80-300 Nletres.

Ask your dealer or write us for
complete information.

A. H. GREBE & CO., Inc.
72 Van Wyck Boulevard, Richmond Hill, N. Y.
Western Branch: 451 East 3rd Street, Los Angeles, Cal.

Licensed under
Armstrong U. S.

Pat. No. 1.113,149.
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Double Range Portable Voltmeter
A new, high resistance in-.: ument
for accurately measuring hlament,
plate and grid voltages. Ranges 150
and 7%2 volts. Mounts on panel if
desired.

Other Weston instruments include
plate and filament voltmeters, for
panel, milliammeters, ammeters,
thermo-ammeters. thermo-galvano-
meters, etc.

Full particulars in Booklet J.
Write for it.

Weston Electrical Instrument Co.
72 Weston Ave. Newark, N. J.

Branch Offices inn!! Principal

Electrical'

Sincies)ON1Zille 11888

STANDARD - The 1,Vorld Over

WO AMEIZT1?AN
- Et E G V 5. PAT. OFF. -

Price $7 A Super Audio Frequency Amplifying
Transformer Without Distortion

40- -
- -

Culver

20

URVE.X, ADMINUTT A.MLIPICATIO40. ONE
It ADIOTROMS PLATE VOLTAGE 100,61.0

%Mit?Aa zsatIgn
AmpiTAN DETwEEN unh801-^

AD 4 !VOLTS: ANPLCONST

Ta.;'VelAgeak-

0 AUDIO FREQUENCY

CuRvel5'

-CYCLES

pan
an AMERICAN BETWEEN TUBES OP3000
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000
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American Transformer Company Newark, N. J.
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New York

AIWIRAD

Main Factory of the American Radio and Research Corporation, Medford Hillside,
Mass. Home of Amrad Radio. Showing at extreme right Research and Engineering
Laboratories and Broadcasting Station IVGI, erected June 1915, the World's Oldest

Broadcasting Station operating to -day

BASKETBALL
VAR1OMETER

Remarkably low Dielectric
main and distributed captiv-
ity.

Exclusive
Developments

For eight years this
Corporationhas special-
ized in the development
of Radio. Among re-
sults-

The AMRAD -S" Tube a
Rectifier with NO FILAMENT
TO BURN OUT.

The AMRAD BASKETBALL
Variometer-a radical improve-
ment over the conventional
moulded type.

The S -TUBE
Rectifies up to 1000 volts
A.C. Resulting' D.C. ha.
minimum wire ripple
,flth filter.

AMERICAN RADIO AND RESEARCH CORPORATION

MEDFORD HILLSIDE, MASS.
(4 Miles North of Boston)

VII

Chicago



A Radio Statement to the Public
KEEPING its pledge to- the public, the Radio Cor-

poration of America has concentrated its vast research
forces upon the solution of certain fundamental problems
-problems which have become more apparent as broad-
casting stations and radio receivers multiply.

Briefly stated, there is today a
necessity for

-A radio receiver providing super -
selectivity - the ability to select
the station you want-whether
or not local stations operate. A
selectivity which goes to the theo-
retical limits of the science.
-Super -sensitiveness- meaning
volume from distant stations-
along with selectivity
-Improved acoustics- more faith-
ful reproduction of broadcasted
voice and music than has ever
been possible before.
- "Non - radiating" receivers-a
new development, a type of re-
ceiver which, no matter how
handled, will not interfere with
your neighbor's enjoyment.
-More simplified operation -a
super -receiver requiring no tech-
nical skill, thus making the great-
est achievementsof entertainment
immediately available to all mem-
bers of the family.
-A receiver for the apartment
house and populated districts, re-
quiring neither aerial nor ground
connection.

-Another type of improved receiver
for the suburban districts, equally
capable to that above, for use
where the erection of an aerial
presents no problem.
Painstaking search in quest of
these ideals has led to new discov-
eries, setting new standards-dis-
coveries, which have established:
First -that improved acoustics
are possible-a matter of scientific
research- for truly melodious re-
ception.
Second-that dry battery operated
sets can be so designed as to
give b?th volume and distance.
Third- that the regenerative re-
ceiver could be markedly improv-
ed - providing selectivity, sen-
sitiveness and simplicity of opera-
tion hitherto deemed impossible.
Fourth-that the Super -Hetero-
dyne - the hitherto complicated
device requiring engineering skill
to operate - could be vastly im-
proved-improved in sensitive-
ness and selectivity-and simpli-
fied so that the very novice and
the layman could enter new
regions of entertainment and
delight.

Watch For Further Announcements
Radio Corporation of America

Sales Offices:
233 Broadway, N.Y. C. 10So. La Salle St., Chicago. III. 433 California St., Sao Francisco, Cal.

RadiCEO. U.S. PAT. OFF,
ola
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RECEIVING MEASUREMENTS AND ATMOSPHERIC
DISTURBANCES AT THE RADIO PHYSICAL

LABORATORY, BUREAU OF STANDARDS,
WASHINGTON, .JULY AND AUGUST, 1923*

By
L. W. AUSTIN

(CHIEF OF THE RADIO PHYSICAL LABORATORY, BUREAU OF STANDARDS,
WASHINGTON, D. C.)

(Communication from the International Union of Scientific Radio
Telegraphy)

The observations for July and August afford some opportu-
nities for a comparison of thissummer's result with the correspond-
ing values of last year.

Lafayette's change of frequency from 12.8 kilocycles per
second (kc.) to 16.2 kc., mentioned in the May -June report, has
been accompanied by an increase in signal strength in Washing-
ton of about 1.6 times. As far as is known, there have been no
changes other than the change in frequency to explain the
increase.

This, together with some observations on shorter wave sta-
tions, may indicate a distinct optimum frequency in the neigh-
borhood of 16 kc. for northern trans -Atlantic communication,
but of course it is still too early to draw definite conclusions on
this point.

The signal strength of Nauen, both in the morning and during
the afternoon fading, is practically the same as in the correspond-
ing months last year. The atmospheric disturbances are con-
siderably lighter than in 1922.

*Received by the Editor, November 3, 1923
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FIELD INTENSITY OF NAUEN AND OF DISTURBANCES
(f=23.4 kc. 2=12,800 m.) IN JULY, 1923, IN MICRO -VOLTS

PER METER

Date

9 AL M. 3 P. M.

Signal Disturbance Signal Disturbance

2 34.7 30 6.5 150

3 47.0 30 2.0 210

5 30.0 40 * 135

6 23.4 30 * 125

7 16.3 42

9 30.0 25 * 160

10 19.0 35 * 180

11 23.4 30 * 300

12 34.2 20 2.0 200

13 22.0 22 * 180

14 17.0 30 **
....

16 13.7 100 * 380

17 55.7 48 16.1 240

18 42.0 60 18.0 60

19 36.4 48 18.4 150

20 47.0 65 12.2 100

21 ** 60 .... ....

23 55.7 48 2.0 150

24 42.7 48 * 240

25 42.0 65 * 380

26 72.5 30 27.0 100

27 .... .... .... ....

28 .... .... .... ....

30 ** 28 * 360

31 ** 15 6.3 130

Average 35.2 41.2 5.5 196.5

*Not heard.

**Not sending.

....Not taken.
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FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES
(f=15.9 kc. 2=18,900 m.) IN JULY, 1923, IN MICRO -VOLTS

PER METER

Date

9 A.M. 3 P. AI

Signal Disturbance Signal Disturbance

2 ** 40 66.3 200
3 126.0 35 40.4 260
5 120.0 50 24.5 135
6 66.3 35 2.0 180
7 84.0 60 .... ....

9 108.0 35 15.0 170
10 120.0 55 * 210
11 102.0 48 42.3 350
12 137.0 30 57.3 280
13 140.0 25 36.2 200
14 120.0 40 ....

....
16 77.2 160 2.0 410
17 330.0 60 102.0 260
18 108.0 50 84.0 70
19 160.0 65 114.0 150
20 160.0 80 84.0 130
21 90.0 75 .... ....

23 168.2 80 45.2 175
24 156.2 65 18.0 280
25 150.0 55 2.0 350
26 175.0 80 60.0 150
27 .... .... ....

..-.
28 .... .... -...
30 150.0 35 2.0 550
31 66.3 20 40.2 150

Average 132.4 55.5 41.9 232

*Not heard.

**Not sending.

....Not taken.
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FIELD INTENSITY OF NAUEN AND OF DISTURBANCES
(f=23.4 kc., A=12,800 m.) IN AUGUST, 1923, IN MICRO -VOLTS

PER METER

Date

9 A. Al. 3 P.M.

Signal Disturbance Signal Disturbance

1 26.0 10 10.5 150

2 25.7 65 10.0 200

3 ** 20 .... ....

4 26.2 60 .... ....

6 ' 25.6 35 300

7 25.0 55 .... ....

11 25.6 50 .... ....

13 25.6 25 15.0 200

14 38.2 40 * 110

15 25.6 60 2.0 200

16 34.2 50 * 250

17 26.6 45 * 200

18 25.7 30 .... ....

20 47.0 30 9.3 100

21 21.5 20 * 280

22 27.0 30 * 250

23 30.0 20 2.0 80

24 25.7 48 30.0 120

25 25.7 40 .... ....

27 30.2 25 2.0 240

28 27.0 60 9.0 250

29 ,

** 50 * 280

30 18.0 65 * 200

31 31.0 50 * 500

Average 27.8 40.9 5.0 217.1

*Not heard.

**Not sending.

..Not taken.
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FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES
(f= 15.9 kc., i= 18,900 m.) IN AUGUST, 1923, IN MICRO -VOLTS

PER METER

Date
9 A. M. 3 P. Al.

Signal Disturbance Signal Disturbance

1 102.0 15 60.2 j 180
2 84.0 85 90.0 250
3 152.0 25 .... ....
4 84.0 65 .... ....
6 60.0 50 72.2 320
7 78.2 75 60.0 300

11 102.0 80 .... ....

13 78.2 35 54.0 250
14 78.2 35 42.2 110
15 120.0 60 30.4 250
16 **

65 18.0 300
17 84.0 60 2.0 250
18 145.0 45 .... ....
20 152.0 35 60.2 110
21 126.0 25 25.4 300
22 84.0 30 30.0 300
23 96.0 25 96.0 100
24 152.0 45 120.0 150
25 126.0 50 .... ....
27 120.0 25 48.3 240
29 ** 60 30.2 300
30 120.0 80 40.0 250
31 120.0 60 2.0 630

Average 107.7 49.1 48.9 255

*Not heard.

**Not sending.

..Not taken.



RATIO OF AVERAGES

f
kilocycles

Signal

P. M.

Disturbance

P. M.

A. M.

Signal

P. M.

Signal

A. M. A. Al. Disturbance Disturbance

JULY

15.9

23.4

I 0.316

0.156

4.18

4.77

2.38

0.854

0.180

0.028

AUGUST

15.9

23.4

0.454

0.180

5.20

5.31

2.19

0.680

0.192

0.023

Radio Physical Laboratory,

Bureau of Standards,

September 25, 1923.

SUMMARY: The signal strengths of the Nauen and Lafayette Stations,
and the corresponding strength of the atmospheric disturbances in Washing-
ton are given for July and August, 1923.



THE RADIO EQUIPMENT OF THE STEAM YACHT
"ELETTRA"*

BY

ERIC A. PAYNE

(MARCONI'S WIRELESS TELEGRAPH COMPANY, Lm.)

The steam yacht "Elettra" was designed by Messrs. Cox
and King, of London, and built by Messrs. Ramage and Fer-
guson, at Leith, Scotland, being completed in May, 1904. She
was originally the property of the Archduchess Maria Theresa
of Austria, being then called "Rovenska," and was used by the
British Admiralty for naval purposes during the war. In the
year 1919, she was purchased by Senatore Guglielmo Marconi
and renamed "Elettra."

The principal dimensions are as follows: Overall length,
220 feet (72.2 m.), length at water line, 198 feet (64.9 m.), beam,
27M feet (9.2 m.), and the depth, 16M feet (5.4 m.). The regis-
tered tonnage is 232, gross tonnage 633, and the Thames measure-
ment tonnage 693. The yacht is driven by a triple expansion
condensing steam engine. The high, medium and low pressure
cylinders have diameters of 16, 26, and 42 inches, respectively,
and the stroke is 27 inches. The nominal horsepower is 137, and
the indicated horsepower is about 1000.

There are two coal-fired boilers having grate surfaces of 95
square feet area, and a total heating surface of 645 square feet.

The working pressure for the main boilers is 180 pounds per
square inch, and for the donkey boiler 120 pounds per square inch.
The normal cruising speed is 10 knots, with the engine running
at 90 revolutions per minute. The consumption of fuel at this
speed is about 12 tons per day, and a sufficient quantity may
be carried for about 12 days, normal steaming.

Sails are also used when the wind is favorable, as, apart from
the speed gained, they assist in steadying the yacht. Figure 1 is
a view of the yacht, and Figure 1A shows the arrangement of
the antennas.

The main storage battery for lighting and supplying the radio
 Received by the Editor, August 17, 1923.
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when the dynamo is not running is situated in the propeller
shaft tunnel. It consists of 36 cells and has. a capacity of 500
ampere -hours. This battery is charged by a dynamo which is
driven by a small steam set. A gasoline motor is also provided
for use when the yacht is in port and there is no steam available.

FIGURE 1-The Steam Yacht "lilettra"

9r I
FintRE 1 A-Rigging Han of Steam Yacht "Elettra"

A submarine signal receiver is fitted with which it is possible
to tell from which direction the signal is coming. There are two
microphones situated inside the hull, one on either side of the
bow. By means of a throw -over switch, either of these may be
connected to a battery and telephones located in the chart house.
When in the vicinity of a signal station, the navigator listens in
the telephones, and the microphone which is more directly facing
the signal bell gives the louder response. The ship's log has an
electric repeater, whereby the distance travelled thru the water



is recorded on dials in the engine room and in the chart house.
A powerful searchlight is fitted to the foremast, the light being
supplied by an electric arc lamp.

The yacht. is navigated by a Sperry Gyroscope compass.
The master gyro compass is installed below in a fairly central
position, and the charging generator and motor alternator for
revolving the gyro rotor, are placed in the engine room. The
switchboard for controlling the various circuits is fitted near the
master compass.

One electrically operated repeater for steering purposes is
located on the bridge, and another on the top deck for taking
bearings of distant objects. By the use of this compass in con-
junction with the radio direction finder, very exact navigation
is effected. Figure 2 shows the yacht being steered by Sperry
gyro compass.

FIGURE 2-Steering by Sperry Gyro Compass

VALVE TELEGRAPH TRANSMITTER

This transmitter is worked from alternating current which



is supplied by a motor alternator driven from the yacht's main
lighting battery. The supply is 400 volts at a frequency of 300
cycles. The filament current is supplied by small step-down
transformers and is regulated by chokes with variable iron cores,
operated thru gearing, by handles from the front of the trans-
mitting panel. For the high tension plate voltage, the alter-
nating current supply is stepped up by an oil -cooled transformer
to 12500 volts, and then rectified by two 2 -electrode valves.
This transformer has a centre point tapping, and the valves are
arranged for double rectification. A condenser of large capacity
is connected across the output, and iron cored chokes are placed
in series, and a fairly smooth and steady supply is obtained, of
direct current at about 8000 volts. Figure 4A shows the
connections of the rectifier circuits.

This direct current, high tension supply is fed to three
3 -electrode valves, which have their plates connected in parallel.
Each grid is connected to the reaction coil thru a separate con-
denser and resistance, this reaction coil providing a variable
coupling between the plates and grids. The plates are con-
nected to the aerial inductance thru a blocking condenser, com-
posed of four glass tube condensers. In series with the direct
current high tension supply to the plates is an air -cored choke
and between the supply side of this and the earth connection,
another glass tube condenser is connected, for by-passing any
high frequency currents which may have got thru the choke.

Signaling is effected by simultaneously breaking the main
transformer primary, and the grid circuit, by means of a relay,
which is controlled by the hand -telegraph key, and operated by
the direct current supply. Figure 4B shows the oscillator cir-
cuits.

The handle of the safety gates of the transmitter is mechan-
ically coupled to a switch, so that the power is cut off when these
gates are opened. Also, the act of opening these gates operates
push rods, which discharge the smoothing condensers, so that
the apparatus is safe to handle.

Ammeters are provided for reading the filament and plate
currents. The power input to the transmitter is regulated by an
iron -cored choke, connected in the primary circuit of the main
transformer. To compensate for the drop in voltage caused
when the key is pressed, a small iron -cored compensating choke
in the primary circuit of the filament transformers is short-
circuited by an additional contact on the signaling relay. By
means of a variable iron core, the value of this choke may be

12



adjusted so that the filament brilliancy is maintained constant
during telegraphic transmission.

The amount of coupling between the grid and plate circuits,
and the position of the plate connection to the aerial inductance,
are adjusted to give maximum aerial current, at the same time,
keeping the plate current as small as possible.

Any wave length from 200 to 3000 meters may be obtained
by means of a variable inductance and series condenser; a rough
adjustment being made by a tapping and the final adjustment
by a variometer.

TELEPHONY

The same transmitter may be used for telephonic communi-
cation when required. Modulation is effected by two valves,
which have their plates connected to the high tension, direct
current supply. The grids of these valves are coupled thru an
iron -cored choke and battery to the filaments, and also thru a
coupling condenser, to the plate of an amplifying valve.

The plate current for this amplifying valve is also supplied
from the same high tension supply, thru a large resistance, and
its filament current is supplied from an accumulator, so as to
ensure an absolutely steady emission.

A microphone and battery are connected to the grid of this
amplifier valve thru a small iron -cored transformer.

Ammeters are connected in the plate circuits of both modu-
lating and amplifier valves, so as to indicate the amount of modu-
lation.

The telephone transmitter is operated by a remotely con-
trolled relay, which changes the aerial from the receiver, lights
up the modulating valves, and starts the main transmitter
oscillating.

In order to carry on conversation with another station, it
is necessary to operate only one small switch, which controls this
relay. Figure 3 shows the front of the transmitter, Figure 4 the
rear view with the control relays, Figure 4C the modulator, and
Figure 5 the complete layout on the yacht.

MAIN SPARK TRANSMITTER

Power for the main spark transmitter is supplied by a motor
alternator, driven from the direct current supply from the
yacht's battery. Alternating current of 1 kilowatts is supplied
at a voltage of 200, and a frequency of 500 cycles.

This voltage is stepped up by an oil -cooled transformer and
13



Flamm 3-3 K W. Valve Telegraph and Telephone Transmitter, Arranged
for Inductive Coupling to Aerial

FIGURE 4-3 K.W. Valve Telegraph and Telephone Transmitter-Rear
View Showing Control Relays

14



E 1

FIGURE 4A-Rectifier

FIGURE 4B-Oscillator

FIGURE 4C-Modulator
15
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supplied to a quenched spark gap of eight plates, thru suitable
high frequency chokes. A mica condenser and flat spiral induc-
tance form the primary closed circuit, which is coupled to the
aerial circuit by another flat inductance, made of copper strip.
The coupling is varied by altering the number of secondary turns,
and the aerial is tuned by altering the tappings on other flat
spiral inductances. By means of a switch which changes simul-
taneously the primary and secondary tappings, the wave length
may instantly be changed to 450, 600, or 800 meters.

FIGURE 5-3 K.W. Valve Transmitter, Showing Motor Alternator
and Aerial Inductance

The signaling key is placed in the primary circuit of the power
transformer.

A hot wire ammeter is provided for measuring the aerial cur-
rent, and a voltmeter for indicating the alternating current sup-
ply voltage.

Power to the transmitter is varied by altering the excitation
of the alternator field, the number of plates in the spark gap
being varied accordingly. Figure 6 is a view of the complete
transmitter, and Figure 6A shows the connections.

EMERGENCY SPARK TRANSMITTER

For short distance working, and times when current from the
yacht's supply is not available, an emergency spark transmitter
is supplied. This derives its power from a storage battery of
twelve cells, which supply current to a small inductor motor -
alternator having an output of 0.25 kilowatt at 800 cycles fre-

16



quency. This supply is stepped up to 2000 volts by a small
transformer, and supplied to a quenched gap.

FIGURE C-1.5 K.W. Quenched Gap Transmitter

This spark gap, a mica condenser, and a flat spiral inductance,
form the closed circuit, which is directly coupled to the aerial
circuit. Wave lengths of 300, 450, 600, and 800 meters may be
obtained by a switch, part of which alters tappings in the closed
circuit, and the other part alters tappings on the aerial inductance.
Final tuning is effected by a variometer in the aerial circuit.
resonance being indicated by an ammeter in series with the
earth lead. The power is varied by adjustment of the generator
field, and by inserting an iron -cored choke into the primary of
the transformer. Signaling is carried out by means of a tele-
graphic key placed in the supply leads of the transformer.
Figure 7 is a view of the transmitter, Figure 8 the motor alter-
nator, and Figure 8A the connections of the set.

SHIP TUNER TYPE RECEIVER

This is a simple two circuit tuner in which the primary and
17



FIGURE 6A-1.5 K.W. Quenched Spark Transmitter

secondary windings are auto -coupled by means of a small coil
provided with tappings. A wave range of from 200 to 25000
meters may be obtained by connecting various sized coils in the
primary and secondary circuits by switches.

FIGURE 7-0.25 K.W. Quenched Spark
Transmitter

A continuous adjustment is obtained by variable condensers,
that in the primary circuit being connected either in series or in
parallel by means of a switch. A small fixed condenser may be
also connected in parallel with the secondary condenser, in order
to reach the maximum wave length. A coil of high impedance
is connected across the antenna and earth terminals to by-pass
any static charge from the aerial. The whole tuner is enclosed
in a small copper -lined box, and is extremely compact for such

18



a wide range of wave lengths. Figure 9 shows the tuner, and
Figure 9A the connections.

DETECTOR -AMPLIFIER

Radio frequency amplification, rectific ; and low fre-
quency amplification are all carried out b e four -electrode
valve. The air -cored radio frequency transformer is pro -

FIGURE ti-Motor Alternator fur Emergency Transmitter

FIGURE 8A-0.25 K.W. Emergency Transmitter
19



vided with three tappings, so that good amplification is obtained
over the whole range of wave lengths. The signals from the
tuner are applied to the inner grid circuit, and amplified into the
outer grid cii cuit and primary of the air core transformer. From

FIGURE 9-Receiving Tuner

GO,

FIGURE 9A-Tuner

the secondary of this transformer they are rectified in the plate
circuit, and transferred back to the inner grid circuit by way of
the iron cored transformer. The amplified signals are then re-
ceived by telephones in the outer grid circuit. Both the primary
and secondary of the iron -cored transformer, and also the tele-
phones, are shunted with condensers for by-passing the radio
frequencies.

20



A grid potentiometer and filament resistance are provided
for controlling the point of working on the curve and the strength
of signals. Figure 10 is a view of the amplifying detector, and
Figure 10A shows the connections.

FIGURE 10-Amplifying Detector for Receiver

FIGURE 10A-Amplifier-Detector

LOCAL OSCILLATOR

For the reception of continuous waves, beat reception is em-
ployed. One valve is arranged to generate oscillations on all
wave lengths from 200 to 25000 meters, by using flatly -wound
coils tightly coupled together. Four pairs of coils cover the com-
plete range of wave lengths, and continuous adjustment is ob-
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tained by a variable condenser, which may be connected across
either the grid only, or across both coils. By this means, two
wave length ranges are obtained for each pair of coils.

The coils are enclosed in an ebonite box and may be plugged
in as required, each box containing two pairs and being reversed
for changing the wave range. A small rotatable coupling coil is
arranged in the vicinity of the coils in order to couple the oscil-
lator to the receiver. Figure 11 is a view of the local oscillator,
and Figure 11A gives the connections.

0-3150 f 

RANGE00
ME TRES

ACEiVES

RANGE 2

2500-66 METRES

REVERSE FOR
COILS

,
0a NI211852

FIGURE 1 1-Local Oscillator for Receiver

FIGURE 11A-Oscillator for Local Oscillator Reception
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THE RADIOGONIOMETER
AERIALS

The special aerials for the direction finder are suspended over
the bridge from a juniper stay running between the two masts.
There are two triangular loops, one with its plane in the fore
and aft line of the ship and the other athwartships. The
four leads from these two loops are brought down thru lead -

covered non -inductive cables into the chart room below, and led
to the instrument, a view of which is shown in Figure 12. The
antenna, direction finder, and tuner are shown in Figure 12A.

The width of each loop is 24 feet (7.87 m.) and the height is
34 feet (11.15 in.).

GONIOMETER

The goniometer is wound with two field coils at right angles
to one another, one being connected to the fore and aft loops and

FIGURE 12-The Direction Finder
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FIGURE 12A-Direction Finder Aerial and Circuits

the other to the athwartships loop; these are plainly shown in
Figure 13, which is a view of the goniometer unit.

Within these two field coils a rotatable search coil is placed,
the spindle of which is attached to a pointer which moves over
a circular scale, graduated in degrees from 0 to 360.

FIGURE 13-View of the Goniometer, Showing Field Coils
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TUNER

The search coil is tightly coupled thru a transformer to the
amplifier, the secondary of this transformer being tuned by a
variable condenser. A tertiary winding on this transformer is
connected from the centre points of the field coils, and thru a
damping resistance to earth.

A range of from 300-4000 meters may be obtained by using
three differently wound transformers, any of which may be
brought into operation by means of a switch.

AmPLIFIER-DETECTOR

The radio frequency amplifier employs four valves. These
are coupled together by air cored transformers, which are wound
with high resistance wire so as to have a fairly flat resonance
curve and give good amplification over the entire range of wave
lengths used. The potential of the grids is adjusted by a poten-
tiometer and the filament. brilliancy by a variable resistance.

One valve is used as a rectifier and one as a low frequency
amplifier, these being coupled by iron -cored transformers.

The low frequency amplifier may be cut out by a switch if
the signals are too loud. Figure 14 is a rear view of the amplifier,
and Figure 14A shows the connections.

GENERAL

A relay is fitted which connects the four aerial leads to earth
when the instrument is not in use. By operating a switch, the
instrument may be used as an ordinary receiver, using the whole
aerial system as a vertical aerial. This gives a uniform polar
diagram and is useful for standing by. For direction finding,
the effect of the two loops is used, this giving a figure -of -eight
polar diagram.

For finding the actual sense of the direction, the effect of the
two loops is combined with that of the vertical aerial system,
thus giving a cardioid polar diagram.

Either of these methods of reception may be employed by
the operation of the single switch shown in the diagram, Figure
12A. The switch at position A gives a uniform polar curve; at
B a cardioid, and at C a figure -of -eight diagram.

OPERATION

To take bearings with the instrument, the station, the bear-
ing of which it is desired to find, is first picked up, using the
stand-by position, and tuning on the variable condenser. As
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FIGURE 14-Amplifier fur Direction Finder, Rear View

FIGURE 14A-Amplifier-Detector

soon as the signals are heard, they are rapidly tuned in and then
the switch is put over to the position for using the two loops.
The strength of the signals is adjusted to a suitable value by
altering the filament brilliancy or by cutting out the low fre-
quency amplifier, and the pointer of the goniometer is swung
around the position where signals are a minimum strength, and
two points at which they are of a similar strength are noted; the
mean of these two points is taken as the bearing required.

If possible, several sets of readings are obtained, and an
average taken. Altho the sense of the direction is usually ob-
vious, this may always be checked by switching on the cardioid
polar diagram, the sense then being indicated by a small pointer
attached at right angles to the other pointer. From this descrip-
tion it sounds as if the taking of a bearing were a lengthy process,
but actually, it is a matter of seconds.

Any known error of the instrument is, of course, allowed for
before the reading is given to the navigating officer. Figure 15
is a view of the direction finder situated in the chart room of the
yacht.
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FIGURE 15-Direction Finder Located in Chart Room
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THE DEVELOPMENT OF THE STANDARD DESIGN FOR
SELF-SUPPORTING RADIO TOWERS FOR THE UNITED

FRUIT AND TROPICAL RADIO TELEGRAPH
COMPANIES*

BY
ALBERT W. BUEL

(CONSULTING ENGINEER, UNITED FRUIT COMPANY, RADIO DEPARTMENT,
NEW YORK)

This paper is largely collated from records of desigiti, con-
struction, maintenance, reports on failures, reconstruction' and
reinforcement of some 20 or 30 radio towers, built by the United
Fruit Company and the Tropical Radio Telegraph Company,
between 1906 and 1923, and some other designs for towers from
100 ft (30.5 m.) to 1,000 ft. (305 m.) high. It has been prepared
at the request of Mr. George S. Davis, General Manager of the
Radio Department of the United Fruit Company and of the
Tropical Radio Telegraph Company, to whom the author is
indebted for much assistance, advice, and consultation, and for
the photographs used in illustrations. All of this work since 1911
has been under the personal direction of Mr. Davis, except that
the original design of the 200 ft. (61 in.) towers made in 1906 and
the 50 ft. (15 m.) extension added in 1910 came under his prede-
cessor, Mr. M. Musgrave. To Mr. Davis is due the credit for
the adoption of the three-legged or triangular tower and for a
number of important improvements in details.
THE PROBLEM AND SUGGESTIVE PRECEDENTS

In June, 1906, Mr. Mack Musgrave, then Superintendent of
the Fruit Company's telegraph service, brought his radio tower
problem to the author. who had designed bridges and other
structures for that Company. lie wanted 200 ft. (61 in.) towers

'Received by the Editor, May 3, 1923.
For the information of our readers, the following articles on towers and

masts for radio antenna supports have appeared in the PROCEEDINGS OF THE
INSTITUTE OF RADIO ENGINEERS:

R. A. Weagant, "Design and Construction of Guy -Supported Towers for
Radio Telegraphy," volume 3, number 2, June, 1915, page 135.

C. F. Elwell, "Wooden Lattice Masts," volume 3, number 2, June, 1915,
page 161.

C. F. Elwell, "The Rome Radio Station of the Italian Navy," volume 8,
number 3, June, 1920, pages 193-196.

In conjunction with Mr. Buel's paper, these should be of material assist-
tance to radio station designer.-EDITOR.

29



to carry 20 antenna wires equivalent to number 10 copper wire'
in size, with a span of 300 ft. (91.5 m.) between 42 ft. (12.6 m.)
yard arms. He had a fabricator's design and estimate for 200 ft.
(61 m.) towers, 14 ft. (4.6 m.) square at base and at top-rectan-
gular in elevation-but the weights and cost were much higher
than they were then willing to accept.

There were not then many precedents for steel towers, out-
side of viaduct towers (of which the author had recently designed
some 230 ft. (70 in.) high), and of the Eiffel Tower in Paris. It
was obvious that the curved outline of the legs of the latter tends
to reduce the weight of the bracing-(horizontal struts and diag-
onals)-and also of the surface area exposed to wind.

In his discussion of a paper on the Kinsua Viaduct on the
Erie Railroad, the towers of which were designed without diag-
onals, Mr. Gustave Lindenthal suggested the use of rod diagonals
to reduce the bending stresses in the legs and struts without
sacrificing the advantages of the design under discussion. ("Trans-
actions of the American Society of Civil Engineers," volume
XLVI.) This suggestion had been adopted by the author for
the 230 ft. (70 in.) towers of the Las Vacas Viaduct in Guatemala
with considerable success, demonstrating the advantages of
adjustable 1.0(1 bracing in special cases, notwithstanding its
practical abandonment by most structural steel designers for
important structures for many years past.

With these points in mind, it will be readily seen how the out-
line of the original design for the 200 ft. (61 m.) tower quickly
took form, with its curved legs and rod diagonals. Figure 1
shows the completed design from which ten or more towers were
built, some of them with the 50 ft. (15 in.) extension, also shown
in the figure. This was added in 1910 without increasing any of
the sections below and without consulting the designer, who did
not know of the increase in height to 250 ft. (76 m.) until after
one of the towers failed in the hurricane of 1914. Some of these
towers, extended _to 250 ft. (76 m.) were used in a four -tower
station, 300 by 600 ft. (91.5 by 183 m.) center to center of towers,
with messenger cables in the 300 ft. (91.5 m.) spans and the an-
tenna wires on the 600 ft. (183 m.) span. This increased the wire
pull from the design load of 2,000 lbs. (920 kg.) to 7,000 lbs.
(3,220 kg.), and the resulting moment at the base from 400,000
ft. lbs. (56,000 kg. in.) to 1,750,000 ft. lbs. (240.000 kg. m.), or
437.5 percent. Still these towers stood up until a really violent
hurricane came along in 1914. Some of the first 200 ft. (61 m.)

1 Diameter of number 10 wire =0.102 inch =0.259 cm.
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towers are still in service, and it was their excellent behavior in
high winds that was, no doubt, responsible for the increase in
height and wire pull without increase in sections. Figure 2 shows
two of these towers at Puerto Limon, Costa Rica, and Figure 3
the tower at Bocas del Toro, Panama.

As might he expected from an examination of the design, the
towers are very flexible. We have come to recognize this as a
desirable feature. but it was not appreciated at the time. The
effects of flexibility will he referred to in another place.

FIGURE 2-General View of the United
Fruit Company Station, Limon, Costa

Rica, 1923

A story has been told about one of the original 200 ft. (61 m.)
stations, that the flexure of the towers was so considerable as to
cause alarm, to the extent that steel guys were put on. One day
a hurricane came and the first thing it did was to break the guys
but the towers stood. Then it carried away the station build-
ings and the crew went under the towers for protection.

The 1906 design was made to keep the cost as low as possible,
and this controlled shop details as well as weights, of course
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limited by considerations of safety. This will explain the use
of the economical but not entirely satisfactory hitch of the
diagonal rods. The first towers were insulated at the base of
the legs and were all galvanized, but both of these features have
been omitted in later designs. The records of costs of main-
tenance covering a period of fifteen years show that frequent
painting is cheaper than galvanizing. Moreover, 1/16 inch
(0.16 cm.) of steel is about as good for protection as the thin
film of zinc. In all recent designs the minimum thickness of
metal is 5/16 inch (0.79 cm.) for locations in the tropics or near
the sea coast, and Vt inch (0.63 cm.) for the interior in dry

FIGURE 3-United Fruit Company Station, Bo-
cas del Toro, Panama, 1904. First Radio Sta-

tion to be erected in Central America

climates. All these towers have bolted field connections with
ordinary rough bolts, not turned, which have proven satisfac-
tory. They are inspected annually and repainted when required
-on an average, about once every two years.

The original towers weighed 22.5 tons (21,000 kg.) each, and
with the 50 ft. (15 m.) extension, added in 1910, 26 tons
(24,200 kg.).
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THREE HURRICANE WRECKS AND RESULTING DESIGN IMPROVE-
MENTS

In 1914, Swan Island was swept by a hurricane which wrecked
the upper part of tower number 4 (Figure 4), the lower 75 ft.
(22.8 m.) remaining standing and not damaged. The other
three towers were not injured. The reports of this wreck were
not in sufficient detail to give a very definite idea of the intensity
or character of the force that wrecked the tower. As three of

FIGURE 4-Tower, United Fruit Com-
pany, Swan Island Station, blown down

in hurricane, June 6, 1914

the towers and nearly half of the weight of steel in the fourth
remained in place and serviceable, and as the excessive cost of
general reinforcing in the field had to be considered, together
with the fact that we really had no reliable data on what wind
force would have to he met in a tropical hurricane, it was decided
not to attempt general reinforcement to resist hurricane force,
but to make the towers good for the ordinary high wind of 30
lbs. per square foot (14.7 kg. per sq. In.), or about 90 miles per
hour (144 km. per hr.), and for the 7,000 lbs. (3,220 kg.) pull of
the messenger cables at a height of 250 feet (76 m.).
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In computing wire pull and sag under wind loads, we take
into account the elastic stretch of the wires and cables and de-
flections of the towers. Some consideration of this problem will
make it apparent that these elastic changes have a remarkable
influence on the wind increment in wire pull, especially where
messenger cable systems are used. In some cases only 17 per-
cent of the wind load on wires acted to stress the towers, the
other 83 percent being compensated by deflection of towers,
stretch of wires and cables, and consequent increased sag. This
taught us two things: first, the advantage of flexibility in radio
towers, which is increased by the curved legs; and, second, that
the sag of mat under no wind can be so fixed that at maximum
wind the pull will not exceed a fixed figure, at the same time
allowing a greater average height or less sag under no wind.

It is probable that flexibility was largely responsible for these
towers standing up as long as they did, under wire -pull moments
over four times those for which they were designed.

Retaining the 50 ft. (15 m.) extension added in 1910, and the
messenger cable pull of 7,000 lbs. (3,220 kg.), there was no
economical way to avoid the use of guys; but by hitching the
guys at a point as far below the top as the strength of the mem-
bers permitted, we retained considerable flexibility and reduced
the length of the guys. This point worked out at "U", Figure 5,
230 ft. (70 m.) above the base.The guys were run at an angle
of about 30 degrees from the vertical, down to concrete anchors
in the ground, and were placed only on the outside of the mat
at an angle of 90 degrees to each other in plan, so as to resist
the resultant pull of antenna wires and messenger cable, as shown
in Figure 5. (Guys in the quadrant undet the mat were not
permitted.)

The leg sections P -T were deficient in strength and were
made heavier for the new sections of tower number 4. In the
other three towers new horizontal and "K" bracing was intro-
duced between P and Q, as indicated in Figure 5, to reinforce these
members by reducing the unsupported length of the columns.

With the towers thus guyed and reinforced the station (Figure
6) remained in service until an exceptionally severe hurricane
swept Swan Island in 1916. Even then the towers stood until
the antenna wires went out and an open hook of a messenger
cable turnbuckle opened up, leaving the tower without support
or assistance from the guys where the latter were to leeward.

The estimated velocity of the wind in this hurricane, accord-
ing to the most reliable reports, was 130 miles per hour (208 km.
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per hr.), and computations of the ultimate strength of the leg
sections in which initial failure took place, indicated a velocity
of 137 miles per hour (219 km. per hr.). For these computations
Tetmajer's formula, f = 44,000 -162.//r, was used. This formula
has proven most reliable for columns of this particular type;
some tests planned by the author and made at the Allegheny
Arsenal station of the Bureau of Standards are given on page
600, volume LXXVI, "Transactions of the American Society
of Civil Engineers," showing an agreement between computed
and actual test loads closer than four percent, and closer than
one percent, if totals of all tests are compared. If secondary
stresses were not all given sufficient weight, the error would
result in too high a figure for the indicated velocity, therefore

FIGURE 6-United Fruit Company, Swan Island Station before 1916 hurricane
and as re -erected

the true velocity may have been somewhat less than 137 miles
per hour (219 km. per hr.), but could not have materially ex-
ceeded that figure.

This storm mowed down a cocoanut palm grove 25 years old,
with trees 18 inches in diameter-fairly conclusive evidence that
its intensity had not been exceeded during that time. Figures
7 and 8 show this grove before and after the storm.

The hurricane started early in the morning, out of the North
or Northeast. Between 8.00 and 8.50 A. M. it had gotten around
to East by North, when the antenna wires broke loose from the
messenger cable between towers 1 and 4, and an open hook of
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Flia-itE 7-View in Cocoanut Grove,
Swan Island, prior to 1916 hurricane

a turnbuckle on this cable opened up, leaving tower number
1 without support. The wind being nearly East, tower number
I collapsed. Towers 2 and 3 collapsed several hours later, when

FIGURE S-Cocoanut Grove after hurricane (1916)
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the wind had swung around into the Southeast quarter. The lay of
the wreckage of these two towers indicates a wind from the South -
Southeast, but if the messenger cable was still in, it may have
anywhere in the Southeast quarter.

Tower number 4 remained standing. Its upper stories had
been rebuilt the previous year with a few members made heavier,
but it was not constructed to stand hurricane force, nor even
a 90 -mile -per -hour (144 km. per hr.) blow without support of the
guys and messenger cable. It was evidently saved by the fact
that the wind did not get around into a quarter where the guys
could not lend it their support. If the turnbuckle hook had not
opened up, possibly tower number 1 would not have been
wrecked.

Figure 9 shows clearly the column buckle in story Q -R, just
above the reinforcing "K" braces added in 1914-15. The bends
at panel point H, Figures 10 and 11, are plainly due to the pull
of the falling upper sections and in no way resemble the buckling
caused by column flexure.

FIGURE 9-Tower 1, between "0" and "S" after hurricane of 1916

Figures 12, 13 and 14, show that towers 2 and 3 failed first
by column buckling in story O -P, just below the story reinforced
with "K" braces.

Figure 15 shows how the falling tops tore and stripped the
lower stories from P to H. 'In no place is there any indication
of column failure or tension failure between P and H, except the
tearing clearly .due tothe stripping effect of the falling tops.
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The sequence of the, occurrence during the collapse may be
closely read from the illustrations as follows:

1. The failure of messenger cable between towers 1 and 4,
the wind being nearly East, depriving tower 1 of support from the
East guy of tower 4, the leeward legs in story Q -R buckled.

2. The top sections above Q, falling, pulled down the sections
from 0 to H, this stripping effect being arrested when the top
struck the ground.

3. The cushion effect due to the crushing of section T -Z
against the ground saved the lower sections, P to T from total
demolition.

4. Several hours later, when the wind had veered towards
the South, towers 2 and 3 failed in exactly the same way except
that legs buckled in story 0-P instead of in story Q -R. With
the wind in this quarter the guys were not effective. Until the
wind got around into this direction the guys held the towers
safely, the messenger cable co-operating to support tower 2.

In all these cases the primary failure occurred in stories
adjoining that in which reinforcing "K" braces were inserted

FIGURE 10-Tower 1, at "H" after 1916 wreck

FIGURE 11-Strut at "H", Tower 1, after wreck



in 1914-15, to strengthen this critical point. Had these not been
added the initial failure would, undoubtedly, have occurred in
leg sections P -Q in all cases.

FILL HE 12- Timer 2. fallen part of
tower from `G" to "R"

FIGURE 13-Tower 2, wrecked part
from "G" to "Q"

A study of the stresses and ultimate strength of the members
indicates that the towers failed under an average wind load of
about 50 lbs. per sq. ft. (245 kg. per sq. m.). Taking Sir Ben-
jamin Baker's ratio of average pressure on large areas -2/3 of
the maximum shown at the same time on small gauges-as shown
by the Forth Bridge experiments, the maximum intensity at
Swan Island in 1916 probably reached 75 lbs. per sq. ft. (368 kg.
per sq. m.) for small areas. In high velocities, according to
several authorities, wind is more gusty. Therefore the average
pressure on large areas would naturally be expected to be a
smaller percentage of the maximum on small areas in high than
in light winds. The Forth Bridge experiments showed this to
be se for the range of velocities observed, up to 96 miles per
hour (154 km. per hr.), and there can be little room for doubt
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that it is still more true for velocities between 120 and 140 miles
per hour (192 and 224 km. per hr.). The velocity corresponding
to 75 lbs. per sq. ft. (368 kg. per sq. m.) is, by our formula, 137
miles per hour (220 km. per hr.). This estimate is not claimed
to be precise, but it is about the most reliable as yet available.

FIGURE 14-Tower 3, showing wreckage
from point "H" to point "S"

At any rate, and whether this velocity and the factor of 2/3 for
average pressures are correct or not, we can put considerable
confidence in the deduction of 50 lbs. per sq. ft. (245 kg. per sq.
m.) average, on the area involved at the moment of failure, and
that is the value for which we have most need.

If that is true, it is not necessary to know the maximum
velocity and intensity of pressure on small areas, but if their
relative values were known we might determine the true law of
these variations, which would be a great. aid in specifying wind
loads for different conditions and heights of towers. However,
these deductions were considered a sufficient basis to warrant an
attempt to build or reconstruct radio towers to be hurricane -
proof.
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r ; E 15-View of 1916 wreck, looking north

In a conference held to discuss specifications for the recon-
struction of the Swan Island towers, and also for new construc-
tion, in the light of the data disclosed by studies of the wrecks,
Mr. Davis laid down a new policy, stating, in effect, that:

"Heretofore it has been more or less customary to take
the attitude that when a radio station failed, communication
could nevertheless be maintained by means of the cable or
wire systems. I want to reverse this idea, and make radio
communication so reliable in the countries and districts where
we operate that in time of disaster, when all other means of
communication fail, the public will be served and can con-
fidently look to our radio stations to maintain service. As
long as the radio towers and buildings stand we can give
service, and even tho the buildings go, if the towers remain
standing, we can quickly fix up a 'jury rig' which will give
some degree of communication. It is therefore of the
utmost importance that as far as is humanly possible to do
so, the towers be designed to withstand hurricanes and
earthquakes. Heretofore radio towers seem to have been
designed with the principal idea of keeping down the cost,
and while we are interested in keeping the cost at a minimum,
we are more interested in getting up radio towers which
will insure, as far as possible to do so, our ability to main-
tain radio communication when all other means fail.

"To this end, therefore, we want new towers designed to
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withstand what our experience has taught us are the most
severe conditions in the countries and districts where we
operate. In short, we want hurricane -proof towers and,
from such experience, knowledge and data as we have con-
cerning earthquakes, earthquake -proof towers."

As entirely new material was required for two of the towers
above point G, and for the other above E (Figure 1), (it was
neither safe nor economical to use any of the fallen members,
under conditions of field work existing at Swan Island), the
question of field reinforcement of existing members was con-
fined to about half the leg sections of tower number 4, the cost
of which, tho high, seemed justified; and, in accordance with
Mr. Davis' instructions, the towers were reconstructed to resist
the highest wind velocities. The leg sections above point G
were strengthened, generally, by the addition of two angles

inches by 2 inches (6.35 by 5.08 cm.), as shown in Figure
16. New horizontal lateral frames were inserted at P and T-5,
and new frames for the messenger cable hitch and masts for
receiving wires were added. The guys were renewed on the same
plan as has already been described for the reconstruction of two
years previous. This work was completed in 1917.

In October, 1921, another hurricane, said to have been one
of the most severe ever experienced in that section, swept over
Swan Island, but did no damage to the towers and did not even
put the station out of commission. This gave us a practical
service test, under what may be termed maximum hurricane
conditions, and a basis on which we feel considerable confidence
in designing towers to withstand storms of the type of West
Indian hurricanes. That does not mean that towers so designed
would be proof against cyclonic storms, which are of an entirely
different character, and for which no reliable data for estimating
their force is known to be available. Neither does it mean that
provision has been made for resisting other cataclysmic forces
of nature, as, with our limited knowledge, such an attempt
would either prove futile or very uneconomic. But, during the
period from August 15th to October 1st (known as the West
Indian hurricane season), in certain of the Caribbean regions
destructive hurricanes are of frequent occurrence, and their
forces we now seem to be in a fair way to master. It is, of
course, possible that we may need yet other lessons, but at least
we have made some progress.

Whether the typhoon of the Far East is similar in action and
force or not the author cannot state, but he hopes the discussion
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of this paper will throw some light on the subject, as well as that
of the force of cyclones.

Some of these stations are located in the earthquake belt of
Central America and, naturally, the matter has received some
consideration, but no special provision has been made to resist
such forces except to take special care to have good foundations
and details. Observations on the ground in Guatemala City,
in company with engineers who were there at the time of the
great earthquakes, impressed the author with the almost insig-
nificant damage done to well -designed steel structures. In fact,
most structures well tied together, as with well designed and
detailed steel and reinforced concrete frames, escaped with
practically no damage to their structural parts.

It is possible that earthquake forces will severely strain the
cantilever antenna bridges when they have a considerable over-
hang, but for these we have used unit stresses only 75 percent of
those used for main tower members.

After having been seriously damaged in the hurricanes of
1909 and 1910, Cape San Antonio, Cuba, station was completely
wrecked by its third hurricane in August, 1915. This hurricane
was unusually severe, but as the wind gauge was carried away early
in the storm after having recorded 100 miles per hour (160 km.
per hr.), we have no record of its maximum velocity. Mr. John
A. (Jack) Cole, the operator in charge of the station, says:
"The United States Government barometer was destroyed early
in the storm. The Cuban Government barometer, graduated
to read from 27.6 to 32.00, was down to its lowest mark; in fact,
the indicator was against the pin at 27.6. I do not know how
much farther it would have gone if the pin had not been there."
Approximate estimates from its effects on the wrecked members
indicate a velocity of 120 to 140 miles per hour (192 to 224 km.
per hr.)

This station had an umbrella type antenna, with one 250 ft.
(76 m.) tower, a duplicate of those at Swan Island, but with four
1 -inch (2.54 cm.) steel guys. The station has not been recon-
structed. Figures 17 and 18 are views of this tower before and
after the wreck. The appearance of the wreck is almost identi-
cal with those of Swam Island and helps to confirm the conclus-
ions reached in the analysis of the latter.

PRELIMINARY DESIGN OF THREE-LEGGED TOWERS

After the first reconstruction of the Swan Island towers and
the final destruction of that at Cape San Antonio, Mr. Davis
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asked for designs and estimates for self-supporting towers, 250,
300, and 350 feet (76, 91.5, and 107 m.) high, with stiff (angle
bar) bracing, and alternates for comparison, with adjustable
rod bracing. He suggested that three-legged or "triangular"
towers be tried for these designs, to which the author replied
that, in his opinion, any advantages or saving in weights that
might be expected would be more than offset by the increased

Fct-nr: 17-United Fruit ('ompany.
Cape San Antonio Station before 191.)

hurricane

Fiticiit: 1-nite,1 Fruit ('onipany,
Cape San Antonio Station in 11115, after

hurricane

cost of fabrication, due to the bent. plate connections required.
Notwithstanding this, Mr. Davis ordered designs for three-
legged towers, "to see how they would work out."

The designs were made and the results required the author
entirely to reverse his preconceived opinion. There is a saving
in weight of about ten percent in favor of the three-legged tower
when designed under the same specifications, loads, and unit
stresses, as compared with the design for a four -legged tower,
each tower having its economic width of base. (The side of the
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triangle should be somewhat larger than the side of the square
for maximum economy in each case.)

But the three-legged tower has other important advantages:
First, the stresses, particularly in the bracing, are not materially
disturbed by unequal settlement of the supports, and this is of
vital importance where foundation conditions are poor as is
frequently the case. It is also important where the tower is
carried on distributing girders, which are subject to deflection-
a case met with in broadcast stations and others with towers on
the top of buildings. Another advantage is the greater rigidity
of the triangular cross-section as compared with the square one,
thus avoiding all necessity for horizontal "X" or cross -bracing.

Computations of areas exposed to wind for a number of cases
of comparative designs, showed that stiff, angle -bar, bracing
adds about twenty percent to the exposed wind area as compared
with a tower with adjustable rod diagonals. Always a large part
of the total load, in tropical hurricane sections, where there is
no ice lead to provide for, the wind on exposed area of tower is
the principal force with which to contend, and 20 percent in-
crease in this requires so much additional metal that all advan-
tages of stiff bracing are far outweighed by the increased cost.

Almost all designers of steel structures have used stiff brac-
ing almost exclusively for many years; and for ordinary struc-
tures, particularly bridges, it is the correct practice. But
the radio tower problem is quite a different case and should be
treated on its merits. It is a problem almost unique in the field
of framed structures in the fact that the designer has a consider-
able control over the total of the principal load without reducing
the unit loading. No such condition exists to an appreciable
extent in bridges or buildings. Moreover, in both bridges and
buildings, wind loads are comparatively small and, except in
long spans and high, tower -like, buildings, comprise only a very
small part of the total stresses.

For these reasons the author has no hesitation in advocating
pin connected, adjustable, tension rod diagonals for radio towers.
The type has been abandoned so many years for all ordinary
steel construction, altho it once was standard even for railroad
bridges, that some shops are not well equipped to handle it and
have to purchase the rods outside. Moreover, it is a slightly
more expensive class of shop work and therefore costs more per
pound-but there are not so many pounds. Not only is the brac-
ing itself lighter but the legs are also very much lighter because
the loaded wind area is much less, and consequently the leg
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stresses are materially less. Total cost and not cost per unit is
what spells economy. In one case we were able to pay a very
much higher price per pound for the steel and still save nearly
20 percent on the cost of the completed towers, due to saving
in weight of steel and of one foundation and pedestal per tower.

Another feature introduced in all later designs is that the leg
sections are all equal short chords of a perfect circular arc. A
little pains taken in fixing the outline, so that leg sections are all
of equal lengths, permits the fabrication of these members as
duplicates and interchangeable thruout the height of the tower,
except where sectional areas have to be adjusted to the stresses,
and, of course, excepting the top and bottom sections. This
feature makes the fabricating cost of these legs as low as any
straight work. That the vertical height of the stories is slightly
variable is of no consequence whatever. It is true that the angle
between the leg and horizontal strut is different at each full
story, requiring special lay -out and template for each point, but
as an objection to the design this loses its force when considered
in connection with the fact that each tower has at least six
duplicate bent plates of each kind; and as several towers are
generally fabricated together, on the same order, the duplication
is ample to distribute the cost of drawings, special lay -outs, and
templates over a sufficient number of duplicate pieces to keep
the unit cost down to a low figure. There are now under order
eight duplicate towers, for example, which gives forty-eight dup-
licate bent plates from each template, so that the cost of the
items mentioned for each piece cannot be very high. Moreover
the angle of the bend is only 15 degrees and, for all practical
purposes the slight variation from that figure from bottom to
top is negligible, so that all can be made with the same bend
angle, and this is the only expense chargeable to the three-legged
feature.

RECENT DESIGNS

All the features herein described were used in the design for
the towers of the Almirante, Panama, station, built in 1921, and
illustrated in Figures 19 and 20, showing, respectively, stresses.
sections, general data, and typical details. Figure 21 is a view
of the completed towers.

These towers have no antenna bridges, spreaders being used
instead.

Most fabricators, at first sight, are inclined to exaggerate the
difficulties and cost of these designs, but those who have been
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properly equipped have found out after fabricating a few that the
shop costs were not as high as they anticipated, so that now there
is no trouble in obtaining satisfactory prices. The unit prices
secured for the later towers are only slightly higher than is asked
for towers on fabricators' designs, leaving a substantial net sav-
ing in total cost due to the more economical use of steel.

FIGURE 21-United Fruit Company, Almirante Station, 1921

There are, however, a few fabricators who sky -rocket their
quotations at the sight of a curved outline or adjustable tension
rod, and these are the ones most heard. The type of design pre-
ferred by them has four legs, either straight or with only one
break in the height of the tower, and stiff bracing; extremely
slender struts and, generally, metal only 3/16 inch (0.48 cm.)
thick-sometimes only inch (0.32 cm.) thick-except for the legs.

Such designs have been perfectly described by the Dean of
American Bridge Engineers, Mr. Gustave Lindenthal, in a paper
entitled "Some Thoughts on Long Span Bridge Design," (1921),
in these words:

,,* * * * * an American design, a typical shop crea-
tion, * * *" and "Ugliness is rational beauty to minds who
see merit only in geometrical figures and in cheap fabrication."

and, it is to be noted that he was discussing the design of steel
towers.
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ANTENNA BRIDGES

When, in place of spreaders and messenger cables, fixed an-
tenna bridges came to be required on top of towers, we followed
the same general idea :-that of keeping the area exposed to wind
down to a minimum. The importance of this. increases as the
height of the area under consideration and, consequently, its
overturning lever arm, increases. It is further intensified where
hurricane force must be provided for.

In addition to the use of adjustable rods for all tension mem-
bers, we used extra strong, galvanized pipe for compression
members, in two symmetrical, balanced, suspension cantilevers.
The area exposed to wind, including about half that of the
leeward truss, is under 200 sq. ft. (18.6 sq. m.) for the 150 ft. (46
m.) of bridge. Compared with fabricators' structural steel designs
this means a saving of over sixty percent in the wind load on
antenna bridge-quite an item when one considers it acting on
a lever arm 400 ft. (122 m.) high.

The trusses act only as stiffening trusses and to brace the
lower chord which takes the outboard thrust from the links. The
walkway floor is of Irving Subway Grating, type "L," 3 inch
(1.9 cm.), which was adopted because it combines with minimum
weight, ample resistance to lateral shear, avoiding the use of lower
laterals, and with the maximum size of mesh. Tests made by
the Irving Iron Works Company, Long Island City, especially
for this work, showed that, at the elastic limit, the shearing
strength of this grating is 393.7 lbs. (179 kg.) per mesh width
of 2% inches (6.03 cm.); and the ultimate strength 448.1 lbs.
(220 kg.) per mesh; the tests being made on panels 26% inches
(65.2 cm.) wide, having 12 straight bars and 11 meshes of 2%
inches (5.95 cm.). Figure 22 shows panel number 2 after testing.

The first towers of the Tropical Radio Telegraph Company
with fixed antenna bridges are those erected in 1922 at Teguci-
galpa, Honduras. Eight similar towers, for four stations, are
now under order.

Figure 23 shows the stresses, sections, and typical details of
the Tegucigalpa towers, Figure 24, the antenna bridge, and
Figure 25 a view of one of the towers after completion. Figure
26 is a view looking thru the antenna bridge of the East tower
at Tegucigalpa.

Figures 27 and 28 are, respectively, the stress, section, general
data sheet, and general plan and details, with stresses and sec-
tions of the antenna bridge, for the latest, revised standard
400 ft. (122 m.) self-supporting tower with 150 ft. (46 m.)
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antenna bridge. A comparison of Figures 23 and 24 with 27 and
28 will give some idea of the advance made in one year in the
tower practice of these companies. The principal difference is
the antenna system provided for, as indicated by the plans, hut
what may not be clear without explanation is that most of the
other changes were required by the increase in wire pull and pro-
vision that the pull may be in either direction. Some simpli-
fication of details of bridge trusses, particularly in the center
panels at the tower, are about the only other changes.

FIGURE 22-Irving Subway Grating

WIND PRESSURE

The wind pressure used for these designs was adopted after
a study of all accessible data, but, as our records of the Swan
Island and Cape San Antonio hurricanes seem best and most
reliable for the conditions required in those localities, they were
naturally given the most weight in specifying wind loads. As
has been stated, these records indicate probable velocities of about
137 miles per hour (220 km. per hr.), or a maximum pressure on
small areas of 75 lbs. per sq. ft. (368 kg. per sq. m.), derived by
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formulas from the computed breaking load of 50 lbs. per sq. ft.
(245 kg. per sq. m.), average, on the 100 feet (30.5 m.) of tower
that broke off, and taken on 1% times the area of the projected
elevation of one side. The conversion formula used is P = 0.004 V2
in which P = pressure in pounds per square foot, and V = velocity
in miles per hour. The United States Weather Bureau formula
is P =0.004 V2. B/29, in which B = barometer reading in inches.

FIGURE 25-East Tower, Tegucigalpa (Honduras),
Radio Telegraph Station of Tropical Radio Tele-

graph Company, erected 1922

Some authorities give P = 0.0042 V2, and an older formula is
P = 0.003 V2, but the latter is probably nearer the average pres-
sure on large areas than the maximum on small areas which is
desired. A number of more complicated formulas have been
proposed, some based on rational theories, but they have yet
to be proven more correct.

Many authorities make large allowances for reduction in
velocity and pressure as ground level is approached, compared
with those at high elevations above ground; but while many ob-
servations, particularly those on the Eiffel Tower, have shown this
to be correct in light winds, they have shown also that at higher
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velocities, "the pressure at the top and that at the ground come
nearer together." At the highest velocities it is probable that
there is not much difference, and it is only the highest velocities
that interest the designer. Until it is shown that high winds
and hurricanes have similar properties and effects as light winds,
which has yet to be done, we should not give too much weight
to deductions from observations in light winds. Unfortunately
very few records are available for very high winds, 96 miles per
hour (154 km. per hr.), being the highest reported in observations
covering six years at the Forth Bridge-equivalent to barely
37 lbs. per sq. ft. (181 kg. per sq. m.). The highest velocity
reported by Mr. S. P. Wing in "The Electrician" (London),
of July 1st, 1921, was 37 miles per hour (59 km. per hr.), equiva-
lent to less than 5.5 lbs. per sq. ft. (27 kg. per sq. m.). These
cannot safely be taken to indicate the characteristics of winds
from 100 to 140 miles per hour (160 to 224 km. per hr.), or 40
to 80 lbs. per sq. ft. (196 to 392 kg. per sq. m.).

FIGURE 26-Looking through 150 ft. (46 m.) Antenna Bridge, Tegucigalpa

Sir Benjamin Baker, in reporting the Forth Bridge observa-
tions says, "It was found that the large gauge (15 feet by
20 feet (4.6 by 6.1 m.) invariably recorded smaller average
pressures than the small, circular, gauges (1.5 sq. ft.) (0.139 sq. m.),
never exceeding 80 percent of the latter for observations
at the same time, and generally the average pressure on the large
gauge varied from 50 to 70 percent of the pressure indicated
on the small gauges. Furthermore, small gauges installed in
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two opposite corners of the central tower of the bridge showed
variations of ten to twelve pounds (4.6 to 5.45 kg.) in pressure,
sometimes the one and sometimes the other showing the greater
registration. The large area does not show more than two-
thirds of the pressure indicated by the small gauges as an
average."

"Six Monographs on Wind Stresses" and an article in "En-
gineering News -Record" of March 16, 1922, both by Mr. Robins
Fleming, contain some interesting data, but nothing on hurri-
cane velocities and not much on very high winds-nothing
appearing so applicable to the case as the Forth Bridge obser-
vations.

The wind loads now specified for towers in the hurricane
belt-Gulf and Caribbean sections-are as follows:

80 lbs. per sq. ft. (392 kg. per sq. m.) on antenna-(used to
fix the sag).

76 lbs. per sq. ft. (372 kg. per sq. m.)-(on the elevation
of bridge on a plane 87° from center line of bridge).

68 lbs. per sq. ft. (333 kg. per sq. m.)-(on 1% times the
projected side elevation of bridge).

68 lbs. per sq. ft. (333 kg. per sq. m.)-(on 1%X the pro-
jected elevation of top story of tower).

and 150 lbs. per vertical ft. (226 per vertical m.) of height of
tower to lower chord of bridge.

The last item works out as follows: (at 1% times projected
elevation).

61.0 lbs. per sq. ft. (295 kg. per sq. m.) on upper five (5)
stories.

56.8 lbs. per sq. ft. (278 kg. per sq. m.) on upper nine (9)
stories.

50.5 lbs. per sq. ft. (248 kg. per sq. m.) on upper thirteen
(13) stories.

43.2 lbs. per sq. ft. (212 kg. per sq. m.) (the entire tower
from base to lower chord of bridge).

These reductions were- arrived at empirically, as no rational
formula available has been proven correct. They are intended
to provide both for the reduction in average intensity on large
areas, and also for some reduction of velocity as ground eleva-
tion is approached, but the influence of the latter is considered
of only secondary importance.

The specified "150 lbs. per vertical foot (226 kg. per vertical
m.) of height" was only adopted after a number of computations
of loadings per sq. ft., progressively decreasing from top to base,
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had shown that a uniform load per ft. of height is as near to the
probable actual load as any that can be devised with our present
limited knowledge, and has the advantage of simplicity with
many precedents in bridge specifications. For stiff bracing 180
lbs. per vertical foot (249 kg. per vertical m.) was found to give
the equivalent loading per square foot for the Almirante towers.

As has been stated, the Swan Island towers and that at Cape
San Antonio failed at about 100 ft. (30.5 m.) from the top,
under a wind load very close to 50 lbs. per sq. ft. (245 kg. per sq.
m.), as an average, uniformly distributed over 1 times the
area of the projected elevation of the section involved. Also
that practically no damage was done to the lower 75 ft. (22.9 m.)
of the towers; and that between 75 ft. (22.9 m.) and 150 ft.
(45.8 m.) in height the destruction was caused by the stripping
action of the falling tops. If these deductions are correct-
and we have no better data-the loading adopted is safe and has
been so proven to a considerable extent by the hurricane of 1921.
Altho the specified loading is only equivalent to 43.2 lbs. per sq.
ft. (212 kg. per sq. m.) on the area involved for the lower story
members, it is considered safe since these members are good for
60 to 65 lbs. per sq. ft. (284 to 319 kg. per sq. m.) within their
elastic limit. This area is over 1,500 sq. ft. (139 sq. m.) (extend-
ing 400 ft. (122 m.) vertically and 150 ft. (45.7 m.) laterally),
nearly seven times that involved at the initial failure at Swan
Island and five times that of the larger gauge at Forth Bridge,
with outside dimensions ten to twenty times the latter. The
maximum wind pressure assumed is double that of the highest
recorded by Sir Benjamin Baker, who says, "The higher wind
pressures come more in gusts than in even pressure extending
over a large area," which should be given great weight until
more comprehensive observations supersede it. With a double
pressure it is reasonable to assume the wind more gusty, and the
average pressure a smaller percent of the maximum. Also,
with the much larger area and dimensions, this factor should
be less. Therefore, instead of the average pressure on an entire
400 ft. (122 m.) tower being 2/3 of the maximum, it should be,
in all probability, very much less. While we have designed the
lower stories for an average pressure only 54 percent of the
maximum, within the elastic limit they are good for about 34
of the maximum, which is considered as large a factor of safety
as is warranted, in view of the cost.

In sections where the highest recorded winds do not exceed
90 to 100 miles per hour (144 to 160 km. per hr.), loads of 40 lbs.
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per sq, ft. (196 kg. per sq. m.) at the top with small areas in-
volved, graduated down to 25 (123), or, for towers 600 ft. (183 m.)
high and over, to 20 lbs. per sq. ft. (98 kg. per sq. m.) for the
lower members will meet the average case. In many of these
cases an ice load must also be provided for.

Where municipal building codes have to be complied with,
some of which require absurdly low unit stresses for wind loads,
something may be gained by absorbing the ice load in the ex-
cessive "safety factor."

WIRE PULL, TORSION, AND DIRECTION OF PULL
For wire pull on towers, wind and ice loads on antennas have

been provided for by using the strength of the wires, these only
being used to compute the sag required for the wires to take the
loads. Where high unit stresses are used for the tower members
the breaking strength of the antennas may be used, but where
towers are designed with low unit stresses, as required by some
building codes, the elastic limit of the antennas may be safely
used for the maximum wire pull on tower, as the low unit stresses
provide an ample margin for the excess load due to wires being
pulled so taut as to develop their ultimate strength; but with
high sq. in. (3.720 kg. per sq. cm.),
caution should be used not to impair the margin of safety.

Some provision for future increase of wire pull may be ad-
visable, as in the latest standard design of the Tropical Radio
Telegraph Company, where an increase of 50 percent is antici-
pated. The wire pull used for tower design increased from
2,000 lbs. (920 kg.) in 1906 to 14,000 lbs. (6.350 kg.) in 1922,
and 32,000 lbs. (14,500 kg.) has been used for high power, inter-
continental stations. In one case a change in antenna plan in-
creased the wire pull 30 percent before the towers were erected-
an indication of the necessity for some margin in many cases.
About the least margin should be to use the ultimate strength of
the largest number of heaviest wires proposed at the time,
which might permit 20 percent increase, assuming elastic limit
at 2/3 the ultimate strength.

For torsion it is customary to consider an unbalanced load
equal to the three wires nearest the end of antenna bridge as out.
It is extremely improbable that more than three wires would
go out on one side before any on the other side went out. To
provide for an unbalanced load of all the wires on one side would
require a wider top and add considerable to the cost. In the
standard design, Figures 27 and 28, the top width has been in -
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creased to 10 ft. 6 in. (3.2 m.) from 7 ft. 0 in. (2.1 m.) of the
Tegucigalpa towers, Figures 23 and 24, principally on account
of the greater torsion due to increase in size and arrangement
of the wires. However, excessive torsional stresses will be relieved
to some extent by the elastic twisting of the towers, so that they
could not equal the stresses as computed by rigid statics. The
elastic equilibrium between the twist of the towers and the sag,
stretch, and pull of the antenna can be computed, but it is a
tedious problem, and a small variation in the wires, their arrange-
ment and initial sag, would entirely change the result and the
computations would then be valueless.

Several devices have been designed to release an entire line
of wires when a break occurs in any one span, which, were it
safe to count on it always being maintained in working order,
would permit a considerable saving in weight and cost of towers;
but that seems a rather unsafe assumption, as it is so easy and
simple for any one to make a wire fast at any time, and would
require constant vigilance to make sure it was never done. The
only safe assumption is to consider the antenna as fixed at each
point of support.

With the ends of the antenna held by counterweights or
supported from triatics (instead of antenna bridges), the maxi-
mum wire pull could be very greatly reduced. Such devices may
be made reasonably secure against tampering, but the tower
designer must take the antenna plan from the radio engineers,
just as the bridge designer must use the rolling loads fixed by
the locomotive and car builders.

Under maximum wind load the catenary of the antenna lies
in a nearly horizontal plane, and the tangent to the curve at the
point of support is the direction of the pull on the tower. For
this reason, in a two -tower station, the apexes of the triangles
should face each other, as this gives the most favorable distribu-
tion of loads on the legs of a three-legged tower. Altho some ex-
perienced engineers set the towers with the sides of the tri-
angular cross sections facing each other, instead of the apexes,
precise analyses show that such an arrangement increases the
maximum compressive stress due to wire pull in the legs, in
some cases as much as 20 percent.

With four -legged towers, however, the sides and not the
corners should face each other for most economical distribution
of compressive stresses in the legs, the difference being more
pronounced than in three-legged towers and, therefore, a more
important matter. In other words the stresses in three-legged
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towers are less sensitive to direction of wire pull, because, for
one reason, even with the most favorable arrangement the maxi-
mum leg stress is a larger proportion of the total and, conse-
quently, subject to less variation due to change of direction of
wire pull; which is another point in favor of three-legged towers.

STRESSES, SECTIONS, AND DETAILS

The total wire pull and its direction having been determined,
and also the resultant if the tower carries more than one span
or set of antenna wires, a convenient method of stress analysis
is to find the resultants of wire pull, wind loads on top story
of tower, and wind loads on the antenna bridge if there is one,
and then find the components of these resultants normal and
parallel to the center line joining the towers, as shown in Figure
27. This must be done for several directions of wind, as no one
direction will give the maximum for all members. The maximum
wire pull due to wind occurs with wind normal to the axis of
the antenna, but this will rarely give the maximum combination
of simultaneous stresses in a member. For other wind directions
the wire pull may be reduced by the co-efficients of direction.

In combination with torsion the total wire pull should be
reduced in the proportion that the number of wires remaining
in bears to the full number. The principal effect of torsion is
on the diagonal rods in the upper stories where the lever arm
of resistance is small. In the legs torsional stresses are not
cumulative, but are balanced in each story.

In computing stresses, some prefer one method and some
another. Those accustomed to analytical methods and the slide
rule may find, as did the author, that it pays to compute an in-
fluence table for all members, or the stress co-efficients for unit
loads, both at line of resultant of the top loads and for the center
of action of wind on the part of tower involved for each member.
If the method of moments is used, the lever arms may be found
either graphically or computed from similar triangles by slide rule.
It is necessary to find the stresses in the legs for at least two con-
ditions to get the maximums of compression and tension. The
maximum combinations of stresses from the several loads, which
must be found, are somewhat complicated, so that, until one
has computed a few similar towers, it may be necessary to try
several cases to be sure of having the maximum combination.

The unit stresses used to fix the sections of tower members
are specified in Figures 23 and 27, and those for the antenna
bridge members in Figure 28. The latter are lower than those
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for the tower members for the following reasons: (1st) The bridge
is subject to more sudden loading, being the first part of the
structure to receive the wire load, in which there may be an
element of impact. (2nd) It will be subject to heavy loading
more frequently and is more liable to maximum loading than the
tower members as its total loads are composed of fewer elements,
while in tower members proper a full maximum load can only
occur when three or four elements or conditions occur simul-
taneously with maximum wind-a rare probability. (3rd), and
last, but not least, an excess wire pull will cause much larger
proportionate excesses in stresses of bridge members than in
tower members.

The unit stresses for tower members are justified by prece-
dent, by many authorities and by the merits of the case: A base
unit stress of 24,000 lbs. per sq. in. (1,710 kg. per sq. cm.) has
been used for many years for the lateral wind bracing of highway
bridges. It is permitted for wind loads by the building codes of
several cities, including New York. It is now proposed for wind
stresses in members carrying no load stresses (dead or live) for
railroad bridges by the board of engineers of the American In-
stitute of Steel Construction. Practically all stresses in both
tower and bridge are due to wind and dead loads, the dead load
stresses being only a small part of the total, particularly for the
tower members.

The sections for the legs are built up of three angles, except
those of the two top stories, and are economical and compact,
with not too large area exposed to wind. This type of section
is good for towers up to about 450 ft. (137 m.) in height designed
for hurricane force, and for towers up to about 600 ft. (183 m.)
designed for the ordinary wind loading of 30 lbs. per sq. ft.
(147 kg. per sq. m.), average. Higher towers require sections
of different design.

The sections of most all the horizontal struts are fixed by
the ratio of slenderness (length divided by radius of gyration).
those in the lower stories requiring sub -struts and hangers to
reduce the unsupported length. In towers much exceeding 400
ft. (122 m.) in height, the economic width of base is too much
for the economic use of horizontal struts, and for export work the
members would be so long that shipping difficulties would be
encountered. In such cases resort has been had to some form
of "A" frame bracing, similar to that shown in Figure 32. Pos-
sibly a better, and certainly a more graceful solution of this
problem would be a base section in an arch form, for which the
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gothic -lancet lines seem most adaptable. Such a solution, how-
ever, would require very painstaking work in detailing, to avoid
fabricating difficulties and high cost.

Figure 33 shows a plan proposed but never executed, for con-
structing reinforced concrete tower bases arranged as station
buildings. The plan is not economical and is only available for
locations where an architectural effect, with elaborate station
buildings, are desired.

All details, even the minor ones, should receive the same de-
gree of care and attention as the most important member, oi
satisfactory results and even safety will not be attained. The de-
tails of the anchorages, and the pin connections of the diagonals
must be efficient and mechanically correct; splices must be cen-
tric and proportioned for the full strength of the members con-
nected; and every detail must be planned with a view to facili-
tating the transportation and erection.

The diagonals have right and left threads on upset ends, with
clevis nuts on cotter pins. Socket type safety set -screws in the
clevis nuts serve to lock the rods after adjustment, as a precau-
tion against the tendency of all maintenance men to screw up
all slack rods, ignorant of the fact that some of the rods
should be slack when there is any wind blowing, and to pull
them up simply throws the tower out of line when the wind
changes. It is a very difficult job, requiring an expert, to line
up a crooked tower under wind-and the wind blows a stiff
breeze most of the year in the trade wind belt.

BROADCAST STATION TOWERS ON BUILDINGS

Two pairs of 100 ft. (30.5 m.) towers for broadcast stations,
designed on the lines of the Fruit Company's standard plan,
have recently been constructed for the Radio Corporation of
America, one pair in Washington, D. C. (station WRC), and ,

one on Aeolian Hall, New York (stations WJY-WJZ), the
latter shown with permission in Figure 29. The only fea-
ture of these broadcast station towers which departs -from the
lines already described is the base girder system, introduced
to distribute the loads to the structural frame of the build-
ing. In the case of Aeolian Hall, an existing building, it was
necessary to distribute the load on a number of columns to avoid
reinforcing the latter down thru the building at a prohibitive
cost. At first glance it appeared that four -legged, square base,
towers would fit best on a building with rectangular bays, but
the three-legged towers with triangular bases actually proved
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more adaptable. Each tower is supported on ten building
columns, so that the load added to any one column was within
the limits allowed by the code and regulations of the Building
Department. Figure 30 is a view of the towers on Aeolian Hall.

Broadcast Central, WJY-WJZ, Radio Corporation of America,
at Aeolian Hall, New York

The Washington Station presented quite different conditions.
There the buildings were of reinforced concrete under construc-
tion and the columns were designed to carry four additional
future stories-giving ample column capacity for the tower
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loads. Some complication was met with in the irregular dimen-
sions of the bays and their skew of about 30 degrees due to the
street angles. Here, also, the three-legged towers proved the
more adaptable, but required a base width of 24 ft. (7.3 m.)
instead of the 28 ft. (8.5 m.) base of the Aeolian Hall,NewYork,
towers, where the building bays are 14 ft. 2 in. (4.3 m.) wide.

One of the Washington towers is carried by four building
columns and the other by five, but not equally distributed as
to loads. Three columns would have been ample for the loads
of one tower, but their arrangement did not permit a symmetri-
cal base. This was met by putting in distributing girders,
resting on the building columns, and supporting the towers;
the three points of support on the girders forming equilateral
triangles.

While one pair of towers required a base width of 28 ft. (8.5 m.)
and the other pair 24 ft. (7.3 m.), the leg sections are duplicates
for all and were made from the same drawings and templates,
which are also designed to serve for other 100 ft. (30.5 m.) towers
with bases of 20 ft. (6.1 m.) and 16 ft. (4.9 m.) should they be
required for other locations. Sixteen feet (4.9 m.) is about the
economic width of base for three-legged towers 100 ft. (30.5 m.)
high, considering the tower alone, but when it is necessary to
fit the bays of a building and keep the loads on the columns
down, it will generally be found cheaper to get the spread in the
legs of the tower rather than to make the base or distributing
girders excessively heavy.

For the tower itself, the economic width of base is that which
makes the weight of the legs about equal to the weight of the
bracing.

The antenna bridges of these broadcasts station towers are
36 ft. (11 m.) long and 3 ft. (0.92 m.) wide, formed of two lines
of 3% inch (8.87 cm.) extra strong, galvanized pipe, connected
together by Irving Subway Grating, and supported by truss
rods to the top of the tower. The grating not only serves as a
walkway, but also to take the shearing stresses due to wire pull
and wind. The bridges on the Washington towers are set per-
pendicular to a side of the towers, making the antenna axis
parallel to a side, which arrangement is not economic as it in-
creases the stresses and sections of the front legs so that they
have to be made specials and not duplicates of the other legs.
It also increases the total weights somewhat, but it did not seem
to be avoidable in this case on account of the skew angle of the
buildings.
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SEMI -GUYED TOWERS AND GUYED STEEL MASTS

The Swan Island towers as reconstructed and shown in
Figure 5 are, in fact, semi -guyed or semi -self-supporting, but this
plan was only adopted as an economic expedient for salvaging a
considerable part of the old steel which had not been injured.

The question has been asked-are there any advantages in a
semi -guyed tower for new construction? The answer, as a gen-
eral proposition, is no; but there may be rare conditions where
the relative costs of the several kinds of material and facilities
for putting them in the work are exceptional, which might, pos-
slbiy, give some advantage to such a design. The author, however,
has yet to meet such a case. The.first cost of the guys, if put into
additional material in the legs, would make the towers nearly if
not quite self-supporting and, moreover, the maintenance and re-
newal of guys is many times more costly than of structural steel
members. Guys increase the number of parts and also require
anchorages, and they generally have to be insulated. They
occupy a larger ground area, and probably increase the absorp-
tion of power.

Economically the problem has no intermediate solution:-
the only alternative to the self-supporting tower that has any
advantage at all is the guyed mast, and the only advantages of
the guyed mast are rapidity of erection and low first cost.

The United Fruit and Tropical Radio Telegraph Companies
have a number of guyed steel masts in service. Figure 31 is a
view of the New Orleans station, showing four guyed steel masts.
Maintenance records show that, in the tropics, guys require
renewal about every five years, and that after the second re-
newal the cost is more than the self-supporting towers. It has
been stated that, in dry climates, a set of guys is good for eight
years. If these estimates are correct, the self-supporting tower
is the cheaper after ten years in the tropics and after sixteen
years in dry climates.

Disadvantages of guyed masts, in addition to the greater
:lost of maintenance, are: greater area of ground required; absorp-
tion of power by the guys, even when insulated; and impossibility
of attaching an antenna bridge. Often, therefore, two guyed
masts are required to do do the work of one tower.

DESIGN FOR 1,000 FOOT (305 M.) TOWER
Figure 32 shows a design for a tower 1,000 feet (305 m.) high,

which, however, was not built. It was proposed for three -tower
stations, with the antennas supported on messenger cables and
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equalizing bridles in place of spreaders, with a maximum wire
pull of 40,000 lbs. (18,400 kg.). With this layout, there would
always be compression in the front leg and tension in the rear
legs except when the mat might be blown out, in which case
there would be no wire pull. This condition of stress distribution,
requiring especially heavy sections for the front leg-the main
compression member-suggested the attempt to introduce in a
self-supporting tower the mast element, substituting stiff legs
for guys. The front leg, as shown in the figure, is a straight,
vertical line-the most favorable for a heavy compression mem-
ber, other things being equal (which generally they are not),
and the rear stiff legs are subject to tension only when under
full load, and therefore require only sufficient compressive
strength to hold the tower when the mat is out. The rear, stiff
legs are curved to reduce the weight of the bracing, and to add
flexibility to the tower.

FIGURE 31 -STATION OF THE TROPICAL RADIO TELEGRAPH CONIP.ANY AT NEW
ORLEANS, ERECTED 1914

The plan worked out well on paper, the weight estimate
showing it to be very economical in material, but it will probably
never be used in just this form, since the antenna lay -out which
led to it has been superseded, and also because no two members
in such a tower could be made duplicates except the rear leg
sections and some of the diagonals, and of these there would only
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be two pieces alike in a tower, thus greatly increasing cost of
fabrication.

The photographs of the Swan Island wreck of 1916 were
taken by Mr. H. 0. Easton, Supeintendent, Radio Department,
United Fruit Company, whose comprehensive selection of views,
with his report on the wreck, made possible the studies of wind
pressure in hurricanes.

Lieut.-Col. W. P. Rothrock, Member of the American Society
of Civil Engineers, assisted in the analysis of the 1916 wreck,
superintended the erection of the Almirante, Panama, and the
Tegucigalpa towers, and suggested a number of improvements
in details which make for efficiency and facilitate erection.

The fabricators and their engineers have given fine co-opera-
tion in solving problems of details and construction. Included
in the list are Baltimore Bridge Works (now Carnegie Steel
Company, Baltimore Warehouse); Virginia Bridge and Iron
Company; Fort Pitt Bridge Works; Dietrich Brothers, Balti-
more, Maryland, and the McClintic-Marshall Company (Riter-
Conley Manufacturing Company).

CONCLUSION

In conclusion it may be stated that nothing has been added
to any of the towers described in this paper for the purpose of
producing effects or pleasing appearance, except the skeleton
globes on top of the 100 ft. (30.5 m.) broadcast station towers
of the Radio Corporation of America, which globes are practi-
cally that corporation's trade mark. The observation platform
and railing at the 150 ft. (46 m.) level on the design for the
1,000 ft. (305 m.) tower has a self-evident purpose. Neither has
line or form been influenced by any consideration except the re-
quirements of the mathematical statics and economics of the
problems, save for the scroll railing braces at the ends of the
antenna bridges.

In the preliminary design of the 150 ft. (46 m.) antenna
bridge, the ends were shown cut off square at the panel point,
the blunt appearance of which drew a criticism from Mr. Davis,
who asked if something could not be added to improve it. The
author's reply was that he had tried several ways to improve
this, each of which only made it worse, and that nothing could
be added which lacked an obvious purpose without detriment to
appearance. Up to that time, the railing braces seemed to serve
no useful purpose, but when worked out in detail it was evident
that a man fixing the end antenna would be in a difficult and
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dangerous position without these braces. Therefore the lower
chords were extended 3 ft 9 in. (1.15 m.) beyond the panel point
to support a two foot (0.65 m.) extension of the walkway and
braces to a railing around the end. The scrolls in the railing
braces are a conventional and common treatment of this detail.
In Figure 26 a man may be seen sitting on the end railing.

The appearance of these towers has been commended by
many people of taste, including some architects. This is greatly
appreciated but, if it is merited, it should be credited entirely
to the effect of the theorem that a structure designed by the
rules of statics and economics, if the solution is truthful, will
conform to all the rules of aesthetics, and vice versa. It is hoped
that the discussion of this paper will throw more light on these
points, which are generally better understood by European than
by American engineers, and full and free criticism is therefore
invited.

SUMMARY: This paper is an historical review of the United Fruit Com-
pany's Radio Towers, and describes the origin of a 1906 design for 200 ft.
(61 m.) towers; of 50 ft. (15 m.) extension added in 1910; of the hurricane
wrecks of 1914, 1915, and 1916, of data deduced from them, and of the recon-
struction of the towers. It discusses the effect of a new policy that "radio
communication should be made so reliable that, when all other means fail,
the public can confidently look to the radio stations to maintain service, which
can be done if only the towers remain standing."

The preliminary designs for three-legged towers made in 1915 are de-
scribed, and their economy and advantages as compared with four -legged
towers, the saving due to adjustable rod bracing and the low cost of shop
work effected by making all leg sections equal short chords of a circular arc.
are pointed out.

The design of the Tegucigalpa (Honduras) towers, with antenna bridges
and the latest revised, "Standard Plan of 400 ft (122 m.) self-supporting
towers, with 150 ft. (46 m.) antenna bridges," are shown with the specified
loads, unit stresses, and notes on the most favorable direction of wire pull in
relation to cross-section of tower. The design of sections and details are
briefly referred to, with the limiting heights of towers to which similar sections
are applicable.

Two pairs of 100 ft. (30.5 m.) broadcast station towers of the Radio Cor
poration of America are illustrated, and the methods adopted to distribute
the loads to the building frames are described.

The economic comparison of semi -guyed towers and guyed steel masts
with self-supporting towers is discussed, and the preliminary design for a
tower 1,000 ft. (305 m.) high is shown.

In conclusion, the theorem is proposed that the truthful application of
the laws of statics and economics will yield aesthetic results in tower design,
and vice versa, and the bearing of this theorem on the appearance of the fore-
going towers is given.
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DISCUSSION

Robins Fleming (by letter) :* Mr. Buel has presented a val-
uable paper on I lie design of self-supporting radio towers that
must withstand high wind velocities. The detail and thorough-
ness with which he has treated the subject make the paper one
that will long be turned to for reference. Some comments may
be in order, even if at times they dissent from the opinions of
the author.

Since the pressure of wind varies as the square of its velocity,
the pressure from a velocity of 140 miles per hour is 1.96 times
that fron a velocity of 100 miles and 2.4 times that from a velocity
of 90 miles. From the well -established formula P = 0.004 V2
the respective pressures on vertical surfaces from horizontal
winds of 140, 100, and 90 miles per hour are 78.4, 40, and 32.4
lbs. per sq. ft. But the actual velocity is less than the indicated
velocity with a corresponding reduction in pressure. (The
velocities recorded and published by the United States Weather
Bureau are those indicated by a Robinson anemometer, not the
actual). Again, average pressure on large areas are less than
those on small areas. On the other hand, the published maximum
velocities are those maintained for periods of 5 minutes dura-
tion, but for shorter periods, say for a minute, these velocities
may be exceeded. The writer considers the 30 lbs. per sq. ft.
of exposed surface which he has recommended for towers not
over 300 ft. high to be sufficient when the indicated wind velocity
does not exceed 100 miles per hour. For triangular towers the
area of exposed surface is assumed to be 1 times and for square
or rectangular towers two times the vertical projection of one
face. For the upper parts of towers more than 300 ft. high,
2 lbs. is added for every 100 ft. additional height. For towers
within the hurricane belt these pressures would be modified,
probably near to those used by Mr. Buel.

A working stress of 24,000 lbs. per sq. in. net tension is used
by Mr. Buel against the 20,000 lbs. of the writer. This is not
excessive for high wind velocities tho there is little left for
emergencies. A decided objection, however, is raised against
the use of the compression formula: 24,000 -50 l/r. On a basis
of 24,000 lbs. for tension the widely -used formula 16,000 -70 1/r
becomes 24,000 -105 l/r. Mr. Buel cites for justification of his
use of 24,000 lbs. for tension the specifications of the American
Institute of Steel Construction. According to these same speci-

*Received by the Editor September 5 1923.
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fications the formula for compression due to wind pressure would
24,000

be
1-F/2/18,000 r2

The respective values obtained by the

three formulas for 1/r= 1,000 are 19,000. 13,500, and 15,400; for
1/r= 140 are 17,000, 9,300, and 11,500; for 11r= 160 are 16,000,
7,200, and 9,900. It is believed that the values obtained by the
Buel formula are excessive and should not be used.

The discussion of square versus triangular towers will be
left to others. The triangular towers weigh less, but most struc-
tural firms will quote a price for fabrication and erection that will
more than offset the saving in weight, especially if the towers
are of the outlines shown in Figures 23 and 27. Just here a tribute
is paid to Mr. Buel for the graceful outlines he secures. Will
the additional expense warrant him in so doing? His 350- and
400 -ft. towers are not in New York or Boston, but at Almirante
and Tegucigalpa.

Mr. Buel advocates the use of rods instead of angles for
diagonals in the faces of towers. It is true he thus reduces the
area exposed to wind, but he encounters serious difficulties in
erection. The rods must be adjusted and he writes-"it is a
very difficult job, requiring an expert, to line up a crooked tower
under wind-and the wind blows a stiff breeze most of the year
in the trade wind belt." From the hazardous nature of the work
the only "experts" available are the workmen engaged in the
erection of the towers. However skilled some of these men may
become, it may be questioned whether they are ever able at a
height of two or three hundred feet to tighten some rods and
leave others slack so that when the wind reverses, the tower
will not be thrown out of line. With angle diagonals no adjust-
ment need be made and a tower can be kept plumb as it is
erected. Angles are not as liable as rods to be bent in transpor-
tation and handling and have greater rigidity when in place.

It should also be noted that the stresses in rods are inde-
terminate, owing to the initial tension brought upon them in
their adjustment. An initial tension of 3,000 lbs. on a rod 1 in.
diameter under the thread adds a stress of 3,800 lbs. per sq. in.
of sectional area. The total stress is thus brought to 27,800 lbs.
per sq. in. if the rod is designed for 24,000 lbs. per sq. in. The
initial tension also causes additional stresses in columns and
struts.

Mr. Buel favors painted instead of galvanized towers. He
states. "The cost of maintenance covering a period of fifteen
years shows that frequent painting is cheaper than galvanizing."

66



A difference of opinion exists on this subject. A letter, before
the writer, from another designer of radio towers reads, "The
cost of repainting these radio towers in the field from time to
time is such that the galvanized are much preferable and more
economical." As the cost of painting high towers is quite
formidable there will probably be a tendency to neglect it, thus
furthering corrosion.

The use of Irving Subway grating for walkway floors and
galvanized pipe for compression members in suspended canti-
levers is novel and unique.

The writer thoroughly agrees with the author in what he
says regarding the superiority of self-supporting towers over
semi -guyed towers or steel masts.

The thanks of structural engineers are due the author for in-
cluding in his paper brief descriptions of the broadcast stations
on Aeolian Hall, New York City and on a reinforced concrete
building, Washington, D. C.

In conclusion, the behavior of the United Fruit Company's
towers during the next ten years will be watched with interest.

R. D. Coombs, M.A.S.C.E. (by letter) :* Mr. Buel's paper is
a valuable contribution to the somewhat meagre literature on
a most interesting field of engineering, as well as an expression
of practices in a new part of that field-the radio tower. The
general field embraces transmission line towers and radio towers,
the difference between these classes being that the usual trans-
mission tower is not a dead end structure while the radio tower
is even normally a dead end for part of its load.

In this general field the designer must depart from the shelter
of the usual working stress or factor of safety and work thru a
more logical and professional analysis of the actually expected
loads and the practicable unit stresses. He must also very
clearly set forth just what load conditions are economically justi-
fied and must realize that the usual handbook unit stesses are
not for him. The designer of towers may not take refuge behind
an assortment of hidden factors of safety or relief on the imagin-
ary factor of safety of four of the usual building codes.

In most steel construction the wind load is not given much
active consideration. The assumed live and dead loads may be
so great that the structure can carry a very considerable wind
load, provided the other loads are not all present. Or with small
dead and live loads the structure might simply be unable to carry

*Received by the Editor, September 12, 1923.
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the usual wind loads and would probably never receive them.
In towers, however, the wind load is of the most inportance

both in its direct effect and as greatly increasing the pull of con-
ductors, antennas, and so on.

Further, since the designer knows that some time the tower
will receive a wind load of considerable amount, the question
is as to the amount to be provided for in this event. Is it the
greatest recorded pressure in that locality, or more to provide
for contingencies, or less to allow for probability of occurrence
some five, ten, or more years hence?

The author's examples are believed to be unique as scattered
installations deliberately calculated to withstand "hurricane"
pressures. The apparent procedure of determining the greatest
wind reasonable for the installation in question and then provid-
ing a known, or closely known, factor of safety in the unit stress
alone is to be commended.

The author's examples of failures are amongst the few service
failures of larger towers of which much is known. It is unfor-
tunate that except in tower tests the actual loads are never
known because there is never any accurate measure of the wind
load that was imposed on the structure.

In the writer's opinion the formula used by Mr. Buel for the

ultimate stress, 44,000 - /
, is about as accurate for towers as

indicated by the data available. The writer would, however,
question Mr. Buel's bolt values, which seem to be relatively low.

It would appear that painting every two years does not in-
dicate a very dry climate, and the writer is not prepared to admit
that 1/16 inch (0.16 cm.) of steel is as good protection as a film
of zinc-provided the film is continuous.

The author is requested to enlarge on the question of lock
washers versus finger -loose nuts in view of the difficulty of access
to such high structures.

The writer is aware of the opinion and practice of the aver-
age field crew regarding washers and that most of the transmis-
sion towers have none, but is not sure that lock washers may not
be a good investment.

The use of rod bracing for such structures appeals to the
writer as logical, but involves careful erection since it is very easy
to build a "wind" into a tall tower. The writer's company has
designed and built both rod -and angle -braced towers of medium
height, about 150 feet (45.7 m.), and have believed that the rod -
braced were not commercially economical for such heights. Rods
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commend themselves from a wind pressure, and maintenance
painting standpoint altho thought to be noisy and difficult of
erection.

Referring to the Swan Island towers, were they not relatively
weak in the upper half? The parabolic outline, also used by the
writer, will produce a graceful appearance and a very gradual
decrease of main leg stress, so that the upper half may readily
be kept below the stress of the more usually critical sections.
In this connection it may be noted that the technical press re-
cently illustrated, but without descriptive detail, a tall tower
on the Rhine that indicates a reversed parabola, convex outward,
and a far from graceful outline.

George A. McKay (by letter) :* 1. The article prepared by
Mr. Buel is a most valuable contribution to an important branch
of structural engineering. As in all special branches, progress
is marked by steady growth based on past experience, and Mr.
Buel, in putting into print the record of his achievements, has
enabled the engineering profession in general to benefit thereby.

2. The Bureau of Yards and Docks of the Navy Department,
which has the responsibility for the design and construction of
all radio towers for the Navy Department, started in 1912 with
towers of square cross section, installing one 600 -foot (183 m.)
and two 450 -foot (137 m.) towers at Radio, Virginia. These
three towers were developed to withstand a wind pressure of 30
lbs. per square foot (147 kg. per sq. m.) over one and one-half
times the projected area of one side in accordance with the usual
viaduct practice, and in addition to the wind load, a pull of 10,000
lbs. (4,600 kg.) from the antennas. In May, 1913, however,
when the 600 -foot (183 m.) radio towers for Darien, Canal Zone,
were being designed, it was decided to adopt the triangular cross
section type of tower, principally on account of the economy
thus effected. It will be noted from the above that the adoption
of the triangular cross section by the Bureau antedated its
adoption by the companies representated by Mr. Buel.

3. A number of triangular towers, ranging from 150 to 820
feet (45.7 to 250 m.) in height, have been erected in the past 11
years by this Bureau in Latitudes varying from south of the equa-
tor to Alaska, and these towers have been subjected to hurri-
canes and ice loads. The Bureau has yet to record a single
failure.

4. An interesting comparison exists in the fact that the
*Received by the Editor, September 12, 1923.
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Bureau's standard design for 200 -foot (61 m.) towers weighs
approximately 13 tons (11,800 kg.) on the basis of a triangular
cross section, whereas the 200 -foot (61 m.) square towers which
collapsed, as mentioned in Mr. Buel's paper, weighed 22% tons
(20,400 kg.), or approximately one and seven -tenths times as
much as the Bureau type.

5. An examination of Mr. Buel's original design, indicated
on Figure 1, before the towers were strengthened, indicates that
the rivets in the splices for the main column sections at Panel P
were considerably weaker than the columns themselves, consid-
ered either in tension or compression. The method of connec-
tion of the diagonal rods to the struts is also subject to criticism.
In addition to this, the use of ordinary bolts, with possible line
bearing instead of bearing over the semi -periphery, would also
militate strongly against the towers withstanding abnormal
loadings.

6. The Bureau adopted in May, 1914, in connection with the
radio towers for New Orleans, rod bracing instead of stiff brac-
ing, in order to reduce the superficial wind area, and has retained
this detail for all towers constructed since that date. It is to be
noted from examination of the Bureau's drawings that the de-
tails of the connections of the diagonals to the main columns are
such as to practically preclude torsional or bending stresses in
riveted connections.

7. It is sincerely to be hoped that the publication of the arti-
cle by Mr. Buel, with comment by various engineers thruout
the country, will give designing engineers, generally, the neces-
sary data to develop satisfactory designs for future towers which
the progress of radio communication will demand.

Schuyler B. Knox, Member American Society Civil Engineers
(by letter) :* The fixed, triangular type of radio tower construc-
tion has advantages over a greater -sided system in its better
resistance to deformation thruout its height and the saving in
weight of steel by the elimination among other things of at least
a column leg and the horizontal sway -bracing at panel points.
Also one should not overlook the less number of masonry pedes-
tals required for column leg footings.

In the case of high structures designed to carry wind loads
of great intensity even in our temperate zone, the designer is
to be commended for his employment of tension rods on which
the exposed wind surface is one-half, or less the n one-half, that

Received by the Editor, November 14, 1923.
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of angle diagonals of equivalent cross-sectional area. The mate-
rials used in the "bridge" construction at top of the tower also
present a minimum surface exposed to wind action.

By reducing exposed surfaces in the very high radio towers
in localities subject to violent hurricanes, Mr. Buel has solved
the problem economically, for in this way he has lessened the
amount of steel required to resist the intensity of wind stresses
in legs and web members without changing the strength of the
structure or causing additional cost in the aggregate over square
and other types. The higher unit cost of fabricating due to adjust-
able, upset rods, including pins, devises and "safety" set -screws
is generally offset by the smaller total tonnage in the triangular
type structure.

In the fabrication of the 350 -ft. (107-m.) triangular towers
for the United Fruit Company's Almirante Station, Panama, for
which the Fort Pitt Bridge Works (with which the undersigned
is connected) had contract in 1920, no difficulty was experienced
in the shops, due to co-operation between the engineers and the
fabricator in the matter of details and determining methods for
handling. Both towers were assembled at the shop, lined up
with transit, adjusted, and match -marked while so assembled.
In this position the adjustable rod diagonals were fixed in length
by keying the devises with "safety" set screws so that no varia-
tion would be possible after the work was knocked down,
thus insuring greater accuracy in plumbing during erection.
The members were then separated and packed for ship-
ment.

Quoting from Mr. Bud's report of one of those conferences:
"Since tensile and compressive stresses in legs are nearly equal,
and as bolts at splices must take all tension and as end bearing
is unreliable owing to flexure of tower and angles and might set
up very objectionable eccentric or bending stresses in the leg
sections, it was agreed to put 100 percent field bolts in all splices
and leave joints Y1 inch (0.64 cm.) open-same as established
practice with hip joint in bridge chords."

While the fabrication costs per unit weight of steel may be
higher than for other forms of towers, the saving in the number
of masonry footings, the less number of, and lighter weight of
members, not to mention the lightness and appropriateness of
the "bridge" at the top of the towers, tend towards making the
total cost of installing this tower, from a purchaser's point of
view, as low as, if not lower, than for many other forms. Mr.
Buel's design is scientifically developed.
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Reginald A. Fessenden (by letter): Mr. Buel's paper is very
interesting and valuable, and puts radio tower construction on
a sound footing.

The three-legged tower with pin connection is undoubtedly
the right type. Anything which concentrates the material into
few and large pieces minimizes the effect of corrosion and saves
a great deal more steel in the end, and adds greatly to reliability,
which is, of course, the main thing. And with the wind whipping
the towers about the way it does, there is great danger, in a four -
legged tower, of getting very concentrated stresses at certain
points, which will not occur with a three-legged pin -connected
tower.

About corrosion, two things occur to me. First, what would
be the comparative costs of one of the new non -corrosive chrome
steels compared with standard material? Possibly much too
high; yet a comparison would be interesting.

Second, what would be the effect of always keeping the tower
hydrogen polarized to ground? Possibly nothing; and yet I
have found that corrosion increases very much faster when
oxygen polarization is superimposed upon alternating current
flow, and of course one gets this alternating current flow from
the radio sending. So there might be some good effect with
hydrogen polarization.

The curved legs are a fine idea, and it is well worth knowing
that it can be carried out in practice with so little expense.

Can Mr. Buel tell us if there would not be some advantage
in using isolated guy wires between the towers themselves, so
all would act as a unit. I note he refers to the loss from eddy
currents in the towers themselves and in long guys, but this
can be got over very easily by slipping very small coils of a few
turns of soft iron or nickel steel wire over the guys or tower mem-
bers. This has the same effect as putting in insulators, so far
as eddy currents are concerned, and without any of the expense
or bother. See United States patent 706,746, "Wave Chute,"
August 12, 1902.

The fact that the foundation can settle with the three-legged
type without hurting anything is very important, and they are
also better for twisting stresses. In this connection, any con-
crete foundation pillars should have the reinforcement arranged
for twisting stresses, as these may be very bad in earthquakes.
Another good point which strikes me is the adjustable tension
rods.

About the wind stresses, has any one tried making these
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measurements on different shaped elements while mounted on
an aeroplane? It would look as if this would be a very simple
way, and the models or full-sized cross section members could
be made of wood. On the Brant Rock tower I used a fine wire
of gold, with one-half of it mounted in a thin metal tube and the
other in the wind, and a tap from the center, and found how
much current must be passed thru the outside half to make it the
same resistance as the shielded half. This gave me the instan-
taneous wind velocity, as it responded in about one -tenth of a
second. If made recording, this might be useful for getting maxi-
mum gust velocities.

I certainly like the appearance of the towers. They look
like something. It will not be long before we have one million
volt transmission lines, and Mr. Buel has shown us that it is pos-
sible to get something which will not disfigure the landscape.

Jacob Feld, 1077 East Twelfth Street, Brooklyn, New York
(by letter) :* The author is to be congratulated for his very clear
and instructive presentation of a comparatively recent type of
structure which the engineer is called upon to design. Much
more can be learned from a description of a failure with a careful
analysis of the causes than from the usual account of a successful
(or rather, untested) structure. From this point of view, this
paper is especially valuable.

The predominating characteristic of self-contained radio
towers are their flexibility. As Mr. Buel has pointed out, the
deformation of the tower relieves the tension in the antenna by
decreasing the chord length of the antenna wires under wind -
load. It is noteworthy that there is only an increase of 17 per
cent over the dead load tension, when the antenna is exposed to
maximum wind. This requires considerable deflection of the
towers, introducing a rather complicated stress distribution in
the legs of the tower. The relieving effect of the towers permit
considerable sag of the antenna wires (in the direction of the
resultant of wind and dead load). The changed geometrical
shape of the antenna has some effect upon the electrical charac-
teristics of the system. The writer hopes that the discussion
will bring out an explanation of the magnitude of this effect, and
what limits are permissible. It seems to the writer that too
much deflection causes trouble electrically as well as structurally.

The description of the mast shown in Figure 5 is especially
instructive and emphasizes some of the usual rules for economical

*Received by the Editor, December 13, 1923.
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design of structures. The mast was strengthened by the addi-
tion of two guys placed at 30° to the vertical. It would have
been more economical to have increased this angle, requiring,
of course, a longer guy and more room, but decreasing the effect
of the guy upon the tower and increasing the beneficial effect
of the guy in taking wind loads. The tower failed because of
the absence of windward supports after the antenna broke from
the mast. This points out an important feature-the necessity
of symmetry in supporting a tower subjected to a wind force
from any direction and the necessity of observing the fun-
damental principle of making each unit of a structure self-sup-
porting.

In the case under consideration, Mr. Buel states that no guys
were permitted inside the quadrant covered by the antenna.
That did not prevent the placing of a system of four guys at 90°
to each other, or three guys at 120° to each other. 'In either
way, wind from any direction can be taken care of. A careful
analysis, too lengthy for this discussion, will show that the three -
guy system is more economical, as far as weight is concerned,
but not so rigid as the four -guy system. A tower or mast with
three main legs, or triangular in section, naturally lends itself

the three guys; similarly for the
four guys with a square tower. The writer was very much
astonished to see the description of the tower which failed after
the antenna gave way. It is the basic idea of design to make,
in as far as possible, each section of a structure self -dependent
for its stability. It seems that a radio system should consist of
a stable tower or mast, which in addition to being capable of
holding up itself and any loads which may act upon it, can also
resist certain external forces caused by the antenna.

An almost analogous case is the usual bridge design: a sub-
structure, self-supporting, with additional stability to hold up
the superstructure. Certainly, no one would think of designing
a bridge so that, should the superstructure fail, the substructure
was no longer stable.

Mr. Buel describes how a tower was increased in height and
exposed to a greater antenna pull without strengthening and
without informing the designer. Unfortunately, this state of
affairs is very common. The radio engineer must remember
that a design according to specifications, in order that it be
economical, is made to withstand safely the loads specified, and
no more. If the radio engineer continues to increase the loads
upon the towers, failures are certain to occur. Perhaps some
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simple method of rating the towers, according to their excess
stability, will help prevent the overloading of towers.

It is interesting to note that the towers failed in the panel
just below those which had been reinforced by the substitution
of "K" bracing for the flexible tie -rod bracing. This is an exam-
ple of the very frequent error made in strengthening a structure
by increasing the stiffness of assumed or tested weak points,
thereby making certain isolated portions more rigid than the
rest. An accurate analysis is tedious, but it may be stated with-
out computation that the transmission of stresses across the
section between two portions of unequal rigidity causes some
extremely localized summations of stress. This has been very
clearly pointed out in the recent researches on the transmission
of stresses along cracked and punctured members. Sudden
changes in section of the tower as a unit, as well as of the indi-
vidual legs and secondary members must be avoided. This is
especially true for high members affected by relatively high
bending and twisting moments.

The author is to be congratulated for his clear description of
the advantages of the three- over the four -leg towers. The writer
questions the advisibility of using bent plates and curved legs

unit stresses, 24,000 pounds for tension and

24,000-501 for compression. Even tho the torsion is taken

into account, some allowance must be made for the secondary
stress and the reversal of stress. The writer is fully aware of the
high unit stresses under which transmission towers have failed
when tested to destruction. The only justification for such high
unit stresses is the rather high unit pressures assumed for the
specified wind velocities. Mr. Buel uses a conversion formula.
the relation between wind pressures and velocity, which is prob-
ably at least 20 percent excessive.

The use of rods for wind bracing in place of stiffer sections
is certainly desirable, because it eliminates so much wind load.
It must be remembered, however, that one stiff diagonal will
replace two rods in each panel, so that the saving is not so large
as it seems at first glance. The main advantage is in the smaller
exposed wind area, especially since the effect on a cylindrical
rod is less than on a flat surface. The writer believes that we
can go one step "further and, where possible, use steel wire rope
for the tension members. It would hardly be possible to use
wire strands for the bracing in the towers, but it certainly can
be used for the ties connecting the ends of the antenna bridge
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with the mast. Initial tension can easily be provided for stiff-
ness, and, in place of the upset rods which are liable to bend and
twist under high wind, a lighter and stronger steel strand can
be used. The saving may be small if figured by weight, but the
leverage is large and every square inch of exposed area at that
height counts. The chief advantages of the wire rope are the
high allowable unit stress and the safety from bends.

With such small ratios of base width to height, it is especially
important that there be no unequal settlement of the footings.
The writer would like to know whether Mr. Buel has noticed any
trouble from this source and how he prevents it.

The author's statement that the maximum stress in the an-
tenna can be controlled by attaching the antenna to a counter-
weight is noteworthy. Such devices have been used in several
tower designs, especially those of foreign types. This method
relieves some of the antenna pull upon the tower and decreases
the deflection under wind load, but it increases the vertical load
upon the tower.

It seems to the writer that Mr. Buel has not fully appreciated
the value of guys. With the high unit stresses allowed, they form
most efficient tension members, both from the point of view of
economy in weight and because
Not only are they thinner than the stiff members, but the unit
pressure of wind upon a circular rope or rod is also less than the
unit pressure upon a flat surface. Mr. Buel's objection to guys
on the ground that they do not last is not substantiated by ex-
perience with wire cables and strands in suspension bridges.
The suspenders of the Brooklyn Bridge are in very good con-
dition. The wire ropes removed from the old Niagara suspen-
sion, after 50 years of service, were remarkably unchanged. As
far as maintenance is concerned, Mr. Buel points out that the
steel of the towers must be painted on the average of every two
years. Of course the use of guys necessitates land areas, but
radio stations of great heights are seldom located in districts
where land is expensive, and it will be found that the percent-
age of increase in the land required is small, even tho the actual
area may seem large.

Albert W. Buel (by letter) :* Mr. Coombs questions the bolt
values used for the designs shown, which, he says, "seem relatively
low." These were adopted to permit the use of rough bolts, not
turned, and also to provide for the reversals of stress-the ten -

*Consulting Engineer, 29 Broadway, New York. Received December
15, 1923.



sion running as high as 90 percent of the compression in some
leg sections.

Spring lock washers have given some trouble by breaking and
dropping out. Moreover, it is thought that the plates will be
gripped more tightly without them and, after all, the frictional
grip should not be neglected. The nuts are gone over, tightened,
and checked with a chisel after erection and periodically there-
after. Very little trouble has been reported.

Rod bracing will not show much economy in towers much
under 200 feet (61 m.) in height, but for the higher towers the
saving is as much as 20 percent in weight. By adjusting the
rods at the shops the towers can readily be erected out of wind.

The Swan Island towers were weak in the upper half, particu-
larly between 0 and R, about 100 feet (31 m.) below the top,
due to the insertion of the 50 ft. (15 m.) extension, T-10 to T in
Figure 16, without reinforcing the members below. There was
originally some excess section in the legs at some stories, but this
is often unavoidable in light compression members where prac-
tical considerations are given due weight.

Mr. Fleming says the tensile unit stress used for the later
designs (24,000 lbs. per square inch, against his 20,000 lbs.)
"is not excessive for high wind velocities." It is not clear to the
author what wind velocities have to do with unit stresses, nor
why 24,000 lbs. per square inch is not just as good where the
loads and stresses are computed for 90 or 100 miles per hour
wind velocity (if such is the maximum anticipated for the
locality), as where hurricane velocities have to he provided for.
By using the maximum probable loads we make reasonable pro-
vision for "emergencies," as far as is economically justified, and
avoid the confusion of loads with unit stresses. Then and only
then can unit stresses be considered on their own merit.

The compressive unit stress used (24,000-50 l/r) is two-
thirds the ultimate strength of long columns as shown by the
studies that have been made of the most recent tests. ("Trans-
actions American Civil Engineers, volume LXXXIII, pages
1583 to 1688 and 1960.) While the results of these tests showed
variations of 15 to 20 percent above and below the mean values,
it is not thought that such extreme values are truly representa-
tive of these tower legs, and that the Tetmajer formula
(44,000 -162 Ur), which gives 27,800 pounds per square inch
for 1/r -100, is nearer the correct value for these sections.

The higher values of 1/r mentioned by Mr. Fleming occur
only in struts where the sections are not determined by stress,
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but by limiting values of l/r, and the column formula does not
apply.

Mr. Fleming says of three-legged towers: "most structural
firms will quote a price for fabrication and erection that will
more than offset the saving in weight, especially if the towers
are of the outlines shown in Figures 23 and 27." The only addi-
tional item of cost of the three-legged feature is the 15 degrees
bend in the gusset plates, of which each tower of Figure 27 has
144. About 200 such plates can be bent cold on a bending ma-
chine in eight hours, at an outside cost of $50.00, or $36.00 per
tower. Each tower weighs 246,000 pounds, while a four -legged
tower on the same specifications would weigh about 25,000 pounds
more, at an additional cost for "freight or boat" shops of about
$1,750.00, showing a net saving of $1,714.00 for the three-legged
feature, without considering freight and erection. Freight
charges would be about 10 percent more for the four -legged
tower, and, in erection, there would be about one-third more
members to handle and set and connections to make than there are
in the three-legged tower. Erection equipment has been worked
out avoiding interference with sub -struts, and the like.

If by "outlines" Mr. Fleming refers to the curve, of which the
leg members are short chords, the only cost of this feature is that
the gusset plates require a special lay -out and template at each
story. There are six duplicate plates of each pattern in a tower
and the last order was for eight towers, giving 48 duplicate plates
from each template. Surely, with such duplication, the extra
cost of layouts and templates could not much exceed $50.00 per
tower.

Mr. Fleming intimates that appearance is wasted in "Almir-
ante and Tegucigalpa," but might be warranted in "New York
or Boston." On the contrary, the author is inclined to reverse
that idea where the countries are of Latin extraction and civili-
zation. But it should be noted that the curved outline has real
and practical advantages on the side of economy which deter-
mined its adoption, and that its appearance was only a by-
product.

The difficulty of adjustment of rods in the field is overcome
by setting them to calculated lengths and locking them with
safety set -screws at the shops. Very little adjustment has to be
done after they are erected in place. The initial tension in rods
does not act to increase the total maximum stress unless it is
greater than the stress from loads.

Mr. McKay says that "the Bureau (of Yards and Docks) has
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yet to record a single failure," and his next paragraph sets up a
comparison which is misleading and not based on the facts stated
in the paper. No failure has yet occurred in any tower designed
by the author except where the 50 foot extension was added by
others and the wire pull increased from 2,000 to 7,000 pounds,
without increasing or reinforcing the sections below, and without
consulting the designer. Excluding the shoes and anchors, the
original towers weighed only 20 tons. Mr. McKay gives the esti-
mated weight of the Bureau's 184 -foot design for comparison
with the original 200 -ft. design described in the paper. More-
over, while the Bureau's design specifies "minimum thickness
of material 5/16 inch. except as shown," the webs of the chan-
nels composing the legs for the lower 178 feet of the 300 -foot
design are under % inch thick-under 7/32 inch for two stories-
and the same is true for the main struts up to 116 feet above the
base, and the main connections are on these thin webs. Such
sections are theoretically economical and permit much longer
unsupported lengths with fewer struts and diagonals, showing
a very large saving in weight, but leave small margin for deteriora-
tion by corrosion. Such thin webs are weak links which, in the
author's opinion, should be used only for temporary work or
where conditions are most favorable for protection. Laced
channel columns, with flanges turned in, are much more expen-
sive to fabricate than the sections shown in the paper, and, as
has been noted, final costs and nor weights alone should be com-
pared to determine relative economy. The original 200 -ft. de-
sign had single angle legs, so much cheaper to fabricate com-
pared with the sections used by the Bureau, that weight alone
loses significance. The design was modified in some details to
suit a certain shop with limited facilities, to which the order was
allotted, which explains the economical diagonal hitch used. It
has served its purpose as most of the original towers are still in
service, but in all later designs an improved connection has been
used, with small eccentricity and no tension on bolts or rivet
heads.

Figure 1 shows the top of tower four feet square, providing
for considerable resistance to torsion, but adding considerably to
weight and cost as compared with the Bureau's design with its
top only about seven inches on centers of gravity of the angles
and negligible resistance to torsion. Where loads, specifications
and details are so different, comparisons of weights are likely
to be misleading.

The author has made designs for towers 600 ft. and 1,000 ft.
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high, for loadings similar to those used by the Bureau, from
which the interpolated weight of an 820 -ft. tower is only 350 tons
as against 560 tons, the estimated weight of the Lafayette Sta-
tion towers on the Bureau's design, as given by Mr. D. Graham
Copeland. This shows a saving in weight of 37.5 percent with
the Bureau's design.

Estimated weights from the design in Figure 19 are, for a
240 -ft. tower, 26 tons, and for a 300 -ft. tower, 37.5 tons, which
give when reduced to the Bureau's loadings, 17.25 tons and 25
tons, respectively, as against 19 tons and 30 tons from the Bu-
reau's design. This indicates a saving of 10 to 16 percent, not-
withstanding Figure 19 shows a top width of seven feet com-
pared with the seven inches of the Bureau's design.

The photographs of the wrecks show that all splices and con-
nections held, confirming out judgment that the bolted connec-
tions were properly proportioned. Practically the bolts by fric-
tion, and theoretical bearing and shear do not act until slipping
takes place. When and if bearing comes into play, the theoretical
line contact is enlarged, elastically, as has been conclusively
shown in the case of locomotive drivers on rails.

Commenting on the discussion by Mr. Knox, credit for the
method of locking the adjustable rods with safety set screws and
for a number of tower details is due to the Fort Pitt Bridge
Works.

All details and connections of the walkway grating on the
bridge were developed by the Irving Iron Works Company.

Professor Fessenden asks for comparative costs of non-
corrosive alloy steels. About two years ago the author made
some inquiries along this line with discouraging results. The
tonnage of single orders has not yet been sufficient to warrant
the use of alloy steels with the delay in deliveries which would
probably ensue. These preliminary inquiries indicated that the
cost would be excessive.

The nearest approach to a system of towers guyed to each
other, "so that all would act as a unit," are the four Swan Island
towers connected by two messenger cables and the antennas-
see Figure 5. Unless outside guys are added, as at Swan Island,
the connection between the towers is of small advantage, as the
windward tower receives no support. The paragraphs on semi -
guyed towers seems to apply to this case.

Professor Fessenden's suggestion that concrete pedestals
should be reinforced for the twisting stresses due to earthquakes,
deserves careful consideration. The pedestals of Las Vacas
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Viaduct went thru the four severe shocks and many minor
shocks of December, 1917, and January, 1918, which were of
several different types, without any reported injury.

The Bureau of Standards has made many tests or experi-
ments on wind pressure in wind tunnels, which, altho not directly
applicable in cases of tower design, are instructive and helpful.

Referring to Mr. Feld's discussion, it is important to note that
only with messenger cable or triatic systems is the wind incre-
ment in wire pull as low as 17 percent of the dead load pull, and
tower deflections are not unprecedently large. If "rather com-
plicated stress distribution in the legs" refers to secondary
stresses due to deflection, the author considers that they are con-
siderably less than in cantilever bridges, and a remark made in a
similar case by that eminent bridge engineer, the late Paul L.
Wolfel, "it is an elastic structure and will take care of itself,"
seems applicable. Under wind loads the antennas blow out of
line, which may be objectionable, but the maximum sag is fixed
at the minimum at which the strands will carry the loads. A
"T" system, with anchored downleads, holds them nearer in line.
The economical angle of guys -45 degrees-compared with that
of Figure 5, would not have saved over $110.00 for the four towers,
and other considerations favored an angle of about 30 degrees.
At that time guys were not considered permissible except in the
outside quadrant, and not near the mat rectangle. They were
used only as an expedient to salvage the undamaged parts of the
towers, and six years of service, during which they resisted a
severe hurricane, has justified their use. Considering the history
of Swan Island Station, it is not quite clear to the author at just
what Mr. Feld was "astonished."

Mr. Feld is right as to the effect of the "K" bracing in story
P -Q in principal, but they were additional reinforcement-not a
"substitution," and it is important to note that they did not tie
into the upper intersection at "Q," but left an unsupported
length of 3' 6" for the 4" leg angle. Also that stories M -N -O -P
and Q -R -S -T were nearly as weak and, after P -Q was reinforced,
they were the critical ones. As one of the towers failed in story
Q -R, above the "K" bracing, the influence of the latter could not
have been very great except to prevent failure from occurring
in story P -Q. Quite likely this was sufficient to cause two towers
to fail in 0-P instead of in M -N, as might have been expected.
(Since they were generally reinforced from G to T, they have
behaved very satisfactorily in a severe hurricane.) The only
importance this now has is the effect on the author's computa-

81



tions of probable average wind pressure at the instant of failure
due to neglect of secondary stresses. but this error is on the side
of safety and less than the limit of accuracy assumed for the
method. The wind pressure adopted from these studies is con-
sidered safe, but not excessive for that locality.

Mr. Feld says "one stiff diagonal will replace two rods," but the
slenderness ratio would then require sections for diagonals heavier
than the horizontal struts, excluding a single system of bracing
with reverse stresses from serious consideration. The substitu-
tion of wire rope for tension members, which he suggests, would
require the fabrication to be split up between structural shops
and wire mills. Even with pin -connected, adjustable rods and
pipe frames for antenna bridges, several large fabricators have
not considered the work very desirable, and it is considered
preferable to simplify and standardize rather than to introduce
new complications which might prove very costly, altho invita-
tions have not yet failed to get several satisfactory proposals.
Inquiries for steel guy lines, protected and wrapped like the cables
of large suspension bridges, have not found any manufacturer
equipped to supply them. Increases in vertical loads within
reasonable limits would not cause proportional increases in total
stresses, as the wind stresses are the larger component, and ver-
tical loads increase resistance to overturning.

Mr. Feld says "it is especially important that there be no
unequal settlement of the footings." With four -legged towers
such settlements would be serious, but with three-legged towers
the only effect would be to throw the tower out of plumb, and very
considerable inequalities in settlement of the three pedestals
would have to occur before the stability would be in danger or
the stresses dangerously increased. On the other hand, a very
small inequality in settlement of a pedestal of a four -legged
tower might increase stresses to the point of failure, especially
in the diagonals.

The author thanks all contributors to the discussion, espe-
cially for analytical and critical comments, which have helped
to clear up some points and to direct attention to others that
might have remained obscure.

82



FURTHER DISCUSSION

ON

"AN IMPROVED SYSTFM OF MODULATION IN RADIO
TELEPHONY*

BY

CHARLES A. CULVER

R. A. Heising (by letter):t In looking over Mr. Culver's
paper entitled "An Improved System of Modulation In Radio
Telephony," I find a few points on which I differ from him. The
system which he describes is not new to us because of its having
been previously disclosed by Lockwood and Beauvais, as he
mentioned, and also because it was independently invented by
Mr. L. J. Sivian of this Company in 1917 or 1918. At that time,
Mr. Sivian made a study of the system and his results did not
show the system to be quite such a favorable one as Mr. Culver
claims. Mr. Sivian tried out, not only the specific form which
Culver showed, but numerous modifications of it. The best one
of these modifications compared favorably with the constant
current system as regards efficiency and completeness of modu-
lation, but in some other respects it was inferior. Its greatest
defect was that it had a curved control curve which would indi-
cate that considerable distortion would occur in process of modu-
lation. This curvature was such as to give distortion consider-
ably greater than that in the constant current system. The
system also would work with only certain tubes. One require-
ment was a high amplification constant. It also appeared to
work better with tungsten filament tubes, that is, with tubes
which did not operate with a wide margin of temperature satura-
tion. In many of the circuits which he tried, difficulty in adjust-
ment was encountered. In order to make the control curve as
straight as possible, specific adjustments had to be made which
made it more difficult to operate or manipulate than some other
circuits. He felt, at first, that he had found a system which was
superior to any others, as has Mr. Culver, but after an exhaustive

* See PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 11,
number 5, October, 1923.

t Received by the Editor, September 12, 1923.
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study of the subject, he came to the conclusion that, in almost
every respect, it was considerably inferior to what we were using.

As regards modulation in general, there are a few points
which I think would be worth while to emphasize. One of these
is that whatever the modulation system, the over-all efficiency
depends largely upon the efficiency of the generator of radio
frequency power. A study of this efficiency over the power
range that the generator operates during the modulation cycle
will usually show where any shortcomings lie. If we do this for
a system in which the antenna resistance is varied to do the
modulating, we find that the efficiency drops to such low values
and for such periods as to render such a modulation system no
more efficient, and usually less so, than our present types. This
is particularly true in vacuum tube oscillator or amplifier
generators. The efficiency of any vacuum tube generator
is high only when the impedance attached to the plate cir-
cuit is greater than the output impedance of the plate circuit.
Varying the antenna circuit resistance will cause this attached
impedance to vary. Since reasonable modulation cannot be
secured unless the antenna resistance varies over a wide range,
the attached impedance will vary over a corresponding range.
It happens that reasonable modulation will not be obtained
unless such a range extends on both sides of that value which
corresponds to the condition for delivering maximum power and
it will be found that on one side the efficiency will be so low as
to result in a lowered over-all efficiency of the system.

For high efficiency in a vacuum tube generator, it is not
sufficient to maintain the impedance of the attached circuit at
a value equal to or greater than that of the tube, but the tube
must also be operated at approximately full power. The reason
for this is easily deductible from the principles pointed out by
Professor J. H. Morecroft in his "American Institute of Electri-
cal Engineers" paper of 1919. He shows that the losses within
a power tube can be kept low only when the alternating potential
of the plate approaches the direct potential in magnitude. There-
fore when a vacuum tube is operated in any manner whatsoever
so as to reduce the ratio of alternating voltage on the plate to
direct voltage, the efficiency will drop. Any method of grid con-
trol or antenna resistance variation cannot but help reduce this
ratio, and the efficiency of the generator will fall to such a value
that the over-all efficiency of the set will, at the best, be the same
as that of the constant current system, if not falling much below.
This element in operation is fundamental in Mr. Culver's circuit,
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and, reasoning from that premise, I would say, without ever try-
ing out the circuit, that its over-all efficiency could not be greater
than that of existing systems.

This leaves, of course, only two ways for securing high
efficiency in the generation of modulated power. One is always
to operate the vacuum tube at full power, keep the impedance
of the attached circuit at a large and fixed value and to do the
modulating by varying the plate voltage. This keeps the effi-
ciency of the generator up during almost the entire modulating
cycle, especially during that part when very large power is being
delivered. It is the method which is made use of in the constant
current system. The other method is to vary, in some way or
another, the coupling between the vacuum tube and the tuned
circuit, keeping at all times the coupling above the amount
necessary to give maximum power. That is, the coupling should
be varied between the limits of the maximum power value and
infinity. The variation of any constant in the generator circuit
other than the coupling between these limits, will cause a reduc-
tion in efficiency during part of the cycle which will reduce the
over-all efficiency to an undesired low value.

Another point on which I do not agree with Mr. Culver is the
magnitude of the non -signaling current. The strength of a re-
ceived signal is dependent, in the average detector, upon the
magnitude of the variation of the antenna current and not upon
the non -signaling current at all. It makes no difference whether
the non -signaling current is A or 2 A as Mr. Culver mentions.
In the constant current system the non -signaling current is A
and the variation is 2A. His method of operation is to make the
non -signaling value 2A and the variation 2A. By making the
non -signaling value 2A, he does not contribute in any way to the
loudness of the signal, but does waste more power in the oscillator
tubes than it is necessary to do.

In any kind of a system the tubes must be built to produce an
antenna current of 2 A amplitude. If a given number of tubes
are provided and all tubes are used as oscillators, we can assume
that at the voltage they are operated at, say 1,500 volts, they will
give an antenna current of 2A. If this adjustment is for maxi-
mum power, than there is no possible method of control operating
upon the oscillator circuit (other than plate voltage control),
which will cause these tubes to give more than 2A current, and
the modulation must be entirely downward, which is the way I
understand Mr. Culver intends to operate. If, however, we
should take one-half of these vacuum tubes and adjust them
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for maximum power on the same voltage, this number of tubes
will give one-half the power that all would give, but half the
power would be 0.7, the current that all would give. Under
ideal operating conditions with one-half as oscillators in the con-
stant current system and the other half as modulators, the non -
signaling value of the current would, therefore, be 0.7 of 2A and
the maximum current would approach twice that or 1.4 of 2A or
2.8A. This indicates that at a given voltage with a given number
of vacuum tubes, the constant current system can produce in the
antenna a greater variation in antenna current than where all
are used as oscillators. In order to get the same power into the
antenna with all tubes as oscillators, it will be necessary to in-
crease the voltage on them by a factor between 1 and 1.4 or we
would have to raise the voltage nearly to 2,100 volts, and then in
order to prevent over -heating of the tubes we would have to
adjust our modulating device so that the non -signaling current
would not be 2.8A, but would be 1.4 A, the same as with the con-
stant current circuit, and we find ourselves with no advantages
but with a disadvantage of requiring a higher plate voltage.

In comparing his set with some other set, Mr. Culver ties
his comparison to the fact that the non -signaling power to the
antenna in all these cases is supposed to be 500 watts. In the
sets manufactured by the Western Electric Company to give a
non -signaling value of 500 watts, approximately 1,000 watts are
delivered to the oscillators, 450 to the modulators, and some-
thing under 200 to all of the speech amplifiers. This, of course,
includes filament currents. The oscillators deliver a steady
power of 500 watts to the antenna, but under the condition of
maximum modulation, the radio frequency power reaches a value
close to 2,000 watts. In Mr. Culver's arrangement, the 500 watts
is the maximum delivered to the antenna under any condition,
so that as a matter of fact, the two sets should be compared on
the basis of 2,000 to 500 rather than considering them equal
power sets. Instead of showing his system to be an improvement,
the total power consumption would indicate the reverse. Ac-
tually, however, the system which he describes can be adjusted
so that it would not show his system up to as great a disadvan-
tage as the preceding would lead one to believe. Under the very
best conditions, he could secure equivalent power efficiency, but
would have the disadvantage of having somewhat more distor-
tion as well as requiring a higher plate voltage if he used tubes
having the same constants.

Quoting distances over which a set or a system has been heard
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gives no reliable information regarding the efficiency of a modu-
lation system. Many people, for example, in the vicinity of
New York write that they listen regularly to Havana, Denver,
Iowa and other distant places. However, the amount of power
necessary to span such distances at broadcasting wave lengths
varies thousands of times, depending on atmospheric conditions.
In the case of amateur reception we have added the large varia-
tions in receiving conditions, receiving apparatus, and the per-
sonal equations of the listeners. The only satisfactory com-
parative test of modulation systems is successively to operate
similarly power -rated sets embodying the systems, on a real or
dummy antenna, measure the radio frequency power and the
degree of modulation of each, in which case the results should be
exactly in proportion to the product of these two factors.

This does not mean, however, that the system Mr. Culver
describes is of no use. Except for the disadvantages, which in
many cases are not very serious, it has much to commend it. It
will give quality good enough for commercial communication.
It has an "apparent" simplicity which lends itself readily to
helping sales. It does not require as much amplification of the
speech energy as other satisfactory systems. It is a practicable
system. However, I think Mr. Culver has given it too broad a
name. If he called it instead "An Improved System of Grid
Circuit Modulation in Radio Telephony," there could be no
question on that point.
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DIGESTS OF UNITED STATES PATENTS RELATING TO
RADIO TELEGRAPHY AND TELEPHONY*

ISSUED OCTOBER 30, 1923 -DECEMBER 18, 1923

BY

JOHN B. BRADY

(PATENT LAWYER, ()I'RAY BUILDING, WASHINGTON, DISTRICT OF COLUMBIA)

1,472,092-J. H. Round, filed July 9, 1921, issued October 30,
1923. Assigned to Radio Corporation of America.

RECEIVER FOR RADIO TELEGRAPHY, with a circuit for elim-
inating atmospheric disturbances, consisting of an antenna system
which is slightly out of tune with the signal waves and a rectify-
ing circuit connected with the antenna which rectifies the result-
ant current due to the forced and free oscillations in the antenna
system. A circuit is then employed which is resonant to the
beat frequency and the resulting signal is employed to actuate a
responsive device.

1,472,289-R. Bown et al, filed April 26, 1921, issued October 30,
1923. Assigned to Americin Telephone and Telegraph
Company.
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NUMBER 1,472,289-Radio-Wire Connecting Circuits
*Received by the Editor, January 12, 1924.
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RADIO -WIRE CONNECTING CIRCUITS, in which existing line
wire systems are made to function simultaneously with radio
transmission and reception systems. Link circuits are pro-
vided and so organized as to interconnect wire lines with radio
channels. It is necessary that the two -wire toll line be brought
up to the radio station and be split into a four -wire circuit before
connection with the radio transmitting and receiving channels.
There are two possible places in the circuit where the necessary
switching and operating arrangements may be introduced. These
are in the two -wire line or in the four -wire part of the circuit.

1,472,218-J. H. Hammond, Jr., filed August 5, 1919, issued
October 30, 1923.

136

J5
NUMBER 1,472,218-Transmission and Receiving System

TRANSMISSION AND RECEIVING SYSTEM, in which signals
are transmitted on a series of waves upon which are impressed
a plurality of series of periodic modifications of different fre-
quencies. A series of irregular modifications corresponding to a
message are then impressed on said waves and modifications, which
are then received with extreme selectivity.

1,472,470-R. V. L. Hartley, filed March 30, 1918, issued October
30, 1923. Assigned to Western Electric Company, Incor-
porated.

METHOD OF AND MEANS FOR PRODUCING ALTERNATING CUR-
RENTS by use of an oscillating electron tube having input and out-
put circuits inductively coupled to each other with a condenser
connecting the electrically remote terminals of the inductance to
form with the inductances a closed oscillation circuit, which circuit
determines the frequency of the oscillations produced by the
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oscillator. Another tube may be associated with the oscillator
to impose a limiting effect upon the amplitude of the oscillations
so that they will be the same during both positive and negative
portions of the cycle.

1,472,477-R. W. King, filed August 14, 1919, issued October 30,
1923. Assigned to Western Electric Company, New York.

ELECTRON DISCHARGE DEVICE, in which a supporting stand-
ard for the electrodes is located centrally in the tube. The sup-
porting standard is tubular in form and projects inwardly of the
tube. The grid, plate, and filament are substantially mounted
within the tube upon the inwardly projecting stem.

1,472,583-W. G. Cady, filed May 28, 1921, issued October 30,
1923.

METHOD OF MAINTAINING ELECTRIC CURRENTS OF CONSTANT
FREQUENCY in an electron tube generator which consists in con-
necting a piezo-electri . resonator having two pairs of coatings
with one pair connected to the output circuit and the other pair
connected to the input circuit, so as to cause an alternating cur-
rent to flow in the output circuit, the frequency of which is de-
termined by the mechanical vibrations of the piezo-electric
resonator. This resonator has been previously described in these
columns with reference to patent 1,450,246, and it consists in
general of a plate of a piezo-electric crystal with coatings on its
opposite faces.

1,472,822-H. A. Affel, filed September 24, 1919, issued Novem-
ber 6, 1923. American Telephone and Telegraph Company
of New York.

CALLING ARRANGEMENT FOR RADIO SYSTEMS, in which the
usual voice currents are impressed upon a modulator at the trans-
mitter, causing radiation of energy in accordance with speech,
and wherein an alternating ringing current may also be impressed
upon the modulator for radiation by the antenna to operate a
ringing signal at the distant receiver.

1,472,987-P. B. Murphy, filed August 28, 1920, issued Novem-
ber 6, 1923. Assigned to Western Electric Company, Incor-
porated.

SIGNALING SYSTEM for transmitting a ringing current from
a radio transmitting station to a distant radio receiver and
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causing a bell signal to be operated at the receiver. A carrier
wave transmission system is provided at its transmitting station
with means to cut off the local talking circuit from the outgoing
carrier wave channel and to connect in its stead to the ourgoing
channel a source for alternately applying two alternating cur-
rents of different frequencies in a regular sequence. These alter-
nately applied currents are caused to modulate the outgoing
carrier wave in the same manner that it is modulated by
special currents when carrier wave telephony is in progress.
At the receiving station, the modulated carrier wave is detected
or demodulated by the same apparatus used for detection of
speech modulated waves and the detected alternate frequency
currents are caused to energize selective circuits to control the
operation of a differentially acting relay, which in turn operates
the local signal element or applies the ringing signal to the re-
ceiving circuits as the case may be. By making the receiving
apparatus responsive only to the conjoint action of the prede-
termined frequencies applied in a predetermined manner, the
possibility of false signals being received is remote.

1,473,070-S. T. Woodhull and G. T. Waller, filed September
15, 1919, issued November 6, 1923. American Radio and
Research Corporation.

GAP for radio transmitters of the spark type. The patent
covers construction of quenched spark gap which consists in a
series of thin metal plates of uniform thickness each having a
centrally disposed sparking area and an annular recess surround-
ing the area. Separate lengths of conducting and non -conduct-
ing material are provided which engage the front and back faces
of the plates, respectively. An insulated gasket is provided
between the plates forming a substantially air -tight sparking
chamber.

1,473,179-R. A. Fessenden, filed November 10, 1920, issued
November 6, 1923. Assigned to Submarine Signal Company,
Portland, Maine.

METHOD FOR ELIMINATING UNDESIRED IMPULSES at a receiv-
ing station, which consists in providing several channels in the
antenna circuit for receiving the disturbing noises more effectively
than the signals on one portion of the receiving system, recording
the indications as received, and receiving said disturbing noises
and desired signals in a more equally effective manner on another
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portion of said receiving system, and recording the indications
so received, and detecting and eliminating the disturbing effects
by comparison of said records.

1,473,220-H. F. Elliott, filed August 23, 1921, issued November
6, 1923. Assigned to Augustus Taylor, San Francisco,
California.

a 1.

1.9

NUMBER 1,473,220-Radio Telegraphy Signaling System

RADIO TELEGRAPHY SIGNALING SYSTEM utilizing an arc at a
radio transmitting station. The arc transmitter is provided with
the usual oscillatory radiating circuit. An oscillatory non -radi-
ating circuit is connected with the source of oscillations. A loop
circuit is inductively coupled to one or both of the oscillatory
circuits and a plurality of reactors, connected in series, are pro-
vided in each loop circuit. Shunting keys are arranged simultane-
ously to short-circuit each of the reactors for oppositely varying
the impedances of the loop circuits, thus enabling the non -radi-
ating circuit to absorb energy during the intervals between which
the radiating circuits are transmitting energy.

1,473,417-F. G. Beetem, filed June 16, 1920, issued November
6, 1923.

RADIO RECEIVING APPARATUS, in which the filament current
for the electron tubes in the receiver is maintained constant by
a circuit connection which includes a resistor of high positive
temperature coefficient connected between the source of energy
and the filament circuit. A resistor is also connected in parallel
with the filament to divert a portion of the current whereby the
current in the filament is maintained constant at a different value
from that of the current from the source.
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1,473,433-A. W. Kishpaugh, filed May 3, 1921, issued Novem-
ber 6, 1923, Assogned to Western Electric Company, Incor-
porated.

NUMBER 1,473,433-Carrier Wave Transmission System

CARRIER WAVE TRANSMISSION SYSTEM, in which the radio
apparatus is located at a central station and arranged to be con-
trolled from a switchboard which may be located at a distance.
The generators which supply filament heating current and space
current for the transmitting tube are controlled from the switch-
board. An indicator is provided for showing the presence of the
proper frequency in the transmitting antenna and for giving an
alarm when the current varies or the frequency changes mate-
rially. Provision is also made for preventing injury in the trans-
mitter circuits from excessive space current before the cathodes
have become fully energized.

1,473,719-R. R. Beal, filed February 19, 1920, issued Novem-
ber 13, 1923. Assigned to Augustus Taylor of San Fran-
cisco, California.

RADIO TELEGRAPHY by means of an arc transmitter. This
patent shows a circuit for an arc transmitter in which the con-
tinuous signaling waves are converted into wave trains or wave
groups at the transmitter so that signals so transmitted are
readily received and identified by all receiving stations. The
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signaling is accomplished by varying the core losses n a mag-
netic core having a winding associated therewith and connected
in the antenna circuit. An audio frequency flux is impressed
on the core from a keying circuit reducing the hysteresis and the
effective resistance of the antenna circuit, thus increasing the
antenna current to signaling value. Normally the losses effec-
tively increase the resistance of the antenna circuit to such a
value that current therein is reduced below signaling value.

1,473,921-J. Bethenod, filed May 6, 1922, issued November 13'
1923.

HIGH FREQUENCY SIGNALING SYSTEM utilizing high frequency
generators such as alternators for the transmission of signals.
A synchronizing connection is provided, enabling a plurality of
high frequency generators to be operated in parallel. The syn-
chronizing connection consists of a pair of impedances in series
shunted by a condenser and an inductance in series. The radi-
ating system is connected to the junction point of the impedances.

Reissue 15,722-R. A. Heising, filed December 27, 1918, issued
November 13, 1923. Assigned to Western Electric Com-
pany, Incorporated.

SYSTEM FOR PRODUCING MODULATED WAVES in an arc trans-
mitter. An electron tube circuit is provided in association with
an arc oscillator. An auxiliary arc oscillating circuit is also pro-
vided which has a period,which tends to vary as the signal wave
varies operating to control the main arc discharge for transmis-
sion of signals.

1,474,242-C. A. Culver, filed October 23, 1919, issued Novem-
ber 13, 1923.

La

NUMBER 1,474,242-Acoustic Receiving Apparatus
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ACOUSTIC RECEIVING APPARATUS, which consists in an elec-
tromagnet monotone system having an electromagnetically vi-
brated reed supported at one end in order to be fully responsive
to vibrations of a single frequency. An electromagnet is mounted
in a position to vibrate the reed from one side of the reed. A
resonance chamber is located in a position on the other side of
the reed and serves to amplify the intensity of sounds produced
by the reed. The resonance chamber may be changed in period
in order accurately to approach the period of the reed. Signals
may be received by means of a listening tube connected with the
resonance chamber.

1,474,293-F. Reynolds, filed November 10, 1921, issued Novem-
ber 13, 1923. Assigned one-half to the Silica Syndicate,
Ltd., of London, England.

THERMIONIC VALVE, in which provision is made for the expan-
sion and contraction of the electrodes under conditions of tem-
perature change. The electrodes within the tube are telescopi-
cally supported in members which are secured to the tube. An
arrangement of springs within the telescopic members is pro-
vided whereby the electrodes are free to expand or contract as
the temperature within the tube may vary.

1,474,382-H. J. Round, filed March 31, 1920, issued November
20, 1923. Assigned to Radio Corporation of America.

APPARATUS FOR RADIO TELEGRAPHY AND TELEPHONY at the
receiving station in which a coupled primary and secondary
circuit is employed and a slotted metallic sheath positioned to
surround the secondary winding. The metal sheath is connected
with the filament circuit of the receiver. The metal sheath
operates to eliminate the effect of short forced waves upon
receiver.

1,474,486-B. MacPherson, filed June 3, 1919, issued November
20, 1923. Assigned to Wireless Specialty Apparatus Com-
pany.

ELECTRICAL CONDENSER of the stacked plate and sheet type,
The stack is divided into sections, the sections being in series
for high potential service. The invention resides in connecting
the sections together by providing a metal sheet between ad-
jacent sections, the sheets being connected at one end with the
terminal of one section and at the opposite end with the terminal
of the next succeeding section.
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1,474,726-A. Meissner, filed August 8, 1922, issued November
20, 1923. Assigned to Gessellschaft, fur Drahtlose Tele-
graphic m. b. h. of Berlin, Germany.

ROW

NUMBER 1,474,726-Method of and Arrangement for
Receiving Electrical Cseillations

METHOD OF AND ARRANGEMENT FOR RECEIVING ELECTRICAL
OSCILLATIONS at a radio station, wherein the number of channels
of communication simultaneously operable side by side may be
quadrupled over the number of channels available with the usual
heterodyne reception. In the present system the signals are
received and then increased in frequency, before the heterodyne,
and a beat frequency derived from the combination of the in-
creased frequency and a local generator which is detected for
observing the signals. The channels are separated by differen-
tially increasing and thereby separating the frequency of the
signals in the receiving station.

1,475,164-W. R. G. Baker, filed June 9, 1922, issued November
27, 1923. Assigned to General Electric Company.

risk I.

N I'MBER 1,475,164-Signal Transmitting System
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SIGNAL TRANSMITTING SYSTEM, utilizing vacuum tubes for
the generation of radio frequency currents in which an electron
current is controlled by a magnetic field. The oscillatory cir-
cuit is connected with the electrodes of a magnetron, and a wind-
ing is provided surrounding the magnetron for producing a
polarizing magnetic field. A third winding is provided surround-
ing the magnetron for producing a magnetizing field of sufficient
value to interrupt the production of oscillations in accordance
with telegraphic signals.

1,475,219-R. Bown, filed November 1, 1920, issued November
27, 1923. Assigned to American Telephone and Telegraph
Company.

RADIO SIGNALING SYSTEM, arranged for multiplex operation
with a plurality of transmission channels under centralized con-
trol and arranged to operate in co-operation with a corresponding
number of secondary radio stations without interference. The
transmitting frequency of a secondary station is controlled by
transmitting from the primary station a modulated wave of fixed
frequency. The received modulated wave is beaten at the second-
ary station with the unmodulated transmitted wave of the sec-
ondary station. The frequency of the unmodulated transmitted
wave is adjusted until the difference in frequency between the
received modulated wave and the unmodulated transmitted wave
is of such modulation as to pass thru a selective circuit associated
with the receiving circuit of the secondary station. In this man-
ner interference between stations is prevented.

1,475,297-R. B. Goldschmidt, filed June 25, 1920, issued Novem-
ber 27, 1923.

RADIO SELECTION SYSTEM, which employs at the trans-
initting station a regulator which insures a uniform succession
of trains of transmitted waves, and at the receiving station a
regulator which causes the receiver to come into operation only
during the time of transmission of such trains. The system is
intended to eliminate interference from extraneous signals.

1,475,448-Harold Rowntree, filed May 16, 1921, issued Novem-
ber 27, 1923.

ELECTRICAL TRANSMISSION OF COMMUNICATIONS, consisting
of a method in which a plurality of characteristics of a transmitted
carrier current are continuously altered in a predetermined
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sequence of nature, type or degree of alteration. The carrier cur-
rent is simultaneously modulated in accordance with the signal
to be transmitted. The object of the invention is to secure greater
selectivity for providing more channels of communication.

1,475,583-C. A. Hoxie, filed May 20, 1921, issued November 27,
1923. Assigned to General Electric Company.

VARIABLE CURRENT GENERATOR, wherein the amount of cur-
rent or voltage produced at any instant is controlled by a screen
placed in the path of light travelling from a suitable source to a
photo -electric cell. This screen is provided with specially formed
cut -away or transparent portions and is arranged to be moved
so that the light which passes thru these portions and falls upon
the photo -electric cell is caused to vary in a manner correspond-
ing to the variation which it is desired to produce in the current
or voltage. The photo -electric cell is connected to control an
electron tube circuit.

1,475,632-H. B. Herty, filed February 10. 1922, issued Novem-
ber 27, 1923.

PROTECTIVE DEVICE FOR RADIO RECEIVING SYSTEMS, in which
a thermal device is connected in the antenna system to control
a relay circuit which operates on excess current for short-circuit-
ing the element which couples the receiver to the antenna, there-
by avoiding injury which might result to the receiver in case of
excess energy in the antenna circuit.

1,476,003-De Loss K. Martin, filed August 18, 1922, issued
December 4, 1923. Assigned to American Telephone and
Telegraph Company.

RADIO SIGNALING CALL SYSTEM, in which any one of a num-
ber of remote stations may be called from a central radio station.
The system includes a plurality of stations arranged for inter-
communication, with calling means for establishing channels
between one station and any other which comprises a given com-
bination of voice frequencies on a plurality of different carrier
frequencies.

1,476,156-H. P. Donle, filed April 7, 1921, issued December 4,
1923. Assigned to Connecticut Telephone and Electric
Company, Incorporated.

RADIO FREQUENCY DEVICE which consists of a vacuum tube
containing only a cathode within the evacuated space. The anode
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is placed in intimate contact with the outer surface of the tube
and connected with the cathode. An adjustable magnetizing
coil is provided which surrounds the anode outside of the tube.

NUMBER 1,476,156 -RADIO FREQUENCY DEVICE

1,475,027-E. F. Randall, filed June 7, 1923, issued November
20, 1923. Assigned to American Radio and Research Cor-
poration.

DETECTOR FOR RADIO SIGNALS of the crystal type in which
the connecting member held in contact with the rectifying crystal
is maintained in position by a permanent magnet. The conduct-
ing contact member may be moved in different positions and held
in such position by the magnetic attraction between the contact
member and the.permanent magnet.

1,476,691-L. Cohen and J. 0. Mauborgne, filed January 26,
1921, issued December 11, 1923.

N HER 1,476,691 -ELECTRICAL SIGNALING
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ELECTRICAL SIGNALING. in which a "wave coil" is employed
for eliminating static disturbances at the receiver. The receiving
circuit may include an antenna tuned by a series condenser, a
loop circuit, and a ground connection, constituting the antenna
circuit. The wave coil is connected to a point on the antenna
circuit with the receiving apparatus associated with the wave
coil. The operation is as follows: The antenna circuit 1, 2, 3,
4, and 5, is tuned to the frequency of the signal which it is desired
receive and if the capacity of the condenser 2 is small the induc-
rance 4 large, the resonance potential across the condenser 2 may
be made relatively very large, that is, many times the voltage
induced in the antenna by the electromagnetic waves of the
signal. Connecting the wave coil 6 to the point 3 on the antenna
circuit, a high potential is impressed on the wave coil and part
of the signal energy is transmitted over the wave coil effecting
a wave development on the coil. Since the signal energy is trans-
mitted at a high potential, the current in the wave coil is cor-
respondingly small and the efficiency of transmission is accord-
ingly large, comparatively little energy is lost in the transmis-
sion. By suitably adjusting the length of the coil in relation to
wave length of the signals, one or more maximum potential
points will occur on the coil. While good results may be obtained
if the length of the wave coil is less than one -quarter of the wave
length, it is preferable to have the coil of sufficient length to
secure the development- of at least a quarter wave length. By
connecting the detector 8 to a maximum potential point on the
wave coil, which is accomplished by sliding the ring 7 along the
coil, a further increase in the receiving efficiency of the system
is thus obtained. In using a three -electrode vacuum tube de-
tector, the grid 9 is connected to the ring. When any other
electrical disturbances act on the antenna, such as interfering
signals or electrostatic disturbances, the effect on the detector
is small, for the reason that the antenna circuit is not in reson-
ance for the interference effects and hence the potential across
the condenser 2 produced by these effects is relatively small.
The effect is more in the nature of a rush of current flow thru the
antenna circuit, part of which will necessarily be transmitted over
the wave coil, but because of the large resistance of the wave
coil the energy is quickly dissipated and the disturbance is very
largely attenuated before it reaches the part of the wave coil
which is connected to the detector, and therefore the effect on
the detector is small.

1,477,316-F. Conrad, filed July 11, 1922, issued December 11,
1923. Assigned to Westinghouse Electric and Manufactur-
ing Company.
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Fit I.

From Amplirse,

NUMBER 1,477,316-RADIO MODULATING SYSTEM

RADIO MODULATION SYSTEM, in which a meter is provided for
registering the alternating current component of the modulated
current supplied to the oscillator tube at the transmitter. The
meter is calibrated to indicate directly the ratio of the effective
alternating current component to 0.7 times the steady direct
current component. A current transformer is connected in cir-
cuit with the oscillator and may operate an oscillograph or meter
to indicate the ratio of the actual modulated current to the mini-
mum modulated current possible without undesirable distortion.
The apparatus is described in connection with a broadcasting
station where the characteristics of the transmitter are always
observable by the operator in charge of the station controls.

1,476,721-D. Loss K. Martin, filed November 23, 1921, issued
December 11, 1923. Assigned to American Telephone and
Telegraph Company.

(45
-111 8

NUMBER 1,476,721-FREQUENCY CONTROL SYSTEM
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FREQUENCY CONTROL SYSTEM for producing synchronism be-
tween a locally generated frequency and a. controlling frequency
transmitted from a distant point, which consist in adjusting an
oscillator so that it will normally produce a frequency in the
neighborhood of the controlling frequency, transmitting the con-
trolling frequency thru a one-way device, and in impressing the
controlling frequency thus passed upon the oscillator whereby
the oscillator will oscillate in synchronism with the controlling
frequency.

1,477,314-E. F. W. Alexanderson, filed June 24, 1921, issued
December 11, 1923. Assigned to General Electric Com-
pany of New York.

RADIO RECEIVING SYSTEM having a circuit arrangement for
preventing interference by signals from an undesired transmitting
station. A multiple tuned circuit is connected to the antenna
which is resonant to the frequency of the disturbing effect to be
eliminated. A series tuned circuit is also connected to the antenna
and it is also resonant to the frequency of the disturbing effect
to be eliminated. The electromotive forces derived from both
of the resonant circuits are impressed upon the same receiving
circuit. By properly proportioning the circuits the voltage drops
produced across these circuits by the desired signal may be made
to be substantially opposite in phase, so that they will add in the
receiving circuit. The magnitude of the voltage drop across the
multiple tuned circuit will also be less than the voltage drop
across the series tuned circuit. The signal which has a fre-
quency only slightly different from that of the interfering wave
may be received with practically full intensity at the same time
that interfering wave is neutralized.

1,477,645-R. E. Hall, filed August 13, 1919, issued December
18, 1923. Assigned to Hall Research Corporation of Dela-
ware.

SIGNAL RECEIVING SYSTEM AND METHOD, in which a plurality
of independent receiving stations located at separate points are
all tuned to the same transmitting station. The separate relays
operate to synchronously respond to the received signal and
operate a central recorder connected in a relay circuit with all
of the receivers. Static disturbances which are local to one of the
stations may not exist at one of the other stations. Such dis-
turbances being unsynchronized will not affect the central re-
corder, while a desired signaling frequency will synchronously
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operate the several receivers and thereby control and operate
the central recorder.

ei,e;Y3.

STATION C (C r n/RAL STA,ON)

NUMBER 1,477,645 -SIGNALING RECEIVING SYSTEM AND METHOD

1,477,826-R. J. Heitzman, filed June 29, 1922, issued December
18, 1923.

DETECTOR STAND of the crystal type in which a lever is
pivoted upon a vertical standard and one end of the lever ad-
justed up and down by rotation of a cam against the action of a
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spring. A contact wire is attached to the opposite end of the
lever and is capable of variable adjustment against the rectifying
crystal.

1,477,868-H. P. Donle, filed May 9, 1919, issued December 18,
1923. Assigned to Connecticut Telephone and Electric
Company.

METHOD AND APPARATUS FOR INCREASING ELECTRONIC
EMISSION from an electrode within the glass bulb of a thermionic
valve which consists in extracting a metallic element from the ma-
terial of the glass bulb and depositing the same upon the cathode.
The patent states that with this arrangement the electronic emis-
sivity is greatly increased.

1,477,869-H P. Donle, filed February 3, 1923, issued Decem-
ber 18, 1923. Assigned to Connecticut Telephone and Elec-
tric Company, Incorporated.

ELECTRONIC EMISSION secured in increased proportions by
attracting to the cathode of the tube electrically charged par-
ticles of sodium. The object of the invention is to provide
metallic ions within the tube and thus, in addition to furni-Iiiug
a basis for ionization effects, increase the electron emission o the
cathode for a given temperature.

1,477,899-C. W. Rice, filed July 27, 1921, issued December 18,
1923. Assigned to General Electric Company.

HIGH FREQUENCY SIGNALING SYSTEM, in which the stray or
static ratio is materially improved at the receiver. A circuit is
provided at the receiver which includes an artificial transmission
line having an effective length equal to a plurality of wave lengths
of the signals to be received. The received signals are impressed
on this transmission line and then the signaling currents derived
from more than two points in the transmission line impressed
upon the receiving apparatus.

1,478,029-Lee de Forest, filed July 2, 1920, issued December
18, 1923.

RADIO RECEIVING SYSTEM for receiving undamped wave
trains in the form of a musical note without the intermediary of
a tikker, tone wheel, or mechanical interrupter of any kind, and
further, without using the principle of heterodyne or beat note
reception. The patent describes a circuit in which the received
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radio frequency current is utilized to interrupt itself, thereby to
produce current impulses of audio frequency.

1,478,047-J. Mills, filed December 22, 1920, issued December
18, 1923. Assigned to Western Electric Company, Incor-
porated.

RADIO RECEIVING SYSTEM for avoiding interference due to
static or other atmoshperic conditions. A plurality of sets of
incoming waves are separately received at different stations and
caused to modulate separate carrier waves which are transmitted
to the same receiving station, where they are combined to secure
the signal with suppression of interference.

1,478,050-E. L. Nelson, filed April 26, 1922, issued December
18, 1923. Assigned to Western Electric Company, Incor-
porated.

MODULATION CIRCUITS AND MEASUREMENTS, in which a de-
vice is employed at the radio transmitter which has an indi-
cator moving over a calibrated scale. This device is responsive
to current intensities and is included in the modulation circuit
to indicate the degree of modulation. The patent points out
that this measuring device is to be preferred over the oscillo-
graph for studying output at the broadcasting station.

1,478,072-H. J. Van Der Bijl, filed March 20, 1918, issued
December 18, 1923. Assigned to Western Electric Com-
pany, Incorporated.

VACUUM TUBE construction in which the grid and plate
are mechanically reinforced against distortion from their orig-
inal shape by means of ridges on the plate and grid. These
reinforcing means serve to always maintain the electrodes in
the same spaced relation and at the same time they offer
substantially no obstruction to the passage of electrons.

1,478,076-H. W. Weinhart, filed August 7, 1919, issued De-
cember 18, 1923. Assigned to Western Electric Company,
Incorporated.

ELECTRON DISCHARGE DEVICE, in which an inwardly pro-
jecting portion is provided within the tube upon which the
electrodes are supported by means of bands which are inde-
pendently clamped to the inwardly projecting portion.

1,478,087-W. Wilson, filed November 21, 1919, issued De-
cember 18, 1923. Assigned to Western Electric Company,
Incorporated.
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VACUUM TUBE construction, in which the cathode is formed
by a plurality of intertwined twisted ribbons of thermionically
active material. The object of the invention is to provide a
cathode which has the property of large electron emissivity
at a minimum temperature.

1,478,342-R. C. Lewis, filed January 31, 1921, issued Decem-
ber 18, 1923. Assigned to Coto -Coil Company of Boston,
Massachusetts.

ELECTRICAL AIR CONDENSER of the variable type in which
the plates are supported in a single unitary mounting, con-
sisting of a spider -member having an extended bearing hub at
the center and three arms extending therefrom. The station-
ary plates are supported from the extremities of the arms and
the movable plates are journalled in the bearing at the center
of the spider.

LIST OF RADIO TRADE MARKS PUBLISHED BY PATENT OFFICE
PRIOR TO REGISTRATION

(The numbers given are serial numbers of pending applications)

185,394-"BADIODYNE" in ornamental design for radio re-
ceiving sets. Western Coil and Electrical Co., Racine,
Wisconsin. Claims use since August 19, 1923. Published
November 13, 1923.

185,822-"GIANT" for crystal detectors. Foote Mineral Co.,
Philadelphia, Pennsylvania. Claims use since May 11,
1923. Published November 13, 1923.

185,823-"VARIO-TENSER" in ornamental design for cat
whisker for detector. Foote Mineral Co., Philadelphia,
Pennsylvania. Claims use since May 11, 1923. Pub-
lished November 13, 1923.

184,252-"MARLE" in ornamental design for transformers.
Marie Engineering Co., Orange, New Jersey. Claims use
since May 19, 1922. Published November 13, 1923.

184,330-"MICRO-TuNE" for variable condensers. The Fett
and Kimmel Co., Bluffton, Ohio. Claims use since May
14, 1923. Published November 13, 1923.

176,781-"RADIO ARGENTITE," a crystalline compound for
detectors. J. Byrne Curry, doing business as Curry and
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Coutellier, Los Angeles, California. Claims use since
July 1, 1922. Published November 27, 1923. (Not sub-
ject to opposition.)

165,987-"DICTOGRAPH RADIO" in ornamental design for tele-
phonic headsets. Dictograph Products Corporation, New
York, New York. Claims use since May 1, 1922. Pub-
lished November 27, 1923.

185,665-"MuRAD" for radio receiving apparatus. Mu-Rad
Laboratories, Inc., Asbury Park, New Jersey. Claims
use since November 20, 1921. Published November 27,
1923.

186,856-"R. C. Co." for electrical condensers. Radio Con-
denser Company, Camden, New Jersey. Claims use since
February 1, 1923. Published November 27, 1923.

187,109-"L-ANco" in ornamental design for vario-couplers.
Lanco Coupler Co., Lancaster, Pennsylvania. Claims use
since October 15, 1923. Published November 27, 1923.

186,974-"BRADLEYLEAK" for grid leaks. Allen-Bradley Com-
pany, Milwaukee, Wisconsin. Claims use since September
1, 1923. Published November 27, 1923.

179,912-"FooTE" for radio crystals. Foote Mineral Co.,
Philadelphia, Pennsylvania. Claims use since May 1,
1922. Published November 27, 1923. (Not subject to
opposition.)

168,936-"THE NORTH AMERICAN RADIO & SUPPLY CORPOR-
ATION" in ornamental design for Radio apparatus. The
North American Radio and Supply Co., New York,
Claims use since June 21, 1922. Published December 18.
1923.

181,519-"EEEo" in ornamental design for radio phonograph
apparatus. The Ekko Company, Chicago, Illinois. Claims
use since July 1, 1922. Published December 18, 1923.

183,040-Triangular design for dry batteries. National Car-
bon Company, New York. Clains use since June 1, 1923.
Published December 18, 1923.

184,108-"BAsue in ornamental design for apparatus for
adapting commercial alternating current for use in radio
receiving circuits as a substitute for a storage battery.
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Simplex Electrical Laboratories, New York and Brooklyn.
Claims use since on or about July 1, 1923. Published
December 18, 1923.

185,358-"CELERUNDUM-THE CRYSTAL WITH A SOUL" for
radio detectors. The Ferris Radio Research Laboratory,
Boston, Massachusetts. Claims use since July 1, 1923.

Published December 18, 1923.

186,024-"EVEREADY-THREE" for dry batteries. National
Carbon Company, Inc., New York, New Qork. Claims
use since June 1, 1923. Published December 18, 1923.

177,606-"TRUTONE" in ornamental design for radio loud -
speaking horns. Claims use since July 5, 1922. Published
December 18, 1923. Sadler Mfg. Co., San Francisco,
California. (This mark is nor subject to opposition.)
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Not claims
but proven facts -

Under test, Radion Panels show the
lowest phase angle difference, the low-
est di -electric constant and the highest
resistivity.

Radion Panels are absolutely im-
pervious to moisture, gases and most
acids. And this is true for both sides
of the panel.

No other panel is as easy to work.
Radion Panels do not chip under the
saw or drill.

The beauty of Mahoganite Radion
Panels cannot be surpassed, while the
soft sheen of the black panels is equally
attractive.

Dials, V. T. Sockets. Condenser ends,
Insulators, and Knobs are also made
of Radion.

It will pay you to test Radion for
yourself. Any co-operation which we
can give in such a test will be furnished
gladly.

American Hard Rubber Co.
11 Mercer Street New York

RADION
Panels, Dials, Knobs, Sockets



Concerning BURGESS BATTERIES
The unique position of esteem and confidence occupied by Burgess

Radio Batteries is a natural development of the conservative policy
which has characterized the manufacture, advertising and sale of
Burgess products.

It will be of interest to the thinking battery buyer to know that a
Burgess product is neither advertised nor sold until its merit has been

proven, not only by our own rigid tests, but also those
I.. of the foremost radio engineers, manufacturers and ex -

1 .1111111111111

I : r
_- , -

perimenters in the country.
Through friendly criticism and suggestions, together

4-.16.--;a with extensive research and engineering
by the C. F. Burgess Laboratories the
efficiency of Burgess Batteries has in-
creased to a degree which we believe is
not equalled elsewhere.BATTER

"ASK ANY RADIO ENGINEER"

BURGESS BATTERY COMPANY
ENGINEERS - DRY BATTERIES - MANUFACTURERS
FLASHLIGHT . RADIO - IGNITION TELEPHONE
GENERAL SALES OFFICE: HARRIS TRUST BLDG.. CHICAGO

LABORATORIES AND WORKS: MADISON. WISCONSIN
BRANCHES

1..* TURK BOSTON KANSAS CITE MINWEAPOLIE

PAY,IINGT011 PITTSBURGH SI. LOUIS NEW ORLEANS

IN CANADA
PLANTS NIAGARA FALLS AND WINNIPEG
R/ARCHES tU.Ouri OAtetAL SE. AMA

JI-1
LIGHTNING ARRESTER

For 17 Years a Lead-
er in the Field of
Protective Apparatus

L. S. BRACH MFG. CO. NEWARK, N. J.

MAGNET WIRE & WINDINGS

* FOR RADIO
WRITE TODAY FOR PRICES AND SAMPLES

DUDLO MANUFACTURING CO., FORT WAYNE, IND.
Pacific Coast Representative

A. S. Lindstrom, 111 New Montgomery St., San Francisco, Cal.



The men who developed
radio used the Navy Type
headset for their delicate
experiments.
Its fine construction,
matched tone and shielded
cord caused them to sin-
gle it out as the one head-
set for truly accurate
work.

The shielded cord - an
exclusive feature-elim-
inates "cord capacity
howls." The leads are
encased in a metal braid
that is continued to a
third terminal-grounding
all metal parts of the
receivers and assuring
purest tone.

cillatch,017-one
Radio Headsets

c. Itrande,, Inc., 1924
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Murdock
Radio Headphones

STANDARD SINCE 1904

Announcing New Prices

2000 OHM SETS . . . $4.00

3000 OHM SETS . . . 4.50

Better Made Now
Than Ever

WM. J. MURDOCK CO.
WASHINGTON AVENUE

CHELSEA, MASS.
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ICE -BOUND BUT NOT ISOLATED
It can't be done, you say? We didn't think it could either. But
listen. It's a long distance from the Arctic Circle to Minot, North
Dakota. We really never thought of the two places before in
connection with one another until Mr. L. H. Weeks, of the Radio
Equipment Corporation, and Ace Type V and 313 receivers brought
them together.

As you know, the MacMillan Expedition station \VNP is at
present frozen in somewhere near the North Pole. We're all trying
to pick up their nightly messages. Once in a while we succeed. But
to the little Ace Type V and Ace Type 3B, operated by Mr. Weeks,
9 DKB, goes the distinction of being the only consistent relay
point of WNP.
Here's what Mr. Weeks
says:
Nov. 21, 1923.
"The little Ace Type
3B isn't so bad for
selectivity, cutting out a
ten watter, radiating 3
amps, and bringing in
the louder B. C. Sta-
tions. Hung up a little
record with one last
night. Heard WNP
and using
50 watts and the 3 B. Ili."
Dec. 11, 1923.
"Worked WNP the other
morning and took 1,500 words
NANA for him. Took a
message from him the morning
before that was destined for
Sommerville."
This is the first NANA mes-

sage from \\ P sent direct
to the U. S. It took an hour, and
the Ace Type 3B. on which it
was received, brought it in QSA
without a miss.
Dec. 19, 1923.
"Took twelve messages from
MacMillan two hours, using Ace
Type Five."

Now do you believe us? If not we can give you plenty more evi-
dence.

But maybe this isn't news to you. Perhaps you have had success in
bringing in WNP. If not, keep on trying. Your Ace Model V or
Ace 3B might not bring them in the first time you try, but if they
can do it in Minot, N. D., they can probably do it for you.

THE CROSLEY RADIO CORPORATION
Powel Crosley, Jr., President

Formerly
The Precision Equipment Company and Crosley Manufacturing Company

261 Alfred Street, Cincinnati, Ohio
The Largest Manufacturer of Radio Receivers in the World
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

NIONTAGUE FERRY

38 So. Dearborn St., Chicago

Radio Apparatus
Design

Electrical Testing
Laboratories

Electrical, Photometrical,
Chemical and Mechanical

Laboratories

RADIO DEPARTMENT
80th Street and East End Ave.

New York, N. Y.

ARISTOS

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

Your Card here will be seen
by over 2.500 Institute of
Radio Engineers members.

Rate: Per single issue .... $ 5.00
Rate: Per year (six issues) 25.00

"COPPERYIELD"WIRE
(Made by the Molten Welding Process,

2522525225

ADOPTED AND USED BY THE LARGEST
RADIO COMPANIES IN THE WORLD

For aerials, Copperweld has advantages over
solid copper or bronze

Radio frequency currents, because of "skin effect," flow along the exterior
of wires. The smooth exterior thickness of copper on Copperweld Wire gives it
practically the same high electrical conductivity as a solid copper wire (see Let-
ter Circular No. 62, U. S. Bureau of Standards).

Greater strength is given by its steel core. No. 14 Copperweld Antenna
Wire has 50% greater strength than No. 14 hard -drawn copper or 7 -No. 22
stranded copper wires. It stays up under severe loads when copper and stranded
copper wires sag and break.

For ANTENNA, No. 14 Bare Copperweld Antenna Wire
For LEAD-IN, No. 17 Rubber Insulated Copperweld Wire
For GROUND Wire, same as Lead -In Wire
For GROUNDING to earth, Copperweld Ground Rods, 15" diam.

Larger sizes for commercial stations

Copper Clad Steel Company
New York San Francisco Chicago

Mills and Main Office, Braddock P. 0., Rankin, Pa.
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THE DeForest name
has been in the fore-

front of radio research
for twenty-three years.
DeForest invented the
three -electrode vacuum
tube which makes
present-day radio pos-
sible. The sets and
parts made to -day by
the DeForest Company
are worthy of the
DeForest name.

Reg. U. S. Pat. Off.
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r
7In an easy chair
al home MAGNAVOX
gives you the mdodg
of concert and opera

A AVOX
nal°

:Apra/unix and J1 us

MAGNAVOX instruments are never
subject to those interferences

which, at critical moments, are so apt to
mar the performance of ordinary radio
reproducers.

To measure the successwhich Magnavox en-
gineers have a..complished in the design and
manufacture of Magnavox products, remember
that they have been sold in far larger quanti-
ties than any other radio units in the world.

Magnavox Reproducer
R2 with 18 -inch curvex horn - $60.00
R3 with 14 -inch curvex horn . $35.00
MI with 14 -inch curvex horn. Re-

quires no battery for the field. $35.00
Magnavox Combination Sets

Al-Rconsistingofelectro-dynamic
Reproducer with 14 -in. curvex
horn and 1 stage of amplification $59.00

A2-Rsame as A l -R but with 2stages
of amplification . . . $85.00

Magnavox Power Amplifiers
Al -1 -stage . . . . . $27.50
AC -2 -C -2 -stage . . . . $55.00
AC -3 -C -3 -stage . . . . $75.00

THE MAGNAVOX CO.,
OAKLAND, CALIFORNIA

New York Office: 370 SEVENTH AVE.
PerkinsElectricLimited.Toronto,Montreal,Winnipea

2R Canadian Distributors
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At;

(77-.or every
Yieceking Set

there is a
MAGNAVOX



EVEREADY
Radio Batteries

-they last longer

EVEREADY "B" BATTERY
No. 766

In the new metal case

Thirty years of Dry Cell experience and a large
research organization are back of EVEREADY
Radio Batteries.
There is an EVEREADY
radio need.
Dry Cell "A" Batteries-
Storage "A" Batte:ies-
"B" Batteries for all sets-from the smallest
portable to the largest permanent installation.
"C" Batteries for improving quali:y of recep-
tion and increasing "B" Battery life.

Battery

Manufactured and Guaranteed by

every

National Carbon Company
New York-San Francisco

Headquarters for Radio Battery Information
CANADIAN NATIONAL CARBON CO., Limited.

Factory and C' feces: Toronto, Ontario



If the soldering tabs arc not needed, simply
swing them out of the way, as here shown

Micadon Type 601
now has swinging soldering tabs

The new swinging soldering tabs with which the Du-
bilier Micadon is now provided, facilitate mounting.

The hot soldering iron need not touch the Micadon di-
rectly. Hence the capacity is not affected by heat.

If Dubilier Micadons are to be mounted with screws,
simply swing the soldering tabs out of the way and use the
eyelets.

Dubilier Micadons are incorporated in the
leading manufactured sets because of their
permanent capacity.

Dubilier Condenser & Radio Corporation
42 West Fourth St. New York

BLANCHARD PRFSS, INC., N.Y




