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THE AVALON-LOS ANGELES RADIO TOLL CIRCUIT*

By
LEwis M. CLEMENT AND Francis M. Ryan

(RESEARCH LABORATORY OF THE AMERICAN TELEPHONE AND TELEGRAPH
CoMPANY AND THE WESTERN ELECTRIC COMPANY, INCORPORATED)

AND

DE Loss K. MARTIN

(AMERICAN TELEPHONE AND TELEGRAPH (COMPANY)

Since last summer it has been possible for subscribers served
by the Bell Telephone System to call any subscriber at Avalon,
Santa Catalina Island, by telephone. This connection makes
use of the Avalon-Los Angeles toll circuit with its radio link
between Long Beach, on the mainland and Pebbly Beach, Santa
Catalina Island, California.

The purpose of this paper is to describe the system employed
and the apparatus which makes up the radio link, its installation
and some of the features of operation and maintenance. Before
discussing the apparatus itself, it may be well to say a word about
the location of the circuit, the need for telephone service and the
preliminary arrangements.

The Island terminal is located in the city of Avalon on Santa
Catalina Island, approximately 30 miles (48 km.) off the coast
of Southern California (See Figure 1). The population of the
Island is concentrated at Avalon, altho there are a few people
at Middle Ranch and others at the Isthmus. Avalon is a well-
known summer and winter resort noted for its ideal climate,
bathing, big game fishing, and other attractions. A view of the
city of Avalon showing the main street is shown in Figure 2.
The average yearly permanent population of Avalon is about
1,000, while the population during the summer months is probably
between 10,000 and 15,000.

In the past, the only means of communication was the daily
steamer to the Island from San Pedro. In 1902 this was sup-
plemented by a radio telegraph service, one of the first commer-

*Received by the Editor, May 4, 1921. Presented before THE INSTITUTE
oF Rap1o ENGINEERS, New xork Ma) 4, 1921,
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cial stations in the United States operated by the Pacific Wireless
Telegraph Co.! This service was maintained with various de-
grees of satisfaction and duration successively by the United
Wireless Telegraph Company, Marconi Wireless Telegraph Com-
pany of America, and at the present timet is operated by the
United States Naval Radio Service.

In the past the only telephone service around the city of
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Fi1GURE 1—Avalon-Los Angeles Telephone Circuit

'Marriott, “United States Radio Development,” PROCEEDINGS OF THE

INSTITUTE OF RADIO ENGINEERS, June, 1917. . .
t Since the {:reparation of this paper this service has been discontinued,

and all telegraph traffic to and from Avalon is handled by the simultaneous
duplex telegraph charnel mentioned at the close of this paper.

470



Avalon was given by a few private circuits including a line to
the Isthmus. The need of the transient and permanent popula-
tion of the Island for a more dependable means of communica-
tion between different points on the Island and between the Island
and the vicinity of Los Angeles lead to a real demand for telephone
service.

Frevre 2—City of Avalon

Early in May, 1920, it was estimated that it would he
practical to establish telephone service to the mainland by mak-
ing use of a radio telephone connecting link between the wire
circuits which would be established on the Island and the existing
wire circuits on the mainland. It was believed that suel a
system could be completed and be in operation by July, 1920.

After these estimates had been carefully considered it was
decided to start work immediately on the design and manu-
facture of the necessary radio and wire terminal equipment. and
at the same time to start the installation of the necessary wire
facilities at Avalon, the latter to consist of a telephone exchange,
pole lines, and subseribers” terminal stations, which portion of
the work was cared for by The Pacifie Telephone and Telegraph
Company.

The actual design and construction of the radio apparatus
was started on May 10, 1920. Installation and preliminary
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tests of this equipment at the sites chosen for the stations were
completed so that commercial service was inaugurated on July
16, 1920, 68 days after work was started in New York. On the
previous day an official trial was given the complete system for
the benefit of the officials of The Pacific Telephone and Telegraph
Company, the leading citizens of Avalon and others. Connec-
tions were established between Avalon and Los Angeles, San
Francisco, Chicago, and New York, so that the people who had
gathered were given an opportunity to talk to their friends in
these cities. Each circuit included the radio telephone link
from the Island to Long Beach, the remainder of the circuits
being part of the plant of the Bell system.

DESCRIPTION OF SYSTEM

Any radio telephone circuit which is to form a part of a com-
mercial telephone system not only must be capable of duplex
operation, but must allow of ready connections to ordinary two-
wire telephone circuits. The duplex requirement was met, in the
case of the radio portion of the Avalon-Los Angeles circuit, by
the use of different carrier frequencies for transmitting in the
two directions. The station at Pebbly Beach transmits a carrier
of 750 kilocycles (wave length of 400 m.) and the one at Long
Beach a carrier of 638 kilocycles (wave length of 470 m.).

The problem of connecting such a radio link with two-wire
telephone circuits at each end is similar to that of providing two-
way operation when using one-way repeater elements such as
mechanical repeaters or vacuum tubes. The experience ac-
quired with such repeater circuits was directly applicable to this
problem. The upper sketch in Figure 3 shows the circuit of the
most usual type of two-way telephone repeater. This repeater
circuit employs separate elements for amplifying the speech cur-
rentsin the two directions. These elements are in a four-wire cir-
cuit and connection with the two-wire circuits is made thru special
output transformers, often called hybrid coils. These trans-
formers, together with their associated lines and networks, form
alternating current bridges. The networks are circuits designed
to have, as nearly as possible, impedance characteristics identical
with the lines thay are to balance. If the balances are perfect,
none of the output from either of the repeaters reaches the input
circuit of the other repeater, the output current dividing equally
between the line and network in each case and inducing no volt-
sge in the input winding. However, if the balance is not perfect,
as is always the case in practice, the current flowing into the line

472



is not exactly equal to that flowing into the network and some
voltage will be induced in the input coil. This results in a
circulating current flowing in the four-wire portion of the circuit
thru the two repeater elements. If the transmission loss around
this circuit is less than the amplification or gain in the repeaters,
“singing’’ results. The precision with which the networks may
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FiGure 3—Schematic Diagram ofC “22"” and 4-wire Repeaters and Radio
ircuit

be made to balance the connecting lines largely determines the
transmission loss around this circuit and in turn limits the ampli-
fication which may be obtained with such circuits without ‘‘sing-
ing.” In the commercial operation of repeaters it is necessary
to use gains very considerably below the ‘“‘singing point” in order
that speech distortion may be avoided.

The middle sketch in Figure 3 shows the four-wire circuit
which is used to a considerable extent in the long-distance cable
circuits of the Bell plant. It is to be noted that this circuit is
similar to that of the ‘22 type’’ repeater shown above, the four-
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wire portion of the circuit having been expanded and the repeater
elements placed at suitable intervals. The balance conditions
necessary in this circuit are similar to those in the case of the
“22 type” repeater.

The lower circuit in Figure 3 is of a radio telephone system
which meets the requirements of duplex operation and terminal
connection to two-wire telephone circuits. The similarity to the
two repeater circuits described is apparent: the four-wire por-
tion has been replaced by two one-way radio telephone channels.
Amplification takes place not only in the repeater in this circuit,
but also in the radio transmitter and receiver. In order that
this circuit may be stable the total transmission loss in the two
radio channels, and from one to the other thru the hybrid coils,
must be greater than the total gain in the repeaters and radio
equipment. If this condition is not fulfilled the syvstem will
“sing”” around the two radio channcls in a manner exactly similar
to the “singing’ in the four-wire portion of the repeater circuits.
However, if the balance between the networks and their respec-
tive lines is accurate enough, it is quite possible to operate such
a system with a considerable gain in transmission or amplifica-
tion between the two connecting wire circuits.  Similar types of
circuits have already been =o thoroly treated?® that they will not
be dealt with further exeept insofar as special problems related
to the Avalon-Los Angeles eircuit are discussed.

CIRCUITS

Figure 4 shows schematically the Avalon-Los Angeles circuit
conzisting of a little more than 1 mile (1.6 km.) of wire line from
the Avalon central office to Pebbly Beach, a 31.5 mile (50.4 km.)
radio link to Long Beach, and 25 miles (40 km.) additional wire
circuit to Los Angeles.  This combination wire and radio circuit
s operated as a unit providing thru telephone and signaling from
Avalon to Los Angeles. At Avalon the circuit may be con-
nected with any subseriber’s line and at Los Angeles to any local
subseriber’s line thru loeal exchanges or with other long distance
lines reaching practically any subscriber in the Bell System.

The general circuit arrangement is indicated in Figure 5
which iz a schematie of the Long Beach Station. The heavy
lines in this figure show the speech circuit and the light lines the
signaling svstem.  For simplicity only the principal connections
are shown.

2herari and Jewett, “Telephone Repeaters.” “Transactions of the
American In«titute of Eleetrical Engineers,” 1919, page 1322.
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TO SUBSCRIBERS

F1GuRE 4—Schematic Diagram of Avalon-Los Angeles Teleph.one Circuit

Speech currents received from the Los Angeles line pass thru
the cordless switchboard to the hybrid coil and to the network
inducing similar currents in the input winding connected to the
send repeater. This repeater amplifies these speech currents and
delivers them to a low-pass filter which freely passes the principal
speech frequencies of from 200 to 2,000 cycles, but greatly attenu-
ates currents of frequencies higher than 2,200 cycles. Experi-
ments have shown that only the band of frequencies from 200
to 2,000 cycles need be transmitted to deliver commercial quality
and readily understandable speech and therefore the use of this
filter does not impair to any appreciable extent the quality of
transmission. The filter serves two purposes: it prevents inter-
fering currents of frequencies above the necessary speech range
from entering the radio transmitter, and it makes the balancing
of the line with a suitable network somewhat easier in that the
balance must be effective only for frequencies below 2,200
cycles. The output currents from the filter are delivered to
the radio transmitter where they are further amplified and
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employed to modulate the radio frequency carrier current there
generated. : .

The cordless switchboard provides convenient means for
testing and monitoring on the circuit and for connecting quickly
with another wire line in case of trouble in the wire portion of
the circuit. In Figure 6 the hybrid coil, repeaters and signal
units are shown as associated with the radio transmitter and
receiver. All of this apparatus is mounted in the ends of a flat-
top desk which supports the radio receiver and the cordless switch-
board. At the rear of this desk is a battery control board provid-
ing means for measuring and controlling filament currents as well
as protection for both the plate and filament circuits. Alarms
are provided which notify the attendant in case any fuse blows.
Figure 7 is a photograph of one end of this desk showing the send
repeater and the sending unit of the signaling system and Figure
8 a photograph of the battery control board.

SCHEMATIC DIAGRAM OF LONG BEACH STATION

TH

FiGure 5—Schematic Diagram of the Long Beach Station

The send repeater (Figure 6) employs two tubes, the first,
principally a voltage amplifier, and the second capable of deliver-
ing a relatively greater current output. Each of these tubes
has the speech input voltage controlled by a potentiometer and
by means of these the repeater gain can be adjusted to a suit-
able value, gains equivalent to more than 40 miles of standard
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cable? being obtainable. Figure 6 also shows the electrical
structure of the low-pass filter, the function of which has already
been mentioned.

-

Ficure 7—View of the IEnd of the Repeater Desk

A loop antenna is used for receiving at each of the radio
stations of this circuit. These loops are of the solenoidal type,
six feet (1.83 m.) square and consist of only four or five turns each.
How this loop is associated with the receiving equipment is shown
in Figure 6. It was mentioned that the duplex feature of opera-
tion was attained by the use of different carrier frequencies for
transmission in the two directions. In order to prevent, as far
as possible, currents of the transmitting frequencies entering the
receiver, an anti-resonant circuit adjusted to have a maximum
impedance at the transmitting carrier frequency is included in
the loop circuit and forms an effective filter. Figure 9 is a
selectivity curve of the receiver showing the attenuation suf-
" #The “mile of standard cable” is a convenient measure of transmission
volume which has found extensive use in telephone engineering.

The transmission equivalent of any circuit or apparatus is equal to the

number of miles of standard cable which will cause an attenuation at 800
cycles the same as that experienced by the current in the circnit in question.
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Fravie 8— Rear View of Desk Showing the Battery Supply Panel

fered by currents outside of the desired transmission band, and
Figure 10 is a photograph of the receiver.
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The speech frequency output currents from the radio receiver
are amplified by the receive repeater which is similar to the send
repeater already described and are delivered to a low-pass filter,
the function of which is similar to that of the filter in the trans-
mitting circuit. From the filter the speech currents flow to
the hybrid coil, where they divide, half flowing into the network
and half into the line. An interesting feature of the receiver is
the provision of relays which close a buzzer alarm circuit when
the filament of any vacuum tube fails.

Ficure 10—Radio Receiver

RApio TRANSMITTER

The radio transmitter employs a circuit in which the oscilla-
tions are generated directly in the antenna circuit (Figure 11).
The modulation of the radio carrier frequency is accomplished
by the ‘“‘constant current system’’* in which both oscillator and
modulator tubes, G, in this circuit are of 50 watts rating. These
tubes are of the coated filament type, having relatively low fila-
" «Craft and Colpitts, ‘“Radio Telephony,” “Transactions of the American
Institute of Electrical Engineers,” 1919,

1page 305.
Heising, ‘‘Modulation in io Telephony,” presented before TuE
INsTITUTE OF RADIO ENGINEERS, December 1, 1920.
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ment power consumption and very constant operating charac-
teristics. Figure 12 is a photograph of one of these power
tubes.
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Ficure 11—Circuit Diagram of the Radio Transmitter

Referring to Figure 11, the speech current is applied to the
speech amplifier tube, E, thru the input transformer 7-1. The
output of this amplifier is impressed on the grid circuits of the
two parallel modulator tubes thru the transformer 7-2. The
action of these modulator tubes is that of an amplifier and their
output voltage is impressed on the plate circuits of the two
oscillator tubes by means of the reactance Ly, which is common
to the modulator and oscillator plate circuits. This modulation
of the oscillator plate potential results in speech frequency varia-
tion of the amplitude of the antenna current. The frequency
of the antenna current when not modulated is nearly that corre-
sponding to the free period of the antenna circuit. It has been
frequently shown® that a carrier current modulated by a single
frequency is actually composed of three components, the carrier
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frequency and two side frequencies, one of a frequency equal to
the sum of the carrier and modulation frequency, and the other
of the carrier minus the modulation frequency. This concep-

FIGURE 12—View of the 50-watt Tube

tion of the nature of a modulated carrier current is essential to
an understanding of the many problems of a radio telephone
system. If instead of considering modulating with a single fre-
quency, we consider modulation by the band of voice frequencies
from 200 to 2,000 cycles, it is apparent that the result will not be
simply two frequencies other than the carrier, but two bands
of frequencies, one above and one below the carrier. For ex-
ample, the Pebbly Beach station transmitting a carrier of 750
kilocycles, when modulated by speech, has the following fre-
quencies present in the antenna circuit:

Carrier — 750.0 kilocycles
Upper Side Band —750.2 to 752.0 kilocycles
Lower Side Band —748.0 to 749.8 kilocycles

SCraft and Colpitts, previous citation.

Ryan, Tolmie, and Bach, “Multiplex Radio Telegraphy and Telephony,”
Pnocu:nmos oF THE INSTITUTE oF RapIO ENGINEERS, December, 1920,
page 451.
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The transmitting antenna satisfactorily passes all of these
frequencies as none of them differ as much as 3 per cent. from
the resonant frequency and the impedance of this circuit is nearly
equal to its resistance over this range.

Figures 13 and 14 are photographs of the radio transmitter
and Figures 15 and 16 show the motor generator set and con-
trolling switchboard supplying the plate and filament power for
the transmitter. This motor generator set consists of 1,000 and
12 volt direct current generators driven by an induction motor.
The filter consisting of the series retard coils L; and shunt con-
densers C, (Figure 11), serves the double purpose of protecting the
1,000 volt generator from the radio frequency potentials and
smoothing out any commutator ripple or other machine noises
which would tend to modulate the radio carrier and result in
objectionable noises in the subscriber’s instrument.

Two other important details of the radio transmitter circuit,
as shown in Figure 11, are the method of obtaining and controlling
the required negative grid potentials and the alarm provided to
indicate failure of the oscillators. The negative grid potential
for the speech amplifier, E, is obtained from the drop in potential

in the upper part of the resistance R, and that for the modulator
" tubes from the entire drop in this resistance which carries the
space current of all the tubes in the transmitter. A time limit
relay is provided which is controlled by the filament circuit and
which itself controls an auxiliary negatuve grid potential which
results from the drop of potential in Ry. This negative poten-
tial is relatively large and results in the stopping of oscillations
and the reduction of all space currents to a low value. This
arrangement insures that the filaments will have reached normal
temperature before the auxiliary grid potential is removed and
therefore that no excessive space currents can flow during the
period when the filaments are heating. If for any reason oscilla-
tions cease in the antenna circuit, the oscillator grid current
also stops flowing and the relay shown in the oscillator grid cir-
cuit releases, actuating an alarm at the cordless switchboard.

SIGNALING SYSTEM

Another interesting feature of the installation and one which
is important in completing the commercial usefulness of the
telephone circuit is that of the signaling system. By means of
it the signals are not only passed over the radio telephone system
itself, but are automatically relayed at the points of junction
with the wire circuits so that the operators at the ends of the
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Fictre 13—Radio Transmitter Ficure 14—Radio Transmitter (Rear View)
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thru radio-wire toll line may ring down a drop at the distant end
of the circuit and operate a visual or audible signal. By means
of this system, then, the thru circuit may be operated from the
. -remote land line switchboards in a manner according with stand-
ard wire practice.

Fi1Gure 15—Motor Generator

Altho the requirements of the radio portion of the signaling
'system are somewhat rigid, the system in use has met them very
satisfactorily. It has proven to be reliable, reasonably rapid, =
and free from false operation by interference from speech cur-
rents, circuit noisés, static, or interference from other radio
stations. The system represents an adaptation of a signaling
arrangement originally developed for use on long distance wire
circuits.

The manner in which the signal system is associated with
the telephone and radio cireuits is shown in Figure 6. The

iuswal 16-cycle ringirg current from the wire line actuates a relay
which in turn controls three other relays. These latter relays
disconnect the receive signal urit to prevent false signals, connect
the output of the send signal unit with the second tube of the
send repeater and energize the send signal unit. Upon recep-
tion of the signal impulses the relay in the output circuit of the
receive signal unit releases and energizes another relay which
486



disconnects the wire line from the hybrid coil and connects it
with a source of 16-cycle signaling current. This same relay
connects an auxiliary network to the line terminals of the hybrid
coil maintaining a balanced condition and preventing “singing”’
during signaling. With this arrangement it is only necessary
for the operator at Avalon to throw the usual ringing key and a
light appears on one of the positions of the Los Angeles toll board
and in a similar manner Los Angeles can signal Avalon.

Fi1cure 16—Power Panel

SELECTION OF STATION SITES

The sites for the radio stations were selected and the antenna
and ground systems were designed and installed while the equip-
ment was being built in New York. The mainland end of the
link is located at Long Beach, California, first because Long
Beach is so located with respect to the Englewood Radio Station
and San Pedro Harbor that the directional effect of the loop
antenna can be used to discriminate against this station and ship
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stations in San Pedro Harbor, and second because adequate
power and telephone facilities were available at the Long Beach
Toll Exchange. Figure 1 shows the location of the radio stations
and the wire circuits connecting them to Los Angeles and Avalon.
Figure 17 is a photograph of the Long Beach Toll Exchange and
Figure 18 is a photograph of the Avalon Exchange.

Firavre 17—Long Beach Exchange

At Avalon there was no existing telephone plant and only one
radio transmitting station, which was located practically at the
center of the town on the water front.  No site could be found
which would at the same time satisfy wire center requirements
and be at a reasonable distance frem this spark transmitting
station.  Outside of the city proper, the only level stretch of
ground suitable for a radio transmitter and antenna system was
found at Pebbly Beach (Figure 19), which is about a mile and a
quarter (2 kmo from Avalon.

ANTENNA AND GROUND SYSTEMS
Due to the short time available for construetion purposes and
further beeause it wasdesirable to use, as much as possible, types
of construction already standard in telephone practice, the long-
ext telephone poles that it was possible to secure locally are used
to support the antenna. These poles are 90 feet (27.4 m.) long
and are set on a special conerete and I-beam footing so that
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advantage is taken of the full height of the masts. Figure 20
shows the special footing supporting the pole which consists of
four 8-inch (20.3 c¢m.) I-beams partly embedded in reinforced
concrete. The I-beams are diametrically opposite each other

FiGure 18—Avalon Exchange

with respect to the pole butt, and enough space is left so that the
butt of the pole will fit snugly between them. The beams are
then drawn tightly to the pole by bolts passing thru both. This
footing is designed to have a bending moment sufficient to sup-
port the pole alone in a 90-mile (162 km.) an hour wind.
The poles are also guyed in four directions with 7 strands of
number 12 B. W. G. galvanized steel messenger cable.* These
guys are attached to the pole at a point 15 feet (4.6 m.) from the
top to minimize as much as possible the effect of their presence
in the field of the antenna. Each guy is broken into three sec-
tions by porcelain strain insulators.

The wires of the T type antenna are supported by double
cross arms which are bolted to the pole and have in addition a
channel iron truss to stiffen the structure. Each antenna wire

*Diameter of number 12 B. W. G. wire =0.109 inch =0.277 cm.
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F1Gure 19—View of the Pebbly Beach Radio Station

is fastened to a long eye-bolt passing thru both cross-arms and
secured with lock nuts. With this type of construction the ten-
sion in each individual wire can be regulated without affecting
the tension of the other wires. Each wire is insulated from the

F1aure 20— View of the Special Footing for the Masts
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cross-arms by a series of four porcelain strain insulators. Figure
21 shows the details of the insulation and cross-arm construction
while Figure 17 shows the completed antenna at Long Beach
and Figure 22 the completed antenna at Pebbly Beach. The

F1Gure 21—View of the Transmitter House, Showing the Mast and Antenna
Construction

advantages of this rigid type of antemna construction are its
strength and constant electrical capacity.

At each station a large area of buried ground conductor is
used and in addition every piece of metal in the vicinity of the
station is brought to ground potential. At Pebbly Beach, owing
to a 16-foot (4.9 m.) layer of small rocks (see Figure 21) an exten-
sive ground system buried a few inches in the rock is installed,
which materially reduces the resistance of the antenna circuit.
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Figure 22—View of the Antenna System at Pebbly Beach

INSTALLATION OF SYSTEM

At the time the apparatus arrived from New York, the Long
Beach antenna system was nearly completed and the power and
telephone facilities were available. For this reason the apparatus
was first installed and tested at Long Beach. The Avalon
installation work was started while the houses were but partially
completed and the installation of apparatus was practically com-
plete when the antenna, the power, and telephone facilities were
available.

The transmitter, power panel, and motor generator at Long
Beach are located in the northeast corner of the apparatus room
(second floor) of the Toll Exchange. (Figure 23.) The storage
batteries for the radio receiver, the charging switchboard, and the
charging motor generator are located along the south wall while
the radio receiver, repeater, and terminal equipment are located
in a small room on the southwest corner of the building. The
disposition of the telephone as well as of the radio equipment
is approximately shown on the floor plan, Figure 24. Some idea
of the proximity of the transmitter, the antenna, and telephone
equipment to the receiver can be gained from this figure. The
power is supplied from the 220 volt, 3 phase, 50 cycle mains of
the Southern California Edison Company, and no auxiliary
power supply is available.
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At Pebbly Beach the transmitting house is located under the
center of the antenna system while the receiving house is one
hundred feet (30.5 m.) away on a line perpendicular to the flat
top of the antenna. Figure 22 shows the location of the buildings
with respect to the antenna system and gives a general idea of
the surrounding country.

Ficure 23—View of the Transmitter, Power Panel, and Motor Generator
Installed at Long Beach

The radio transmitter power panel and motor generator, as
well as the storage batteries for the radio receiver and repeaters,
charging panel, and charging motor generator, are located in the
transmitting house. The radio receiver, loop antenna, repeaters,
signaling and terminal equipment are located in the receiver
house. A photograph of the apparatus in the receiving house is
shown in Figure 25.

All wiring between the two houses is in underground con-
duits which have been carefully grounded. The power supply is
obtained from the municipal plant at Avalon and the single phase
2,200 volt leads together with three telephone lines are carried
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FiGure 24—Floor Plan of the Long Beach Exchange

on a pole line to a point five hundred feet (153 m.) away from the
radio station. The last pole of the line can be seen in Figure
19 to the right of the lower center portion of the photograph. A

FI1GURE 25—View of Receiving Equipment at Pebbly Beach
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conduit to the transmitting house carries the 110-220 volt power
leads and a ten pair telephone cable enters the receiving house
thru a separate conduit.

SpECIAL PROBLEMS

The Pebbly Beach-Avalon and Long Beach-Los Angeles lines
are so short that the terminations play an important part in their
impedance characteristics. For example, the impedance of the
line measured at the radio station with the far end open-circuited
is materially different than when the far end is closed thru the
impedance of a cord circuit and an average subscriber’s loop.
The lines terminate in jacks at the Avalon and Los Angeles
toll boards. The cords used with these lines are specially
equipped and never allow the lines to be opened under any
switching condition. Figure 26 is a schematic of the circuit
between the Pebbly Beach radio station and the Avalon
exchange and shows a cord circuit, the dispatch operator’s
set, and the special circuits to maintain the balance of the line
and network.

The network at the Pebbly Beach station is of such an im-
pedance that it balances the line, a cord circuit, and an average
subscriber’s loop. The special circuit is so arranged that a net-
work which simulates a cord circuit and an average subscriber’s
loop is always bridged on the line except when the connecting
cord is plugged into a subscriber’s jack and his receiver is off the
hook. The network is controlled by the supervisory relay in
the cord circuit and extra contacts on the line jack. A dispatch
operator’s set is permanently connected to the line and is provided
with a high impedance monitoring connection which has little
effect on balance or transmission of the circuit. This arrange-
ment maintains the balance with sufficient accuracy to allow the
circuit between the wire terminals at Pebbly Beach and the
wire line at Long Beach to work at a net gain of more than 5
miles of standard cable.

Excessive cross talk between the transmitter and the receiver
is prevented by carefully shielding all of the filament and plate
battery leads and providing large by-pass condensers. This
prevents such radio frequency currents as may be induced in the
filament leads from entering the receiver and producing ob-
jectionable cross talk between the sending and receiving chan-
nels, which may cause local singing.

Noises due to telephone apparatus in the exchange, such as
ringing machines, telephone relays, and so on, are eliminated by
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shunting cach troublesome contact with a condenser and series.
resistance of the proper electrical constants. :

Commutator ripple from the charging generator and a noise
due to the intermittent grounding of the radio induction on the
charging leads thru the commutator are entirely prevented by
connecting a retard coil in series with the charging lead to the
battery and draining off the radio frequency induced currents by
connecting two condensers across the commutator and ground-
ing the mid-point.

QUALITY OF SERVICE

Since this circuit is the only telephone channel between the
Island and the Mainland, it was very heavily over-loaded from
the day of opening until the cessation of the summer tourist
traffic in the latter part of September. Due to the methods
employed, the high grade circuit, and so on, a great deal more
traffic is handled over this circuit than is generally handled by a
single toll line.

A record of all of the interruptions to service is kept at both
of the stations together with the cause of the delay, its duration,
and other information. It is interesting to note that altho the
circuit was open to commercial service during the worst of the
static season, subscribers had but little or no difficulty in using
the circuit. Transmitting frequencies of 750 and 638 kilocycles
(400 and 470 meters) were chosen for the stations after an exten-
sive survey of the ether, so that the telephone would cause least
interference to and be interfered with the least by radio stations
in the vicinity. Some trouble was experienced from the Avalon
spark station located about one mile from the receiving station
at Pebbly Beach. This station employed a transmitting fre-
quency of 1,000 kilocycles (300 meters) while the Pebbly Beach
station had its receiving apparatus tuned to receive 638 kilo-
cycles (470 meters). Upon investigation it proved that the
logarithmic decrement of the Avalon station greatly exceeded
0.3. When the decrement is kept below 0.2 little or no trouble
is experienced from this station.

The circuit, due to the choice of sites, dlrectlonal characteris-
ties of the loop antennas, and selectivity of the radio receivers,
is quite free from interference and it is only occasionally that an
interfering spark signal is heard. The harmonics from the
Poulsen arcs installed at the Naval Radio Stations at San Diego
and Englewood, California, have given rise to some trouble. If
the arc harmonic beats with the radio carrier and side frequencies
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of the radio telephone station ateither an audible or nearly audible
rate, the quality of the speech over the circuit may be affected
materially. This is in effect the same result which obtains when
speech signals are received on an ordinary heterodyne receiver
when the local oscillator is not adjusted to the same frequency
as that of the transmitter. Altho this trouble can be eliminated
as soon as it is discovered by shifting the carrier frequency of the
radio telephone transmitter a few thousand cycles, it is obvious
that in the future, when many stations may be expected to be
operating, this difficulty must be eliminated in a more rational
manner.

MAINTENANCE

The circuit is in operation sixteen hours per day, which covers
the period 6:30 A.M. to 10:30 P.M. The largest items in the
maintenance charges of a radio telephone and telegraph system
are personnel, tube renewals, and power. The radio attendants
play no part in the actual handling of traffic, but look after the
maintenance of the equipment in the same way that a wire
repeater attendant maintains the repeater equipment. It may
be mentioned in this place that it is not necessary frequently to
change the adjustments of the tuned circuits of either the trans-
mitter or receiver.

SEPARATE AUXILIARY RECEIVER

A receiver capable of receiving signals on 500 kilocycles (600
meters wave length) is installed at Long Beach. The flagpole on
the exchange, which is approximately thirty feet (9.2 m.) from
the transmitting antenna, supports a single wire vertical antenna.
An anti-resonant circuit tuned to the local transmitter frequency
is connected in series with the antenna lead. This receiver
using a detector and two-stage amplifier makes it possible to
receive signals of all frequencies except a narrow band near
the local transmitting frequency of 638 kilocycles.

TRANSMISSION MEASUREMENTS
The transmission equivalent of the circuit from the wire
line at Pebbly Beach to the wire line at Long Beach has been
studied by employing methods and apparatus in general use in
the Bell plant. The apparatus employed was the same as that
used when it is desired to measure the equivalent of a wire tele-
phone toll circuit. Figure 27 shows schematically the circuit
and apparatus used in making these measurements. At each
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radio station the wire line was disconnected and the line network
replaced by a 600 ohm resistance which insured a balance with
the sending and receiving measuring units which were substituted
for the lines. At each station a calibrated variable frequency
oscillator was provided which delivered a current measured by a
thermocouple milliammeter to a 600 ohm network. At Pebbly
Beach this network was connected to the line terminals of the
hybrid coil. At Long Beach a unit consisting of an amplifier
and rectifier with its meter provided means of indicating like
strength of measuring current. In addition to this equipment
two artificial lines were provided, one having a fixed attenuation
and the other being variable. The measurement of the trans-
mission equivalent was made in two operations. In the first
of these the oscillator at Long Beach was connected to the
indicating unit thru the fixed artificial line and the frequency
of the oscillator adjusted to the desired value. The oscillator
output current (as indicated by the thermocouple milliammeter)
is then adjusted to a suitable value and the potentiometer at the
input of the indicating unit adjusted to give a convenient value
of rectified current. The second operation consisted of connect-
ing the indicating unit thru the variable artificial line to the line
terminals of the hybrid coil and at Pebbly Beach adjusting the os-
cillator to deliver exactly the same current and the same frequency
as the Long Beach oscillator. The variable artificial line was then
adjusted until the rectified current in the indicating unit was the
same as that obtained during the first operation. It is then
apparent that the transmission equivalent of the circuit from the
oscillator used to the indicating unit was the same for each opera-
tion as similar oscillator outputs delivered equal inputs to the
indicating unit. In the first case this circuit was simply the fixed
artificial line and in the second it was the radio link plus the
variable artificial line. The transmission equivalent of the radio
link is therefore the equivalent of the fixed artificial line minus
that of the variable artificial line. The apparatus was so ar-
ranged that the desired transmission equivalent could be read
directly. It is to be noted that in case the equivalent of the
variable line exceeds that of the fixed line the transmission equiva-
lent of the circuit is a negative value, indicating a gain in trans-
mission. This was the case with the radio link.

Transmission measurements were made at two different
times between the two stations to determine the variation in
transmission from hour to hour thruout the twenty-four hours.
Figure 28 is a curve showing the results of one of these tests.
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The maximum variation from the mean is seen to be only two
miles of cable which ordinarily is not noticeable to the
average person. Most of this variation, it is believed, was due to
variation of voltage at the stations beyond the control of the
observers. The transmission between the two radio stations
is therefore, practically the same thruout the twenty-four hours
of the day, as was to be expected for such a short radio link.
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F1GURE 28—24-hour Transmission Run, Showing Hourly Variation in Trans-
mission

FREQUENCY TRANsMISsION CHARACTERISTIC

In order to study quantitatively the ability of the circuit to
transmit good quality speech, a frequency transmission character-
tic of the circuit was taken. This was accomplished by meas-
uring the equivalent of the circuit in miles of standard cable for
several different frequencies between 250 and 2,400 cycles per
second. Figure 29 is such a characteristic of the circuit between
Pebbly Beach and Long Beach with reception done at Long
Beach and shows that the frequency transmission characteristic
is reasonably flat.

The effect of the filters is clearly shown by the sharp bend
of the characteristic at about 2,000 cycles. The lower frequen-
cies in the speech range are responsible for the naturalness of a
speaker’s voice while the higher frequencies contribute toward
the understandability.
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GENERAL CONSIDERATIONS

The large amount of commercial traffic which the Avalon-
Los Angeles Toll Circuit has handled every day since July 16,
1920, is ample proof of the practicability of operating toll cir-
cuits containing radio telephone links.

The volume of speech and the quality of transmission are
such as to allow of satisfactory connections to the longer telephone
circuits of the Bell System. This is quite aptly illustrated by a
connection which was established between the steamship
Gloucester on the Atlantic Ocean and Avalon, Santa Catalina
Island. Starting from the ship the following circuits were used:

(a) Steamship Gloucester to Deal Beach, New Jersey,
via radio.

(b) Deal Beach to New York, via telephone line.

(¢) New York to San Francisco, via trans-continental tele-
phone line.

(d) San Francisco to Los Angeles, via telephone line.

(e) Los Angeles to Avalon, thru the Long Beach and Pebbly
Beach radio equipments.

Figure 30 is a map showing the route taken by the various
sections of the line showing the repeater and radio stations which
enabled the conversation to be carried on. The success of such a
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conversation naturally depends, not only on the transmission over
the radio, but over the far greater wire portion of the circuit.

In addition to the telephone facilities described an experi-
mental duplex telegraph channel was installed operating simul-
taneously with the telephone. This telegraph channel makes

TRANSCONTINENTAL  LINE
Wi T BAGO EXTENSONS TO
AON. CATALINA ISLAND, GPF PAC.MC CORST
AND SeP GFF ATLANTIC COMST

F1GURE 30—Trans-continental Line with Radio Extensions to a Ship
and Avalon

use of the ordinary Morse instruments and may form a part of
any thru line telegraph circuit. Experimentally, this circuit has
been operated in conjunction with existing telegraph circuits to
give thru duplex telegraph connection between Avalon and San
Francisco, California.

SUMMARY: The communication facilities of Santa Catalina Island are
described with special reference to the radio telephone service to the Cali-
fornian mainland and the mode of connection to the wire telephone networks
at the ends of the radio telephone channel. The radio telephone link is full
duplex, and is connected thru special two-way repeaters to the telephone sys-
tem at each end. A simultaneous duplex radio telegraph channel is available.
A number of special points are discussed, such as the narrowing, by means of
filters, of the side frequency bands due to modulation, the circuits of the
transmitter and receiver, automatic alarm systems indicating when any por-
tion of the radio equipment ceases to function, thru signaling system, loca-
tion, and antenna and ground arrangements. The service rendered is ana-
lyzed and the results of transmission measurements are given.
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A VISUAL AND PHOTOGRAPHIC DEVICE FOR RECORD-
ING RADIO SIGNALS*

By
CHARLEs A. HoxiE

(GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW YORK)

Altho the instrument here described is, as it stands today
in its latest form, particularly adapted to the recording of radio
signals at high speed, the recording or high-speed features were
not considered when the work was begun. The first model was
designed and built to produce a device that would enable the
signals to be seen instead of being read by ear in the ordinary
way by means of the telephone. The main reason for this devel-
opment was the fact that in the early attempts to equip air-
planes for radio reception, difficulty was experienced in hearing
the signals.

It was thought that if the eye could be substituted -for the
ear, much better results could be obtained, and in order to do
this successfully, it was decided that the instrument should
possess the following characteristics:

1. It should be sufficiently sensitive to record a signal
of a strength equal to that required for ordinary
telephone reception.

2. The action should be quick enough to record clearly
the dots and dashes when received at a maximum
speed of approximately 12 or 15 words per minute.

. It must operate equally well in any position.

. It should be of rugged construction.

It should not easily be put out of adjustment.

It should be selective, so as to pick out and record

only the signals desired.

It should not respond to impulses such as are caused

by atmospheric disturbances (static), tube noises,
and so on.

In order to meet all of these requirements it was necessary

*Received by the Editor, March 28, 1921. Presented before Tur IN-
STITUTE OF RAD10 ENGINEERS, New York, September 7, 1921.
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to construct a special type of instrument. The galvanometer,
as first constructed, consisted of a thin strip of iron stretched
between the poles of two permanent magnets. Coils of wire
were placed around the poles of the magnets, the terminals of
which led to the receiving set. A small shaft mounted in jewels
and free to turn on its axix, carrying a small mirror, was connected
by means of a wire to the strip of iron, or vibrator.

When a current due to the receiving signal traversed the
coils, the vibrating strip of iron moved to and fro between the poles
of the magnet, thereby causing the shaft to rotate thru a very
small angle which in turn vibrated the mirror. A beam of light
from a lamp having a single straight filament was allowed to
fall on this mirror, and an image of the filament, by means of a
spherical lens just in front of the mirror, was projected on to a
surface of ground glass. When no signals were being recorded,
a single light line was visible on the ground glass. When a dot
or dash caused the mirror to vibrate, the line would apparently be-
come broad, due to the very rapid vibration of the mirror. The
line becoming broad for a short time represented a dot and for a
relatively long time, a dash. In this manner signals could be read.

This first galvanometer required a signal that would be con-
sidered fairly strong for telephone reception in arder to produce
a readable deflection. The action was quick enough for speeds
up to approximately 30 words per minute. It could be held in
any position without interfering with its operation, the small
mass of the shaft and mirror being held firmly in position by the
connecting wire, to the vibrating reed, the mirror being affected
only by the very minute and rapid vibration of the iron strip.
This also tended to make the instrument very rugged. It could
even be shipped by express without danger of being put out of
adjustment. It had a natural period of approximately 1,000
cycles, and was sensitive only when the frequency of the incom-
ing signal accurately corresponded to the natural period of the
galvanometer. Two or three per cent above or below this fre-
quency reduced the deflection to zero unless the signal was
abnormally strong.

Means were provided for varying this period from about
800 to 1,200 cycles, by putting more or less tension on the vibra-
ting strip. The most important of its characteristics, however,
was the fact that it did not respond readily to atmospheric dis-
turbances or to the ordinary tube noises so frequently present in
the average type of amplifiers. Figure 1 is a photograph of
the first model constructed.
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Ficure 1—First Model of Galvanometer for Visual Reception

A summary of its characteristics show, then, that the require-
ments regarded as necessary for successful operation, were met,
except that in the first and seventh, there was chance for im-
provement. Taking them in the order given:

1. It was fairly sensitive.
2. The action was sufficiently quick to meet the re-
quirements.
It was not affected by position.
It was rugged.
It was not easily put out of adjustment.
6. It was selective.
7. It did not respond readily to static impulses, and
80 on.

ST ")

1

A second instrument was then built for visual reception, a
photograph of which is shown below (See Figure 2). The size
of this instrument was approximately 8 inches (20.3 cm.) wide,
t inches (15.2 em.) deep, 22 inches (35.9 em.) long. It could
cither be held in the arms while reading the signals, or sup-
ported otherwise at will. A hood projected over the ground
gluss, on which the beam of light was projected, in order more
casily to see the signals.  An enlarged view of this galvanometer
ix shown in Figure 3. Signals could be easily read by the vis-
ual method up to about 15 words per minute, but it was very
trying to the eves to read steadily for any great length of time,
and for this reason it was believed to be impractical.

508



It was then decided to develop an instrument that would
photographically record the signals. Within the next year,
models of three different types were constructed; and after
giving a brief description of these, I shall describe at length a later
type of which several have been made and are now in use in
various trans-Atlantic receiving stations.

Ficure 2—Model of Instrument for Visual Reception

The first recorder constructed was designed to receive signals
at a speed not greater than 25 words per minute.

The photographic record was obtained by projecting the
image of a straight filament lamp from the mirror of the gal-
vanometer onto a cylindrical lens and focused by the same

- mirror to a small dot of light on a specially prepared sensitized
paper tape. When the mirror was set into vibration by the
incoming signal, this spot of light moved rapidly back and forth
across the tape, its width of vibration depending on the strength
of the signal. As the tape was moved across the point of expos-
ure, the rapid vibration of the light resulted in the dots and dashes
appearing as solid blocks. Figure 4 is a photograph of the first
model constructed for photographically recording radio signals.
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By means of a spring motor connected with suitable gears and
friction pulleys, the tape was made to move not only past the
point of exposure, but thru a tube of developing solution, and
then thru a tube containing the fixing bath, from which it passed
into the receiving basket.

Fictre 3—Galvanometer Used in Completed Model for Visual Reception

In this model, a second mirror was mounted on the shaft at
a slightly different angle from the other, so that an image of the
lamp filament could also be projected on a ground glass, thus
permitting the operator to adjust the instrument properly and
supervise its operation. A pair of telephones were also attached
so that it was alzo possible to hear the signals. Means were pro-
vided for using rolls containing 200 feet (61 m.) of tape each.
upon which about 2,000 words could be recorded. A special
sensitized paper tape was used. which was very sensitive and
capable of being developed in less than !4 minute, by using a
~necial developing solution.



Figure 5 shows the arrangement of the galvanometer and
the lighting system.

Figure 6 is a view of the galvanometer used in this instru-
ment, in which are shown the two mirrors and the adjusting
mechanism. In order to show the remarkuble selectivity of this
instrument the following experiment was made.

TF1cure 4—Photographic Recording Device for Radio
Telegraphic Signals—Front View

Two separate messages were impressed upon the receiving
circuit simultancously from two different sources. One was at
an audio frequency of 1,000 cycles and the other at 1,025 cycles.
While these messages were coming in, the instrument was first
tuned to 1,000 cycles and a portion of one message recorded; it
was then tuned to 1,025 cycles and a portion of the other message
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Altho the instrument just described was very selective and
well adapted to record signals under conditions for which it
was designed, it was not suitable for recording the weak signals

Figvre 6—Vibrating Unit Used in Photographic Recording Device for Radio
Telegraphic Signals—Front View

coupled with the static ratio that is generally encountered in
trans-Atlantic reception. This was made apparent while making
a demonstration with the model just described at the Bureau of
Standards, Washington, D. C., in the presence of radio experts

FIGURE 7
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of the Army and Navy. At this time messages were successfully
recorded from several radio stations, but when an attempt was
made to record signals from across the Atlantic it was found that
the static interference was sufficient to render a large part of
the record unreadable.

Steps were then taken to improve the instrument by making
it more sensitive and less affected by static or strays.

In order to make the instrument more sensitive, the small
shaft carrying the mirror was re-designed so as to eliminate the
lost motion at the terminals of the shaft where they entered
the jewels. This was done by constructing a shaft with a knife
edge running its entire length, on which the mirror was mounted.
This edge fitted into the apex formed by placing two rectangularly
shaped jewels at right angles to each other, the shaft being held
firmly in this position by the action of a small magnet. The
thick side of the shaft was connected to the reed by means of
a wire, the vibrations of the reed causing it to rock to and fro.
Only one mirror was cemented to the shaft, an extra lamp being
provided to produce the other image. Figure 8 shows the
details of this construction.

F1oure 8—Showing Construction of the Vibrating Element

It was found also by changing the coils so as to encompass
the vibrating strip instead of being wound around the pole
pieces as in the type previously described, that greater sensitivity
could be obtained. Figure 9 shows this construction. The
galvanometer was placed at double the distance from the sensi-
tized tape, which also produced the effect of increasing its sensi-
tivity two-fold. In fact, the total increase in sensitivity in this
model over the first was at least ten times. A signal which can
be said to have an audibility of about 40 can be easily recorded.
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Ficrre 9—Vibrating Unit Used in Photographie Recording Deviee for Radio
Telegraphic Signals—Back View

The problem left unsolved was simply to make the changes
necessary to prevent its responding to statie or strays and still to
be left sensitive to signal impulses.

After reading my discussion on Dr. Austin's paper* in which
I submitted several sample records of static made with my
recorder, I am afraid I shall have difficulty in persuading the read-
ers of this paper that T was very successful, but T can assure
them that altho static conditions can still be such as to render
the record unreadable, a considerable improvement was made.
As stated before, the galvanometer. when tuned to 1.000 eveles,
did not readily respond to statice or stravs, but it was found by
experiment that when the natural period of the vibrator was
above 1,500 cycles, the tendeney to respond to statie impulses
was much less.  This is very clearly shown in Figure 10.  This
figure shows signals recorded under exactly the same conditions
except that the natural periods of the vibrator is adjusted first
to 1,200 cycles, then to 1,500 cycles, and finally to 2,000 exeles.
T *ProceEpixGs oF Tue INsTITCTE oF Rapio Exaiserns, volume S,
number 5, October, 1920, page 408,
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The 1,200 record was unreadable because of the interference
by static, but no interference whatever can be seen when tuned
to 2,000 cycles. It was also found by experiment that less static
was recorded if a closed electrical circuit containing inductance
and capacitance, commonly called a tone or frequency trap,
and accurately tuned to the natural period of the vibrating reed
was connected in parallel with the galvanometer. A great deal,

FiGrre 10

however, depended on the construction of the tone trap. It was
found that in order to prevent a decrease in signal and otherwise
to obtain the best results, the capacitance should not exceed one
or two-tenths of a microfarad for a frequency of 2,000, and also
that the resistance of the inductance cireuit should rot be more
than 40 ohms.

An instrument embodying these improvements, also designed
to record at a maximum speed of about 35 words per minute,
was then constructed, a small electric motor being used to pull
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the tape thru the machine. Figure 11 is a photograph of this
model. With this instrument messages were successfully re-
corded at the then Naval Radio Station of Belmar from Nauen,
Germany; Lyons, France; (‘arnarvon, England; Rome, Italy;
San Diego, California; Pearl Harbor, Honolulu; and several
other points.

Fioere 11 --Second Model of Photo-
graphic Recorder

If my memory serves me right, it was during the year of
1899 that my attention was called to the art of “wireless’ teleg-
raphy by reading in the “Scientific American,” a description of
the first demonstration conducted by Mr. Marconi in this
country, when he reported the result of the International Yacht
Races off Sandy Hook.

At that time, and for a considerable time afterward, the dots
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and dashes were recorded on a paper tape. In this respect a
similarity exists between Marconi’s apparatus and the one here
described. It did not, however, meet the present day require-
ments of speed.

Just why it was not practical to record at a speed greater
than 12 or 15 words per minute with the apparatus used by
Marconi, was very forcefully impressed upon me during the
ensuing year while trying to duplicate the achievement with the
limited means at my command. It was very easy to set a bell
to ringing or even to adjust the coherer to obtain single taps,
but perhaps there are some who can remember how easy it was
to record the dots and how hard it was to adjust the system so
that a dash did not look like a series of dots. The mere fact
that the armature of the recording relay had a considerable mass
prevented it from responding to the rapid action of the deco-
hering hammer, and placed a low limit on the speed of reception.
A little later the auto-coherer, and electrolytic and crystal de-
tectors came into use making reception possible by telephone
and thereby increasing not only the speed of reception, but the
range of transmission. Under these conditions from 25 to 30
words per minute could be received. By using later types of
keys and automatic devices the speed of transmission again
exceeded that of reception, so then it was again a problem for
the engineers to design a receiving device to meet the require-
ments.

In the early days of radio, the main question was not so much
the speed at which a station could transmit, as it was the dis-
tance to which the messages could be transmitted. Now that
we are able to send round the world, if necessary, the principal
thing that concerns us is how many words or letters can be
transmitted and received accurately per minute.

While in the photographic recorder previously described,
the depth of the tubes containing the developer and fixing bath,
the tape driving system, and the small candle power of the light
used, limited the recording speed of this instrument to about
35 words per minute, the galvanometer itself was capable of
recording several hundred words per minute. This feature will
be referred to in another part of this paper.

The next model constructed was by far the longest step
taken toward the development of a practical machine for com-
mercial use. I will omit a detailed description of this instru-
ment, except to say that it was designed to record at least 200
words per minute, and the tape, besides being simply developed
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and fixed, was also washed and dried before leaving the machine.
The roll contained 1,000 feet (305 m.) instead of 200 feet (61 m.)
of tape, thus permitting over 10,000 words to be recorded with~
out re-loading. This model was taken to the Navel Radio Station
at Otter Cliffs, Bar Harbor, Maine, in order to test the oper-
ation of the instrument when used in actual commercial service
and for the purpose of receiving from European stations at high
speed. It wassoon made very apparent, however, that the words
“high speed” did not mean 200 words per minute to the radio
operators in Europe; even 100 was considerably beyond their
limit. By repeated tests and numerous adjustments of the
sending relay, it was found practical for the station at Lyons,
France, to transmit at a speed of about 50 words per minute.
This was, at least, considerably better than 20, the average speed
of ear reception.

During the winter of 1918 and 1919 the traffic from Lyons
was quite heavy; and 3,000 to 12,000 words daily, at approxi-
mately 50 words per minute, were recorded with this model.

An instrument was then designed for commercial use, of
which several were made and are now in use at several trans-
Atlantic receiving stations. Figure 12 is a photograph of this
instrument.

These machines are capable of recording signals at a maxi-
mum speed of 200 words per minute, but during a series of special
tests, over a distance of a few miles, satisfactory results were ob-
tained at 250 words per minute. The speed of reception in this case
was not limited by the galvanometer action, but by the time neces-
sary for development, fixing, washing, and so on. There are four
tubes shown in this figure of about 5 feet (1.583 m.) in length each,
the first one at the right containing developer, the next the hypo
solution, the third running water, and the last the drying tube.
In order for the tape to be sufficiently developed, fixed, washed,
and dried, at the maximum speed of reception, it is necessary
for it to pass to the bottom of the tube. Figure 13 shows dia-
grammatically the method of exposure and the manner in which
the tape is fed thru the machine. Arrangements are made
whereby the pulleys d,, as, a;, and @, can be made to enter the
tubes automatically to any desired depth, this depth depending
upon the speed at which the signals are being recorded. In
order to facilitate the threading of the tape, the traveling pulleys
can be raised to the top of the tubes. The driving pulley at (b)
causes the tape to move across the point of exposure at (¢); it is
then pulled by means of the friction clutch pulley at (d) thru
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the rest of the system. The mirror (e) permits the record to be
inspected as it leaves the hypo bath. The roller (f) removes
the surplus water in order to facilitate the drying of the tape.
(d) is a blower by which air is driven over a heated coil () up
thru the tube, thus drying the paper before entering the bhasket.

Ficuvre 12—Visual and Photographic Receiving Device—Front View

Figure 14 is a diagrammatic view of the way in which the
traveling pulleys are moved up or down in the tubes and also
the method by which their depth is automatically determined.

Referring again to Figure 12, these four pulleys are clearly
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seen at the top of the instrument. The control relays are shown
near the drying tube. The driving motor is shown just above
the roll holder. The speed of this motor can be controlled by
the rheostat located on the power panel below. Besides this
control, arrangements are provided for three speeds by means of
suitable gears—the control lever being shown at the top and
near the right of the instrument. This permits the tape feed

5 p8 59 Eo

Fi16URE 13-—Showing Diagrammatically How Tape Is Fed Thru
Machine

to be regulated so that the proper amount of space is given to
each letter whether recording at normal rate or at the maximum
speed of reception. Rolls of tape having a standard length of
1,000 feet (305 m.) are used, the holder being located just below
the motor. An indicating device is provided to show the amount
of tape in the holder. On the radio panel, located at the upper
right hand corner, is located a condenser which is in parallel
with the oscillator condenser and is for the purpose of controlling
the audio frequency necessary for the proper operation of the
galvanometer, the standard frequency adopted being 2,000
cycles. On this panel a tclegraph key also is located by which
any desired notation may he made on the edge of the tape, thru
which the beam of light is projected on to its edge, resulting in
dots or dashes, depending upon the operation of the key. An
example of this will be shown later. On this panel are also located
the binding posts to which a telephone is connected in order that
the signal being recorded may also be heard.
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As before described, the vibration of the galvanometer may
be noted by means of an image of a light filament projected on
to a panel of ground glass. The opening thru which this line
of light is observed is located at the upper extreme right hand
corner of the picture. Not only does this give the operator an
opportunity to note the character of the signals being recorded,
but it also enables him to make the proper adjustments as to
frequency, position on tape, and so on.

O,
,,e T g(

IR

FiGure 14—Diagram of Depth Control System

Figure 15 is a rear view of the instrument. In this picture,
the glass gauges are shown by means of which the height of the
solution in the tubes is indicated. The portion at the top, show-
ing the controlling magnets and other gear, is protected by a
suitable covering case, when the machine is in operation.
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Figure 16 is a diagram showing the relative position of the
reading and observation lamp and the galvanometer. The
galvanometer as finally designed and built was considerably
more massive than the former types. This made it less liable
to get out of adjustment, and in general more stable and less
sensitive to extraneous vibrations. Figure 17 is a photograph
of the instrument as it appears when in use. It is protected
with a dust-proof covering case. The high rate of speed at

Figure 15—Visual and Photographic Receiving Device—Back V ew
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Frovrr 16 -Diagram Showing Relation  Between  Lichting System and
Galvanometer

which the galvanometer is capable of recording is perhaps the
most spectacular feature of the instrument, even tho it may not
be the most important. Laboratory tests have shown that it
will record successfully as high as 600 words per minute. In
fact. even higher speeds have been obtained. Tt is somewhat

Ficrre 17—Galvanometer for Visual and Photographic Recorder
(\sse aod View)

interesting to note the action of the galvanometer when recording
100 words per minute (sce Figure 18). In order to check the
speed at which these signals are received, the following calcula-
tions can be made: 30 units equal an average word at 5 “etters
in the Continental Code. A dot equals one unit at 100 words
per minute. 5,000 unitz equal 1 minute, or 83.4 units per second.

The galvanometer reed vibrates at 2,000 eyveles per minute.
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2,000 divided by 83.4 equals 24, and if we should take the trouble
to count the vibrations in the dots here shown, we would find
them cqual to 24.

Figure 18

The principal item of interest connected with this picture
however, is the fact that only 4 cycles are necessary for the signal
to reach full amplitude. This means that the speed of the
incoming signal can be increased to 500 words per minute and
still be perfectly recorded. The lower line shows the signals as
they appear on the tape in the regular way. Figure 19 shows
high speed signals from 300 to 600 words per minute. It is

Ficvre 19
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needless to ~uay that these signals were produced in the laboratory
within a few feet of the machine, but serve to show that the
instrument would record satisfactorily at these speeds. Figure
20 shows records made by actual radio signals sent at high speed.

Ficrre 20

The two first records made were transmitted by the Alexanderson
alternator from New Brunswick, New Jersey at 100 and 1135
words per minute, respectively, and recorded in the General
Eleetriec Company’s Laboratory at Schenectady, New York.
The third record <hown was alzo recorded in the laboratory from
a~mall power station about three miles away (5 km.) at 250 words
per minute. The lower record is made simply to show the
appearance of the notations on the edge of the tape, made by
means of the kev on the radio panel of the machine as previously
deseribied,

One of these instruments has been in use in the Navel Radio
Station at Otter Cliffs, Bar Harbor, Maine, for the past three
vears.  During one of my visits within the past year or so, more
than 100,000 letters or the equivalent of 20,000 five-letter words
were recorded from Norway within a period of twelve hours at
an average rate of 60 words per minute.

The Tower portion of Figure 21 is a photograph of a piece of
the record taken that day.

All the messages taken during the entire run were complete,
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and no repeats werc necessary. The upper record in the figure
is a part of a message from Nauen, Germany. Figure 22 is a
photograph of several records made at the Otter Cliffs Station.

In Figure 23 is shown the way in which the recorder is ordin-
arily connected to the receiving system. The correct pitch or
note is obtained by varying the heterodyne or local oscillator
until the maximum amplitude of vibration is obtained.

=

Tone Tmp

Figure 23—Diagram Showing Manner in Which Recorder Is Connected to
the Receiving System

SUMMARY : The development of a visual and photographic recorder of the
tuned vibrator type is described. The most recent forms of the instrument,
together with its receiving speed possibilities and behavior toward stray dis-
turbances, are discussed.
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DIGEST OF UNITED STATES PATENTS RELATING TO
RADIO TELEGRAPHY AND TELEPHONY*

IsstEp Avcust 23, 1921—OcToBER 25, 1921

By
JouN B. Brapy

(PATENT LAWYER, OURAY BriLping, WasHINGTON, D. C.)

The object of this section in the PRrRocCEEDINGS OF THE
INSTITUTE OF Rap10 ENGINEERS is to make available in con-
venient form for research engineers and others interested, brief
information on radio patents which are issued each week by the
Patent Office. The rapid developments in this art emphasize
the importance of radio research engineers being familiar with
patent literature, to eliminate, as far as possible, the duplication
of effort in research. It is not the purpose of this section to
explain radio inventions fully, but merely to indicate the general
nature of the patents in order that those of particular interest
to individuals concerned with certain problems may be selected,
and complete copies of the patents obtained for study. Copies
of the patents may be secured at ten cents each by communi-
cating with the Commissioner of Patents, Washington, D. C.

1,387,885—William R. Davis, of Minneapolis, Minnesota, issued
August 16, 1921, filed March 9, 1918. Assigned to The
William Hood Dunwoody Industrial Institute.

Rap1o SiGNALING APPARATUS for the teaching of radio signals
to students in a classroom. The equipment comprises an in-
ductor which is rotatably driven adjacent to a plurality of mag-
nets connected in separate transmitter and receiver circuits for
use by individual students or groups of students. By varying
the speed of the inductor, different frequencies of signals may be
obtained to assimilate the conditions in radio reception.

1,388,336—KEarl C. Hanson, of Washington, District of Colum.
bia, filed February 25, 1919, issued August 23, 1921.

*Received by the Editor, November 7, 1921. While great care has been
taken in the preparation of these Digests, THE INBTITUTE OF RADIO ENGINERRS

assumes no responsibility for their correctness or completeness, or for possible
omissions of particular patents.—EDITOR.
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Numser 1,388,336—Underground and
Submarine Antenna

UNDERGROUND AND SUBMARINE ANTENNA, wherein the an-
tennas are formed by a pair of extended inductances connected
to radio signaling apparatus. The inductances are buried
horizontally in the earth and have their ends electrically free.

1,388,441—Michael 1. Pupin, of Norfolk, Connecticut, and
Edwin H. Armstrong, of Yonkers, New York, filed October
1, 1915, renewed January 14, 1921, issued August 23, 1921.

I,
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NuMBER 1,388,441 —Multiple Antenna for Electrical Wave Transmission

MvuLTIPLE ANTENNA FOR ELECTRICAL WAVE TRANSMISSION,
screened against the disturbing effects of electrical impulses of
short duration. A receiving antenna, of such high resistance as
to screen the system effectively against disturbing electromag-
netic waves impressed upon the conductor, is employed in in-
ductive relation with a low resistance antenna which serves as
a screen protecting the high resistance antenna against electro-
magnetic pulses of short duration.

1,388,450—Edwin H. Colpitts, of East Orange, and Harold
De Forest Arnold, of Maplewood, New Jersey, Assigned to
Western Electric Company, filed September 3, 1915, re-
newed January 13, 1921, issued August 23, 1921.
TRANSMISSION OF INTELLIGENCE by radio telephony. Radio
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NuMBER 1,388,450—Transmission of Intelligence

frequency oscillations of feeble amplitude are generated at the
transmitter and these feeble oscillations modulated while in their
feeble state. These feeble modulated oscillations are then am-
plified both in voltage and amperage to sufficient power for effec-
tive trsnsmission.

1,388,793—Wilfred T. Birdsall, of Montclair, New Jersey, filed
January 5, 1917, issued August 23, 1921. Assigned to
Westinghouse Lamp Company.

Fig 2 "

P

NuMmBeR 1,388,793—Vacuum Type Converter

Vacuuvm Type CoNVERTER, wherein the discharge is not
dependent upon an auxiliary heating current thru a filamentary
cathode as is the case with the heated filament construction of
the Fleming rectifier and the De Forest tube. The discharge is
maintained by virtue of electron emission and operates in the
absence of auxiliary means for maintaining one or more electrodes
at an electron emitting temperature. The apparatus comprises
two filamentary electrodes, means for supplying either a direct
or alternating current across the electrodes and means for initially
passing a heating current thru each of the electrodes until they
are brought to an electron-emitting temperature. Having raised
the electrodes to this temperature a bi-lateral current flow is
established between them and this current flow maintains the
electrodes at an electron-emitting temperature, the initial heat-
ing means being disconnected from the electrodes. Another
feature of the apparatus is the provision of electrostatic shields,
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22 upon the eectrodes which prevent the localization of discharge
npon restricted portions of the surfaces of either of the electrodes.
Fignure 3 shows the connections for delivering rectified energy to
the: lond 38 from an alternating current supply 23.

138,834 Fritz  Lowenstein, of Brooklyn. New Yok, filed
January 19, 1915, i==ued August 23, 1921.

Fig 1.

Nempenw 1L3SS 834 Spark-Gap Apparatus

Searn-Coar Arparares for use with quenched spark radio
transmitters. The quenched gap is carried in a rack associated
with the wave changer and condensers.  The quenched gap unit
comprises o pair of eleetrode members insulated from each other
and having co-operating circular annular sparking surfaces dis-
posed in paratlel, elosely spaced relation in combination with a
holt extending within the inner peripheries of said sparking sur-
fees, the bolt threading into one of said members and extending
thra the other of said members but insulated therefrom and ar-
ranged to elamp the same in sparking position with the first-

mentioned electrode.

LaASS i Horaee St.oJohn de Aula Donisthrope, of London,
Fuglind, tiled April 28, 1920, issued August 30, 1921,

Rao Perearaveime oz Truerdonte ApparaTtus for por-
table operntion Fhe receiver s made compacet by its construe-
tion i the form of inged sections similar to a book. with indue-
tances i the opposite leaves, The apparatus includes a erystal
detector o condenser, tewephone terminals and aerial and earth
dictances have their coupling varied by a

.

fernnnais I'he
cliange o dhe anaaar teintionshup of the hinged parts.

Lass o Pl O Harsen o Tas Angeles, California, fled



June 4, 1918, issued to August 30, 1921. Assigned to Title
Insurance and Trust Company.

NvUMBER 1,388,949—Audio Frequency “Wireless™
for Fog Signaling System

Avupio FREQUENCY “WIRELEss”’ Foc SiGNAL SysTEM for the
piloting of vessels into and out of port in fog or darkness. The
apparatus is installed upon shipboard to enable navigation thru
tortuous channels or harbors by visible or audible signals not
dependent upon lighthouses or buoys. The system includes a
cable laid in the channel way and energized from an audio fre-
quency source. The apparatus on shipboard comprises a col-
lector of the field of force emanating from the cable, a vacuum
tube amplifier associated with said collector and means for obser-
ving the received energy. The patent describes both port and
starboard visible signal lamps operated by the received energy
and also telephone receivers operated by the amplified energy.
The patent illustrates the position of a cable for piloting vessels
in safety thru a mine field.

1,389,026—Vannevar Bush, of Chelsea, Massachusetts, filed
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May 19, 1920, issued August 30, 1921. Assigned to Ameri-
can Radio and Research Corporation.
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NuvMBER 1,389,026—Radio Receiving System

Rapio ReceiviNg SysTeM for the reception of sustained
oscillations which are broken up or modulated into groups at an
audible frequency by periodically varying the resistance of the
receiving circuit at audible frequency.

1,389,255—Leslie R. McDonald, of Montreal, Quebee, Canada,
filed May 16, 1917, issued August 30, 1921. Assigned to
William J. O’Leary, of Montreal, Quebec, Canada.

Rapio FREQUENCY ELECTRICAL OSCILLATION APPARATUS,
comprising a construction of a combined capacity and inductance
by which radio frequency energy is transferred from an oscil-
lating circuit to a working circuit. Both the primary and second-
ary of the inductive coupling are open so that the coupling
affords a large proportion of the capacity of the oscillation circuit.

1,389,351—Charles Howard Harvey, of London, England. filed
May 7, 1918, issued August 30, 1921. Assigned to General
Electric Company, Ltd., London, England.

MEANS FOR SUPPORTING ELECTRODEs IN IoNic TUBES, com-
prising a spring mounting for the cathode. The vacuum tube
casing is provided with a tubular socket of glass fixed within the
vessel with a shoulder at the outer end of the socket. An anchor
wire having a knob at its end passes slidably thru said socket
and is engaged by the shoulder. The anchor wire is secured to
a spring and the spring in turn supports the heated cathode.
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1,389,800—Roy Alexander Weagant, of New York, N. Y., filed
February 1, 1918, issued September 6, 1921. Assigned to
Radio Corporation of America.

NumBER 1,389,800—Radio Signaling Apparatus

Rapro SIGNALING APPARATUS at a radio receiving station
having a plurality of separated antennas tuned to the same fre-
quency and adapted to receive horizontally propagated waves
in a plurality of directions. Figures 2 and 3 show the antennas
in the form of extended wires and plates or networks with means
connected in the antenna circuits for the elimination of static
disturbances.

1,390.288—John Hays Hammond, Jr., of Gloucester, Massa-
chusetts, filed July 24, 1913, renewed January 24, 1921,
issued September 13, 1921.

SyYsTEM FOR CONTROLLING MovVING BopiEs BY Rapio ENERGY
having at the transmitter means for emitting different frequen-
cies and at the receiver a plurality of circuits respectively re-
sponding to the different frequencies. A commutator apparatus
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is arranged intermittently and automatically to connect the de-
tector to any one of the receiving circuits and means synchronized
with the commutator apparatus are provided for connecting the
desired control circuits with the detector circuit.

1,390,883—Theodore W. Case, of Scipio, New York, filed April 3,
1918, issued September 13, 1921.

RADIANT-ENERGY DETECTING AND TRANSLATING DEVICE,
embodying a normally oscillating circuit for indicating very
slight changes in resistance in a predetermined circuit resulting
from variations of intensity of light rays to which resistance is
exposed.

1,391,671—Horace St. John de Aula Donisthrope, of London,
England, filed March 23, 1921, patented September 27, 1921.

THERMIONIC VALVE FOR USE IN RAp10 TELEGRAPHY AND
TeLEPHONY, having hollow hemispherical plate and grid elec-
trodes inverted over a looped filament. The advantages claimed
for this arrangement are that the cathode stream is more uni-
formly distributed than when the ordinary plate type of electrode
is employed and consequently disintegration is more uniformly
distributed thereby increasing the life of the valve; and the
arrangement also serves to damp down or eliminate microphonie
disturbances or noises.

1,391,672—William Dubilier, of New York, N. Y., filed August
1, 1918, patented September 27, 1921.

ELEcTrRICcAL CONDENSER, constructed of rectangular plates
having one dimension substantially greater than the other and
interleaved with larger rectangular insulating sheets of greater
length than width. The novelty in this condenser lies in the con-
struction of the stack. The side edge portions of the longer
dimension of the condenser plates project alternately bevond
the two longer sides of the dielectric sheets, the similarly pro-
jecting edge portions of the plates being connected together
thruout their whole length to constitute the terminals for the
condenser. The terminals are thus constructed to provide the
shortest mean heat conduction path and the path of lowest
mean resistance to the exterior of the condenser.

1,391,673—William. Dubilier, of New York, N. Y., filed March
7, 1919, renewed March 5, 1921, patented September 27,
1921. Assigned to Dubilier Condenser Company, Inc.
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NvuvMBER 1,391,673—Antenna
Shortening Device

ANTENNA SHORTENING DEVICE, comprising a plurality of
condenser sections connected in series and tapped to different
terminal posts arranged on a casing containing the condenser
sections. A switch arm is provided movable over the terminal
posts to connect in circuit the respective condenser sections in
series with an antenna system to shorten the wave length to the
desired value. A short-circuiting contact is provided whereby
the series condenser may be entirely cut out of the antenna
cireuit.

1,391,855—Henry K. Sandell, of Chicago, Illinois, filed Novem-
ber 28, 1919, patented September 27, 1921. Assigned to
Herbert S. Mills, of Chicago, Illinois.
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NuMBER 1,391,855—Radio Transmitting
System
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Rap1io TRANSMITTING SYSTEM, employing a vacuum tube
oscillator circuit having a loop antenna series connected in the
input circuit of the oscillator and rotatably mounted and another
loop antenna in series with the output circuit of the oscillator
and arranged in proximity to the first mentioned loop. In the
circuit illustrated in the patent the oscillator is modulated by a
telephone transmitter connected in the input circuit.

1,393,018—Peter Cooper Hewitt, of Ringwood Manor, New
Jersey, filed March 9, 1916, issued October 11, 1921.

Z sovect 0r

VARYATIONS

éf&g 3.

NvMBER 1,393,018—Relay

RELAY, comprising an evacuated vessel having an anode and
a cathode therein, a battery connection for heating the ecathode,
a conducting member acting as a screen enclosed within the con-
tainer and adjacent to the anode and means for heating the con-
ducting member to a temperature having any desired relation to
the temperature of the heated cathode. The tube is intended for
amplifying electrical currents or translating variations and when
used in such connection cither the cathode or the sereen may
serve as the grid and the temperature of each may be controlled
in such manner as to pass the desired amount of current in either
direction.

1,393,077—William C. Brinton, Jr., of Kennett Square, Penn-
sylvania, filed October 8, 1918, issued October 11, 1921.
Assigned mesne assignments to Philbrin Corporation.
ELecTrIcCAL CONDENSER, comprising layers of conducting

material and layers of fibrous dielectric material of different

degrees of hardness and compressibility, the harder and less

compressible layers being of greater weight than the softer and
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more compressible layers. The entire condenser is enclosed in
a tight-gripping casing compressing the layers in inter-relation.

1,393.594—William C. White, of Schenectady, New York, issued
October 11, 1921, filed June 3, 1918. Assigned to General
Electric C'ompany.

”
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NuMBER 1,393,594—Means for Pro-
ducing Radio Frequency Oscillations

MEaNs FOR PropuciNG Rapio FREQUENCY OSCILLATIONS
independently of any coupling between the grid and plate cir-
cuits of the vacuum tube oscillator. Under certain conditions
in vacuum tube oscillator circuits, the current in the grid circuit
may have a dropping characteristic, that is, as the voltage im-
pressed upon the grid increases, the current in the grid circuit
will decrease. With the proper conditions for operations, a cir-
cuit having current characteristics of the type described, may
be so organized that oscillations will be produced therein, the
essential condition for the production of oscillations being that
the circuit shall contain capacity and inductance and that the
resistance of the circuit shall be less than:

L
2\/’0

where L represents the inductance and C the capacity of the cir-

cuit. A resonant grid circuit is provided including a source of

potential and adjusted so that the current in the grid will vary

inversely as the applied potential over a given operating range of
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negative potential, the source of potential connected to the grid
circuit being of such value that the normal potential of the grid
is within the operating range, whereby oscillations will be pro-
duced in the grid circuit independently of any coupling between
the grid and plate circuits.

1,393,602—E. A. Bayles and H. Higham, of Helsby, England,
filed December 22, 1919, issued October 11, 1921. Assigned
one-third to Ernest Richard Royston, Liverpool, England.
ELEcTRICAL CONDENSER, comprising a plurality of condenser
units, each unit made up of a series of spaced longitudinally
aligned tubular condensers electrically connected and supported
in removable racks within an oil container. The individual con-
densers are composed of coiled or folded laminas of paper and
metal enclosed within cylindrical casings adapted to be threaded
upon a vertically positioned frame carried on the removable rack
submerged in the tank of oil.

1,394,026—Lloyd M. Knoll, Philadelphia, Pennsylvania. As-
signed one-fourth to Thomas Appleby, filed April 2, 1920,
patented October 18, 1921.

NuUMBER 1,394,026—Radio System

Rapio SysTeM for the location of the actual direction of a
transmitting station as an improvement over systems which
merely indicate the course of the signals, but do not differentiate
between the true and converse directions. The system com-
prises the combination of an antenna circuit with a pair of rectan-
gular loop collectors rotatably mounted and adapted to have their
mutual coupling varied and connected in circuit as indicated
in Figure 3.

1,394,056—William C. White, of Schenectady, New York.
Assigned to General Electric Company. Filed July 3, 1920,
patented October 18, 1921.
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NUMBER 1,394,056—Signaling System

S1GNALING SYSTEM, employing a vacuum tube oscillator and
modulator. A source of alternating current of low frequency 1
is provided for supplying energy for the operation of the electron
discharge oscillators 2 and 3 and the modulators 4 and 5. Cur-
rent for heating the filaments of the oscillators and modulators
is also derived from the source 1, being supplied to the filaments
by means of the transformer 6, the middle point 7 of which is
preferably grounded. Current for the operation of the oscillators
and modulators is supplied to the plate circuits by means of the
transformer 8, the secondary of transformer 8 being oppositely
connected to the plate circuits of the oscillators 2 and 3 as well as
to the plate circuit of the modulator 4 and 5. The plate circuits
of the oscillators and modulators are all completed by a con-
nection from the middle point 9 of the secondary of the trans-
former 8 thru a reactance 10 to ground 11.

1,394,090—Cassius Eugene Hiatt and William Joseph Davis, of
London, England, filed May 19, 1919, patented October 18,
1921.

NumBER 1,394,090—Valve of
Radio Transmission Systems
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VALVE OF Rapro TRANsMIssION SySTEMS, having a construc-
tion of plate which provides a high thermal conductivity between
the plate and its support and which at the same time is of inex-
pensive manufacture. In the usual forms of vacuum tubes the
plate is connected by electric welding to the upper end of a metal
rod or post which at its other end is embedded in the glass sup.
port or stem, together with the electrical lead or conductor to
which it is connected and which in turn passes to a terminal post
of the tube. The electric welding process is usually carried out
in an atmosphere of hydrogen in order to prevent oxidation and
during the process the electrode absorbs the hydrogen and is
therefore not gas-free. In the present construction the plate
comprises a spirally-wound portion having an integral extension
embedded in the glass support within the bulb, the extension
supporting the anode and serving for the connection to the elec-
trical lead and providing a path of high thermal conductivity in
addition to its rigid supporting qualities.

1,394,560—Frederick A. Kolster, of Washington, District of
Columbia, filed November 27, 1916, patented October 25,
1921.

Flr 8.

NuMBER 1,394,560—Apparatus for
Transmitting Radiant Energy

APPARATUS FOR TRANSMITTING RADIANT ENERGY, comprising
a closed radiating circuit including a coil inductance and a capac-
ity made up of large separated arcas and serving with the in-
ductance as radiating elements. The circuit is placed in oscilla-
tion by coupling a source of either damped or sustained energy
to the system modulated in accordance with the signals.

1,394,600—George Maurice Wright, of London, England. As-
signed to Radio Corporation of American. Filed June 8,
1916, patented October 25, 1921.

Rapio TELEGRAPH RECEIVER, having a circuit for the reduc-
tion of noises due to atmospherics. The natural resistance of the
antenna may be made of such a value as to damp the atmos-
pherics while the effective resistance is reduced by the interaction
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of the incoming and outgoing circuits of a vacuum tube connected
between the antenna system and the receiver. The filament of
the vacuum tube is heated so slightly as to produce only very
small magnification and to all practical degree no magnification
of the signals, but sufficient to neutralize the antenna resistance
for the weaker amplitudes of signals and yet render effective
the resistance for the larger amplitudes of atmospherics.

Fig2

A
7 =
. ==y ld ﬂ il
i c '

NumBER 1,394,600—Radio Telegraph
Receiver
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SERVICE ACCURACY SPEED

THE
INTERNATIONAL RADIO
TELEGRAPH COMPANY

operates

Modern coastal stations for ship radio service,
equipped with high musical tone Transmitters
and Heterodyne Receivers for damped and
continuous waves,

at

BROOKLYN, N. Y. CAPE MAY, N.].
Call letters WCG Call letters WCY

SIASCONSET (Nantucket Island) MASS.
Call letters WSC

NEW LONDON, CONN. NEWPORT,R.I.
Call letters WLC Call !eizters WCI

and sells or leases

Complete ship radio installations using
damped or undamped waves. The Company
will contract, at a fixed rate, for complete
maintenance and operation of ship stations.
Inspection and Repair Service Stations at
important ports, including the facilities of
the Westinghouse Electric & Manufacturing
Company. Traffic Accounting and Routing.

THE INTERNA;I‘IONAL RADIO
TELEGRAPH COMPANY

326 Broadway New York
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ONE WAY ONLY—THE
BEST WAY—-BUY!

We Sell Our Sets

'RADIO

For SHIP and
LAND Stations

SIMPLE
EFFICIENT
DEPENDABLE
DURABLE

2 KW. Transmitter and No Critical Adjustments :
Motor Generator I

CUTTING & WASHINGTON
RADIO CORPORATION

GENERAL OFFICES:
6 AND 8 WEST 48TH STREET, NEW YORK, N. Y.

Cable Address: CUTWASH, New York
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Small Instruments for Small Panels

Roller-Smith Type TIA

A new line of small A. C. ammeters and
voltmeters, up to fifty amperes and 150
volts. Flush and base flange models, 3!’
in diameter and 1'2" deep.

These little instruments are ideal for small
radio panels of all kinds. They are accurate,

dead-beat and. above all, DEPENDABLE.

In addition we can furnish our type TID
D. C. ammeters and voltmeters to match.
Send for Bulictins Nos. K-400 and K-+410

OO0 0 ARSI ORI OO0 RN 10 IR

Elu'mml Instruments Metees ‘and Circuit Breakers §
\lkl\ OFFICE: KRl WORKS: ]

1M Weasver Blig.. New York L Bethietem. Pesmsvivamia §
CHICAGO CLEVELAND DETROIT =
Monadnocx Block 6523 Euclid Ave. Majestic Building =
Other Offices in Prircipal Cities %

Sl YRR P N1 1



Federal Audio Frequency Transformers

Quality - Performance and Efficiency
Par-Excellent

To Detector

Tooo A = |'|'L'|'|l|’

ype A 60 1oKs

One 226-W Transformer with one Marcéni V. T. gives an energy am-

plification of 400 times. (Audibility amplification of 20 times.)

Two 226-W Transformers with two Marconi V. T.’s give an energy

amplification of /60,000 times. (Audibility amplification of 400 times.)
Send 6 cents in stamps for Bulletin 102-W-B

FEDERAL TELEPHONE s> TELEGRAPH CO.

BUFFALO, NEW YORK

WIRELESS IMPROVEMENT COMPANY

Arc, Spark and Vecuum Tube Transmitters—Radio
Compasses, Receivers and Amplifiers for military
and commercial marine and land installations.

FACTORY AND LABORATORY
47 West Street New York, U. S. A.
Cable address WIRIMPROCO—NEW YORK

i “ireless at Home

>le time with the Omnigra
nitter. Connected with Buu':l:
will send messages, at lny

speed, just as an experto
ator would. Used b: S
’ Si.lreau lof Navnganon to t?t
app icants applying for
Radio licenses, P models.

B Prices $20 and $28.
OMNIGRAPH MFG. CO., 26 B Cortlandt St., New York

v




Consider the Fixed Condenser

The losses in inefiicient or poorly-designed con-
densers become very considerable and may appre-
ciably reduce the operating efficiency of many Radio
circuits. Usually the Radio man is most critical in
his selection of the major parts of his apparatus,
but gives very little thought to the merits of a care-
fully-designed fixed condenser.

The

N\

Type ROCC .0002 mf

Midget Fixed
Condensers

are cmiudllyf designed and ar;
constructed of mica, copper an

Type ROCF .00Smf B} lite-Dilecto. Grebe  Midget

Condensers will carry a potential
up to 1000 volts without danger of breakrdown. The various
sizes permit the use of these condensers individually or as com-
bination capacities in almost any Radio circuit. The dimensions
of the base are 1"x2"; the height varying with the capacity, from
35" to 75",

There are any number of fixed condensers on the market, but
you will find only in Grebe Midget Condensers the painstaki
precision that has made Grebe Radio apparatus the acknowl
standard in the amateur and experimental fields.

Central Radio Institute, Kelly and Phillips,
independence, Mo. ' Brooklyné‘l:. J"
Continental Radio and Electric Corp., Klaus Radio Company.

New York ical
Manhattan Electrical Supply Co..
Detroit Electric Co. l:lew York, Chicago, Stp.’ uls
Detroit, Mich.
Doubleday-Hill Electric Co.
Pittaburgh, Pa.

" Speci: . New York City.
mﬂl‘ﬁ'n'-bm. oo Phila. School of Wireless Telegraphy,
Holt Electric Utilities Co., g liadeiptis. Pa.
Jacksonville, Fla. Boeton. Mass <
Hurlburt-Still Electrical Co., Western Radio Electric Co..
Houston, Texas Los Angeles, Cal.

Ask Your Dealer to show you our line of Super-grade Apparatus. If he
doesn’t carry it, write us for Catalog, mentioning his name

A. H. GREBE & CO.,, Inc.
76 Van Wyck Blvd. - - Richmond Hill, N. Y.




Left:—Exide Battery, Type MV 11,
60 cells, on deck of S.S. Comus;

h-
it-

BATTERIES

Whenthe Engine Room Is Flooded

and the ship's dynamos hopelessly out of commission,
the mighty voice of the wireless continues to send its
urgent call for help.

I‘'or on their topmost decks, hundreds of lake and
ocean steamers are carrving Exide Batteries against the
cemergency that may ncecessitate their use.

On sca and on land, Exide Batteries have played an
important part in the history of the wireless. More than
32 years of battery bhuilding experience assures you of
that absolute reliability so essential to the unfailing oper-
ation of the wireless,

Let us tell you more about the
Fxide Batteries and the Steam-
ship Companies  that are using
them,

THE ELECTRIC STORAGE BATTERY Co.

Oldest and largest manufacturers in the world of
storage batteries for every purpose

1888 PHILADELPHIA 1921

Branches in 17 Cities

Exide Batteries of Canada, Limited
133-157 Dufferin St., Toronto

Vil
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EVO]LU’J[‘][ON IN RADIO |

THE constant and eternal striving of

mankind for something Jetter is strik-
ingly shown by the recent development and
progress in radio telegraphy and radio
telephony.

THE Radio Corporation of America
represents evolution in radio. Whether
apparatus is intended for high power statlons,
ship-to-shore service, laboratory or experi-
mental equipment, there is always the assur-
ance of progressive development.

THE exclusive rights to many important
inventions are ours. The manufactur-
ing and research facilities of the General
Electric Company are also ours. Couple
these facts with twenty years of experience
in the radio field, and you will understand
why the Radio Corporation of America is,
today, the foremost organization in the art
of radio communication.

It will be a pleasure for our nearest office
to furnisk any information desired.

RADIO CORPORATION

OF AMERICA

EDWARD J. NALLY, President

WoorworTts BuiLping, New York Crry

BRANCH OFFICES IN THE U.§. A,

Boston Portland Cleveland

New Orleans Baltimore San Pedro
Seattle Port Arthur Savannsh

Philadelphia San Francisco Chicago

Galveston Norfolk Honolulu
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Genuine Seibt Precision Variable Air Condensers

These condensers need no introduction to those engaged in the radio
art previous to the war.

They are constructed entirely
different from other condensers in-
asmuch as both the movable and
fixed scts of plates arc each
milled out of a solid casting. The
advantages gained by this con-
struction are: absolute rigidity of
plates, extraordinary compact-
ness, large minimum to maximum
capacity ratio, high insulation re-
sistance and low effective resist-
ance.

Genuine Seibt Precision Variable Air Condensers are ebtainable in the following capacities: —

Type S 500 Capacity 0.0006 mfd. or 500 cms. $22.00
$1000 0.0012 1000 29.50
$2000 0.0022 2000 37.50
$4000 0.0044 4000 60.00

PACENT ELECTRIC COMPANY, Inc.
. LOUIS GERARD PACENT, President
Representing A, H. Grebe & Co., Rawson Electrical Inst. Co., Richter-Schottler
Co., Dubilier Condenser Co., The Magnavox Co., the Electrical Products Mfg.
Co., Wireless Improvement Co., Inc., H. W. Sullivan and others,

150 Nassau St. Telephione: Beckman 5810 New York City

DUBILIER MICA CONDENSERS

Over 250,000 in service

The most efficient and cco-
nomical condenser made, Adopt-
ed as standard by almost every
Government and  Radio Com-
pany.

004 mid. units tested at 21,-
000 Volts, 19 amperes.

25 mid. units, suitable for
filter circuits, tested at 1,500
Volts, price $0.00.

Small condensers in metal

o cases, (001 to .01 mfd,, suitable
for vucml'm-tuhc circuits, tested at 1,500 Volts, price $2.00.
Protective devices for 1 K.W, sets and smaller, two .02 mfd. units,
tested at 2,500 Volts, price $9.00.
Protective devices for 2 to 10 K.W. sets, two .05 mfd, units, tested
at 3.000 Volts, price $15.00.

Ready for Immediate Deliveries

DUBILIER CONDENSER CO,, Inc.

217 Centre Street New York, N. Y.
For England, Address

Ducon Works, Goldhawk Road, Shepherds Bush W. 12, London, Eng.

Address all inquiries for condensers for amateur and educational purposes to

the PACENT ELECTRIC COMPANY, INC., 150 Nassau Street N. Y. City, N.Y.
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TRANSFORMERS

CUSTOM MADE

AMERICAN

Designed and constructed to

fill the special requirements

Nineteen years’ experience in handling Radio problems

?

178 Emmet Street

l
I of our customers

American Transformer Company

Newark, N. J.

150 Main Street

Ten Step
Variable

Inductor

With dead
end switch
Min.Ind. 1.25
M. H. Max.
Ind. 250. M.
H. Mounted
in oak box
with Bakelite
panel.

Price, $15.00

Bulletins Y, Z
and R sent on
request.

CLAPP-EASTHAM COMPANY
Cambridge, Mass.

XI




Mardock Radio Receivers

An mexpensive, surprisingly sensi-
tive, thoroughly workmanlike head
set, universally conceded ““the most
for the money.” Their record for
semsitive service in thousands of
' sa-ions, amateur and commercial,

s T1eir best advertisement.

- PRICES:

38 OHM DOUBLE SET - $450

P 38 OHM DOUBLE SET - 550
WML J. MURDOCK CO.

T L Styewe. - - Chelsea, Mass.

B Viimsier: Street, San Francisco

AME TRANSFORMERS

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.

¢wr Radio Transformers
are well known for their
hizh efficiency and rug-
sedness.

| AWWHE \PPARATUS COMPANY

L < N WU ~TREET. CAMBRIDGE 39, MASS.

: | TN S A [N ANWGINEERS AND MANUFACTURERS

I
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BAKELITE-DILECTO

The Standard Insulating Material for all

RADIO WORK

Waterproof—Strong—High Electrically—
F urnisﬁed in Sheets, Rods, Tubes, and

Special Shapes. Samples on request.

Also makers of High-Grade
Vulcanized Fibre

THE CONTINENTAL FIBRE CO.

Newark, Del.

New York Office, 233 Broulwly Chicago Office, 332 South Michigan Ave.
Pittsburgh Oﬂiu 301 Fifth Ave.
San Francisco Oﬂico 525 Market St.
eles Office, 411 South Main St.
Canadian Office, 1710 Royal Bank Bulltr ng, cornor King and Yonge
Streets, Toronto, Ontario, Canad

To the Radio Engineer
Radio Manufacturer
Radio Amateur
You cannot afford to do without the
Proceepings oF THe Institute o Rapio
ENGINEERS

Nowhere else can you get the latest information on
Transmitters, Receivers, Bulbs, Radio Telephony,
Elimination of Strays, and every other important

radio topic.
Subscription per year {;:gg ((l:bmﬂd;

Address
Secretary,

INSTITUTE OF RADIO ENGINEERS
COLLEGE OF THE CITY OF NEW YORK

XIII
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VOLUME 9 DECEMBER, 1921 NUMBEER 6

‘PRQCEEDINGS

DE’) (’,, 5 af .

*3n§tttute of Ravio
Engineers |

> t

v

A

. EDITED BY
ALFRED N. GOLDSMITH, Pb.D.

RN

, PUBLISHED EVERY TWO MONTHS BY
THE INSTITUTE OF RADIO ENGINEERS

THE COLLEGE OF THE CITY OF NEW YORK
140th Street and Convent Avenue, New York, N. Y.

1

Subscription $9.00 per Annum in the Uhited States
$9.60 in all other Countries

GENERAL INFORMATION AND SUBSCRIPTION RATES ON PAGE 467
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RADIO CONDENSERS

MODEL UC 1804

0.002 MFD. 15000 VOLTS EFF.
28 AMPS. AT 300 METERS TO 9 AMPS. AT 3,000 METERS

THe advent of continuous wave transmitters, particularly of the vacuum
tube type, has demanded the design of a new general type of condenser
which would not only have a high factor of safety for high potential service
but which could be safely subjected to very severe current loading. The
rapid increase of the effective resistence of a condenser with temperature,
produces an accumulative effect which presents a very serious design prob-
lem. This problem has been met very satisfactorily by the unit here shown,
which, in the above-mentioned rating, is known as Model UC 1804.

The shape of the
minum alloy casing
to afford the great-
mal  conductivity
allel stacks, which
area and minimum
ductivity is further
central stud which
mal contact with
several stacks and
on the top in a

non-corrosive alu-
has been designed
est degree of ther-
from the four par-
are of maximum
length. This con-
aided by a heavy
has intimate ther-
the ends of the
which terminates
large bell, serving

the double function of a heat radiator
and a dust pro- tector for the mica
insulator. Within the large bell is a smaller one acting as a shield to carry
the major portion of the electrostatic field outside of the insulator. This
smaller bell also carries an adjustable spark gap, which has been found to
be a very important element in protecting this condenser against unusual
high-voltage surges. This condenser is very thoroughly filled with a special
wax under vacuum, and is provided with a special spring diaphragm which
insures that, after heating and expansion under excessive overload, the
wax, during contraction, will not recede from important portions of the
condenser. Attention is also invited to the rubber gaskets used in closing
the eondenser case. These gaskets, put on with a special varnish, prevent
moist air from being “pumped” into the condenser in marine use, and under
conditions of extreme humidity and extreme temperature changes, as expe-
rienced in the tropics.
Over-all Dimensions 6 in. x 6 in. x 83{ in. Weight 9 lbs.

Price (f.o.b.Boston) ... ... $50.00

(Discounts on quantities of 100 or more)
Ready for immediate deliveries

WIRELESS SPECIALTY APPARATUS CO.

BOSTON, MASS., U.S. A.

ESTABLISHED 1907




WSA COASTAL RADIO STATION Easthampton, Long Island

I Radio for Ship and Land Stations

ﬂ CUTTING & WASHINGTON
RADIO CORPORATION

6 WEST 48TH STREET NEW YORK, N.Y.

|
l Cable Address: CUTWASH, New York
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MODU LATION

of the antenna currentis clearly §
shown by the Roller-Smith type §
TAW thermal ammeter. Rug-
gedness and ability to withstand =
moderate overloads are also fea- §
tured in its design.

For additional information §
send for Bulletin No. K-10 in §
which are also listed D.C. and B
A.C. voltmeters, ammeters,
Type TAW thermal ammeter, and milliammeters for various §

flush model circuits of vacuum tube sets.
linzctvloal mmumams.Metzts and Clecuit Breakers |
MAIN OFFICE: WORKS:
2134 Weelwerth Bldg., NEW YORK Bothlehem, Pennsylvania
CHICAGO CLEVELAND E
Monadnock Block 7016 Euclid Ave, E

Other Offices in Principal Cities in U. S. and Canada
1 O W O e R R R

I | | I—

HIGH POWER
RADIO APPARATUS

No other t of high power radio transmitter can compare with
the “FULLER” type AEOC CONVERTER in simplicity, reliability,
economy and efficiency. Designed by the engineer who was re-
sponsible for the design of the giant arcs which comprise the
American Navy Department’s great chain of high power stations,
the transmitters manufactured ﬁ)y this company and sold and in-
stalled anywhere in the world, offer many advantages over other
high power radio frequency generators, which the purchaser and
user cannot afford to overlook.

Any capacity from 2 to 1,000 Kilowatts,

with working ranges up to 12,000 miles

WIRELESS IMPROVEMENT COMPANY

Works and Offices
66 York Street Jersey City, N. J., U. S. A.
CABLE ADDRESS: WIRIMPROCO, NEW YORK

1




TYPE 580 DUBILIER C.W.CONDENSER

Especially de- Unsurpassed
signed for CW. for
and antenna Vacuum tube
circuit duty p Transmitters
EXTREMELY COMPACT BUILT OF INDIA MICA
RUGGGED CONSTRUCTION INFINITESIMAL LOSSES
CONSTANT CAPACITY EASILY MOUNTED
Trlplo Capacity Type 580 nquo 310
0003 mfd. 0.0004 mfd. 0.0005 mf

w volts 4 amperes PRICE $4.. SO
SINGLE CAPAC

ITIES
Catalog No.311 Type580 Capacity 0.001 mfd. 5000 volts
32 0.002mfd. 5000 volts

PACENT ELECTRIC COMPANY, Inc.
LOUIS GERARD PACENT, President
150 Nassau St, Telephone: Beekman 5810 New York City

B WANTED
Full Sets of the
Jroceedings of The Institute of Radin Eugiveers
From Volume | Thru Volume 5

Address the Secretary, Institute of Radio Engineers, College
of the City of New York, giving condition of set, whether
bound or unbound, and price asked.

"~ 1eCodeat Home

sle time with the Omnigraph
nitter. Connected with Bumr
‘::led send messages, at nny

8 just as an expert

Etor wou}dN Used by
ureau o lvmuon to mt
{ ’nll lppllmtl applying for

licenses,
Pnces $22 and $30.

OMNIGRAPH MFG. CO., 26 B Cortlandt St., New York

Iv




How Important
is a Good Condenser?

Science and experience prove that a chain is no stronger than its weakest link.
The discerning radio man is most particular about the major parts of his apparatus,
but usually overlooks one vital spot—the fixed condenser.

4\

Type ROCC .0002mf. Midget Fixed Condensers

are as carefully designed and built as the finest of our famous receivers. Mica,
copper and Bakelite-Dilecto make it possible for them to successfully carry a
potential of 1,000 volts. The various capacities permit their use, individually or
in _combination, in almost any radio circuit.

T/2c ‘bases measure 1 in. x 2 in., the height varies witlr the capacity from 3§ in.
to 7% in.

Connect ane of these wonderful condensers into your receiving circuit and see

what the “weak link” has been costing you in efficiency.

Ask your Dealer or order direct.

Ask Your Dealer to show you our line of Super-grade Ap:arnlul. If he doesn’t
carry it, write us for Catalog, mentioning his name

A. H. GREBE & CO., Inc.

76 VAN WYCK BLVD. - . RICHMOND HILL, N. Y.

ACME TRANSFORMERS

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 efliciency and rug-
gedness.

ACME APPARATUS COMPANY
200 MASSACHUSETTS AVENUE ;
CAMBRIDGE 39, MASS.

TRANSFORMER AND RADIO ENGINEERS AND MANUFACTURERS
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BATTERIES

Again Selected for
Duty In the Polar Regions

When MacMillan, the Arctic explorer, left Bos-
ton several weeks ago bound for the Frozen
North, he took with him an Exide equipped wire-
less. This confidence in Exide Batteries recalls
the remarkable record of dependability and en-
durance made by them seven years ago when the
noted explorer headed the Crocker Land Expedi-
tion.

Exides are used extensively for the wireless in
Government and the big privately owned plants,
in the elaborately equipped amateur stations; by
the U. S. Signal Corps and on board ships.

Write for Bulletin 175 describing Exide Batteries for Wireless

THE ELECTRIC STORAGE
BATTERY CO.

Oldest and largest manufacturers in the world of
storage batteries for every purpose

1888 PHILADELPHIA 1921

Branchesin 17 Cities

Exide Batteries of Canada, Ltd.
133-157 Dufferin St., Toronto




A Decade of Radio Development

Progress in radio communication during the last
ten years has been extraordinarily rapid. The
aims of the founders of

The Institute of Radio Cngineers

’ to further this development have been realized,

in large part, in the services the Institute has
rendered this new electrical art. The Institute
" invites those interested in radio communication,
either commercially or in an amateur connec-
tion, to affiliate themselves with it. Applica-
tions should be addressed to the Secretary,
The Institute of Radio Engineers, College
of The City of New York, New York, N.Y.

SPECIAL
DUBILIER MICA CONDENSERS

This condenser was designed
for the U.S. Government dur-
ing the war, for use in a Phan-
tom Antenna or as a Series
Antenna Condenser,

It is built for operating at
30,000 volts  Capacity, .0004
mfd. Current, 10 amperes.

The applications for this con-
denser in a laboratory are
numerous.

These condensers were manu-

Type 56 factured in excess of our Gov-

ernment contracts and formerly

sold for $50.00 each. In order to reduce this stock we are quoting
for a limited tine a price of $15.00 each F.O.B. New York City.

DUBILIER CONDENSER CO.,, Inc.
217 Centre Street New York, N. Y.

Foreign Licensees
England—Dubilier Condenser Co., Ltd., London.
Canada—Canadian General Electric Co., Toronto.
France—G. Capart, Paris.
Germany —Gesellschaft fiir drahtlose Telegraphie (Telefunken) Berlin

VII



6 R CA”
More than an Abbreviation

HREE activities of the Radio Corporation of
America are summed up in the letters “R C A.”

(1) In trans-oceanic communication, the routing des-
ignation “Via RCA” has come to mean that the sender
of a radio message wishes to avail himself of the Radio
Corporation of America’s unexcelled service—a service
that insures accuracy, speed and economy.

(2) In Marine Communication the routing desig-
nation is again “Via RCA” for the same reason.

(3) When the amateur and experimenter buys a
piece of radio apparatus for his own use he looks for
the letters “RCA.” They mean to him that the ap-
paratus to which they are applied embodies the im-
provements made by the foremost radio engineers.

The letters “RCA” are more than an abbreviation,
because they symbolize the massed research facilities, the
skill and resources of the associates of the Radio Cor-
poration of America:— -

The General Electric Company
The American Telegraph & Telephone Co.
The Western Electric Co.
The Westinghouse Electric & Mfg. Co.

Radi @%Corpgmrggon

Edward }. Nlllv President
NEW YORK

BRANCH OFFICES IN THE U. S. 4.

Boston Philadelphia Baltimore Norfolk

New Orleans Galveston Port Arthur Cleveland

Seattle Portland San Francisco $an Pedro
Savannah Chicago Honolulu




W estinghouse
Radio Apparatus

“Vocarola”

The loud speaker attachment that amplifies
music without distortion

$30.00

Westinghouse Electric and Manufacturing Company
East Pittsburgh, Pa.

Westinghouse




2 STAGE AMPLIFIER

An eficient, attractive and re-
Biahie  am; ifer unit, selfcon-
red except for flament battery.

ne ¢nergy ampiif.catim of each
ctage 16 approximateiy 400,
By means of a single drum
«witch, constructed to have high
ir.culation recistance and low elec-
trostatic capacitance, shift may be
made from two stages of ampli-
fication t, one stage or to de- |
tector. Thie switch controls both
filament and telephone circuits.
No plugs and jacks to bother
wit
All units are of our own man-
ufacture. They are compactly
. mounted on the hakelite panel,
Type 215 which may be readily removed.
permitting  examination  of  all
units.,

PRICE $50.00

FULLY DESCRIBED IN BULLETIN 806R

GENERAL RADIO COMPANY

Manufacturers of

Electrical and Radio Laboratory Apparatus

|
|
|
|
| Massachusetts Avenue and Windsor Street
| CAMBRIDGE 39 MASSACHUSETTS |

AMERICAN
TRANSFORMERS

CUSTOM MADE

Designed and constructed to
fill the special requirements
of our customers

Twenty years’ experience in handling Radio problems |

American Transformer Company
178 Emmet Street Newark, N. J.



MESCO RADIO BUZZER

With Shunt Resistance— U. S. Navy and U. S. Army Standard

The Radio Officers of the NC Planes
after testing all other buzzers, decided to
use the ““Mesco’’ on their radio equipment.
The R-34 was equipped with two Mesco
Radio Buszzers.

Why? Because of its reliability and
constancy in operation; greater output
efficiency; ease of adjustment; unaffected
by extreme variations in weather con-
ditions; exposed wires eliminated.

S, ing is almost entirely eliminated,
80 that the energy lost in light and heat

in the operation of other buzzers is here conserved and radiated in the
form of oscillating energy.

This buzzer maintains a constant note and is recommended as an
exciter for checking wave-meters where pure note and ample energy
are required.

List No. 55 Mesco Radio Buzzer Price $2.50
New Wireless Catalog at our stores, $0.25

MANHATTAN ELECTRICAL SUPPLY CO., Inc.
NEW YORK—17 Park Place 110 W.42d St. _ 127 W. 125th Se.

CHICAGO .
114 So. Wells St. 1106 Pine St. 604 Mission Se.
Wireless expert at all owr steres

BAKELITE-DILECTO

The Standard Insulating Material for all
RADIO WORK

Waterproof—Strong—High Electrically—
F urnisﬁed in Sheets, Rods, Tubes, and

Special Shapes. Samples on request.

Also makers of High-Grade
Vulcanized Fibre

THE CONTINENTAL FIBRE CO.

Newark, Del.

New York Office, 233 Broadway Chicago Office, 332 South Michigan Ave.
Pittsburgh Office, 301 Fifth Ave.
San Francisco Office, 525 Market St.
Los Angeles Office, 411 South Main St.
Canadian Office, 89 Wellington St., West, Toronto, Ontario, Canada
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