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MULTIPLEX TELEPHONY AND TELEGRAPHY
BY MEANS OF ELECTRIC WAVES
GUIDED BY WIRES.

I. INTRODUCTION.

Electrical transmission of intelligence, so vital to the
progress of civilization, has taken a development at present
into telephony and telegraphy over metallic wires; and
telegraphy and, to a limited extent, telephony, through the
medium of the ether by means of electric waves.

During the past 12 years the achievements of wireless
telegraphy have.been truly marvelous. From an engineer-
ing viewpoint, the wonder of it all is that, with the trans-
mitting energy being radiated out over the surface of the
earth in all directions, enough of this energy is delivered at
a single point on the circumference of a circle, of which the
transmitting antenna is approximately the center, to operate
successfully suitable receiving devices by which the electro-
magnetic waves are translated into intelligence.

The “plant efficiency” for electrical energy in the best
types of wireless stations yet produced is so low that there
can be no comparison between it and that of the least
efficient transmission of energy by conducting wires.

The limits of audibility, being a physiological functlon,
are well known to vary considerably, but they may be taken
to be in the neighborhood of 16 complete cycles per second
as the lower limit and 15,000 to 20,000 cycles per second as
the upper limit. If, therefore, we could impress upon a
wire circuit for transmitting intelligence harmonic electro-
motive forces of frequencies between 0 and 16 cycles per
second, or, again, above 15,000 to 20,000 cycles per second,
we would be assured that whatever effects such electric-
wave frequencies produced upon metallic lines, the present
apparatus employed in operating them could not translate
this effect into audible signals.

7
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There are, therefore, two possible solutions to the problem
of multiplex telephony and telegraphy upon this principle by
electric waves, based upon the unalterable characteristic of
the human ear, viz, by employing (1) electric waves of infra-
sound frequencies, and (2) those of ultra-sound frequencles
One great difficulty is in designing generators of infra-sound
frequencies giving a pure sine wave, as otherwise any har-
monic of the fundamental would appear within the range of
audition. Furthermore, the range of frequencies is restricted,
and the physical dimensions of the tuning elements for such
low frequencies would have a tendency to become unwieldy.

The electromagnetic spectrum at present extends from
about four to eight periods per second; such as are employed
upon ocean cables, to the shortest waves of ultra-violet
light. In this whole range of frequencies there are two
distinct intervals which have not as yet been used, viz, fre-
quencies from about 3 x 10" of the extreme infra-red to 5
x 10", which are the shortest electric waves yet produced
by electrical apparatus, and from about 80,000 -to 100,000
cycles per second to about 15,000 to 20,000 cycles per
second. The upper limit of this latter interval represents
about the lowest frequencies yet employed for long distance
wireless telegraphy.

Within the past few years generators have been developed
in the United States giving an output of 2 kilowatts and
more at periods of 100,000 cycles per second, and also capable
of being operated satisfactorily at as low a frequency as
20,000 cycles per second. Furthermore, these machines
give a practically pure sine wave.

The necessary condition for telephony by electric waves
guided by wires is an uninterrupted source of sustained
oscillations, and somre form of receiving device which is
quantitative in its action. In the experiments described in
multiplex telephony and telegraphy it has been necessary
and sufficient to combine the present engineering practice of
wire telephony and telegraphy with the engineering practice
of wireless telephony and telegraphy.

The frequencies involved in telephony over wires do not
exceed 1,800 to 2,000, and for such frequencies the tele-
phonic currents are fairly well distributed throughout the
cross section of the conductor. As the frequency is in-
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creased the so-called skin effect becomes noticeable, and the -
energy is more and more transmitted in the ether surround-
ing the conductor.

It has been found possible to superimpose, upon the ordi-
nary telephonic wire circuits now commercially used, electric
waves of ultra-sound frequencies without producing any
harmful effects upon the operation of the existing tele-
phonic service. Fortunately, therefore, the experiments
described below are constructive and additive, rather than
destructive and supplantive.

Electric waves of ultra-sound frequencies are guided by
means of wires of an existing commercial installation and are
made the vehicle for the transmission of additional tele-
phonic and telegraphic messages.

APPARATUS AND EQUIPMENT.

Under a special appropriation granted to the Signal Corps
by Congress in the Army appropriation act of 1909, a small
research laboratory has been established at the Bureau of
Standards, in the suburbs of the city of Washington. This
laboratory is equipped with the latest forms of apparatus now
employed in the wireless telephone and telegraph art, and
also with the standard types of telephone and telegraph appa-
ratus now used upon wire circuits. The small construction
laboratory of the United States Signal Corps is located at
1710 Pennsylvania Avenue and is also equipped with the
usual types and forms of apparatus used in transmitting
intelligence by electrical means. Each of these labora-
tories is supplied with a wireless telephone and telegraph
installation with suitable antennz.  In addition, these two
laboratories are connected by a standard telephone cable
line about 7 miles in length, which was employed in the
experiments described below.

THE 100,000-CYCLE GENERATOR.

The high-frequency alternator, which is shown complete
with driving motor and switchboard in the accompanying
photographs, is a special form of the inductor type designed
for a frequency of 100,000 cycles with an output of 2 kilo-
watts, making it adapted for use in wireless telephony or
telegraphy.
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DRIVING MOTOR.

The motor is a shunt-wound 10-horsepower machine with
a normal speed of 1,250 revolutions per minute. It is con-
nected by a chain drive to an intermediate shaft which runs

at a speed of 2,000 revolutions per minute. The interme-
diate shaft drives the flexible shaft of the alternator through
a Pe:Laval tugbine gearing, having a ratio of 10 to 1. The

.

High frequency alternator.
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flexible shaft and inductor thus revolve at a speed of 20,000

revolutions per minute.
FIELD COILS.

The field coils, mounted on the stationary iron frame of
the alternator, surround the periphery of the inductor.

The magnetic flux produced by these coils passes through
the laminated armature and armature coils, the air gap, and
the inductor. This flux is periodically decreased by the non-

Switchboard high frequency alternator.
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magnetic sections of phosphor bronze embedded radially in
the inductor at its periphery.

ARMATURE COILS.

The armatures or stators are ring shaped and are made of
laminated iron. Six hundred slots are cut on the radial
face of each; a quadruple silk-covered copper wire, 0.016 of
an inch in diameter, is wound in a continuous wave up and
down the successive slots. The peripheries of the armature
frames are threaded to screw into the iron frame of the alter-
nator. By means of a graduated scale on the alternator
frame the armatures can be readily adjusted for any desired
air gap. -

INDUCTOR.

The inductor or rotor has 300 teeth on each side of its
periphery, spaced 0.125 of an inch between centers. The

spaces between the teeth are filled with U-shaped phosphor- _

bronze wires, securely anchored, so as to withstand the
centrifugal force of 80 pounds exerted by each. Since each
tooth of the inductor gives a complete cycle, 100,000 cycles
per second are developed at 20,000 revolutions per minute.
The diameter of the disk being 1 foot, the peripheral speed
is 1,047 feet per second, or 700 miles per hour, at which rate
it would roll from the United States to Europe in four hours.
By careful design and selection of material, a factor of
safety of 6.7 is obtained in the disk, although the centrifugal
force at its periphery is 68,000 times the weight of the metal
there.

BEARINGS.

The generator has two sets of bearings, as shown in the
photographs, the outer set being the main bearings which
support the weight of the revolving parts. These bearings
are self-aligning and are fitted with special sleeves, which are
ground to coincide with longitudinal corrugations of the
shaft, thus taking up the end thrust. A pump maintains a
continuous stream of oil through these bearings, allowing
the machine to be run continuously at full speed without
troublesome heating.

The middle bearings normally do not touch the shaft,
but take up excessive end thrust and prevent excessive
radial vibration of the flexible shaft.
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An auxiliary ‘bearing or guide is placed midway between
the gear box and the end bearing. Its function is to limit
the vibration of that portion of the shaft.

CRITICAL PERIODS.

In starting the machine, severe vibration occurs at’ two
distinct critical speeds, one at about 1,700 and the other at
about 9,000 revolutions per minute. The middle bearings
prevent this vibration from becoming dangerous.

VOLTAGE.

With the normal air gap between the armatures and
revolving disk of 0.015 inch, the potential developed is
150 volts with the armatures connected in series. It is
possible, however, to decrease the air gap to 0.004 of an inch
for short runs, which gives a corresponding increase in volt-.
age up to nearly 300 volts. [t is considered inadvisable,
however, to run with this smaller air gap for any great
length of time.

The machine is intended to be used with a condenser, the
capacity reactance of which balances the armature induc-
tance reactance, which is 5.4 ohms at 100,000 cycles. This
would require a capacity of about 0.3 microfarad for reso-
nance at this frequency, but in the experiments conducted at
100,000 cycles it was found necessary to decrease this amount
on account of the fixed auxiliary inductance of the leads.

CONSTANTS OF THE TELEPHONE LINE.

The telephone line used in these experiments extends from
the Signal Corps laboratory at 1710 Pennsylvania Avenue
to the Signal Corps research laboratory at the Buréau of
Standards.

This line is made up-of the standard commercial equlpment
and consists of paper-insulated twisted pairs in lead-covered
cable, placed in conduit in the usual manner employed for
city installation. For the sake of convenience, one of the
pair is designated as No. 1 wire and the other as No. 2 wire.

The air-line distance between the two laboratories is a
little over 3 miles, but the telephone line, by passing through
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three exchanges, covers about 7 miles. The course of the
line, with the size and type of conductor, is as follows:

Laboratory, 1710 Pennsylvania Avenue, to main exchange, underground
cable, No. 22 B. & S.

Main exchange to west exchange, underground cable, No. 19 B. & S.

West exchange to Cleveland exchange, underground cable, No. 19 B. & S.

Cleveland exchange to Bureau of Standards, underground cable, No. 19
B.&S. .

AIl underground cable, except from Bureau of Standards to Wisconsin
Avenue and Pierce Mill Road, about 3,400 feet, which is aerial cable.

This line is equipped with protective heat coils of a stand-
ard type, one in each wire of the metallic circuit, at the
Cleveland exchange and the main exchange, but none at
the west exchange. The constants of each of these coils are
as follows: _

Direct current resistance of 65° F., 3.8 ohms.

Size of wire, No. 30 B.  S.

Length of wire, 40 centimeters.

Number of turns in each coil, about 38.

Measured inductance at 70,000 cycles, 4,400 centimeters, .

or 4.4 x 107 henry.

The above constants were measured from a sample of one of
these coils selected at random. »

Resistance of metallic circuit, 776 ohms.

Capacity measured between No. 1 wiré and No. 2 wire
(one minute electrification), 0.69 mlcrofarad

Insulation resistance:

Between No. 1w1reandearth.......................;.megohms;. 0.9
Between No. 2 wire and earth. . . ceeceecodoo... 1.3
Between No. 1 and No. 2 wires in parallel and earth ....... do.... 0.8
Between No. 1and No. 2 wires........................... do.... 2.1

The line included the usual house wiring at each station,
whicl was undisturbed in taking the measurements.

II. DUPLEX-DIPLEX TELEPHONY OVER WIRE CIRCUITS.

Such has been the development of telephone engineering
that at present any proposal which requires for its success
the supplanting of the present low-frequency battery system
would be most radical. It would surely be admitted that
any plan which permits the present telephone system to
remain intact and superimposes thereon additional tele-




MULTIPLEX TELEPHONY AND TELEGRAPHY. 15

phone circuits would possess cardinal advantages. Accord-
ingly, the first preliminary experiments were directed to
the inquiry as to whether or not it is possible to super-
impose upon the minute telephonic currents now employed
in telephony over wires, electric waves of ultra-sound fre-
. quencies without causing prohibitive interference with the
battery telephone currents. Manifestly, we can best deter-
mine this fundamental point by experiments, at the gener-
ator itself, with the most sensitive part of the telephone
equipment, viz, the telephone receiver. Accordingly, exper-
iments were first conducted with various forms and types
of telephone receivers in connection with local circuits at
the generator. Such is the sensibility of the telephone
receiver that it was thought possible that, although currents
of frequencies entirely above audition were applied to the re-
ceiver from a dynamo as a source, there might be some fre-
quency or frequencies from the operation of the apparatus
which would be within the range of audition. Such was
found, in fact, to be the case at certain critical frequencies
of the machine, but they wers of no practical importance, as
will be shown later. o

With a collection of telephone receivers ranging from about
50 to over 8,000 ohms resistance and of a variety of design, a -
series of tests was made under severe conditions to determine
the above point. It was found, in general, that alternating
currents of frequencies ranging from 20,000 to 100,000 com-
plete cycles per second, when coupled directly, inductively,
or electrostatically to local circuits from the generator pro-
duced absolutely no perceptible physiological effects in the
receivers, excepting only that at certain of the higher fre-
quencies a distinct audible note was heard.

A search for the cause of this note showed that it is due
to a slight periodic variation of the amplitude of the high fre-
quency current of the generator, since no evidence of it could
be detected on the battery telephone side of the circuit. It
appears to be caused by a very slight vibration of the rotor
as a whole in the magnetic field of the generator. It was
almost entirely removed by the simple device of opening out
the stators, which increases the clearance and materially
cuts down the flux of the machine. In practice it is a dis-
tinct advantage, however, to have a trace of this note still
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left on the high frequency side of the circuit; otherwise there
is no ready means of determining at the receiving end of the
cable line whether or not the high frequency current is pres-
ent on the line, whereas this note, which'had to be searched
for in tuning and which was entirely tuned out when speech
was best, gave a very convenient method of testing for the
presence of high frequency current.

Having determined the general nature of this disturbance
- and its comparative unimportance, no further investigation
of it was considered necessary at that time.

The next fundamental point to determine was whether or
not at these frequencies a telephone can receive enough energy
to make it operative for producing sound waves in air.

Since the self-induction of a standard telephone receiver
is high, energy at these frequencies is effectively barred from
it. In the wireless telegraph art, where the frequencies
involved are from 100,000 to several million per second,
this problem has been uniformly solved by the introduction
of some form of detector for electromagnetic waves, whose
function is to transform the energy of the high frequency
oscillations into other forms suitable to a type of instrument
such as a telephone receiver.

The next step, therefore, consisted in introducing various
forms of detectors, such as are now used in wireless teleg-
raphy, between the telephone receiver itself and the ener-
gizing circuit. Since the frequencies being here considered
are entirely above audition it was necessary, in order to pro-
duce a physiological effect, to introduce another element in
this transformation, viz, some method of modifying the con-
tinuous train of sustained oscillations from the generator
into groups or trains, the period of which falls within the
limits of audition. This was accomplished by employing the
regular forms of automatic interrupters, such as are now used
in wireless telegraphy, with the expected result that with
these two additional and essential pieces of apparatus
operatively connected between the telephone receiver and
the generator thé energy of the generator was delivered to
the ear in a form well suited for physiological effects. Since
it is well known that the human ear is most sensitive at a
period of about 500 cycles per second, or 1,000 alternations,
interrupters giving this frequency were employed.
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The presence of the detectors in this chain of transforma-
tions is necessitated by the use of the telephone receiver as a
translating device. 4

Although some of the detectors for electric waves are very
sensitive to electrical energy they are here employed not
because they are more sensitive to electrical energy than is
the telephone receiver itself, which is not the case, but be-
cause the telephone receiver is not adapted, for the reasons
stated above, to translate electrical energy of these frequen-
cies into movements of its diaphragm.

The elements of the apparatus thus far include a generator
of sustained high-frequency oscillations, an interrupter to
modify the amplitude of these oscillations into groups of a
period within the range of audition, some form of detector to
rectify these oscillations, and a telephone receiver. Mani-
festly we have here all of the elements that are necessary for
telegraphy, using the telephone receiver to interpret the
signals.

If in the above-mentioned chain of apparatus we replace
the interrupter by some form of telephone transmitter, such
as the microphone, we have all that is necessary for the
transmission of speech.

Experiments were made over local circuits with apparatus
arranged in this order over a range of frequencies from 20,0Q0
to 100,000, with the result that speech was transmitted very
satisfactorily. Upon removing the detector from the above
arrangement all perceptible effect in the telephone receiver
ceased; in fact, no arrangement of connections of a telephone
receiver to such a high-frequency circuit which did not in-
clude some form of detector was found to be operative for
telephony, unless certain low-resistance telephones were
used, in which case the speech was so much weaker as to
be of entirely different order of magnitude.

The presence of a detector in this chain of operations is not
absolutely necessary in the case of telegraphy, since if the
interrupter automatically produces a definite number of
wave trains per second, each train consisting of at least sev-
eral complete oscillations, an effect may be produced upon
a telephone receiver directly without a detector. The
physiological effect, however, is quite different, the clear

87081°—11—2
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fundamental note corresponding to the frequency of the
interrupter being no longer audible, but, instead, a peculiar
dull hissing sound. If, however, a telephone receiver was
used which had a core of soft iron instead of a permanent
magnet, no effect without the detector was produced with
the energy used. As stated above in the case of telephony,
the energy required for telegraphy without a detector is of
a far greater order of magnitude than when a detector is
employed.

Having determined the necessary and sufficient condi-
tions for the accomplishment of telegraphy and telephony
by means of electric waves guided by wires upon local
circuits, the next step was to apply these means and condi-

BUREAU > v LABORATORY
OF /r OF
STANDARDS = lolof-memmmmmmemee e - SIGNAL CORPS

tions to an actual commercial telephone cable line, the con-
stants of which have been given above.

The machine was run at a frequency of 100,000 cycles per
second with the circuit arrangements as shown in- figure 1,
where one wire of the telephone cable was connected to one
terminal of the secondary of an air-core transformer, the
other terminal being connected to earth. At the receiving
end of the line, which was the Signal Corps construction
laboratory, at 1710 Pennsylvania Avenue, Washington, D.C.,
this wire was connected directly to earth through a ‘“ perikon”’.
crystal detector, such as is well known in wireless telegraphy,
and a high resistance telephone receiver of about 8,000
ohms was shunted around the crystal. In this preliminary
experiment no attempt was made at tuning, either at the
transmitting end or at the receiving end of the line.
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In the primary circuit of the generator arrangements
were made by which either an interrupter and telegraph key
or a telephone transmitter could be inserted by throwing a
switch.

In the line circuit a hot-wire milliammeter was inserted
in a convenient position, so that the effect of the operation
of either the telegraph key or of the human voice upon the
transmitter could be observed by watching the ﬂuctuatlons
of the needle of the milliammeter.

A loose coupling was employed between the two circuits
at the transmitting end and the line circuit adjusted by
varying the coupling until the current in the line was 20 to
30 milliamperes. With this arrangement (1) telegraphic
signals were sent and easily received, and (2) speech was
transmitted and received successfully over this smgle wire
with ground return.

The ammeter showed marked fluctuations from the human
voice and enabled the operator at the transmitting station
to be certain that modified electric waves were being trans-
mitted over the line.

The actual ohmic resistance of the line apparently played
an unimportant part for telegraphy at 100,000 cycles, since
with one of the wires of the pair and a ground return the
effect of doubling the conductivity of the wire by joining
both wires in parallel, although this arrangement increased
the capacity of the wires, could not’ be detected with cer-
tainty by an operator listening to the signals and unaware
of which arrangement was being used.

Inserting in the line wire a noninductive carbon rod re-
sistance of 750 ohms, which is practically the resistance of
the line itself, could not be detected by any change in the
intensity of the received signals.

The next experiment was to determine what effect, 1f any,
such sustained electrical oscillations would have upon the
minute telephonic currents employed in battery telephony.

DUPLEX TELEPHONY, USING ONE GROUNDED CIRCUIT.

To determine the fact that electric waves of ultra-sound
frequency produce no perceptible effect when superimposed
on the same circuit over which telephonic conversation is
being transmitted, the next step was to use such a train of
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sustained oscillations as the vehicle for transmitting addi-
tional speech over the same circuit. For this purpose the
twisted-pair telephone line was equipped with a complete
standard local battery telephone set, as installed for com-
- mercial practice, and in addition one of the wires of the pair
was equipped as in figure 1, the circuit being shown diagram-
matically in figure 2. This particular arrangement was
employed in this experiment for the reason that it was
desired to have the battery telephone operate on its usual
circuit with the introduction of ground connections at the
ends of the line for the superposition of the high frequency
circuit. When such ground connections were introduced
directly without tuning elements therein the metallic circuit

Fig.

experienced the usual disturbances found under city condi-
tions, but the metallic circuit could be reduced to silence
again by introducing in the ground connections the necessary
tuning elements of magnitudes suited to wireless telegraphy.

Next, the twisted-pair telephone line was equipped with a
complete standard local battery telephone set, as installed
for commercial practice, with the exception that the local
battery circuit of the transmitter telephone set was opened
and a few turns of coarse wire inserted in series with the two
dry cells which are normally used, as shown in figure 3,
Inductively connected with this coil was the armature circuit
of the generator. A hot-wire milliammeter was placed in
the line circuit to indicate the magnitude of the high fre-
quency current which was flowing on the line. With this
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arrangement tests were made to determine whether or not
there were any effects upon the transmission of speech, due
to superimposing high frequency currents upon the battery
telephone sets. With an operator at each end of the line,

Fig.3,

‘using the equipment in the regular commercial way, the
direct-current voltage and the alternating-current voltage
in series with it in the primary circuit of the transmitter
were varied individually and relatively in a variety of ways,
with the striking result that just at the point where the
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direct-current voltage was decreased so that no sounds were
received from it the line became absolutely silent, although
the alternating voltage in the circuit was at its largest value,
or, again, speech would reappear at the receiving station at
the moment when sufficient direct-current voltage was intro-
duced to produce it, and the simultaneous presence of both
the maximum direct voltage and maximum high frequency
voltage in a circuit produced exactly the same result as the
maximum direct current voltage did alone. When, however,
the high frequency current in the local circuit was forced to
a point which caused ‘‘burning’’ in the transmitter itself,
then, and then only, did the high frequency current in any
way interfere with the transmission.

By transferring this coil from the local circuit of the tele-
phone set directly into the line itself, so that the high-fre-
quency oscillations would be superimposed upon the line
beyond the iron-cored induction coil of the telephone trans-
mitter, it was not possible to detect the presence or absence
of high-frequency currents.

As a test under severest conditions the effect was noted
upon speech received at the same station at which the high-
frequency current is being impressed, for here are the atten-
uated telephonic currents at the receiving end of the tele-
phone line, on which is superimposed a high-frequency current
of vastly greater magnitude at the same point. No effects of
any kind could be detected under these conditions. From the
above experiments it appears that in any attempt at multi-
plex telephony by means of electric waves of ultra-sound fre-
quencies superimposed upon the minute telephonic currents
employed in battery transmission there is nothing to fear
from disturbances of such currents upon the operation of the
ordinary battery equipment.

SILENT EARTH CIRCUITS.

The electromagnetic constants of the apparatus employed
in telegraphy and telephony over wire circuits are of the order
of magnitude of microfarads and henrys, and since no attempt
is made at tuning, these are constructed at present with no
provision for continuously varying the units.

In wireless telegraphy and telephony these electromag-
netic constants are of the order of magnitude 1,000 times
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smaller, or are expressed in thousandths of microfarads
and of henrys; furthermore, these forms of apparatus are
provided with convenient means of continuously varying
their values for tuning.

In the operation of providing tuning elements for earth
connections there is afforded at the same time a certain means
of eliminating any harmful disturbances from the earth, for
the condensers employed for tuning to frequencies above audi-
tion possess an impedance to the frequencies involved in
speech and also any disturbances from the earth which -
effectively prevents the passage of any disturbance of audible
frequency. These condensers offer a comparatively free
passage to the electrical oscillations of the frequencies here

Fug 4

being considered. When such earth connections are selec-
tively tuned with the line to frequencies entirely above audi-
tion it is evident that no audible frequencies, either in the
earth itself or from the line, can pass. Simple experiments
proved the efficiency of this arrangement, and when the
metallic telephone circuit, equipped with a standard local
. battery set, was connected to earth in the manner described,
the operation of the battery set was perfectly quiet and
equally good with and without such earth connections.
The point was now reached where the road was clear for
duplex telephony, and for this purpose the apparatus and
methods employed in wireless telephony were applied to one
of the wires of the metallic circuit as though it were an an-
tenna. The actual arrangement of this circuit is shown in
figure 4, in which G is the source of sustained high-frequency-
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oscillations; C’ is the tuning condenser of the oscillatory cir-
cuit; L’ is the tuning inductance of the oscillatory circuit;
P is the primary of the oscillation transformer; A is the am-
meter; M is the transmitter microphone; S is the secondary
of the oscillation transformer in ‘the line circuit; C is the
tuning condenser in the line circuit; L is the tuning induc-
tance in the line circuit; A’ is the ammeter in the line. At
the receiving end of the line C, is the line-tuning condenser.
L, is the line-tuning inductance; P, is the primary of the
oscillation transformer; S, is the secondary of the oscillation
transformer; L/, is the tuning inductance in the oscillatory
circuit; C’, is the tuning condenser in the oscillatory circuit,
between which and the telephone F’ the detector D is opera-
tively connected; E is the earth connection.

The local battery telephone sets are connected across the
two line wires in the usual manner. In both sets 1 is the
microphone transmitter; 2 is the local battery; 3 is the in-
duction coil; 4 is the ringing system, including the bell and
hand generator; 5 is the switch hook; 6 is the telephone
réceiver.

The detector employed was the audion, of the so-called
vacuum type, consists of an exhausted bulb containing (a) a
tungsten filament maintained at incandescence by a current
from a local battery of 6 volts and (b) 2 platinum electrodes
insulated from the filament and from each other. To these
electrodes, one of which is a platinum plate and the other a
platinum grid, there are applied through the high-resistancs
receivers about 35 to 45 volts from a local battery. The
brilliancy of the filament is controlled by a small series rheo-
stat, and the voltage applied to the insulated terminals by a
local potentiometer.

The gases in the bulb, becoming ionized by contact with the
glowing electrode, serve as a conductor of electricity, having
a high unilatersl conductivity. If the platinum wire grid is
close to the hot filament and the plate at some greater dis-
tance, the direction of greater conductivity is from the plate
through the gas by the ionic path to the grid, so that if the
positive terminal of the telephone battery is applied at the
plate terminal and the negative at the grid terminal, a suffi-
cient current to operate the telephone will flow. '

If the terminals of the condenser of a resonant recelvmg
circuit are connected to the grid and one terminal of the




MULTIPLEX TELEPHONY AND TELEGRAPHY. 25

filament, the high frequency electromotive force impressed
from this resonant circuit will cause a greater current to
flow through the gas in one direction than in the other, as in
the case of the direct current potential applied through the
telephone receiver. This rectifying effect will be reproduced
in the telephone receivers, causing them to make audible
the received signals.

By changing the coefficient of coupling or the potential -
across the audion, which is adjustable, or the amount of
ionization of the gases in the tube by adjusting the current
through' the filament, or any combination of these, it was
found that the receiving operator could bring out the speech
to suit his particular fancy.

It was found that cross-talk was heard in the audion cir-
cuit from the battery transmitter at the transmitting end
when the audion circuit alone was connected directly to
earth from the line without any tuning coil or condenser.
If, however, the tuning condenser was inserted, this cross- -
talk entirely disappeared, even though the tuning coil was
not inserted. This is because the impedance of the small -
tuning condenser is large for telephonic frequencies, while
the tuning coil impedance admits these telephonic frequen-
cies. Both elements of tuning are required for selective ab-
sorption of energy, so that the high-frequency circuit is avail-
able as an additional telephonic circuit. With this arrange-
ment talking in the transmitter of the ligh-frequency side
of the system was heard only in the audion, there being no
effect of the high-frequency transmission on the local battery
transmission and there was no cross-talk from the ordinary
local battery circuit; the two telephonic messages were com-
pletely separated. Both circuits were entirely free from earth
disturbances.

The volume of speech at the receiving end of the cable is
greatly increased by the simple device of inserting the trans-
mitter in the dynamo circuit and operating this circuit at or
near resonance. In addition, the coupling at both trans-
mitting and receiving stations should be so designed as to
permit adjustment for optimum.

The frequency used in this experiment was about 100,000
cycles per second. The talk on the regular battery circuit
was of the usual high standard both ways, so that the only
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reason at this point why complete duplex-diplex telephony
was not obtained was the fact that there was no high-fre-
quency dynamo available at the laboratory, 1710 Pennsyl-
vania Avenue. There is, however, available at this labora-
tory one of the latest forms of the high-frequency are, and
accordingly this was arranged with suitable electromag-
netic constants to give a period of about 71,000 cycles per

* second, as measured by a standard wave meter, such as is

now commonly used in wireless telephony and telegraphy.
This source of high-frequency electromotive force was
induced upon the high-frequency line wire in a similar manner
to that described in the station at the Bureau of Standards,
with the result that one of the wires of the twisted pair was
made to carry simultaneously the battery telephonic cur-
rents from the two transmitters, the high-frequency oscilla-
tions of about 100,000 cycles per second, applied at the
Bureau of Standards, and the high-frequency oscillations of

-about 71,000 cycles per second, applied at 1710 Pennsyl-

- vania Avenue. No influence from these conditions was

.

perceptible upon the excellence of the battery transmission
and reception of speech either way.

DUPLEX TELEPHONY, USING METALLIC CIRCUIT.
(a) BRIDGING ARRANGEMENT.

The next experiments pertained to the standard metallic
circuit as universally used on telephone toll lines in con-
gested districts. The electric constants of this line have
already been given.

The next step was to remove entirely the-earth connections .
from the metallic circuit and superimpose both telephonic
circuits upon the same pair of wires, as shown in figure 6, in
which the high-frequency apparatus, shown diagramatically
in figure 5, is bridged across the line wires A and A’. G is
the source of sustained high-frequency oscillations; C, is the

_tuning condenser of the oscillatory circuit; L, is the tuning

coil of the oscillatory circuit; P is the primary of the oscil-
lation transformer; A is the ammeter; M is the transmitter
microphone; S is the secondary of the oscillation trans-
former in the line circuit; C is the tuning condenser in the
line circuit; L is the tuning inductance in the line circuit;
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A, is the ammeter in the line. At the receiving end of the
line, C’ is the line tuning condenser; I’ is the line tuning
inductance; P’ is the primary of the oscillation transformer;
S’ is the secondary of the oscillation transformer; L'’ is the
tuning inductance in the oscillatory circuit; C’/ is the tuning
condenser in the oscillatory circuit, between which and the
telephone F the detector D is operatively connected.

- The local battery telephone sets are connected across the
line wires in the usual manner. In both sets, 1 is the micro-

Fig.5:
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phone transmitter; 2 is the local battery; 3 is the induction
coil; 4 is the ringing system, including the bell and hand
generator; 5 is the switch hook; 6 is the telephone receiver.
Since the high-frequency apparatus as commercially de-
veloped in the wireless telegraph art was used, each of the
units was variable and had been previously carefully cali-
" brated by reference to the standards of the Bureau of
Standards. The coupling coils were of the design adapted

L

for wireless telephony, the coeflicient of coupling being ad-
justable between wide limits. It was therefore a matter of
hours to run through a large number of experiments in which
various combinations were tried.

The transmitters first tried were those of the microphone
type, inserted in the armature circuit of the dynamo and pro-

Fig.6.
A
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vided with water cooling when currents of several amperes
were to be used. . '

1t was soon found, however, that the efficiency of trans-
mission of this cable line was so good for electric waves of
these frequencies that a very small current, in the neighbor-
hood of 2 milliamperes, sent into the line was amply sufficient
for good speech at the receiving end, about 7 miles distant.
No attempt was made to determine to what lower limit the
transmission current could reach in this respect, but such
small currents enabled the ordinary telephone transmitter to
be used without any provision for cooling, especially when it
was inserted in the line circuit instead of in the oscillatory
circuit of the dynamo.

The telephone receivers were those rezularly furnished for
wireless telephony, ranging in resistance from 2,000 to 8,000
ohms. )

(b) SERIES ARRANGEMENT.

A circuit was next made up with high frequency appa-
ratus inserted direct!y in the line in series instead of in the
bridging arrangement shown in figure 5. The circuit used
is shown diagrammatically in figure 7, in which L and L’
are the secondary coils of the transmitter and receiver,
respectively. C and (’ represent variable condensers of the
order of magnitude used in wireless telegraphy and serve as
low impedence paths for the high-frequency oscillations, and
at the same time prevent the short circuiting of the low-fre-
quency battery telephone current. It was found that this
arrangement gave apparently as good results as the bridg-
ing arrangement of the circuit.
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RESONANCE.

As was expected, the phenomena of resonance under the
conditions which here obtained were very pronounced and
highly consistent, since we are here dealing with a definite
circuit free from the disturbances and variations inherent
in radio-telegraphy and telephony. In wireless telegraphy
and telephony it is well known that within a few minutes
transmission will drop off many fold from causes not entirely
understood, and from diurnal variations and electrostatic
disturbances effective transmission is often prevented.

In general, the different circuits were tuned to resonance
in the same manner, for the same purpose, and with the same
effect as in wireless telephony and telegraphy.

The line circuit itself was readily tuned to resonance for
the particular frequency of the dynamo by noting the maxi-
mum reading of the hot wire ammeter A, in the line itself.
This maximum is readily found by varying either the capacity
C or the inductance L, or both.

At the receiving end of the line coil L’ and the condenser
C’, as well as the coil L'’ and the condenser C’/, were
tuned to give a maximum intensity of signals in the receiv-
ing telephone of the audion.

As stated above, the dynamo operated regularly at ranges
from 100,000 cycles per second down to 20,000 cycles per
second. It was therefore possible to try the effect of a com-
paratively wide range of frequencies in these experiments,
covering three octaves, the inductances and capacities being
chosen to correspond to each particular frequency. It was
found that more energy was delivered over this particulac
type and length of circuit by using the lower frequencies of
this range than the higher ones, although efficient results
were easily obtained at any point.

The battery telephone side of the equipment was left
absolutely intact, as it would be commercially used, and
severe tests were made, employing four operators, to deter-
mine the eﬁiciency of two simultaneous conversations over
this same pa,u' of wires.

The ringing circuit was operative both ways with no
apparent effect on the high frequency telephone transmission.
This ringing circuit develops a comparatively large alter-
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nating current flowing in the wire at about 30 cycles per
second and at a voltage of many times that of either the
high frequency or the battery side of the circuit.
Articulation tests, including music, numerals, and other
difficult combinations, gave satisfactory results, with no
interference whatever between the two sides of the circuit.
By holding one telephone receiver to one ear and the other
receiver to the other ear the receiving operator could hear
two entirely different conversations simultaneously over the

same pair of wires. )
III. DUPLEX-DIPLEX TELEGRAPHY.

Having described in detail the experiments for obtaining
the simultaneous transmission of two telephonic messages

Fig.8.
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over a single circuit, it will be apparent that the problem of
transmitting two telegraphic messages over the same circuit
may be solved by methods and apparatus, as far as the high-
frequency side of the circuit is concerned, which are practi-
cally identical with those described above.

In this connection the metallic circuit referred to was
equipped with a standard Morse set for manual operation,
and upon this circuit was superimposed an equipment for
transmitting in one direction telegraphic messages by means
of sustained high-frequency oscillations, employing the tele-
phone as the means for receiving the signals. The circuit

. used is shown diagrammatically in figure 8, in which, in the
Morse set, there are shown between the line wire and the
ground G, the line relay S, the key K, and the line battery B,




——

MULTIPLEX TELEPHONY AND TELEGRAPHY. 31

and the local battery b and the sounder s; and in which, in
the high-frequency set, are similarly shown between the line
wire and the ground G the tuning elements C and L; and at
the transmitting end the oscillation transformer T, the
primary of which is in circuit with the dynamo as a source of
sustained oscillations, the telegraph key K’, the interrupter
1 and the tuning elements C’ and L’, and at the receiving -
end the oscillation transformer R in the secondary circuit, of
which are included the usual tuning elements and operatively
connected to them the detector and its telephone as a means
of receiving the signals.

As noted in the case of the preliminary local circuit tests,
it was found that over this particular line it was not necessary
to use a detector for electromagnetic waves, since enough
energy was delivered to operate the telephone receiver directly
without any tuning by connecting it between the line and the
earth. The sound produced, however, was characteristically
different in the two cases. With the detector the individual
signals. had the characteristic tone corresponding to the
interrupter at the transmitting end of the lie, whereas with-
out the detector this tone was entirely absent, and a general
dull sound, due to the resultant action of the wave trains,
was heard. If, however, the telephone receiver employed
a soft iron core, instead of a permanent magnet, no result
was obtained with the limited power used on this line.

Although little mention of telegraphy by high-frequency

 electric waves has been made thus far, as a matter of fact it

was found convenient during the experiments upon telephony
actually to employ telegraphy as a quick and ready means
of determining resonance between the circuits in each par-
ticular case.

When any particular arrangement was being employed the
first steps were invariably to send simple Morse signals over
the circuit until the operator at the distant end of the line
reported maximum loudness in the receiving telephone, which
indicated that the terminal apparatus with the line circuit
was properly tuned. This being accomplished, it was only
necessary to throw a switch, which substituted for the auto-
matic interrupter and telegraph key the telephone trans-
mitter. The experiments could then proceed on telephony
without any material change being made at-the receiving
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station. Telephony and telegraphy thus proceeded hand in
hand as a mere matter of convenience, and one of the practi-
cal advantages in the use of electric waves for transmitting in-
telligence is that the whole set-up of apparatus is practically
- the same for each and they can be used mterchangeably over
the same circuit.

Considering the Morse equipment, indicated in figure 8, the
electromagnetic units involved are of the order of magnitude
of microfarads and henrys, and the period of the direct in-
terrupted current for Morse sending is not more than the
equivalent of about 10 complete cycles per second, whereas
in the high-frequency side of the circuit we are dealing with
electromagnetic units of the order of magnitude of thou-
sandths of a microfarad and of thousandths of a henry and
with frequencies not less than two thousand times greater
than those involved in manual Morse sending. Further- .
more, the ohmic resistance of the line, which plays a promi-
nent part in limiting the distance and speed of Morse work-
tng, is comparatively unimportant in the case of electric
waves guided by wires. The operation of the line equipped
as in figure 8 was perfectly satisfactory, there being no per-
ceptible interference between the two messages in either direc-
tion. Since the standard telegraph circuit of the world uses
a ground-return circuit, this same equipment was arranged to
operate on one of the wires of the twisted pair in the tele-
phone cable as such a circuit with earth connections at each
end.

Since it is a well-known essential of high- frequency appa-
ratus used in tuned circuits that there shall be no iron in-
volved in the circuit, it is evident that in cases where such
a high-frequency circuit is to be superimposed upon a line
comprising way stations, where line relays are inserted
directly in the current, it will be necessary and sufficient to
shunt such way stations by condensers of the order of mag-
nitude of thousandths of a microfarad. Such condensers
offer a comparatively free path for the high-frequency elec-
tric waves, but interpose a practical barrier to the Morse
frequencies.

The same general statement can be made relative to any
of the standard forms of low-frequency telegraphy over wires
as now practiced, such as the polar duplex, the differential
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- duplex, and the duplex-diplex, employing alternating cur-
rents of low frequency and standard keys, relays, and
sounders.

Inserting a-regular 150-ohm telegraph relay in series in the
line cuts down the high-frequency current to a small per-
centage of its original value, which indicates the marked in-
fluence of the presence of iron in such a circuit. Further-
more, it was noted that at 100,000 cycles the hysteresis of the
iron core at this period was so great that it became heated
very perceptibly in a few moments.

Since a portion of the telegraph lines now used is still com-
posed of iron wires, we should expect electric waves to be
propagated over such wires less efficiently than over copper
wires, since it is well known that electric waves penetrate
only about one-thirteenth as deeply into soft iron for a given
frequency as into copper, although this is modified by the
fact that the iron in telegraph wires is not soft iron, and,
in addition, is galvanized.

IV. MEASUREMENTS OF ELECTRIC WAVES OF FREQUEN-
CIES FROM 20,000 TO 100,000 CYCLES PER SECOND ON
A STANDARD TELEPHONE CABLE LINE.

In order to understand more fully the conditions for the
successful transmission of electric waves along commercial
telephone cable conductors, a preliminary study of this par-
ticular line has been made and the engineering data obtained
is submitted. :

In approaching the subject of these measurements, al-
though the circuit involved is a wire circuit throughout, the
method of treatment of the tests carried out has been that
of wireless engineering rather than the usual tests made upon
wire circuits. The range of frequencies used overlaps at its
upper limit those which already have been employed in
long distance wireless telegraphy, and at the lower limit
approaches those used in telephone tests near the upper
limit of audibility.

The measurements have been conﬁned to the simple case
of the metallic circuit, and other circuits involving ground
connections have not been investigated.

87081°—11—3
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RESONANCE CURVES.

In order to determine in a general way the properties of
this particular line independent of the receiving terminal
apparatus, the first inquiry was directed to the construction
of typical resonance curves in the cases, first, with the line
open at the receiving end, and, second, with the line short-
circuited at the receiving end, after which the modifications
introduced by the presence of certain t,ermmal apparatus
were briefly investigated.

In order to indicate the general characteristics of these
resonance curves as the frequency of the electric waves is
varied, four particular frequencies were selected at approxi-
mately equal intervals from 95,000 complete cycles per sec-
ond to 38,000 complete cycles per second, and at each of
these frequencies two curves were obtained, one with the
line open and the other with the line short-circuited at the
receiving end.

The generator was operated either from a dynamo source
or from a storage battery, and under proper conditions it
ran so regularly and the whole phenomena of resonance were
so regular and orderly that after a little practice the obser-
vations for each particular resonance curve could be taken
as rapidly as the results could be recorded. Continuing the
readings for a complete curve back and forth from begin-
ning to end several times indicated that under proper con-
ditions the readings agree so well that there was no necessity
for averaging observations for any particular point, and a
single set of observations for a curve was as accurate as
desired.

It will be noted that in the observations given below the
ammeter readings are equally spaced. This was convenient,
since the variable tuning condenser could be easily adjusted
to bring the ammeter needle to a division line on which it
could be read more accurately than its position estimated in
the uncalibrated space between. This removed any neces-
sity for estimating divisions of the scale on the ammeter and
contributed to accuracy.

The speed of the generator was determined by two
methods, first, by observations with a tachometer upon a
subsidiary shaft with a known ratio of rotation to that of
the armature, and, second, by readings from a wave meter




MULTIPLEX TELEPHONY AND TELEGRAPHY. 35

accurately calibrated by reference to the standards of in-
ductance and capacity of the Bureau of Standards. The
agreement between these was within the limits of error of
observation.

COEFFICIENT OF COUPLING.

Since it was the desire to study the properties of the line
itself, independent of any reactions from the local oscillatory
circuit of the dynamo, loose coupling was invariably em-
ployed between these two circuits.

In taking the observations the coffiecient of coupling as

defined by the expresswn ¥

—’\/ L, L,
was made small by using a considerable separation between
the primary and the secondary coils of the oscillation trans-
former, and there is no indication in the curves taken of re-
active effects of the one circuit upon the other.

L
STIFFNESS FUNCTION, -

Since resonance may be obtained in an oscillatory circuit
by an infinite number of combinations of L and C fulfilling
the condition

1
Lo =
Co
or more generally for series circuits containing series coils and
condensers

wIL=13 1,
it is possible to select any suitable value of either of these
quantities and tune by varying the other. In making these

observations the tuning inductance was kept constant and
the capacity element varied.

The stiffness function Ié was not kept constant for the dif-

ferent frequencies at which the resonance curves were taken,
but its value for each set of observations is given.

A convenient range of variable inductances and capaci-
ties, calibrated in absolute values, was available, and the
designs of these were such as are common in wireless
telegraph practice, known as variometers and variable air
condensers. :
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Hot-wire ammeters were placed in both the primary and
the secondary circuits, the one in the primary being used
merely to indicate the constancy of the speed of the dynamo,
for which purpose this circuit was adjusted to the steepest
part of its resonance curve, at which point the ammeter read—
ing is very sensitive to change in speed.

The typical circuit for obtaining this series of resonance
curvesisshown diagrammatically infigure9. Thevalueof the
primary current was controlled by the tuning inductanceL’,
the capacity C’ being constant.

RESONANCE CURVES AT 7==93,800, A= 3,200 METERS.

(a) Case 1: Line open at receiving end.—In Table I are .

given the observations for the resonance curves shown in
figure 10.

TABLE 1.—Observations for resonance curves at transmitting end of telephone
cable line, receiving end open.

[Frequency of generator constant at 93,800 complete cyelw per second. ]

|
i
Capacity in | Inductance in o ival |
' microfarads | millihenrys “quivalent - 4 Line
| in serfes with lu series with | inductance | Wave | Frequency |, font jn
of the line in | length in | of the line
lnducm]!;c;‘ at h wi:{tiat millihenrys | meters circuit milliam-

8 rausm - " * .
trangmitting | trausmiiting | Computed peres

0.00183 0.400 ...l 2,070 145.000 50

.00210 .400 ..ol s 135,000 60

. 00230 L4000 ... 2,320 129, 000 70

. 00248 .400  |...... 2,410 124,000 80

. 00260 .400  ...... 2,470 121,000 90

. 00266 . 400 2, 500 120, 000 100

. 00280 . 400 2,570 117,000 110

.00288 . 400 2, 115,000 120

.00301 . 400 2, 660 113,000 130

. 00312 . 400 2,710 111,000 140

. 00321 . 400 2,750 ' 109.000 159

. 00329 400 f...... 2,780 108, 000 160

. 00339 400 ... 2,820 106, 000 170

. 00351 . 400 . 2,870 105, 000 180

. 00363 400 |L.oll. . 2,923 103,000 190

.00373 . 400 42,960 101, 000 200

00391 | 400 T | 3030 99,000 210

00436 400 73,200 ' T 93,800 215

00464 00 3,300 90,900 200

.00511 . 400 3,470 86,500 | 190 -

. 00543 .400 3,570 84,000 180

.00571 . 400 3,660 82,000 170

. 00629 . 400 3,850 77,900 160

. 00668 .400 3,960 75,800 150

.00713 . 400 4,100 73,200 140

. 00768 .400 4,250 70, 600 130

. 00863 . 400 4,500 66, 700 120

. 00914 . 400 4,630 64, 800 110

.01085 .400 5,050 59, 400 100

01335 <400 5,600 53, 600 82

1

For tuning elements at resonance:
L_o. 917X 105 for practical units. .
=(.217X 102 for absolute electromagnetic units.
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The inductance L was constant and equal to 0.400 milli-
henry, and the first column gives the values of the con-
denser C for the corresponding value of the line current in
milliamperes, shown in the last column of the table.

The construction of the curve is derived as follows:

"For a simple series circuit at resonance we write

A=7%=27w1/17f 1)

in which 1 is the wave length in centimeters, v is the velocity
of light equals 3 by 10" centimeters per second, n equals
frequency in complete cycles per second; L is the sum of the
inductances in the circuit in centimeters, and C is the total
capacity in absolute electromagnetic units.

Fig. 8. i
L 1 I =
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At resonance the value of n, and consequently the value
of 4, is known, and is obtained from the frequency of the
dynamo. .

The value of the tuning condenser for the above condition
of resonance is known, and from this we must first determine
its capacity reactance at this frequency. From the table -
it is seen that for resonance the capacity was equal to 0.00436
microfarad and the capacity reactance of this condenser

“at a frequency of 93,800 is equal to

1
CTU=389 ohms

or admittance =2.57 X 103 mho.

From the table it is seen that the tuning inductance is
equal to 0.400 millihenry, and its inductance reactance at

“this frequency is equal to

Lw =236 mho
or admittance =4.24 X 10~3 mho.
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It appears, therefore, that of the tuning elements the
reactance of the condenser is greater by 153 ohms than that
of the coil, from which we may conclude that the line reac-

RESONANCE CURVES AT TRANSMITTING END,
TELEPHONE CABLE LINE, RECEIVING END OPEN.
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tance at this frequency is of the nature of an inductance
instead of a capacity, since at resonance the geometric sum
of the reactances of the circuit is zero.
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- We now have the necessary data to evaluate this equiv--
alent inductance of the line at this frequency.

In equation (1) all the quantities are known except that
part of L represented by the line, since the total inductance
of the circuit is equal to the arithmetical sum of its parts,

provided there is no mutual induction between any of these .

parts, which condition obtained in this case.
From equation (1) we write

= = 2m0y/(L+INC @)

in which I! is the quantity to be determined. From which

1
- 4xC

1 _
._47r2n’ L

Substituting the known values in (3) we have

1.1=260,000 centimeters.
=.260 millihenry.

It was desirable to measure the value of the effective
voltage being impressed upon the line itself at the trans-
mitting end, but no electrostatic voltmeter is available which
will read directly small values for alternating electromotive
forces. ,

The lowest reading of the electrostatic voltmeter available
was 40, and this instrument when placed directly across the
line gave no perceptible reading. It is possible, however,
to estimate closely the voltage used, for since the ohmic
resistance of the secondary coil in the line circuit was only
a fraction of an ohm, the impedance of the coil at this fre-
quency can be taken as practically 180° from that of the
condenser without sensible error. The voltage drop across
the coil at resonance is equal to :

L w I1=236X0.215=50.7 volts.




40 MULTIPLEX TELEPHONY AND TELEGRAPHY.
The voltage drop across the condenser is equal to

C—I =389 X 0.215=83.6 volts.
w

Therefore, the voltage being impressed upon the line at
resonance is

83.6 —50.7 =33 volts approximately.

To determine other points of the resonance curve, we have
these relations between the solution at resonance and any
other solution at dissonance: -

3 = =270yIC

A= 7% —270y G,

_+L€
n VLG,
LC
ME LG

Since L =L, throughout a set of observations, we have

' Cl 'JCI

where & =n+/C=constant and C, is the observed value given
in column one of Table 1.

Havmg determined in this manner the value of the fre-
quencies for each of the points of dissonance given in the
table, the corresponding wave-lengths in meters in the fourth
column were derived.

The graphs of these curves are shown in-figure 10.

It is observed that the line current-frequency curve is not
symmetrical, but is steeper on the side of the higher fre-
quencies.

The line current-wave length curve is steeper on the side
of the shorter wave-length.
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(0) CasE 2: Line short-circuited at receiving end.—With
the dynamo frequency constant at 95,200 a similar set of
observations was taken for the case of the receiving end of

RESONANCE CURVES AT TRANSMITTING END,
TELEPHONE CABLE LINE, RECEIVING END SHORT-CIRCUITED

DYNAMO FREQUENCY CONSTANT
AT 95,200 CYCLES PER SECOND

WAVE LENGTH, METERS =2

¢ evmev  eepeew  cmeewv KROQ00 o
FREQUENCY, CYCLES PER SEC~IV
F16. 11.

the line short-circuited, and these observations are exhibited
in Table II.

The graphs for the line current-frequency and line current-
wave length are shown in figure 11.
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TABLE 11.—OQbservations for resonance curves at transmitting end of telephone
cable line, recetving end short-circusted.

[Frequency of generator constant at 95,200 complete cycles per second.]

Capacity in | Inductance in .
microfarads | millihenrys | Lapivalent Line
in series with | in series with uctance | Wave | Frequency |.,nent jn
inductance at | capacity at of the line in | length in | of the line ‘milliam-
transmitting trag:lcnltting milkihenrys | meters. circuit. res.
end. end. computed. peres.
0.00171 0.400 50
0. 00195 0.400 60
0.00217 0.400 70
0. 00238 0. 400 80
0. 00246 0. 400 90
0. 00258 0. 400 100
0. 00267 0. 400 110
0. 00279 0. 400 120
0. 00287 0. 400 130
0. 00297 0. 400 140
0.00310 0. 400 150
0. 00322 0. 400 160
0. 00333 0. 400 170
0. 00342 0.400 180
0. 00356 0. 400 190
0. 00400 0. 400 196
0. 00432 0. 400 190
0. 00457 0. 400 180
0. 00485 0. 400 170
0.00510 0. 400 160
0. 00534 0. 400 150
0. 00581 0. 400 140
0. 00626 0.400 130
0.00718 0. 400 120
0. 00784 0.400 110
0. 00950 0.400 100
0. 01085 0.400 94

For tuning elements at resonance:
%’- 1.0 108 for practical units.
=1.0X102 for absolute electromagnetic units.
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RESONANCE OURVES AT n=73,000. 1=4,110 METERS.

(a) Casg 1: Line open at receiving end.—In Table IIT are
given the observations for the two curves shown in figure 12.

TaABLE I11.—Observations for resonance curves at transmitting end of telephone
cable line, receiving end open.

[Frequency of generator constant at 73,000 complete cycles per second.]

Capacity in | Inductance in
microfarads | millibenrys Fn lllligttl;?et Wave | Frequenc Line
in series with | in series with ? Y | current in
inductance at | capacity at of the line in | length in | of the line ‘milliarn-

ransmitiin M iiny | millihenrys | ‘meters. | circult. .
end 8 end € | “computed. peres.
0.00147 0.818 2,210 136, 000 20
0. 00208 0.818 2,630 114, 000 30
0. 00235 0.818 2,800 107,000 40
0. 00268 0.818 2,990 100, 000 50
0. 00289 C.818 3,100 96, 800 60

0. 00309 0.818 3,210 93, 500 0

0. 00324 0.818 3,290 91, 200 80
0.00343 0.818 3,380 88,800 90
0. 00357 0.818 3,450 87,000 100

0. 00367 0.818 3.500 85,700 110
0.00379 0.818 3., 560 84,300 120
0. 00387 0.818 3,590 83, 600 130
0.00398 0.818 3,640 82,400 140

0. 00407 0.818 3,680 81, 500 150
0.00416 0.818 3,730 80, 400 160

0. 00423 0.818 3,760 79,800 170
0.00435 0.818 3,810 78,70¢ 180
0.00444 0.818 3,850 77,900 190

0. 00455 0.818 3,890 77,100 200
0. 00464 0.818 3,920 76,300 210
0.00478 0. 818 3,990 75,200 220
0.00506 0.818 1110 | 73,000 27
0.00527 0.818 4,190 71, 600 220

0. 00547 0.818 4,270 70,300 210
00563 0.818 4,320 69,300 200
0.00577 0.818 4,390 68,300 - 190
0. 0.818 4,450 67,400 180

0. 00611 0.818 4,510 66, 500 170
0. 00629 0.818 4,580 65, 500 160
0. 00651 0.818 4, 660 64,400 150 .

0. 00675 0.818 4,740 63,300 140
0.00707 0.818 4,850 61,900 130
0.00741 0.818 4,970 60, 400 120
0.00789 0.818 5,130 58, 500 110

0. 00858 0.818 5,350 56,100 100

0. 00950 0.818 5,630 53,300 920
0.01105 0.818 6,070 49, 400 80
0.01346 0.818 6,700 44,800 70
0. 01905 0.818 7,970 37.600 60

For tuning elements at resonance:

-é-‘ =1.62X10¢ for practical units.
=1,62X10% for absolute electromagnetic units.
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RESONANCE CURVES AT TRANSMITTING END,
TELEPHONE CABLE LINE,RECEIVING END OPEN.
DYNAMO FREQUENCY CONSTANT
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(b) CasE A: Line short-circuited at receiving end.—In Table
YV are given the observations for the two resonance curves
shown in figure 13.

TABLE IV.—Observations for resonance curves at transmitting end of telephone
cable line, recetving end short-circuated.
[Frequency of generator constant at 73,000 complete cycles per second.]

Capacity in | Inductance in ,
microfarads in | millihenrys ﬁ%‘gggﬁgg Wave | Frequenc Line
series with | in series with quUency loyrrent in
inductance at | capacity at | °f m(iahline in Iengtteh in| of g’ce ;ine milliam- |
: : millihenrys | meters. | eircuit.
tmn:glét'tmg tmn:rxl‘lét',ting computed. peres.
0.00144 0.818  |.............. | 2,230 134,000 20
0.00197 0.818  |.............. , 115, 000 30 ,
T E— R AR
X .818 ... 2 2
0. 00281 0.818  |.............. 3,110 96, 500 60
0. 00298 0.818  |.............. 3, 93, 800 79
0. 00315 0.818  |.............. 3,290 91, 200 80
0. 00332 0.818 ... ........... 3,380 88, 800 90
0. 00345 0.818 . ........... 3, 87,000 100
0. 00358 0.818 ... 3,510 85, 500 110
0. 00369 0.818  |.............. 3,56 84,300 120
0. 00376 0.818  |.............. 3, 83,300 130
0. 00387 0.818  |.....o.oii... 3,650 82, 200 140
0. 00396 0.818  |....eeeei..... 3,690 81,300 150
0. 00404 0.818 3 80, 400 160
0. 00415 0.818 79, 400 170
0. 0043 0:818 o0 | 10
0. 00439 0.818 77,100 200
0. 00452 0.818 76,100 210
0. 00464 0.818 75,000 220
0.00491 0.818 10 73,000 2%
0. 00515 C.818 71,300 220
0. 005633 0.818 70,100 210
0. oot 0818 6000 | 190
0. 00585 0.818 66, 800 180
0. 0060C 0.818 66,100 170
0. 00620 0.818 64,900 160
0. 00640 0.818 4,690 64,000 150
0. 00666 0.818 4,790 62, 600 140
0, 00697 0.818 4,900 61, 200 130
0.00731 0.818 5,020 59, 800 120
0.00775 0.818 5,160 58,100 110
0. 00848 0.818 5,400 55,600 100 .
0. 00940 0.818 5,€90 52, 700 90
0.01087 0.818 6,120 49, 000 80
0.01332 0.818 6,770 44,300 70
0. 01905 0.818 8,100 37,000 60

For tuning elements at resonance:

L
©=1.67X10¢ for practical units.
=1.67X1023 for absolute electromagnetic units.
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RESONANCE CURVES AT TRANSMITTING END,
TELEPHONE CABLE LINE,RECEIVING END CLOSED.
DYNAMO FREQUENCY CONSTANT :
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RESONANCE CURVES AT n=>53,000, A=5,660 METERS.

(@) CasE 1: Line open at recewving end.—In Table V are
given the observations for the two curves shown in figure 14.

TABLE V.—Observations for resonance curves at transmitting end of telephone

cable line, recetving end open.

[Frequency of generator constant at 53,000 complete cycles per second.]

ibroiasads Iﬂ}nmeww:n Equivalent Line

in serles with | in series with | . c8Pacity Wave | F fthaiiny current in

inductanceat | capacityat |°f fhe m lm‘g‘,{“ O‘cltmuutm milliam-

micro mef .

tmn;-:ihttlng tnn:::é tng | “computed. peres.
0. 00452 1.036 4040 74; 300 50
0. 00494 1.036 4220 71,100 60
0. 00542 1.036 4420 67,900 70
0. 00570 1.036 4530 66, 200 80
0. 00600 1.036 4640 64, 700 90
0. 00624 1.036 4730 63, 400 100
0. 00672 1.036 4910 61,100 110
0. 00700 1.036 5000 , 000 120
0. 00723 1.036 5080 59,100 130
0. 00747 1.036 5160 58,100 140
0. 00777 1.036 57, 150
0.00816 1.036 530 | 55700 | 160
0.00002 1.036 660 | 53,000 | 170
0. 00988 1.036 5910 50, 800 160
0.01036 1.036 49, 600 150
0.01086 1.036 6190 , 500 140
0.01175 1.036 6260 47,900 130
0.01172 1.036 46, 700 120
0.01232 1.036 6570 45,700 110
0.01355 1.036 6880 43, 600 100
0.01522 1.036 7260 41,300 90
0. 01860 1. 036 7980 37,600 80

For tuning elements at resonance:

L
G=1.156X10¢ for practical units.
=1.15)103 for absolute electromagnetic units.
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.

RESONANCE CURVES AT TRANSMITTING END,
TELEPHONE CABLE LINE ,RECEIVING END OPEN.

DYNAMO FREQUENCY CONSTANT
AT 53,000 CYCLES PER SECOND.

WAVE LENGTH, METERS=A
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(b) CasE 2: Line short-circuited at receiving end.—In Table
VI are given the observations for the two resonance curves
shown in figure 15.

cable line, recetving end short-circuited.
(Frequency of generator constant at 53,000 complete cycles per second.}

TABLE VI.—Observations for resonance curves at transmilting end of telephone

Caj in | Induct~ncein
mig:gf‘gads millihenrys Equivalent Line
in serles with | in serles with | <C3pacity | Wave |Frequency |, .ron¢in
induot, a ity at ofmghe line in lengtth in| of the lié:t; ‘milliam-
D crofarads | meters circui
tmn:x:é?tlng trang:lc{fvtlng computed. peres.
0. 00469 1.036 72,800 50
0. 00516 1.036 69, 400 60
0. 00564 1.036 66, 500 70
0. 00598 1.036 64,700 80
0. 00624 1.036 63,300 90
0. 00642 1. 036 62, 500 100
0. 00682 1. 036 60, 600 110
0. 00708 1.036 59, 500 120
0. 00729 1.036 58,700 130
* 0.00749 1. 036 57,900 140
0.00777 1.036 56,900 150
0. 00796 1.036 56,300 160
0. 00838 1. 036 54,800 170
0. 00900 1. 036 53.000 180
0. 00981 1.036 50,800 170
0. 01030 1. 036 49,700 1C0
0. 01068 1. 036 48,800 150
0. 01138 1. 036 47,300 140
0. 01202 1. 036 46,100 130
0. 01269 1. 036 44,900 120
0.01318 1. 036 44,100 110
0. 01450 1. 036 42,200 100
0. 01587 1. 036 40, 400 90
0. 01932 1. 036 36,900 80

Yor tuning elements at resonance:

L

<~ 1.15X10% for practical units.

=1.15X 102 for ahsolute electromagnetic units.
87081°—11—+4
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- RESONANCE CURVES AT TRANSMITTING END,
TELEPHONE CABLE LINE, RECEIVING END SHORT-CIRCUITED.

DYNAMO FREQUENCY CONSTANT
AT 53,000 CYCLES PER SECCND.

WAVE LENGTH, METERS =A
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RESONANCE CURVES AT n=38,500 1=7,790 METERS.

(@) CasE 1: Line open at receiving end.—In Table VII are
given the observations for the two curves shown in figure 16.

TABLE VII.—Observations for resonance curves at transmitting end of telephone
cable line, recesving end open.

[Frequency of generator constant at 38,500 complete cycles per second.)

Capacity in |Inductance in

microfarads millihenrys IE uivalent w F Line

i series with | in serfes with | inductance ave requency | eyrrent in
inductance at | capacity at °1'11tiﬂfhl:n° in lengttet;sln of the l%ne milliam-
meters.

tranz:gfung mniggttmg oompu%.s | peres.

0.00215 0.818 , 700 20.0

0. 00298 0.818 72,100 30.0

0.00347 0.818 , 800 40.0

0.00407 0.818 61,700 50.0

0. 00450 0.818 , 600 60.0

0. 00495 0.818 56,000 70.0

0.00525 0.818 54,300 80.0

0. 00551 0.818 53,000 90.0

0.00589 0.818 51,300 100.0

0. 00600 0.818 , 800 110.0

0. 00631 0.818 49, 500 120.0

0. 00855 0.818 48,600 130.0

0. 00681 0.818 47,700 140.0

0. 00700 0.818 47,000 150.0

0. 00730 0.818 46, 000 160.0

0.00756 0.818 45,200 170.0

0. 00780 0.818 44, 500 180.0

0.00809 0.818 43,700 190.0

0. 00834 0.818 43,100 200.0

0. 00877 0.818 42,000 210.0

0. 00894 0.818 41, 600 -220.0

0. 00923 0.818 41,000 230.0

0.01015 0.818 ,100 240.0

0.01044 0.818 38, 500 241.5

0.01076 0.818 37,900 240.0

0.01170 0.818 36, 400 230.0

0.01220 0.818 35, 600 220.0

0.01268 0.818 34,900 210.0

0.01332 0.818 34,100 200.0

0.01397 0.818 . 33,300 190.0

0.01484 0.818 32,300 180.0

0.01554 0.818 31, 600 170.0

0.01687 0.818 , 300 160.0

0.01844 0.818 , 800 150.0

02005 0.818 27,800 140.0

0.02247 0.818 26, 300 130.0

0. 1 0.818 24, 600 120.0

0. 1 0.818 22,400 110.0

0.03978 0.818 19,700 101.5

For tuning elements at resonance:

I—; = 0.784 X 105 for practical units.
= (.784 X 1028 for absolute electromagnetic units.
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RESONANCE CURVES AT TRANSMITTING END,
TELEPHONE CABLE LINE ,RECEIVING END OPEN.
"DYNAMO FREQUENCY CONSTANT
AT 38500 CYCLES PER SECOND.
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(b) Cask 2. Line short-circuited at receiving end.—In Table
VIII are given the observations for the two resonance curves
shown in figure 17.

TABLE VIII.—Observations or resonance curves at transmitting end of tele-
phone cable line, recerving end short-circusted.
[Frequency of generator constant at 38,000 complete cycles per second.]

Capacity in | Inductance in

microfarads | millihen Fn \:’ig&lzget Wave nenoey’ Line

in series with | in series with Y | current in

inductance at | capacity at of the line in | length in| of the line | © .00

tmnggmng transmi{tlng I:J,‘gggn s meters. | clrcuit. peres.
0.00217 0.818 75,200 20
0.00291 0.818 64,900 30
0. 00337 0.818 60, 400 40

. 00384 0.818 56, 600 50
0. 00428 0.818 53, 600 60
00507 0.818 49, 300 70

0. 00401 0.818 50, 100 80
0. 00516 0.818 , 800 80
0. 00539 0.818 47,800 100
0. 00559 0.818 46, 900 110
ses | o g | 2
0. 3
0. 00601 0.818 45,200 140
0. 00630 0.818 44, 200 150
0. 00649 0.818 43, 500 160
0. 00661 0.818 43,100 170
0. 00679 0.818 , 600 180
0. 00694 | 0.818 42,100 190
0.00714 ! 0.818 41, 500 200
0. 00733 0.818 , 000 210
0.00758 0.818 40,300 220
0. 00850 T0.818 38,000 230
0. 00894 T 0.818 37,100 220
0. 00935 0.818 36, 300 210
0. 00961 0.818 35,800 200
0. 00985 0.818 35,100 190
0.01031 0.818 34,500 180
0.01070 0.818 33, 170
0.01101 0.818 3 160
0.01175 0.818 32,300 - 150
0.01234 0.818 31,600 140
0.01318 0.818 30, 500 130
0.01412 0.818 29, 400 120
0.01537 0.818 28,300 110
0.01737 0.818 26, 500 100
0. 02033 0.818 24,600 90
0. 02530 0.818 22,000 80
0.03978 0.818 17, 500 70

For tuning elements at resonance:

L
-G =-963X10% for practical units.
=.963X 10% for absolute electromagnetic units.
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RESONANCE CURVES AT TRANSMITTING END,
TELEPHONE CABLE LINE,RECEIVING END CLOSED.
DYNAMO FREQUENCY CONSTANT
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SELECTIVITY OURVES.

The series of resonance curves given above are the usual
types constructed in the study of wireless antenns, but in
order to interpret them from an engineering point of view it
is more valuable to plot them as selectivity curves, in which
the line current is plotted as a function of the frequency.

In order to be able to read directly the percentage drop in
current from the value at resonance taken as unity, for any
given percentage departure from the frequency at resonance
also taken as unity, we have only to plot ordinates in terms

of l, in which I is any particular value of the current corre-
sponding to the frequency n,, and I, is the value of the cur-
rent at resonance; and absciss® in terms of ™ , in which n, is

the frequency of the line circuit at any point of dissonance,
and 7 is the frequency at resonance.

As an example, in the case of n equals 53,000, Table IX has
been computed. The graph of this curve is shown in figure 18.

TaBLE IX.—Data for selectivity curve of telephone cable line, recewving end
short-circurted.

[Frequency of generator constant at 53,000 complete cycles per second.)

I L I
™ n rr
72,800 50 ©.1.374 0.278
69, 400 60 .1.310 0.333

, 500 70 1.255 0.388
64,700 80 1.221 0.444
63,300 90 1.194 0. 500
62, 500 100 1.180 0. 556

, 600 110 1.144 0.611
59, 500 120 1.123 0. 667
58,700 130 1.108 0.722
57,900 140 1.092 0.778
56, 900 150 1.074 0.833
56,300 I 1.062 0. 889
54, 800 170 1.034 0.945
53,000 180 1. 000 1. 000

, 800 170 0.958 0.945
49,700 160 0.938 0. 889
48, 800 150 0.921 0.833
47,300 140 0.892 0.778
46,100 130 0.870 0.722
44,900 120 0.847 0.667
44,100 110 0.832 0.611

» 200 100 0. 796 0. 556
40, 400 90 0.762 0. 500
36,900 80 0. 698 0.444

uenc{ oflinecircuit tuned to given dissonance with generator froquency
I Measured line current at frequency #,, in milliamperes

n Impressed fi requencf of generator, constant at 53,000 cycl 'ﬁer

I Mnxlmum current in line circuit, tuned to resonance wi genemtor frequency, 180
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SELECTIVITY CURVE OF TELEPHONE CABLE LINE,
RECEIVING END SHORT-CIRCUITED.

IMPRESSED FREQUENCY CONSl'ANT AT 53,000 CYCLES PER SEC.
-~
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RATIO OF CURRENTS=%
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4Q @0 .80 100 120 1A0 160
RATIO OF FREQUENCIES = f}*
Ip=Line current atresonance
I =Line current
n=Frequency at resonance
n~Frequency of Line Circuit tuned to given dissanance.
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It appears from the inspection of this curve that it is not
symmetrical with respect to the ordinate corresponding to
resonance. The slope of the curve is steeper for increasing
frequencies than for decreasing frequencies. We are enabled
to read off directly from this curve the percentage change in
the line current from resonance for any given percentage
change in frequency from resonance. For instance, it is

“seen that for 10 per cent decrease in the frequency of the

line circuit, the current has fallen to 79 per cent of its value
at resonance, and at 30 per cent decrease in frequency of the
line circuit the current has fallen to 44 per cent of its value
at resonance, whereas at 30 per cent increase in frequency of
the line circuit the current has fallen to 34 per cent of its
value at resonance, which is considerably lower; in other
words, the line current is more sensitive to changes on the
side of increasing frequencies than on the side of decreasing
frequencies in the case of impressed constant frequency of
the dynamo of 53,000 cycles per second.

- The current is seen to be reduced to one-half its walue at
resonance for a 24 per cent reduction in frequency, and to
the same amount for 26 per cent increase of frequency.

A curve of this kind enables us to predict that terminal
apparatus could be inserted in this line at the receiving end,
provided it was in the nature of ohmic resistance, and that
there would be no interference between several of such
instruments operated at different frequencies, provided the
interval between the frequencies of each of the different
receiving sets was greater than 44 per cent, and that each
receiving apparatus was not rendered inoperative by the
presence of a stray current of 50 per cent of its normal
operating value. It should be remembered that this inter-
pretation is from conditions controllable at the transmitting
end only, and provides for no selective tuning whatever of the
apparatus at the receiving end. In other words, the curve
given shows the selectivity of the line itself.

ELECTRICAL DIMENSIONS OF TUNING ELEMENTS.

For the range of frequencies involved in these experiments
the standard variable air condensers and variometers which
are at present employed in wireless felegraph practice, could
better be made of larger electrical dimensions in order to be
better adapted to the frequencies here considered. '
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It is noted from the tables submitted that capacities as
large as hundredths of a microfarad were at times used, and
in order to secure these it was necessary to join several of
the air condensers of wireless telegraph pattern in parallel,
adding their results. In like manner the inductances used
were as high as 3 millihenrys in some cases. Fortunately,
capacities and inductances can be easily constructed which
at the same time preserve the continuously variable feature
necessary for tuning purposes, and may have also compact
physical dimensions; in fact, in suitable designs for these
frequencies these tuning elements may be even smaller and
more compact than they now are for wireless telegraph
practice. This is for the reason that in the case of electric
waves impressed upon wires we are not dealing with high
voltages such as are required in apparatus using an antenna.
Furthermore, by properly designing inductances in accord-

Fig. 19. ,
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ance with the fundamental formuls laid down by Maxwell,
it is evident that variometers suitable for this range of fre-
quencies impressed upon wire circuits may be made extremely
small and compact.

It should be noted that throughout these experiments -
not a single piece of new apparatus was designed or con-
structed, but the conventional apparatus as now employed
in wireless telegraph engineering was adopted as a whole,
although, as stated above, this apparatus could be very
materially improved in the line of compactness of design
for this range of frequencies.

Since no cases of high voltage were required at the trans-
mitting end of the line, the same form of apparatus was
used interchangeably for transmitting and receiving, whereas
in wireless practice the transmitting antenna coils and
condensers are very large in comparison with those used
for receiving.
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TRAMNSMITTING IMPEDANCE AT RESONANCE BY THE AMMETER-
VOLTMETER METHOD.

To determine the general character of the effective imped-
ance of this line as the frequency is changed, measurements
were made of the transmitting current and voltage as the
frequency is varied from about 23,000 to 90,000 cycles per
second. The circuit is shown in figure 19 and the data
obtained are given in Table X, which is shown graphically
in figure 20. In taking these measurements loose coupling
was used and the tuning elements adjusted to resonance
in each case. The voltmeter used was of the hot-wire
type of comparatively high resistance, and the ammeter
was of the hot-wire type of low resistance. For resonance

we have I=Fz; or Z=]Ii3, where E and I are the measure-

ments given above, from which Z in columns 4 and 7, Table
X, has been derived. The curves, figure 20, indicate a
minimum effective impedance of about 87 ohms at a frequency
of about 59,000, the curves being nearly symmetrical on
either side of this frequency.

Attempts were made to make similar measurements for
the line connected directly to the generator instead of
inductively connected as above and working to constant
voltage at different frequencies. In such cases the reaction
between the resonant circuit of the line and the directly
connected circuit of the generator armature was so marked
and so sensitive to variation of frequency at resonance that
it was found extremely difficult to make consistent measure-
ments under these conditions. The marked superiority of
loose inductive coupling between the line circuit and the
generator enabled a study to be made of the line circuit
per se without involving any reactive influence from the
generator source.

It is noteworthy that with this cable line it was not
possible to detect with certainty the reactive influence of
opening or closing the distant end of the line upon the
transmitting voltmeter and ammeter readings, and, as

" noted above, the resonant curves at the transmitting end
are practically the same for the distant end open or closed.

The presence in this line of two pairs of inductive heat
coils at fixed points undoubtedly is sufficient to cause at
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least partial reflections of the waves being propagated along
the line. These heat coils, as stated above, each had a
measured inductance of 4,400 cms. at 70,000 cycles.

TasLE X.—Data for transmitting end impedance at resonance of wléphone
cable line, receiving end open and short-circuited, at different frequencies.

Cyecles Line open Line short-circuited.
per q =

second. Volts. Amperes.| Ohms. Volts. |Amperes.] Ohms.
23,000 22.2 0.108 206 22.6 0.106 213
35,000 16.1 0.112 lﬁ 16.2 0.116 140
47,000 16.0 0.154 1 16.0 0.153 105
63, 000 15.8 0.178 89 15.8 0.180 88
75,000 16.3 0.148 110 16.2 0.148 109
90, 000 23.8 0.138 172 23.5 0.138 170 -

RESONANCE CURVE AT RECEIVING END.

In the series of resonance curves which has already been
given, the observations were taken at the transmitting end
of the cable line, and no attempt at tuning was made at the
receiving end of the line, it being the object to study first
the line per se without terminal apparatus. The effects,
however, of introducing tuning.elements across the line at
the receiving end are strikingly shown in figure 21, the data
for which are given in Table XI. In taking these observa-
tions a frequency of 40,000 was selected as fairly repre-
sentative.

At the transmitting end of the line the current and fre-
quency were kept constant throughout, and at the receiving
end of the line only the capacity element of the tuning
apparatus was varied, which caused a rise and fall of the
received current, as shown in figure 21.

The inductance element of the tuning apparatus at the
receiving end was kept constant throughout the experiment,
so that the variables which are plotted in this curve are the
actual observations taken and therefore represent exact
conditions with no supposition as to derived results. It is
noted that the magnitude of received current in this case
can be easily multiplied nearly three times by simply adjust-
ing the variable condenser at the receiving end, in a receiver
arrangement selected at random.
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RESONANCE CURVE AT RECEIVING
END OF TELEPHONE CABLE LINE

TRANSMITTING CURRENT CONSTANT AT
200 MILLIAMPERES AND AT 40,000 CYCLES.

v

CAPACITY OF RECEIVING CONDENSER
' IN MICROFARADS
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TaBLE X1.—Resonance curve at receiving end of telephone cable line. Trans-
matting current constant at 200 milliamperes and 40,000 cycles.

Recelving
capacity in Received
microfarads in | current in
series with milliam-
constant in- peres.
ductance.
. 00292 1.00
. 00354 1.50
. 00422 2.00
. 00442 2.20
. 00470 2.40
. 00508 2.60
. 00579 2.80
. 00606 2.83
. 00622 2.80
.00748 2.60
. 00870 2.40
.00972 2.20
. 01097 2.00
.01337 1.70

ATTENUATION-FREQUENCY CURVE.
AT RECEIVING END OF TELEPHONE CABLE LINE,

SHORT-CIRCUITED THROUGH DUDDELLTHERMOAMMETER

OF 171 OHMS, TRANSMITTING CURRENT CONSTANT
AT 240 MILLIAMPERES.

W00 v~ R

FREQUENCYsTL
F16. 22

ATTENUATION CURVE.

To determine quantatively the influence of variation of
frequency upon the attenuation of the current transmitted
over this telephone line, the data given in Table XII was
obtained, the curve for which is shown in figure 22.
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In this experiment the transmitting current was kept con-
stant at 240 milliamperes, the only thing varied being the
frequency of the alternator.

At the receiving end the telephone line was short-circuited
through a Duddell thermoammeter, which is practically non-
inductive with a resistance of 171 ohms. The frequency was
varied between 30,000 and 90,000 cycles per second, and ob-
servations were taken at intervals of 10,000 cycles per second.
The curve shows very strikingly the attenuation of the trans-
mitted current as the frequency is increased. The values of
the received current at 80,000 and 90,000, being about as
small as could be read on the particular ammeter used, are
not as accurate as the other readings, and this is indicated by
the dotted part of the curve.

TaBLE X1I.—Data for attenuation-fre curve at recesving end of telephone
cable line, short-circuited through D Il thermoammeter of 171 ohms,
transmitting current constant at 240 milliamperes.

Transmitting Received
current in current in Frequency.
milliamperes. | milliamperes.

240 4.85 30,000
240 3.50 40,000
240 2.45 50,000
240 1.50 60,000
240 0.50 70,000
240 0.30 80,000
240 0.30 90,000

V. SUMMARY.

Radio-telegraphy has no competitor as a means of trans-
mitting intelligence between ships at sea and between ships
and shore stations, and on land it is also unique in its use-
fulness in reaching isolated districts and otherwise inacces-
sible points. To what extent it may be also developed to
furnish practical intercommunication according to the high
standard now enjoyed in thickly populated districts it is not
attempted to predict.

The foregoing experiments indicate that either the exist-
ing wire system or additional wires for the purpose may be
utilized for the efficient transmission of telephonic and tele-
graphic messages, and the former without interfering with
the existing telephone traffic on these wires.

The fact that each of the circuits created by the use of
superimposed high frequency methods is both a telephone
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and a telegraph circuit interchangeably, makes it possible to
offer to the public a new type of service which, it is believed,
will offer many advantages to the commercial world. This
type of circuit should be particularly applicable to press-
association service, railroad service, and leased-wire service
of all kinds. )

The experiments described should not be interpreted as in
any way indicating limitations to radio telegraphy and te-
lephony in the future, for their present rapid development
gives justification for great prospect for the future. It is
rather considered that the whole system of intercommuni-
cation, including both wire methods and wireless methods,
will grow apace, and as each advance is made in either of
these it will create new demands and standards for still
further development. We need more wireless telegraphy
everywhere, and not less do we need more wire telegraphy
and telephony everywhere, and, again, more submarine
cables. The number of submarine cables connecting Europe
with America could be increased many times and all of them
kept fully occupied, provided the traffic were properly clas-
sified to enable some of the enormous business which is now
carried on by mail to be transferred to the quicker and more
efficient cablegram letter. That time will surely come when
the methods of electrical intercommunication will have been
so developed and multiplied that the people of the different
countries of the world may become real neighbors.

Accustomed to the methods of transmitting energy for
power purposes by means of wire, it is a matter of wonder
that enough energy can be delivered at a receiving antenna
from a.transmitting point thousands of miles distant to
operate successfully receiving devices. The value of a
metallic wire guide for the energy of the electric waves is
strikingly shown in the above experiments, and it furnishes
an efficient directive wireless system which confines the
ether disturbances to closely bounded regions and thus
offers a ready solution to the serious problems of interferences
between messages which of necessity have to be met in
wireless operations through space.

The distortion of speech, which is an inherent feature of
telephony over wires, should be much less, if not practically
absent, when we more and more withdraw the phenomenon

87081°—11—5
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from the metal of the wire and confine it to a longltudmal
strip of the ether which forms the region between the two
wires of a metallic circuit.

The ohmic resistance of the wire as shown can be made
to play a comparatively unimportant part in the trans-
mission of speech and the mora the phenomenon is one of the
ether, instead of that of metailic conduction, the more per-
fectly will the modified electrip waves, which ara the vehicle
for transmitting the speech,-be delivered at the receiving
point without distortion.

It has been shown that the phenomena of resonance,
which is met with in so many different branches of physics,
exhibits very striking and orderly results when applied to
electric waves propagated by means of wires. By utilizing
this principle it has been shown that the receiving current at
the end of the line may be built up and amplified many times
over what it would be with untuned circuits.

The tuned electrical circuit:at the receiving end readily
admits electromagnetic waves of a certain definite frequency,
and bars from entrance electromagnetic waves of other fre-
quencies. This permits the possibility of utilizing a single
circuit for multiplex telephony-and telegraphy.

Untrep StaTes SigNAL Corps

RESEARCH LABORATORY,
BUREAU OF STANDARDS.
Washington, D. C., January, 1911.



P o Y ——

APPENDIX

{United States Patents, Numbers 980,356, 980,357, 980,358, and 980,358.)

UNITED STATES PATENT OFFICE.
GEQBGE OWEN SQUIER, OF THE UNITED STATES ARMY.
MULTIPLEX TELEPHONY AND TELEGRAPHY.
980,356. Specification of Letters Patent. Patented Jan. 3, 1911.
Application filed November 5, 1910. Serial No. 590,801.
(Dedicated to the public.)

To all whom it may concern:
Be it known that I, GEorRGE OWEN SQUIER, major in the Signal Corps,

~U. 8. Army, a citizen of the United States, and residing at Washington,

District of Columbia, (whose poet-office address is War Department, Wash-
ington, District of Columbia,) have invented certain new and useful Im-
provements in Multiplex Telephony and Telegraphy, of which the following
is a specification.

Thie application is made under the act of March 3, 1883, chapter 143,
(U. 8. Statute XXII, p. 625,) and the invention herein described and
claimed may be used by the Government of the United States or any of
its officers or employees in the prosecution of work for the United States
or by any person in the United States without the payment of any royalty

- thereon.

This invention relates to multiplex telephony and telegraphy and has
as its ebject the simultaneous transmission of a plurality of telephonic
and telegraphic messages over a single telephonic circuit.

A further object of the invention is the dispoeition of the various ele-
ments in such a manner as to eliminate all ‘‘cross-talk ” or other harmful
effects of one message upon another.

A further object is to impress electric waves or oscillations of such dif-
ferent frequencies upon the circuit as to make possible the selection and
complete independence of the various messages.

A further object is to superimpose upon a standard battery telephone
circuit, as now commercially used, one or more additional telephonic and
telegraphic circuits without any interference of the various messages.

In accomplishing the above results use is made of electromagnetic waves
or oscillations of high frequency guided by wires.

In the whole range of electromagnetic waves, which may be looked upon
as a spectrum extending from the ultra-violet rays on the one hand to the
exceedingly slow oscillations, such as are used on long submarine cables,
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G. 0. 8QUIER.
MULTIPLEX TELEPHONY AND TELEGRAPHY.
APPLICATION FILED BOV.6. 1910

Patented Jan. 3, 1911.
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on the other hand, use has been made of all parts for various purposes with
the exception of two well defined intervals, one extending from a frequency
of about 3x10'? of the extreme infra-red, to 5x10'°, which are the shortest
electromagnetic waves yet produced by electrical apparatus,—and another
interval extending from about 100,000 cycles per second to about 15,000 to
20,000 cycles per second. This latter range of frequencies represents a
practically unexplored field which I have found by experiment to be very

. uséful in solving the problems of multiple telephony and telegraphy upon

wire circuits.

When reference is made in this application to high frequency waves or
oscillations, it is understood to mean oscillations with a frequency above
human audition, or ultra-sound frequencies.

The limit of audibility being a physiological function is well known to
vary considerably, but it is in the neighborhood of 15,000 to 20,000 cycles
per second. :

By employing ultrasound electromagnetic wave frequencies as the
vehicle for transmitting telephonic and telegraphic messages, it is evident
that all harmful effects to any element of the battery telephone apparatus
are immediately removed, since not only are any such effects very minute,
in character, by virtue of the high period of the oscillations, but also, even
if there were any effects in the telephone receiver, or transmitter, or any
other part of the apparatus, it could not be detected by a human being,
since the natural limitations of the ear afford a most effective and sure sepa-
ration between all frequencies above 15,000 to 20,000 per second on the one
hand, and all frequencies below 15,000 to 20,000 and down to about 18 per
second, which is the lower limit of audibility. Therefore, a fundamental
principle of this system may be said to be, from one view-point, the utili-
zation of this unalterable characteristic of the human ear.

With such frequencies as are used in ordinary battery telephony the
so-called phenomenon of “skin effect” is comparatively small, and the cur-
rent is fairly well distributed throughout the cross-section of the conductor.
As the frequency increases the skin effect becomes more pronounced and the
energy appears to be more and more transmitted or stored in the ether sur-
rounding the conductor. For this reason the battery telephone current is
largely a conduction current through metal, and the ohmic resistance of the
wire isone of the principal elements which limits long distance telephony
at present, whereas in commercial wireless telegraphy, in which frequencies
from 100,000 up to several millions are used, the impressed energy is chiefly
radiated into the ether.

In the intermediate range from say 20,000 to 100,000 and above the
energy is largely carried by the ether, but is still sufficiently linked to the
conductor to prevent excessive radiation into the ether. The conductor
while carrying but a small part of the energy at its surface nevertheless acts
as an efficient guide for the high frequency electromagnetic waves. In
accordance with these principles, use is made of these efficiently guided
electromagnetic ether waves as a vehicle to carry the telephonic or tele-
graphic message.

In accomplishing the above it has been found necessary and sufficient
to combine the engineering practice of wireless telegraphy and telephony
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with the engineering practice of wire telegraphy and telephony. Since
wireless engineering deals with frequencies much higher than ordinary
telephony it is obvious that different dimensions for capacities and induct-
ances muet be used, for instance, whereas the ordinary telephonic practice
makes use of condensers with capacity of several microfarads it is here
necessary to use capacities of the order of magnitude of thousandths of a
microfarad and inductances of millihenries.

The present invention makes use of the types of apparatus, engineering
methods, etc., now practiced in the wireless art and applies them to the
transmission of electromagnetic waves along wires, with the result of an
enormous increase in efficiency of such transmission over the ordinary
method employing antennee at transmitting and receiving stations. The
circuits employed in this invention are ordinary telephonic circuits, such
as now used in wire telephony and telegraphy, and are very poor radiators
of electromagnetic energy; in fact, the regular.twisted-pair paper-insulated
lead-covered telephonic cable affords a circuit for such electromagnetic
waves which produce a very closely bounded system and the energy is
principally conveyed in such a circuit in the minute layer of ether sepa-
rating the two metallic conductors. In this manner, and by these means,
& most efficient system of directive high frequency telegraphy and teleph-
ony is attained, and also any interferences between neighboring circuits
operated by this system is eliminated, so that a plurality of such circuits
may be brought to the same switchboard with no harmful interfering effects.

It is old in the art to use high frequency oscillations and modify these in
accordance with speech vibrations by effecting some electromagnetic con-
stant or constants of the circuit in which the oscillations take place. It is
possible to change the capacity, the inductance or the resistance of such a
circuit or combinations of these, and while I do not wish to limit myself
toany one of these, I have found that it is very convenient and effective to
change the resistance by a suitable telephone transmitter such as a micro-
phone transmitter of the usual type employed in ordinary telephonic work.
Having modified these oscillations suitably they are transmitted over the
line to a receiving station where they are then received in a suitable selective
circuit containing a detector for high frequency oscillations, any detector,
such as used in wireless telegraphy and telephony, being satisfactory so
long as it is a quantitative or integrating detector. By means of suitable
translating means the oscillations are then transformed into telephonic
currents, all of which is described more in detail hereafter.

Since a plurality of high frequency waves of different frequencies may
be impressed on the same line, and since these may be selectively sepa-
rated from each other by suitably tuned circuits, it is obvious that multi-
plex telephony may be accomplished. Also, for the reasons stated above,
it has been found that these high frequency waves may exist on the same
line with ordinary battery telephone currents without in any way affecting
them, and thus this system of multiplex telephony may be applied to the
usual telephonic circuits without the presence of harmful effects, such as
““cross-talk” or other disturbances. ‘ .

It has been found necessary, in order to obtain efficient results, to make
use of such detectors as are commonly found in the wireless telegraphic
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art. Attempts have been made at multiplex telephony, but I have found
these inoperative, for the reason, among others, that no detector or equiva-
lent device has been used. These detectors are not used because of any
greater sensitiveness to electrical energy than resides in the telephone
receiver itself, but because the energy, being in the form of rapid oscilla-
tions, cannot affect the telephone or other indicating device. These
rapid oscillations cannot sensibly affect the telephone because the dia-
phragm in its motion must reverse with the reversal of the current and the
deflecting impulse if applied directly to the telephone receiver will be
first in one direction and then in the other with a frequency so high that
the diaphragm cannot follow or respond. Furthermore, if the diaphragm
should respond with this frequency the effect would not be audible. Also,
in the case of the ordinary telephone, on account of the large self-inductance
of the instrument, the high frequency E. M. F. generated by the waves
would produce in a telephone receiver only extremely weak currents.
I have found it necessary, therefore, and consider it an important part
of my invention to make use of some form of integrating detector to trans-
“ form these rapid oscillations into effects which can be manifested by the
indicating instrument. )

In the drawings forming a part of this specification several modifications
for the circuit connections are shown, and Figure 1 illustrates a form of
circuit in which the high frequency oscillatory telephonic messages are
impressed on the line by a bridge connection. Figs. 2 to 5 illustrate modi-
fications of various transmitting circuits, Figs. 6 to 9 illustrate various
receiving circuits. Figs. 10 and 11 illustrate modifications of the con-
nections shown in Fig. 1. '

Referring to these figures in detail, Fig. 1 shows a common metallic
circuit for ordinary telephony, across whith are bridged the ordinary tele-
phone sets B and B’. These telephone ‘sets include the usual apparatus
as in present use in local battery telephdne circuits, there being shown a
microphone transmitter 1 with its local battery 2 and the primary of the
transformer 3. Also, there is shown connécted in the usual way the ringing
circuit 4 and the switchhook 5 with its rk;ceiver 6. The secondary of the
transformer 3 is bridged directly across the line wires A and A’ when the -
receiver is off the hook. i

The invention is not in any way connected with the details of this tele-
phone connection, any of the usual circuit connections being suitable,
and the one described being given merely as an illustration.

Bridged across the line wires A and A” at the same terminals or at any
convenient distance from the terminals of the common battery telephone
there is bridged a circuit containing a variable inductance L, variable
capacity C, and the secondary S of a transformer. The primary P of the
transformer is in circuit with a generator G of high frequency oscillations,
and in circuit with the generator is also included a variable capacity C,,
and a suitable telephone transmitter, such as a microphone transmitter M.
The transformer above mentioned is so constructed as to be variable in its
coupling, either by sliding one coil within the other, varying the angle
between the planes of the coils, or by any other suitable well known arrange-
ment. At the receiving end of the line there is bridged a similarcircuit

o
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containing a variable inductance L’ and variable condenser C” and the
primary P’ of a transformer. The secondary 8’ of this transformer is con-
nected in series with a variable inductance L’” and a variable condenser ¢,
and around the condenser is shunted a detector D of the type commonly
used in wirelees telegraphy. In circuit with the detector is connected,
in the usual way, the telephone receiver, as shown at F.

The operation of the device is as follows: High frequency oscll]anons
developed by the generator are impressed on the bridge circuit containing
the inductance L and capacity C, which oscillations then travel along
the line wires A and A’ and are received in the receiver R containing the
oscillatory circuit L’ C””. If these oecillations are modified in any suitable
manner, an effect is immediately produced in the receiver.

While various means may be adopted to give the necessary variations
to high frequency currents, I have found it effective and convenient to
place in the circuit of the generator, or in the line itself, & microphone
transmitter M, which produces on the sustained oecillations of high fre-
quency slight modifications in amplitude of comparatively slow period,
but corresponding in every detail with the ordinary voice vibrations.
These modified oscillations when received at R and transformed by the
detector give a reproduction in the telephone receiver F of speech trans-
mitted from the generator circuit. Since these oscillations are of such
high frequency they will produce no effect whatsoever in the battery sets
B and B/, for the impedance of these sets is so high for these frequencies
as to entirely prevent their passage. Furthermore, any telephonic currents
transmitted by either of the sets B and B’ will travel over the line wires
at the same time as the high frequency currents, but they will in no way
be influenced by, nor will they exert any sensible influence upon the high
frequency currents. It has been found desirable in practice to tune the
circuit comprising the line and bridges to the frequency of the generator
by means of the variable inductances L and L’ and the variable capacities
C and C’. The condensers C and C’ are also useful in preventing the
passage of any telephonic currents from the sets B through the high
frequency bridge circuit, for these condensers are of exceedingly small
capacity, being measured in thousandths of a microfarad, and thus inter-
pose too large an impedance for currents of ordinary telephonic frequen-
cies. These condensers, however, when taken in connection with the
inductances L and L/, interpose a low impedance to the oscillations of such
high frequencies as lie above 20,000 per second.

Under certain conditions it may be desirable to have in series with the
telephone sets B and B’ suitable inductance coils, which will be of such
dimensions as to prevent the passage of the high frequency oscillations,
but-which interpose only small impedance to the ordinary telephonic cur-
rents. . In practice, however, this is found to be unnecessary, for the tele-
phones themselves contain sufficient impedance for the purpose.

Various forms of generator connections may be used as shown, for example,
in Figs. 2 to 5. In Fig. 2 there is shown the generator G in series with the
microphone transmitter M and a variable primary P of a transformer. This
circuit, as a whole, may be substituted, if desired, for the transmitter cir-
cuit shown in Fig. 1. For more carefully selected tuning, it is sometimes
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desirable to use the form of transmitter connection shown in Fig. 3, in
which there is included a condenser C, and the variable inductance L,.
In case the generator is limited in power, it is desirable to use the circuit
shown in Fig. 3, having the same tuned to the frequency of the generator.
In Fig. 4 there is shown still another form of generator circuit. In this case
the Duddell arc V is supplied with energy from the direct current generator
G’ through the choke coils I. Around the arc there is shunted an oscil-
latory circuit containing a variable capacity C, and a variable inductance
L, in series with the primary of a transformer P. This generator circuit
may then be connected inductively to the bridge across the line wires, or,
if desired, a weeding-out circuit W may be interposed. This weeding-out
circuit is well understood in the art, being made up of a variable condenser
C, in series with a variable inductance L, and the necessary transformer
coils as shown in Fig. 4. As shown in this figure, the telephonic variation
in the oecillations may be introduced by means of a secondary circuit H
containing & microphone or other suitable transmitter M and battery E
and a primary of a transformer, said primary being inductively connected
to the inductance L,. This inductive method of modifying the oscillations
may be used in the form of circuits shown in Figs. 1, 2, 3and 5. In Fig. 5
still another form of generator of oscillations is shown, this generator con-
sisting of a mercury vapor lamp connected in series with the D. C. generator
G’ and suitable choke coils, the lamp being shunted by a capacity and
inductance of an oscillatory circuit in the well known manner. Oscilla-
tions may then be modified by a microphone transmitter M in any suitable
manner as described above. :

In Figs. 6 to 9 there are shown modifications of the receiver circuit, and
it is to be understood that any one of these circuits may, if desired, be sub-
stituted for the one shown in Fig. 1. All of these circuits are such receiving
circuits as arg well known in the art of wireless telegraphy and telzsphony
and are described here but briefly. Fig. 6 shows the receiving oscillatory
circuit consisting of the variable inductance L7/, variable capacity C”/ and
the secondary 8’ of the transformer. This circuit is tuned to the frequency
of the oscillations developed by the generator G. In shunt to the con-.
denser is placed the detector D, which is of some high resistance type, such
as the audion or the perikon detector. Other well known types are equally
useful in this relation. In shunt to the detector is shown the telephone
receiver F, with or without battery as may be desired. In Fig. 7 there is
shown, in connection with the detector circuit, a weeding-out circuit W
of a well known type. It is noted that in Fig. 7 the detector is connected
directly in series with an oscillatory circuit containing the condenser C”/
and inductance 17/, this being a suitable connection only in case the de-
tector is of a low resistance type. Asshown in Fig. 8, it may not be neces-
gary to have the detector circuit tuned when use is made of the weeding-out
circuit W. Fig. 9 shows still another form of receiver circuit, the oscilla-
tions being set up in a circuit containing the inductance I// and capacity
C”. Around the condenser is shunted a‘detector D, such as the perikon
detector in series with a capacity K of fairly large electrical dimensions.
In shunt to the condenser K is the telephone receiver F.

Although numerous types of detectors have been used, I have found the
audion an exceedingly useful type, for it requires very little attention in
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the way of adjustments. The connection of this audion is shown clearly
in Fig. 6, in which the exhausted bulb 11 contains the filament 12 and the
electrode 13. The filament 12 is heated by the battery 14, and connected
to the filament and the electrode 13, a8 shown in the figure, is the telephone
receiver F and the battery 15.

Referring now to Fig. 10: It has been found possible to bridge across the
line circuit A and A’ a plurality of high frequency circuits, each one simi-
lar in every respect to that described in Fig. 1. Preferably, the genera-
tors differ from each other in frequency and differ by such an amount as
to allow easy selective tuning. Itisapparent that these two high frequency
oscillation generators, shown in Fig. 10, will be entirely independent of
each other in the above properly tuned circuits, so that the oscillations,
although existing together on the line, will be properly separated and
selected at the receiving stations, that frequency generated at the trans-
mitter T being selected by the receiver R. The local circuit and each pair
of bridge circuits with the line are tuned to the same frequency and to the
frequency of the generator T. Also the receiver R’ is tuned to the same
frequency as the generator T/. It is obvious, in connection with this, that
telegraphic messages may be transmitted as well as telephonic messages.
This is illustrated in the transmitter at T, in which the microphone trans-
mitter is replaced by the interrupter N and the telegraphic key 17, this key
being shown in detail in Fig. 3. Insaid Fig. 3 there is shown the key K,
around which isshunted a variable resistance or inductance O. A variable
portion of this element O is shunted by the interrupter N. This avoids
the necessity of completely breaking the generator current, and the signals
are made merely by modifying the oscillations with a definite frequency.
Obviously, many modifications of this key may be used. This form of tele-
graph transmitter may obviously be substituted for any of the telephone
transmitters. By means of this system it is possible to transmit simultane-
ously the ordinary telephonic speech by means of the sets B and B’ and
high frequency telephonic messages by means of the transmitter T, and
also telegraphic messages by means of the transmitter T.

In Fig. 11 there is shown a still further modification, in which a plurality
of transmitters and receivers are bridged across the line. In this Fig. 11
the generator circuits T are indicated only diagrammatically by the coil
of wire, it being understood that this represents any of the transmitters
shown in Figs. 2 to 5. The receivers are shown at R and only diagram-
matically, it being understood that any of the receivers shown in Figs. 6
to 9 being useful in this connection. Obviously, it is possible and desir-
able to have some of these transmitters at one end of the line and the others
at the other end, as indicated by the reference letters T and R. The
receivers may be placed some at one end and some at the other, and in
practice it would ordinarily be convenient to have the same number of
transmitters and receivers at each end. It is of course understood that
each transmitter has a frequency of its own, and that one receiver and its
bridging circuit with the line are tuned to the frequency corresponding to
their transmitter. All of these high frequency currents may exist upon
the line simultaneously and have no perceptible effect upon each other,
nor will they have any sensible effect whatsoever upon the ordinary bat-
tery telephonic currents transmitted in the usual way.
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In Figs. 10 and 11 the telephone sets B are merely indicated, it being
understood that such a set as is shown in Fig. 1 is to be used.

It may be desirable in certain cases to omit the ordinary battery tele-
phonic sets entirely, in which case the multiplex telephony would be car-
ried on entirely by high frequency currents of different periods.

In case a common battery telephone circuit is used, instead of local
battery sets as shown, it will be necessary to shunt the repeating coils by
variable condensers of such small capacity as to offer a high impedance to
ordinary telephone currents but low impedance to the high frequency
oscillations. Also, in case of loading coils or other high inductances, it
will be necessary to put in similar shunt condensers.

The generators here described have a single period, but it is obvious that
use may be made of multiperiod generators, in which case the individual
frequences from said generators would be used in separate transmitter
circuits.

Although several modifications have been described in detail in this
specification, it is obvious that many other changes may be made without
departing from the spirit of the invention, and I therefore do not wish to
be limited to the exact connections shown, but

‘What I claim as my invention is the following:

1. In a multiplex telephone and telegraph system, the combination of a
pair of line wires, battery telephone sets bridged across said line wires;
means at one end for impressing high frequency oscillations on said line
wires; means for modifying said oscillations in accordance with speech;
means at the other end for detecting said oscillations the complete circuit
for the high frequency oscillations being tuned to the frequency of the
oscillations.

2. In a multiplex telephone and telegraph sytem, the combination of a
pair of line wires, battery telephone sets bridged across said line wires; a
generator of high frequency electric waves or oscillations inductively con-
nected to said line wires, means for modifying the oscillations; a receiver
circuit inductively connected to the line wires and tuned to the frequency
of the generator, an integrating detector in said receiver circuit and a tele-
phone operatively connected thereto.

3. In a multiplex telephone and telegraph system, the combination of a
pair of line wires, a plurality of generators of high frequency oscillations
inductively connected to said line wires, means in each generator circuit
for modifying the oscillations; a plurality of receiver circuits inductively
connected to the line wires, each receiver circuit being tuned to the fre-
quency of one of the generators, an integrating detector in eath receiver
circuit and a telephone operatively connected to each detector.

4. In a multiplex telephone and telegraph system, the combination of
a pair of line wires, battery telephone sets bridged across said line wires, a
generator of high frequency oscillations, a signaling instrument for modi-
tying the high frequency oscillations, said generator being inductively con-
nected to a circuit bridged across the line wires at one end thereof, a simi-
lar circuit bridged across the circuit at the other end and a receiver circuit
inductively connected thereto, said bridges with the line wires being tuned
to the frequency of the generator.
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5. In a multiplex telephone system, the combination of a pair of line
wires, a battery telephone set bridged across said line wires at each end
thereof, a generator of oscillations of a frequency above the limit of audi-
bility, a telephone transmittér for modifying the high frequency oecilla-
tions, said generator being inductively connected to a circuit bridged across
the line wires at one end thereof; a similar circuit bridged across the line at
the other end, and a receiver circuit inductively connected to said last
named bridge circuit, said bridge circuits with line wires being tuned to the
frequency of the generator.

6. In a multiplex telephone system, the combination of a pair of line
wires, battery telephone sets bridged across said line wires, a generator of
high frequency oscillations, 2 microphone transmitter for modifying the
high frequency oscillations, said generator being inductively connected to
a circuit bridged across the line wires at one end thereof, said bridging cir-
cuit comprising a condenser and an inductance in series with the secondary
of a transformer; a similar circuit bridged across the line at the other end
and a receiver circuit inductively connected thereto, said bridge circuits
with line wires being tuned to the frequency of the generator.

7. In a multiplex telephone system, the combination of & pair of line
wires, a battery telephone set bridged across said line wires at each end
thereof, a generator of high frequency oscillations, a microphone transmitter
for modifying the high frequency oscillations, said generator being induc-
tively connected to a circuit bridged across the line wires at one end thereof,
said bridging circuit comprising a condenser and an inductance in series
with the secondary of a transformer; a similar circuit bridged across the line
at the other end and a receiver circuit inductively connected thereto, said
receiver circuit being tuned by means of a capacity and inductance to the
frequency of the generator and said receiver circuit including a detector of
high frequency oscillations, and a telephone receiver operatively connected
to said detector.

8. In a multiplex telephone and telegraph system, the combination of a
pair of line wires, battery telephone sets bridged across said line wires, a
plurality of circuits bridged across the line wires, each circuit including a
variable capacity and inductance; a plurality of sources of high frequency
oscillations, one inductively connected to each of the bridge circuits, a sig-
naling instrument in circuit with each source of oscillations to modify the
said oscillations, a plurality of similar circuits bridged across the line and a
plurality of receiver circuits, one inductively connected to each of the bridge
circuits, each receiver circuit and each pair of bridge circuits with the line
wires being tuned to the frequency of the corresponding generator.

9. In a multiplex telephone system, the combination of a pair of line
wires, a battery telephone set bridged across said line wires at each end
thereof, a plurality of circuits bridged across the line wires, each circuit in-
cluding a variable capacity and inductance; a plurality of sources of high
frequency oscillations, one inductively connected to each of the bridge cir-
cuits, a signaling instrument in circuit with each source of oscillations to
modify the said oscillations, a plurality of similar circuits bridged acroes the
line and a plurality of receiver circuits, one inductively connected to each
of the bridge circuits, each pair of bridge circuits with the line and the cor-
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[
responding receiver circuit being tuned to the frequency of one of the trans-
mitter circuits, each receiver circuit containing a detector of high féquency
oscillations and having a telephone receiver operatively connected thereto.

10. In a multiplex telephone system, the combination of a pair of line
wires, a plurality of circuits bridged across the line wires, each circuit in-
cluding a variable capacity and inductance for tuning, a plurality of sources
of high frequency oscillations, one inductively connected to each of the
bridge circuits, a signaling instrument in circuit with each source of oscilla-
tions to modify the said oscillations, a plurality of similar circuits bridged
across the line and a plurality of receiver circuits, one inductively connected
to each of the bridge circuits, each pair of bridge circuits with the line and
the corresponding receiver circuit being tuned to the frequency of one of
the transmitter circuits, each receiver circuit containing a detector of high
frequency oscillations and having a telephone receiver operatively con-
nected thereto.

11. In a multiplex telephone system, the combination of a pair of line
wires, battery telephone sets bridged across said line wires, a plurality of
local transmitter circuits, each circuit including a high frequency dynamo
in series with a variable capacity, a variable inductance, a signaling instru-
ment and the primary of a transformer; a plurality of local receiver circuits,
comprising & variable condenser in series with a variable inductance and
the secondary of a transformer coil, a vacuum detector shunted around said
condenser and a telephone head-piece operatively connected to said vacu-
um detector; a plurality of bridging circuits connected across the line wires,
each circuit containing a variable capacity and a variable_inductance for
tuning; a bridging circuit inductively connected to each transmitter cir-
cuit; a bridging circuit inductively connected to each receiver circuit, each
pair of bridging circuits with the line and its corresponding receiver circuit
being tuned to the frequency of the corresponding transmitter circuit, said
plurality of transmitter stations and receiver stations being distributed along
the line wire.

GEORGE OWEN SQUIER.

Witnesses:

P. 1. Wowp,
E. R. Cram.
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Application filed November 5, 1910. Serial No. 590,802.
(Dedicated to the public.)

To all whom it may concern: .

Be it known that I, GEorGE OWEN SQUIER, major in the Signal Corps,
U. 8. Army, a citizen of the United States, and residing at Washington,
District of Columbia, (whose post-office address is War Department, Wash- -
ington, District of Columbia,) have invented certain new and useful Im-
provements in Multiplex Telephony and Telegraphy, of which the following
is a specification.

This application is made under the act of March 3, 1883, chapter 143,
U. 8. Statute XXII, p. 625,) and the invention herein described and
claimed may be used by the Government of the United States or any of its
officers or employees in the prosecution of work for the United States or by
any person in the United States without the payment of any royalty thereon.

This invention relates to multiplex telephony and telegraphy and has as
its object the simultaneous transmission of a plurality of telephonic and
telegraphic messages over a single telephonic circuit.

A further object of the invention is the disposition of the various elements
in such a manner as to eliminate all *cross-talk ” or other harmful effects of
one message upon another.

A turther object is to impress electric waves or oscillations of such differ-
ent frequencies upon the circuit as to make possible the selection and com-
plete independence of the various messages.

A turther object is to superimpose upon a standard battery telephone
circuit, as now commercially used, one or more additional telephonic and
telegraphic circuits without any interference of the various messages.

In accomplishing the above results uee is made of electromagnetic waves
or oscillations of high frequency guided by wires.

In the whole range of electromagnetic waves, which may be looked upon
as a spectrum extending from the ultra-violet rays on the one hand to the
exceedingly slow oscillations, such as are used on long submarine cables, on
the other hand, use has been made of all parts for various purposes with the
exception of two well defined intervals, one extending from a frequency of
about 3x10'? of the extreme infra-red, to 5x10'°, which are the shortest elec-
tromagnetic waves yet produced by electrical apparatus,—and another
interval extending from about 100,000 cycles per second to about 15,000 to
20,000 cycles per second. This latter range of frequencies represents a
practically unexplored field which I have found by experiment to be very
useful in solving the problems of multiple telephony and telegraphy upon
wire circuits.
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When'reference is made in this application to high frequency waves or
oscillations, it is understood to mean oscillations with a frequency above
human audition, or ultra-sound frequencies.

The limit of audibility being a physiological function is well known to
vary considerably, but it is in the neighborhood of 15,000 to 20,000 cycles
per second.

By employing ultra-sound electromagnetic wave frequencies as the
vehicle for transmitting telephonic and telegraphic messages, it is evident
that all harmful effects to any element of the battery telephone apparatus
are immediately removed, since not only are any such effects very minute,
in character, by virtue of the high period of the oscillations, but also, even
if there were any effects in the telephone receiver, or transmitter, or any
other part of the apparatus, it could not be detected by a human being,
since the natural limitations of the ear afford a most effective and sure
separation between all frequencies above 15,000 to 20,000 per second on the
one hand, and all frequencies below 15,000 to 20,000 and down to about 16
per second, which is the lower limit of audibility. Therefore, a funda-
mental principle of this system may be said to be, from one viewpoint, the
utilization of this unalterable characteristic of the human ear.

With such frequencies as are used in ordinary battery telephony the so-
called phenomenon of “skin effect” is comparatively small, and the cur-
rent is fairly well distributed throughout the cross-section of the conductor.
As the frequency increases the skin effect becomes more pronounced and
the energy appears to be more and more transmitted or stored in the ether
surrounding the conductor. For this reason the battery telephone current
is largely a conduction current through metal, and the obmic resistance of
the wire is one of the principal elements which limits long distance tele-
phony at present, whereas in commercial wireless telegraphy, in which fre-
quencies from 100,000 up to several millions are used, the impressed energy
is chiefly radiated into the ether.

In the intermediate range from say 20,000 to 100,000 and above the energy
is largely carried by the ether, but is still sufficiently linked to the con-
ductor to prevent excessive radiation into the ether. The conductor while
carrying but a small part of the energy at its surface nevertheless acts as an
efficient guide for the high frequency electromagnetic waves. In accord-
ance with these principles, use is made of these efficiently guided electro-
magnetic ether waves as a vehicle to carry the telephonic or telegraphic
message. '

In accomplishing the above it has been found necessary amd sufficient
to combine the engineering practice of wireless telegraphy and telephony
with the engineering practice of wire telegraphy and telephony. Since
wireless engineering deals with frequencies much higher than ordinary
telephony, it is obvious that different dimensions for capacities and induc-
tances must be used, for instance,whereas the ordinary telephonic practice
makes use of condensers with capacity of several miecrofarads it is here
necessary to use capacities of the order of magnitude of thousandths of a
microfarad and inductances of millihenries.

The present invention makes use of the types of apparatus, engineering
methods, etc., now practiced in the wirelessart and applies them to the trans-
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mission of electromagnetic waves along wires, with the result of an enormous
increase in efficiency of such transmission over the ordinary method employ-
ing antenne at transmitting and receiving stations. The circuits employed
in this invention are ordinary telephonic circuits, such as now used in wire
telephony and telegraphy, and are very poor radiators of electromagnetic
energy; in fact, the regular twisted-pair paper-insulated lead-covered tele-
phonic cable affords a circuit for such electromagnetic waves which produce
a very closely bounded system and the energy is principally conveyed in
such a circuit in the minute layer of ether separating the two metallic con-
ductors. In this manner, and by these means, a most efficient system of
directive high frequency telegraphy and telephony is attained, and also
any interference between neighboring circuits operated by this system is
eliminated, so that a plurality of such circuits may be brought to the same
switch board with no harmful interfering effects.

It is old in the art to use high frequency oscillations and modify these in
accordance with speech vibrations by affecting some electromagnetic con-
stant or constants of the circuit in which the oscillations take place. It is
possible to change the capacity, the inductance or the resistance of such a
circuit or combinations of these, and while I do not wish to limit myself to
any one of these, I have found that it is very convenient and effective to
change the resistance by a suitable telephone transmitter such as a micro-
phone transmitter of the usual types employed in ordinary telephonic
work. Having modified these oscillations suitably they are transmitted
over the line to a receiving station where they are then received in a suitable
selective circuit containing a detector for high frequency oscillations, any
detector, such as used in wireless telegraphy or telephony, being satisfactory
so long as it isa quantitative or integrating detector. By means of suitable
translating means the oscillations are then transformed into telephonic
currents, all of which is described more in detail hereafter.

Since a plurality of high frequency waves of different frequencies may be
impressed on the same line and since these may be selectively separated
from each other by suitably tuned circuits, it is obvious that multiplex
telephony may be accomplished. Also, for the reasons stated above, it has
been found that these high frequency waves may exist on the same line

‘'with ordinary battery telephone currents without in any way affecting

them, and thus this system of multiplex telephony may be applied to the
usual telephonic circuits without the presence of harmful effects, such as
‘“cross-talk” or other disturbances.

It has been found necessary, in order to obtain efficient results, to make use
of such detectors as are commonly found in the wireless telegraphic art.
Attempts have been made at multiplex telephony, but I have found these
inoperative for the reason, among others, that no detector or equivalent
device has been used. These detectors are not used because of any greater
sensitiveness to electrical energy than resides in the telephone receiver
itself, but because the energy, being in the form of rapid oscillations, can-
not affect the telephone or other indicating device. These rapid oscilla-
tions cannot sensibly affect the telephone because the diaphragm in its
motion must reverse with the reversal of the current and the deflecting
impulse if applied directly to the telephone receiver will be first in one

87081°—11—6
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direction and then in the other with a frequency so high that the diaphragm
cannot follow or respond. Furthermore, if the diaphragm should respond
with this frequency the effect would not be audible. Also, in the case of
the ordinary telephone, on account of the large self-inductance of the
instrument, the high frequency E. M. F. generated by the waves would
produce in a telephone receiver only extremely weak currents. I have
found it neceseary, therefore, and comsider it an important part of my
invention to make use of some form of integrating detector to transform
these rapid oscillations into effects which can be manifested by the indi-
cating instrument.

In the drawings forming a part of this specification several modifications
for the circuit connections are shown.

This application is closely related to my co-pending application, Serial
Number 590,801, filed November 5, 1910, in this, that use is made of high
frequency electromagnetic waves or oscillations to act as a vehicle for the
telephone or telegraph messages which oscillations are impressed upon thé
same line as carries the telephonic currents from an ordinary local battery
telephone set. This application differs from eaid co-pending application
essentially in this, that the various sources of high frequency current modi-
fied in the proper manner are inserted directly in series with the line cir-
cuit, whereas in the co-pending application these sources of high frequency
currents are bridged acroes the line.

In the drawings forming a part of this specification several modifications
for the circuit connections are shown, and in said drawings, Figure 1 illus-
trates a form of circuit in which asingle high frequency oscillatory telephonic
message is impressed upon the line by a series connection. Fig. 2 showsa
modification of Fig. 1 and contains a plurality of transmitters and receivers
connected to the line.” Fig. 3 illustrates still a further modification.

Referring to these figuresin detail Fig. 1 shows a common metallic circuit
for ordinary telephony, across which is bridged the ordinary telephone sets
B and B’. These telephone sets include the usual apparatus as in present
use in local battery telephone circuits, there being shown a microphone
transmitter 1 with its local battery 2 and the‘primary of the transformer 3.
Also there is shown connected in the usual way the ringing circuit 4 and the
switchhook 5 with the receiver 6. The secondary of the transformer 3 is
bridged directly across the line wires A and A’ when the receiver is off the
hook. Theinvention is notin any way connected with the details of this
telephone connection, any of the usual circuit connections being suitableand
the one described being given merely as an illustration. In series with the
telephone sets B and B’ and connected directly in the line circuit is the sec-
ondary 8 of the transformer 9, the primary P of which transformer is con-
tained in a circuit including the high frequency generator G, the microphone
M, the variable condenser C and the variable inductance L. At another
point of the line, which represents the receiving station, is placed the pri-
mary P’ of a transformer 10, this primary being directly in series with the
battery sets in the same manner precisely as the secondary S of the trans-
former 9. The secondary 8’ of the transformer 10 is connected in series
with a variable inductance L/ and a variable condenser ¢. In shunt to the
condenser C’ is placed a detector D of any suitable type, such as, for instance,
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the audion. In operative connection to the detector D is the telephone
head-piece F. Bridged acroes the line as shown are the two variable con-
densers K and K’. These condensers are of such small capacity as to inter-
pose very high impedance to the ordinary telephonic currrents set up by
the telephone sets B, but, being of dimensions of some thousandths of a
microfarad, interpose practically no impedance to the high frequency cur-
rents developed by the genemtor G.

The operation of this system is as follows: Currents set up in the usual
way by the telephone transmitter set B will be transmitted over the line to
the receiving station placed at any desired and convenient point. High
frequency currents developed by the generator G and modified by the
microphone M are also impressed upon the line simultaneously therewith.
Although these currents exist on the line at the same time, they exert no
influence upon each other whatsoever, and the ordinary telephonic messages
pass through the primary P’ of the transformer 10 without in any way oper-
atively affecting the tuned circuit I’ C’, this circuit being tuned to the
frequency of the oscillations developed by the generator G. The high fre-
quency currents, however, are unable to affect the transmitter B, being of
ultra-sound frequency, and furthermore are practically, if not totally, unable
to pass through this set because of its high impedance. The high frequency
oscillations set up in the circuit L/ C/, retaining the modifications impressed
upon it by the microphone M, are then transformed by the detector D, giv-
ing a reproduction of speech in the telephone F. As shown in this figure,
the local generator circuit may be tuned to the frequency of the generator
G by means of the condenser C and the inductance L, and this is particu-
larly desirable where the power of the generator is limited. This also affords
a convenient method of diminishing the output of the generator, this being
accomplished by throwing the circuitsslightly out of tune. The transformers
9 and 10 are also made in such a manner as to give a variable coupling, this
being most readily accomplished by making one coil slide within the other
or one coil swing within the other, although any other well known method
may be used. .

The generator circuit may be modified in various ways without in any way
affecting the principle of theinvention. The same is true also of the receiver
circuit. Various modifications for both the generator circuit and the
receiver circuit are given in my co-pending application, Serial Number
590,801 cited above. It is to be understood that any of the circuits there
shown may be substituted for the ones herein. If desired, choke coils E
may be placed in series with the telephone circuit to give thisa higherimped-
ance for the high frequency circuits. In practice, however, this has not
been found to be necessary.

Fig. 2 shows a circuit in which a plurality of transmitter and receiver cir-
cuits are connected in series in the line, the action of each one being similar
precisely to that described in connection with Fig. 1. The transmitters
and receivers have been indicated diagrammatically only and are indicated
by the reference characters T and R, it being understood that any suitable
form of generator circuit or receiver circuit, such as shown in Fig. 1, or in
my co-pending application Serial Number 590,801 being useful in this rela-
tion. The telephone battery sets B and B’ are indicated diagrammatically
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only, but it is to be understood that such connections as are shown in Fig. 1
should be used. In practice it would be desirable, of course, to have an
equal number of transmitters and receivers at each end of the line, and for
each transmitter circuit there will be a receiver circuit tuned to the same
frequency.

Fig. 3 shows still a further modification, which is a combination of series
connected high frequency circuits on Figs. 1 and 2, with the bridge con-
nections shown in my co-pending application, Serial Number 590,801
mentioned above. In this figure there are shown connected in series
relation the two transmitters T and the receivers R, and connected across
in bridge to the line are shown two transmitters T/ and two receivers R’.
In these bridge connections there are shown variable inductances L, in series
with variable condensers C, and transformer coils H. These bridge con-
nections are the same whether used in connection with a transmitter circuit
or a receiver circuit. A typical form of transmitter circuit is shown at T/
where G’ indicates the high frequency generator in series with a variable
inductance L/, variable capacity (*/ and signaling instrument K”/. This
circuit is then inductively connected to the bridging circuit by the trans-
former H. The receiver circuit shown at R’ is similar in every respect to
the receiver circuit shown in Fig. 1, being tuned to the frequency of the
transmitter with which it is to communicate. By means of the variable
induetance and variable capacity in the bridging circuits, it is possible to
tune a pair of these with the line to the frequency of the oscillations to
be used, and, of course, a different period or frequency will preferably be
used for each and every transmitting circuit, whether it be connected in
bridge or in series with the line. It is apparent from the above that by
the arrangement of this Fig. 3 I am enabled to transmit simultaneously a
large number of telephonic messages and obtain thereby an efficient and
useful multiplex telephone system, the whole being attained by impress-
ing high frequency currents upon the usual metallic circuit for local tele-
phone sets without in any way affecting the transmission or reception of
these ordinary telephone circuits. ;

Although I have described my invention as being adapted for telephonic
work, it is obvious that the same may be used for telegraphic work. This
is indicated in Fig. 3, where a signaling instrument is shown as an ordinary
telegraphic key. In many cases it is not desirable to completely break
the circuit of the generator G/, and in this case various expedients may be
used, such, for instance, as shown and described in Fig. 3 of my co-pending
application, Serial Number 590,801. In Fig. 3 it is not necessary to use
the condensers K and K’ shown in Figs. 1 and 2, for the bridging circuits
afford paths of low impedance for the oscillations developed by the series
connected generators and the condensers (; prevent short circuiting of the
sets B and B’.

It is obvious that the telephone sets B and B/ may be dispensed with, in
which case all the communication will be carried on by high frequency
currents, still making multiplex telephony possible. In this case, the Figs.
1 and 2 may be modified by eliminating the condensers K and K’ and short
circuiting the line wires at the extreme ends.
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Although several modifications have been described in detail in this
specification, it is obvious that many changes may be made without de-
parting from the spirit of the invention, and I therefore do not wish to be
limited to the exact connections shown, but

What I claim as my invention is the following:

1. In a multiplex telephone and telegraph system, the combination of a
pair of line wires, battery telephone sets bridged across said wires, a high
frequency generator connected in series in said line; a receiver for high
frequency oscillations connected in series in said line as and for the purpose
described.

2. In a multiplex telephone and telegraph system, the combination of a
pair of line wires, battery telephone sets bridged across said wires; a source
of high frequency electric waves connected inductively in series relation
in said line, means for modifying said electric waves; a receiver tuned to
said high frequency electric waves and connected in series relation in said
line.

3. In a multiplex telephone and telegraph system, the combination of a
pair of line wires, battery telephone sets bridged across said wires, a source
of electric waves of ultra-sound frequency connected in series relation in
said line, a signaling instrument for modifying said oscillations, a receiver
tuned to said source of high frequency electric waves and connected in
series relation in said line, a detector for electric waves in said receiver
circuit and a telephone operatively connected to said detector.

4. In a multiplex telephone and telegraph system, the combination of a
pair of line wires, a plurality of sources of high frequency oscillations con-
nected in series relation in said line, a signaling instrument for each source
of high frequency oscillations for modifying said oscillations; a plurality of
receiver circuits, each tuned to the frequéncy of one source of high fre-
quency oscillations and connected in series relation in the line, an inte-
grating detector in each receiver circuit and a telephone operatively con-
nected to each detector.

5. In a multiplex telephone and telegraph system, the combination of a,
pair of line wires, a condenser of small capacity bridged across each end
thereof, battery telephone sets bridged across said wires, a high frequency
dynamo in series with a variable condenser, a variable inductance, a tele-
phone transmitter and the primary of a transformer the secondary of said
transformer being in series in the line, a receiver circuit comprising a vari-
able condenser, a variable inductance and the secondary of a transformer,
the primary of said transformer being connected in series in the line; an
integrating detector in shunt to the condenser and a telephone operatively
connected thereto.

6. In a multiplex telephone system, the combination of a pair of line
wires, a variable condenser of small capacity bridged across each end of
said line wires, battery telephone sets bridged across said line wires, a
plurality of transmitter circuits, each consisting of a high frequency dynamo
with a circuit adapted to be tuned, each circuit including a microphone
transmitter for modifying the oscillations and the primary of a transformer,
the secondaries being connected in series in said line, a plurality of receiver
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circuits, one for each transmitter circuit, containing a condenser, an induct-
ance for turning the same to its transmitter circuit and the secondary of
the transformer, the primary of said transformer being in series in the line,
an audion detector in shunt to the condenser and a telephone operatively
connected to the audion.

7. In a multiplex telephone and telegraph system, the combination of
a pair of line wires, battery telephone sets bridged across said line wires,
a plurality of transmitter circuits, each consisting of a high frequency gen-
erator with a circuit adapted to be tuned, each circuit including a signaling
instrument for modifying the oscillations and the primary of a transformer,
the secondaries being connected in series in said line, a plurality of similar
transmitter circuits, the secondaries of the transformers being connected
in circuits bridged across said lines, said bridges including a variable
capacity and inductance for tuning; a plurality of receiver circuits, one
for each transmitter circuit, containing a condenser, and an inductance
for tuning the same to its transmitter circuit and the secondary of a trans-
former; the primaries of a portion of said transformers being in series with
the line, and the primaries of the others being in circuits bridged across
the line, each bridge circuit being similar to the transmitter bridge circuits,
a vacuum detector in shunt to the condenser in each receiver circuit and
a telephone operatively connected to the detector.

8. In a multiplex telephone and telegraph system, the combination of
a pair of line wires, a plurality of transmitter circuits, each consisting of
a high frequency generator with a circuit adapted to be tuned, each circuit
including a signaling instrument for modifying the oscillations and the
primary of a transformer, the secondaries being connected in series in said
line, a plurality of similar transmitter circuits, the secondaries of the trans-
formers being connected in circuits bridged across said line, said bridges
including a variable capacity and inductance for tuning, a plurality of
receiver circuits, one for each transmitter circuit, containing a condenser,
and an inductance for tuning the same to its transmitter circuit and the
secondary of a transformer, the primaries of a portion of said transformers
being in series with the line, and the primaries of the others being in cir-
. cuits bridged across the line, each bridge circuit being similar to the trans-
mitter bridge circuits; a vacuum detector in shunt to the condenser in each
receiver and a telephone operatively connected to the detector.

GEORGE OWEN SQUIER.

Witnesses:

P. I. WoLp,
E. R. Crawm.

Y



MULTIPLEX TELEPHONY AND TELEGRAPHY. 87

UNITED STATES PATENT OFFICE.
GEORGE OWEN SQUIER, OF THE UNITED STATES ARMY.
MULTIPLEX TELEPHONY AND TELEGRAPHY.
980,358. S_peciﬁcat:ion of Letters Patent. Patented Jan. 8, 1911.
Application filed November 5, 1910. Serial No. 590,803.

(Dedicated to the publie.)

To all whom it nay concern:

Be it known that I, GEorGE OWEN SQUIER, major in the Signal Corps,
'U. S. Army, a citizen of the United States, and residing at Washington,
District of Columbia, (whose post-office address is War Department, Wash-
ington, District of Columbia), have invented certain new and useful Im-
provements in Multiplex Telephony and Telegraphy, of which the follow-
ing is a specification.

This application is made under the act of March 3, 1883, chapter 143,
U. S. Statute XXII, p. 625, and the invention herein described and
claimed may be used by the Government of the United States or any of
its officers or employees in the prosecution of work for the United States
or by any person in the United States without the payment of any royalty
thereon.

This invention relates to multiplex telephony and telegraphy and has
as its object the simultaneous transmission of a plurality of telephonic and
telegraphic messages over a single circuit.

A further object of the invention is to make use of a grounded, or earthed,
circuit for multiplex telephony in such a manner as to avoid the distur-
bances arising from such causes as give trouble in the ordinary grounded
telephone circuit.

A further object is to apply electric waves of such different frequenmes

as to make possible the selection and complete independence of the various

Iessages.

A further object is to superimpose upon a standard battery telephone
circuit, as now commercially used, one or more telephonic and telegraphic
circuits without any interference of the various messages.

In accomplishing the above results, use is made of electro-magnetic
waves, or oscillations, of high frequency, guided by wires.

Reference is here made to my co-pending applications, Serial Nos.
590,801 and 590,802, filed November 5, 1910, in which applications I have
discussed at length the advantages and limitations of high frequency
electric waves, or oscillations, for the transmission of intelligence. As in
these above mentioned applications, I ordinarily make use of frequencies
above the limit of audibility, which may be taken as ranging from about
15,000 cycles per second up, and accordingly, in this application, when ref-
erence is made to high frequency oscillations, itis understood to mean oscil-
lations of ultra-sound frequencies or a frequency above human audition.

al
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It has been found necessary in order to obtain efficient results to make
use of such detectors as are commonly found in the wireless telegraphic
art. Attempts have been made at multiplex telephony, but I have found
these inoperative, for the reason, among others, that no detector, or equiva-
lent device, has been used. These detectors are not used because of any
greater inherent sensitiveness to electric energy than resides in the tele-
phone receiver itself, but because the energy, being in the form of rapid
oscillations, cannot affect a telephone or other indicating device. These
rapid oscillations cannot sensibly affect the telephone, because the dia-
phragm in its motion reverses with the reversal of the current, and the
deflecting impulse, if applied directly to the telephone receiver, will be
first in one direction and then in the other, with a frequency so high that
the diaphragm cannot follow or respond. Furthermore, if the diaphragm
should respond with this frequency, the effect would not be audible.
~ Also, in the case of the ordinary telephone, on account of the large self-
inductance of the instrument, the high frequency E. M. F. generated by
the waves would produce in a telephone receiver only extremely weak
currents. I have found it necessary, therefore, and consider it an impor-
tant part of this invention, to make use of some form of integrating detec-
tor to transform these rapid oscillation into effects which can be manifested
by the indicating instruments. )

In practice, I have made use of a pair of telephone lines in the common
and ordinary telephone cables, such as is used in city telephone traffic,
the pair in use being but one of a large number of paper-covered twisted-
pairs inclosed in a lead sheath, the cable being placed principally under-
ground. The electric waves br oscillations pass along this conductor in
the manner originally investigated by Hertz and as now understood in
connection with the transmission of electric waves along metallic wires.

The invention described in this application is similar to that described in
my co-pending applications, Serial Numbers 590,801 and 590,802, filed
November 5, 1910, but differs from these in that the high frequency oscilla-
tory circuits are suitably connected to ground or earth.

In the drawings forming a part of this specification, several modifications
of the circuit connections are shown, and in said drawings, Figure 1 illus-
trates a form of circuit in which a high frequency transmitter and receiver
are connected to the line and to the earth. Fig. 2 shows a modification of
this circuit in which a plurality of high frequency transmitters is used.
Fig. 3 shows still another modification.

Referring to these figures in detail, Fig. 1shows a common metallic circuit
for ordinary telephony in which local batteries are used at each station. In
this figure, A and A’ represent a pair of conductors twisted together and
placed within a lead sheath, being but one out of a plurality of pairs in said
sheath. Across these line wires are bridged the local telephone set¢ B and
B’, each set being precisely similar and comprising a microphone trans-
mitter 1, in series with a battery 2, and the primary of a transformer 3. The
ringing circuit is shown at 4 and the switch hook with its contact points at 5,
the receiverat 6. The telephone set as described includes merely the ordi-
nary apparatus used in a local telephone set. The invention is not in any
way connected with the details of this telephone connection, any other of
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the usual circuit connections being suitable, and the one described being
given merely as an illustration. 1If desired, the choke coils 7 and 8 may be
used with the telephone sets as shown, to prevent the paseage of high fre-
quency oscillations through them, but in practice I have found this unnec-
essary, for the telephone sets interpose sufficient impedance in themselves
to prevent the passage of high frequency currents. Connected to the line
at or near one of the terminals of the telephone set B is a circuit connected
to the earth E, this circuit including a variable condenser C, a variable in-
ductance L, and the secondary S of the transformer. Inductively con-
nected to the secondary S is the primary P of the transformer, to which is
connected the high frequency generator G, and, in circuit with these, are
shown the variable capacity C’, the variable inductance L’ and the micro-
phone M. At or near the station B’ is connected a similar circuit containing
the variable condenser C,, the variable inductance L,, and the primary P,
of a transformer, the earth connection being shown at E. The secondary §,
of the transformer forms part of the oscillatory circuit containing the variable
capacity C,” and the variable inductance L,”. Inshunt to the capacity C,”
is the detector D, which may be of any suitable form such as the audion or
the perikon. I have found the audion particularly useful in this relation,
because of the small attention required in adjustments. Operatively asso-
ciated with the detector D is.the telephone receiver F. The condensers C
and C, and inductances L and L, serve for the purpose of tuning the line
with the earth connections to the frequency of the generator G. If desired,
additional inductances I and I, may be inserted in the line to help further
in the tuning. -

The operation of the device is as follows: The high frequency oscillations
generated by G are impressed on the circuit C—L—S, which then travel out
on the line A’, these oscillations being modified in accordance with speech
by the microphone M. The oscillations are selected and absorbed by the
oscillatory circuit C,” L,” S, which is tuned to the frequency of the oscilla-
tions received. These oscillations are then transformed or rectified by the
detector D, and the speech is reproduced in the telephone F in the manner
well understood in the art of wireless telephony. The condenser C/ and the
inductance L’ are used for tuning the generator circuit to the frequency of
the generator. This is particularly useful where the power of the generator
is limited, but these elements are also useful in regulating the amount of
energy supplied by the generator G, for, by throwing the circuits slightly
out of tune, the energy transmitted may be materially reduced. An im-
portant feature of these connections lies in the condensers C and C,, for these
condensers, in addition to serving as tuning elements, isolate the line A—A”
from the earth so far as ordinary telephonic currents are concerned.

As is well known, it has been impossible to obtain satisfactory battery
telephony over any circuit which is connected to ground in any way what-
soever, except in some few cases of elaborate and delicate balancing of cir-
cuits to prevent interference, and then only to a limited extent. Lines

. constructed with ground circuits are found to be subject to serious difficul-
ties, chief among which are the strange noises heard in the receiving instru-
ments. The exact causes of these noises are not entirely understood, but
they are of sufficient effect to make a grounded telephone circuit exceed-
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ingly noisy and undesirable. In the present invention, however, I am able
to connect a telephone circuit to earth at both ends without perceiving the
slightest trace of any disturbing noises, and I consider this accomplishment
_of a silent earth connection an important feature of my invention. In
actual practice I find that the high frequency telephonic messages and the
local battery telephonic messages may exist on the line simultaneously
without a trace whatsoever of any cross-talk or disturbing noises from other
external sources. I consider that this is made possible by the fact that the
condensers C and C, are of a very small capacity, being measured in terms
of thousandths of a microfarad and, as such, interpose an extremely high
impedance to all currents of such low frequencies as the ordinary telephonic
currents or disturbing currents from external sources. Furthermore, since
these earth or ground connections form a part of tuned circuits including
the line, no disturbances from the earth are permitted to pass, since all such
earth connections are tuned to frequencies entirely above audition. The
result I obtain would be entirely impossible if condensers and inductances
of such size as are now commonly used in telephonic practice were inserted
in the circuit, for such condensers and inductances are very large indeed
compared to the ones I actually use. 1n some cases, the condenser C on the
transmitter end may be omitted, but, in general, results are more satisfac-
tory with both condensers C and C, in circuit.

The high frequency oscillation transformers are so constructed as to give
a variable coupling in-any suitable manner, such, for instance, as sliding
the coils S and S, into or out of the primaries P and P, or swinging one within
the other. Obviously any other suitable method for obtaining variable
coupling may be used. *

Fig. 2 shows a form of circuit in which a plurality of high frequency
generators of different frequencies is used to impress energy upon the line
circuit A—A%. The connection of the local battery sets across the lines is
precisely the same as in Fig. 1 and is here shown only diagrammatically at
B—B’. Connected at or near the terminal B is a plurality of circuits con-
taining a condenser C, an inductance L, and the secondary of a transformer,
connection being made to earth at E. These circuits are precisely the
same as were described in connection with Fig. 1. To each circuit there is
inductively connected a transmitter circuit containing a generator with
tuning elements and a suitable signaling instrument. In the circuit T,, I
have shown the microphone transmitter replaced by a telegraphic key K,
which telegraphic key may be connected into the circuit in a variety of
ways, such, for instance, as shown in this Fig. 2, or as shown in Fig. 3 of my
co-pending application, Serial Number 590,801, cited above. At the sta-
tion B/, I have shown a plurality of circuits connected to ground, these cir-
cuits containing a condenser C, and inductance I, and the primary of a
transformer in the manner described in connection with Fig. 1. To each
of these circuits, there is inductively connected a receiving circuit similar
in every respect to the receiver circuit shown and described in connection
with Fig. 1. These receiver circuits are tuned to different frequencies,
each being tuned to the frequency of one of the transmitters at the other
end of the line. In view of this difference in frequency, it is obvious that
oecillations sent from the transmitter T will be selected by the receiver R,
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and oscillations sent by the transmitter T, will be selected and received by
the receiver R,, thus giving multiplex telephony or telegraphy by high
frequency currents in addition to the ordinary local battery telephone cur-
rents. Inshunt to the line may be placed condensers K and K’ in order to
connect the two lines A and A’ in parallel for the high frequency currents.
These condensers, however, are of such small dimensions as to interpose a
practically insuperable impedance to the currents from the telephone sets
B and B’. In practice it is not necessary to use the condensers K and K’.
Obviously, any number of high frequency circuits of different periods may
be connected to the line circuits, some being connected to the wire A’ and
some to the wire A, as shown at R’ and TV. Obviously, also, it will be
desirable in practice to have an equal number of receiver and transmitter
stations at each end of the line, in order that communication may be car-
ried on in both directions. In this figure, as in Fig. 1, I have shown a local
battery telephone circuit grounded at each end, and this is done without
in any way affecting the working of the local telephone sets, so that I attain
a silent grounded telephone circuit.

Fig. 3 shows a modification in which one line wire A and the telephone
sets B and B’ have been entirely eliminated. In this case, a plurality of
high frequency transmitters and receivers is connected to the line as shown,
the transmitters being shown diagrammatically at T and T/ and the receivers
at R and R’. Each of these transmitter and receiver stations is similar to
those described in connection with Figs. 1 and 2. There may, of course,
be a larger number of these circuits connected than is shown, and each
transmitter may be tuned to a different frequency and one receiver will be
tuned to each transmitter. In this modification, as is apparent, I have
attained with a single grounded wire, a telephone circuit which is entirely
silent so far as disturbing impulses are concerned, and as I stated previously,
I consider this an important feature of my invention. Ia addition to
obtaining a silent grounded one-wire telephone circuit, I have in this figure
shown multiplex telephony.

In Figs. 1 and 2, I have shown specific forms of transmitter and receiver
circuits, but it is obvious that each of these circuits may be modified in
various ways without in any way affecting my invention. Modifications
of these circuits are shown in my co-pending application, Serial Number
590,801, and it is to be understood that any of the forms of circuits shown
therein may be substituted for the circuits shown herein.

The standard televraph circuit of the world employs the earth as the
return conductor, and in Fig. 3 is shown such a standard telegraph circuit
comprising the regular Morse equipment for a single line with stations at
each end. TUpon this standard Morse telegraph line are superimposed the
high frequency telegraph circuits as indicated in said Fig. 3. I have not
shown other circuit drawings for the superposition of high frequency tele-
graph circuits upon other standard types of telegraph circuits as now prac-
ticed, such as the regular Morse ‘“‘way line,” the differential duplex, the
polar duplex, the duplex-diplex, etc., but it is manifest that such super-
position is readily operative and practical by the identical methods and
forms of apparatus already fully described in this specification and also in
my co-pending applications, Serial Numbers 590,801 and 590,802. In gen-




MULTIPLEX TELEPHONY AND TELEGRAPHY. 93

eral, by shunting the present Morse way station apparatus or the terminal
apparatus by a suitable low-valued variable condenser, or condenser and
inductance tuned with the line circuit to the high frequency of the gen-
erator, the complete separation of the two messages is effected. I have not,
therefore, considered it necessary to multiply drawings in this specification
to indicate how this is accomplished in each case, but I wish it understood
that this invention comprises and includes the methods as above described
for superimposing upon the ordinary manual Morse telegraph circuits, em-
ploying keys, relays and sounders, high frequency telegraphic circuits, in
the manner and by the means substantially as described.

Although several modifications have been described in detail in this
specification, it is apparent that many other changes may be made without
departing from the spirit of the invention, and I therefore do not wish to
be limited to the exact connections shown, but

What I claim as my invention is the following:

1. In a multiplex signaling system a line wire, low frequency signaling
instruments connected to said line wire; a circuit for high frequency cur-
rents comprising the line and silent earth connections; means for impress-
ing high frequency oscillations, modified in accordance with signals on
said high frequency circuit, a receiver circuit including a detector for elec-
tric waves associated with said high frequency circuit and a translating
device operatively connected to the detector.

2. In a multiplex signaling system a line wire, low frequency signaling
instruments connected to said line wire, a plurality of earth connections
‘bridged from line to earth, means for impressing high frequency oscilla-
tions of different frequencies on each bridged connection, means for modi-
fying said oscillations; a plurality of similar earth connections bridged
from line to earth; a plurality of receiving circuits, one connected to each
of the second named earth connections, a detector for high frequency oscil-
lations in each receiver circuit and a telephone operatively connected to
the detector, each pair of corresponding bridge connections with the line
wire being tuned to the frequency of the oscillations impressed thereon.

3. In a multiplex telephone and telegraph system, a pair of line wires,
battery telephone sets bridged across said line wires; silent earth connec-
tions including a variable condenser and a variable inductance, means
for generating electric waves of ultra-sound frequencies connected to one
of said earth connections, means for modifying said electric waves; a
receiver circuit connected to another similar earth connection, a detector
for ultra-sound electric waves in said receiver circuit and a telephone
operatively connected to the detector.

4. In a multiplex telephone and telegraph system, a pair of line wires,
battery telephone sets bridged across said line wires; silent earth connec-
tions, including a variable condenser and a variable inductance; a dynamo
for generating high frequency electric waves connected inductively to
one of said earth connections, a telephone transmitter for modifying said
electric waves; a receiver circuit connected to another similar earth
connection, a detector for high frequency electric waves in said receiver
circuit, and a telephone operatively connected to the detector, said
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receiver circuit and the earth connections with the line being tuned to the
frequency of the generator.

5. In a multiplex telephone system, a pair of line wires, battery tele-
phone sets bridged across said line wires; a plurality of silent earth con-
nections, including variable condensers and variable inductances; a plu-
rality of generators of high frequency electric waves of different ultra-
sound frequencies, one connected inductively to each earth connection;
microphone transmitters for each generator for modifying said electric
waves; a plurality of earth connections similar to the transmitter earth
connections; a plurality of receiver circuits, one connected to each of the
second named earth connections, an integrating detector for high fre-
quency electric waves in each receiver circuit, and a telephone opera-

tively connected to the detector.

* 6. In a multiplex telephone system, a pair of line wires, a condenser
of small capacity bridged across said lines, a plurality of earth connections,
including variable condensers and variable inductances; a plurality of
generators of high frequency electric waves of different ultra-sound fre-
quencies, one connected inductively to each earth connection; micro-
phone transmitters for each generator for modifying said electric waves;
a plurality of earth connections.similar to the transmitter earth connec-
tions; a plurality of receiver circuits, one connected to each of the second
named earth connections, an integrating detector for high frequency elec-
tric waves in each receiver circuit and a telephone operatively connected
to the detector.

7. In a multiplex telephone system, a pair of line wires, battery tele-
phone sets bridged across said line wires, a condenser of small capacity
cornnected in parallel to said telephone sets; a plurality of earth connec-
tions, including a variable condenser and a variable inductance, con-
nected from each line wire to earth; a plurality of transmitter circuits
inductively connected to said earth connections, each transmitter circuit
including a high frequency generator, a variable capacity, a variable induc-
tance and a microphone transmitter; a plurality of similar earth connections;
a plurality of receiver circuits, one inductively connected to each of the
second named earth connections, each receiver circuit including a variable
inductance and a variable capacity, a detector shunted argund said
condenser and a telephone operatively connected to said detector, each
receiver circuit and the corresponding pair of bridge circuits with line
being tuned to the frequency of its corresponding generator.

. GEORGE OWEN SQUIER.
Witnesses:

P.I. WoLp,
E. R. Cram.
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Application filed November 5, 1910. Serial No. 590,804.
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To all whom it may concern:

Be it known that I, GEORGE OWEN SQUIER, major in the Signal Corps,
U. S. Army, a citizen cof the United States, and residing at Washington,
District of Columbia, (whose post-office address is War Department, Wash-
ington, District of Columbia,) have invented certain new and useful
Improvements in Multiplex Telephony and Telegraphy, of which the
following is a specification.

This application is made under the act of March 3, 1883, chapter 143,
(U. S. Statute XXII, p. 625,) and the invention herein described and
claimed may be used by the Government of the United States or any of
its officers or employees in the prosecution of work for the United States
or by any person in the United States without the payment of any royalty
thereon.

This invention relates to multiplex telephony and telegraphy and has
as its object the simultaneous transmission of a plurality of telephonic and
telegraphic messages over a single circuit.

A further object of the invention is to make use of grounded or earthed
connections in combination with the usual metallic circuit.

A further object is to render such a system as the above silent to external
disturbances and in such manner as to eliminate all cross-talk or harmful
effects of one message upon another.

A further object is to apply electric waves of such frequencies as to make
possible the selection and complete independence of the various messages.

A further object is to superimpose upon a standard battery telephone
circuit, as now commercially in use, one or more telephonic and telegraphic
circuis without any interference of the various messages.

In accomplishing the above results, use is made of electromagnetic
waves, or oscillations, of high frequency, propagated by means of wires,
and where use is made in this application of the term high frequency, it is
understood to mean any ultra-sound frequency or frequencies above the
limit of audition.

Reference is here made to my co-pending applications, Serial Numbers
590,801 and 590,802, filed November 5, 1910, in which I have discussed at
length the advantages and limitations of the use of electromagnetic waves
of various frequencies in such systems as described there and here. In
accomplishing the desired results, I have found it necessary and sufficient
to combine the engineering practice of wireless telegraphy and telephony
with the engineering practice of wire telegraphy and telephony. I have
also found it necessary, in order to obtain satisfactory results, to make use
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of such detectors as are commonly found in the wireless telegraphic art.
Attempts have been made at multiplex telephony, but I have found these
inoperative for the reason, among others, that no detector or equivalent
device has been used. These detectors are not used because of any greater
inherent sensitiveness to electrical energy than resides in the telephone -
receiver itself, but because the energy being in the form of rapid oscilla-
tions cannot affect the telephone or rather communicating device. These
rapid oscillations cannot sensibly affect the telephone, because the dia-
phragm in its motion must reverse with the reversal of the current and the
deflecting impulse if applied directly to the telephone receiver will be first
in one direction and then in the other with a frequency so high that the
diaphragm cannot sensibly follow or respond. Furthermore, if the dia-
phragm should respond with this frequency the effect would not be audible.
Also in the case of the ordinary telephone, on account of the large self-
inductance of the instrument, the high frequency E. M. F. generated by the
waves would produce in the telephone receiver only extremely weak
currents. I have found it necessary therefore, and consider it an important
part of my invention, to make use of some form of integrating detector to
transform the rapid oscillations into effects which can be manifested by
the indicating instrument.

This application is closely related to my three co-pending apphcatlons,
Serial Numbers 590,801, 590,802, and 590,803, filed November 5, 1910.
In each of’ these, use is made of high frequency waves as a vehicle for the
telephone or telegraph messages which are impressed upon the same line
as carries the telephonic currents from an ordinary local battery tele-
phone set.

In my co-pending application, Serial Number 590,803, I have shown
a specific manner of connecting a plurality of high frequency circuits in
parallel between the ordinary battery line and the earth. In this appli-
cation I shall describe a manner of connecting a plurality of such high
frequency circuits in series relation, making use of the telephone circuit
and ground connections.

In the drawings forming a part of this specification, several modifications
for circuit connections are shown, and in said drawings, Figure 1 illustrates
a circuit in which a plurality of transmitting or receiving circuits is con-
nected in series in a circuit between the earth and the ordinary telephone
line. Figs. 2, 3 and 4 illustrate a modification of Fig. 1.

Referring to these figures in detail, Fig. 1 shows a common metallic cir-
cuit A—A’ for ordinary telephony, across which are bridged the telephone
sets B B’. These telephone sets include the usual apparatus in present use
in local battery circuits, there being shown a transmitter 1 of any suitable
form such asa microphone transmitter with its local battery 2 and the primary
of the transformer 3. Also there are shown connected in the usual way the
ringing circuit 4, the switchhook 5 and the receiver 6. The secondary of
the transformer 3 is bridged directly across the line when the receiver is off

" the hook. The invention is not in any way connected with the details of

this telephone connection, any of the usual circuits being suitable, and the
one described being given merely as an illustration. Connected to the

87081°—11—7
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line wire A, at or near its connection to the ‘telephone set B, I have
shown a circuit connection to the earth at E, this circuit including the vari-
able inductance I, the secondary coil S, the primary coil P, and the
variable condenser C, these all being connected directly in series. In-
ductively connected to the secondary S is a primary coil P which is
in circuit with the high frequency generator G, this circuit also including
a variable condenser C, and a microphone M. Inductively connected to
the primary P, is a secondary coil §,, including in its circuit a variable
condenser (”/ and a variable inductance L/. Shunted around the con-
denser is the detector D, and operatively associated with the detector
D isthe telephone set F, with a battery if desired. At or near the station
B’ is a similar earth connection, including the inductance I/, the primary
P/, the secondary $’ and the condenser C’/, these being all variable and
connected in series in the same manner as shown at the station B. Induc-
tively connected to the primary P is a receiver circuit R’, similar in
every respect to the receiver R at the station B. Inductively connected
to the secondary &’ is a transmitter circuit TV, similar in every respect to
the transmitter circuit T at the station B. The receiver R’ is tuned to
the frequency of the oscillations given off by the transmitter T and the
receiver circuit R is tuned to the frequency developed by the transmitter
T/, these frequencies being sufficiently different to afford effective, selective
tuning. The tuning elements throughout the circuit which comprise the
various condensers and inductances are all variable in order to permit of
ready and effective tuning of each and any circuit. The high frequency
transformers are all so constructed as to give variable coupling, either by
sliding the one coil within the other, or having one coil swing within the
other, or by any other suitable method well known in the wireless art.

The operation of the system is as follows: Ordinary telephonic communi-
- cationsmay be carried on between the stations B and B’ by the telephone sets.
Simultaneously therewith high frequency oscillations may be impressed on
the line A’ by the transmitter circuits T and T/; both of these operating at
the same time, if desired. These high frequency oscillations are modified in
accordance with speech by the microphone M, and oscillations transmitted by
T are picked up by the receiver R’ and are rectified or transformed by the
detector D in such a way as to give a reproduction of speech in the telephone -
F, all of these being well known in the art. So also oscillations modified by
the microphone M at the transmitter circuit T will be translated into speech
at the station R. All of these messages may exist on the same line at the
same time without any cross-talk or interference whatsoever. If desired,
one or more of the microphones M may be replaced by suitable telegraphic
keys in order that communication by telegraphy may be carried on. Ob-
viously this change will not affect the principle of the operation in any
way whatsoever. The telegraphic signals may be produced by the ordinary
key placed directly in the generator circuit or by such an arrangement as
is shown in Fig. 3 of my co-pending application, Serial Number 590,801.
It is to be noted in this circuit that I have connected a metallic circuit to
earth at both ends, and I have done this without experiencing any difficulty
in consequence of external disturbances. I am able to accomplish this by
means of the condensers C and C/, which, in addition to acting as tuning
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elements, also act as a check to any earth disturbances in the vicinity. This
is possible only because the condensers C and C” here used are of very small
electrical dimensions, being measured in some thousandths of a microfarad,
whereas the condensers now in ordinary use in telephone practice have a
capacity measured in microfarads. Such large condensers offer very small
impedance to the passage of external disturbances of such frequencies as
are within-the audible limit, but with my very small condensers and sharp
tuning in the ground circuit to a frequency entirely above audition, these
low frequency audible disturbances are entirely shut out, giving me what I
choose to call a ‘“‘silent ground connection”’. In view of the fact that here-
tofore single line telephone circuits which include a ground return, or a 2-
wire telephone circuit which is grounded at either end, are subject to many
and strange noises, the causes of which are not entirely understood, I con-
sider that my present invention, whereby I am enabled to use a ground con-
nection on a single telephone circuit with no such disturbances, a very
important and essential part of my invention. I have found the above
circuits entirely successful on a standard telephone line circuit consisting
of a pair of twisted copper conductors, paperinsulated, which pair constitutes
but one out of a large number inclosed in a lead sheath used in ordinary city
traffic. This lead sheath surrounding the pair of wires brings the earth con-
nection very close indeed to theline circuit all alongitslength, but in spite of
this, my selective circuits are so effective as to give no trace whatsoever of
any cross-talk or influence due to external disturbances. It is apparent that
any number of transmitter or receiver circuits may be connected in series in
addition to the two shown in Fig. 1.

Fig. 2 shows a modification of Fig. 1, in which a plurality of earth branches
are connected in parallel, each single branch connected to earth being simi-
lar in every respect to the earth branches shown in Fig. 1, and each includ-
ing two or more circuits which may be transmitter or receiver circuits,
these circuits being indicated only diagrammatically and designated by
the reference characters T and R throughout. The connections of the bat-
tery sets B and B’ are shown only diagrammatically, it being understood
that the connections are similar to those shown in Fig. 1. Each transmitter
has a different frequency always being-of ultra-sound frequency, and each
transmitter has a corresponding receiver circuit at the other end of the
line tuned to its frequency. I may also use condensers K and K’ bridged
acroes the lines A A’ which serve the purpose of placing the two lines A
and A’ in parallel for the high frequency currents. This capacity, how-
ever, is made so small as to give practically insuperable impedance to the
telephone currents of ordinary frequencies as given by the telephone sets
B and B’. It is also obvious, as shown in Fig. 2, that high frequency cur-
rents may be connected to the line wire A as shown at T and R”, these
circuits having connected in them a plurality of transmitter or receiver
circuits in any suitable arrangement.

Fig. 3 shows a further modification, which is a combination of the sys-
tems shown in Figs. 1and 2 and the systems shown in my co-pending appli-
cation, Serial Number 590,802. In this figure, a plurality of branches
connected to the earth is shown, each circuit including a plurality of trans-
mitter or receiver circuits, as shown in Fig. 2. In addition to this high
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frequency transmitter circuits are inductively connected by means of
transformers connected directly in the line circuit in series with the bat-
tery sets B and B’ in the manner described in my co-pending application,
Serial Number 590,802, cited above. In this case, the condensers K and
K’ are necessary in order to give a free path for the high frequency oscil-
lations of the series connected transmitter and receiver sets TV and R’.

Fig. 4 shows a further modification in which the battery sets B and B’
and one of the line wires such as A, are entirely eliminated, in which case
I have multiplex telephony by a single wire using earth return. As is
apparent from this Fig. 4, I have shown a plurality of ground branches,
each including a plurality of telephone or receiver sets, each transmitter
having a different frequency and having a receiver set at the other end of
the line tuned to its periodicity. Also in series with the line, I have con-
nected other transmitter and receiver sets, as shown diagrammatically at
T/ and R’. In this case I am able to carry on multiplex telephony by the
single wire connected to earth at various points without any cross-talk
or disturbances from external causes, and I consider this an essential part
of my invention. In connection with Fig.4, I have shown means whereby
Morse telegraphy may be carried on in the usual way and this without
any cross interference of the messages. In case way stations are used on
the line, each of such stations will be shunted by a small condenser or a
condenser and inductance tuned to the frequency of the high frequency
oscillations. Thus it is apparent that my invention may be superimposed
directly on the present Morse telegraph systems. Other forms of high
frequency transmitter and receiver circuits may be used in place of those
shown, and various suitable modifications are shown and described in de-
tail in my co-pending application, Serial Number 590,801 cited above.

Although several modifications have been described in detail in this
specification, it is obvious that many changes may be made without depart-
ing from the spirit of the invention, and I therefore do not wish to be limited
to the exact connections shown, but

What I claim as my invention is the following:

1. In a silent earthed multiplex telephone and telegraph system, a line
wire; a plurality of earth circuits extending from said line; a plurality of
transmitter or receiver circuits associated in series relation in each of said
earth circuits, each transmitter circuit impressing different but ultra-
sound frequencies on the line, each receiver circuit being tuned to the
frequency of one transmitter.

2. In a silent earthed multiplex telephone and telegraph system, a line
wire; a plurality of earth circuits extending from said line; a plurality of
transmitter or receiver circuits associated in series relation in each of said
earth circuits, a plurality of transmitter and receiver circuits associated
in series in the line, each transmitter impressing different but ultra-sound
frequencies on the line, and each receiver being tuned to the frequency of
one of the transmitters.

3. In.a multiplex telephone and telegraph system, a line wire; low fre-
quency signaling apparatus connected to the line, a plurality of ground
circuits extending from said line, a plurality of transmitter or receiver
circuits associated in series relation in each earth connection, each trans-
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mitter circuit impressing different but ultra-sound frequencies on the line,
each receiver circuit being tuned to the frequency of one transmitter.

4. In a multiplex telephone and telegraph system, a pair of line wires;
low frequency signaling apparatus associated therewith; a plurality of earth
connections placed between each line and the earth, a plurality of high
frequency signaling circuits aseociated in series in each earth connection,
each transmitter circuit developing oscillations of different but ultra-sound
frequency and each receiver tuned to one transmitter circuit.

5. In a multiplex telephone and telegraph system, a pair of line wires;
low frequency signaling apparatus bridged across said lines; a plurality of
earth connections placed between each line and the earth, a plurality of
high frequency signaling circuits associated in series in each earth con-
nection, each transmitter circuit developing oscillations of different but
ultra-sound frequency, each receiver circuit being tuned to one transmitter
circuit and containing a detector for high frequency oscillations and a
telephone receiver operatively associated with said detector.

6. In a multiplex telephone and telegraph system, a pair of line wires,
battery telephone sets bridged across said line wires, a plurality of earth
connections placed between each line and the earth, a plurality of high
frequency signaling circuits associated in series in each earth connection,
each transmitter circuit developing oscillations of different frequency, each
receiver circuit being tuned to one transmitter circuit and containing a
detector for high frequency oscillations and a telephone receiver operatively
associated with said detector.

7. In a multiplex telephone and telegraph system, a pair of line wires,
battery telephone sets bridged across said line wires, a plurality of earth
connections placed between each line and the earth and containing a vari-
able condenser and a variable inductance, a plurality of high frequency
signaling circuits inductively associated in series in each connection, each
transmitter circuit containing a generator of high frequency oscillations, a
variable condenser and inductance for tuning said circuits and a telephone
transmitter for modifying said oscillations, each receiver circuit being
tuned to one of the transmitter circuits and containing a detector of high
frequency oscillations and a telephone operatively connected therewith.

8. In a multiplex telephone and telegraph system, a pair of line wires;
battery telephone sets bridged across said line wires; a plurality of earth
connections placed between each line and earth and containing a variable
inductance, and variable condenser; a plurahty of high frequency signaling
circuits inductively associated in series in each earth connection a plurality
of signaling circuits connected inductively in series in the lines, each
transmitter circuit developing oscillations of different ultra-sound fre-
quencies and containing a microphone transmitter for modifying the
oscillations in accordance with speech, each receiver circuit containing a
variable inductance and a variable capacity, and tuned to the frequency
of one transmitter circuit, a detector in shunt to the condenser of the re-
ceiver circuit and a telephone operatively connected therewith.

9. In a multiplex telephone and telegraph system, a pair of line wires;
battery telephone sets bridged across said line wires; a condenser of small
capacity parallel to each of the battery telephone sets; a plurality of earth
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connections placed between each line and earth and containing a variable
inductance and a variable capacity, a plurality of high frequency signaling
circuits inductively associated in series in each earth connection; a plurality
of signaling circuits connected inductively in series in the lines, each
transmitter circuit developing electric waves of different ultra-sound fre-
quencies and containing a microphone transmitter for modifying the
oscillations in accordance with speech; each receiver circuit containing a
variable inductance and a variable capacity and tuned to the frequency of
one transmitter circuit, a detector in shunt to the condenser of the receiver
circuit and a telephone operatively connected therewith.
GEORGE OWEN SQUIER.
Witnesses:
P. I. WoLp, .
E. R. Crau.
@)



Digitized by GOOS[Q o



Digitized by GOOS[Q



