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TRIC COMPANY, INCORPORATED, OF NEW YORK, N. Y., A CORPORATION OF NEW

YORK.

HIGH-FREQUENCY SIGNALING.

Application filed April 21, 1818, Serial No 291,449,

This invention relates to high frequency
signaling in which signals are transmitted as
variations or interruptions of a carrier wave.

According to the homodyne method of car-
rier wave reception for telephony the ampli-
tude of the detected signal is intensified by
combining the received modulated carrier
wave oscillations with locally generated os-
cillations of the carrier frequency. The lo-
cally generated oscillations will herein be
termed reinforcing oscillations to differen-
tiate them from the received carrier oscilla-
tions. If the carrier oscillations differ in
frequency from the reinforcing oscillations,
beats of the difference frequency are produced
and may be manifested as a sound or noise
which is superimposed upon the signal being
received; thus interfering with a clear dis-
tinct reception of the signal.

The present invention has for an object to
provide a method and means for insuring
that the carrier oscillations and the reinforc-
ing oscillations shall have substantially the
same frequency. Another object of the in-
vention is to provide a multiplex carrier tele-
phone system. A further object of the in-
vention is to provide a homodyne signaling
system in which the phase of the reinforcing
oscillations generated at the receiving station
may be regulated with respect to that of the
received carrier oscillations. A still further
object of the invention is to provide means
for generating & plurality of different fre-
quency carrier waves, of suitable ampliture
for multiplex transmission, from a single
control or base frequency wave.

According to this invention control or base
frequency oscillations are generated at one
station. The wave form of a portion of the
control oscillation energy is distorted and one
or more harmonics are selected from the re-
sulting wave and then amplified to serve as
carrvier waves. A particular carrier wave
so produced is modulated in accordance with
both the signal or other teledynamic impulses
which it is desired to transmit and the origi-
nal or undistorted control frequency oscilla-
tions. The transmitted carrier wave thus
“carries” simultaneously, the signal and the
control oscillations. ~ At the receiving sta-
tion the received carrier wave is detected and
the resulting detected signal and control os-
cillation components are separated. The

- wave form of the control oscillation compo-
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nent is distorted in the same manner as at the
transmitting station so as to enable the selec-
tion of reinforcing harmonic oscillations of
the same frequency as the transmitted car-
rier wave. The reinforcing oscillations are
then supplied to the detector simultaneously
with the received carrier wave and at the
proper phase with respect thereto and serve
to intensify the detected signal. Since there
is a single source of control oscillations from
which both the carrier and the reinforcing

oscillations are derived, the carrier and re--
inforcing oscillations will always be of equal

frequency although the absolute value of the
frequency may vary in consequence of varia-
tions in the contrel frequency. This scheme
of frequency control may be embodied in a
multiplex system by causing the harmonic
producing means at the transmitting station
to produce a plurality of harmonic frequency
carrier waves from the distorted control wave
and then transmitting each of these carrier
waves modulated both in accordance with the

- control wave and its individual message wave,

as previously described.

Where the receiving stations are compara-
tively close to each other, instead of transmit-
ting the control oscillations as modulations
of each individual carrier, the control oseil-
lations may be transmitted continuously as
modulations of a single carrier. The wave
form of the detected control oscillations may
then be distorted and reinforcing oscillations
of each of the transmitted carrier frequen-
cies derived therefrom. This enables a single
carrier wave to transmit the control oscilla-
tions and ‘permits transmission of the re-
maining carrier waves modulated in each in
accordance only with its individual message.
The nnmodulated carrier waves may be sup-
pressed in each instance to increase the effi-
ciency of the transmitting station and to
lessen the probability of crosstalk. One side
band of the modulated carrier frequency may
be suppressed to decrease the range of the
transmission band required for a single mes-
sage or transmission and to correspondingly
increase the number of simultaneous non-in-
terfering transmissions.

Further objects and advantages of the in-
vention will appear from the following de-
tailed - description taken in conmection with
the accompanying drawing, in which Fig. 1
ilustrates a transmitting station, and Fig.
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2 the corresponding receiving station of a
muitiplex signaling system according to this
111Vent10n, and Tl(rs 3 and 4 illustrate the
transmitting and receiving stations respec-
tively of a modified s oyutem

Referring to Fig. 1, the oscillation genera-
tor 0 comprises a three-element vacuum tube,
preferably highly évacuated, the input cir-
cuit of which is electrically .connected to the
output circuit by the escillatory circuit
formed by coils 2 and 3 and variable con-
denser 5. A source 4 supplies space current
to the tube. By means of the variable con-
denser 5 of the oscillatory circuit, the fre-
quency of the oscillations produced by the
generator may be given any desired value.
This oscillation generator which. produces
control oscillations is connected to the inpnt
circuit of amplifier A of the vacuum tube
type. The impedarnce control element 6 of
this amplifier is negatively char oed with 1e-
spect to the cathode by source 7. The space
current of the amplifier is supplied by source

8 through the impedance 8. Cathodes 10 and

11 of the oscillation generator and amplifier
respectively, are heated by current from the
common source 12. Amplified oscillations
in the output circuit of the amplifier A are
supplied by a transformer connectlon to the
input cireuit of the harmonic generator or
producer G which consists primarily of a
three-element vacuum tube.

The tube of the harmonic generator G- is
overloaded so as to produce a maximum dis-
tortion in the output eircuit of the wave form
of the repeated control osc’ill wtions supplied
to its mnut circuit. This is done by apply-
ing to its input *ermmals an alternatin g Po-
tential such that the maximum value carries
the operation of the tube heyond that portion

of its characteristic which is substantially
linear, thus substantially distorting the wave
form of the applied alternating polentlal as
repeated in the output cireuit. This apphea
alternating potential may be such that the
maximuin posmve value will exceed that nec-
essary to cause the tube to become saturated
and the maximum negative value will ex-
ceed that negative value required to reduce
the output Current substantially {o zero, or
one of these conditions may exist alone to
the substantial exclusion of the other,

Since a distorted or non-sinusoidal peri-
odic wave may he analyzed into a pure sine
wave component of the frequency of the dis-
torted wave and a plurality ¢f harmonic com-
ponents of higher frequencies, it remaing to
select. the partlcular harmonic components
which it is desired to utilize as carrier waves.

The eathode 13 of the harmonic generator
is heated by eurrent source 14 and the space
current of the tube is supplied by source 15
through the impedance 16, The condenser 17
in shunt to the impedance 16 and source 15
provides a low impedance path for high fre-
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quency currents. The harmonic generator
is coupled by means of a tl ansformer to an
amplifier A, which is similar to amplifier A,
plevmusly described. The output cireuit of

amplifier A, includes a plurality of tuned
loop circuits 18, corresponding in number to
the number of harmonies which it is desired
to select and each civeuit 18 1s tuned by means
of 1ts variable capacity element 19 to the pdr-
ticular harmonic which it is to select. Cou-
pled by a transformer to one of the tuned
Ioop cirenits 18 is an amplifier A, similar to
the amplifiers descr 1bed and havmo an input
cireuit 20 Lo‘iplLd to civenit 18 and smnlzuly‘
tuned. Thei mpu terminals of each amplifier
A, are connected by a pownuomewr couplmo
to the terminals of the condenser of the tuned
cireuit 20. This permits the pavticular har-
monic selected to be amplified to the desired
degree and the amplitudes of the various
harmonics can thus be made of substantially
the same magnitude if desived. Amplifier A,
is connected by a transformer to a b md filter
It which passes a narrow band including the
selected harmonic with substantially no at-
tenuation, and extinguishes currents of fie-
q ency - differing considerably therefrom.

Filter I terminates in a potentiometer cou-
pled to the cominon input path of a Dalanced
modulator M of the type disclosed in U S.
patent to Carson No. 1,343,306, dated June
15, 1920.

The output cireuit of amplifier A is also
coupled to the input circuit of an amphﬁer
A, thelatter being comnnected through a band
filter I » and another amplifier A, to a poten-
tiometer in the common nput p‘lth of modu-
Intor M. Filter I, passes a narrow band of
frequencies J‘ncludmg the control oscillation
frequency. A circuit 21, illustrated as a tele-
phone cireuit, but which may be taken as rep-
resentative of any low frequency carrent line
tz ansmitting signal currents or other teledy-

amic electrical variati ions, is coupled to the
dl\udcd nput cirenit of modulator M. The
modulator M is connected by a band fiiter F,
to high frequency circuit Lk “which may be an
antenna or o tv ansmission cireuit. The char-

~acteristic 6T modulator M is such that it trans-

mits no energy to filter I, except at such tlmcs
as variation currents traverse circuit 21 and
set up corre esponding variation electromotive
forces in the divided input civcuit of the
modulator. During the existence of these
variation currents the modulator transmits to
filterr I, oscillations of the frequency selected
by tuned circuits 18 and 20 modulated both
in accordance with the variation currents of
line 21 and the control oscillati‘ons supplied
from amplifier A,

The other tvnml loop circuit 18 is similarly
connected by an amplifier and band filter to
a modulator M, similar in every respect to
modulator M. It will of coursebeunderstood
that each tuned loov circuit 18 selects a par-
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ticular harmonic and that the circuit connect-
ing that tuned loop circuit with its individual
modulator is designed to transmit the par-
ticular harmonic selected. A low frequency
circuit 22 similar to circuit 21 is associated
with modulator M,. A band filter F, con-
nects modulator M, to circuit L. Control os-
cillations are supplied from filter ¥, to modu-
lator M, by a circuit identical with that which
connects filter F, to modulator M.

Preferably, each of the band filters F,, T,
transmits only one side band of the modu-
lated wave supplied by its individual modu-
lator M or M,. In other words, it the fre-
quency of the carrier oscillations supplied to
modulator M is 80,000, so that the resulting
modulated wave comprises a band of fre-
quency components extending equally above
and below this frequency, either the portion
of the band above the carrier frequency or
the portion below it is suppressed by the filter
I, and the filter is so designed as to pass only
the remaining side band.

Only two low frequency circuits 21, 22 and
the corresponding high frequency transmis-
sion channels are illustrated, but it is to be
understood that as many more as desired may
be provided, each being designed to select,
modulate and transmit an individual carrier
frequency wave.

Referring to Fig. 2, a high frequency re-
ceiving circuit L, which may be either an
antenna or a transmission circuit, is con-
nected by unidirectional amplifiers UA to
two similar receiving channels by band filters
F, and F; effectively in parallel with respect
to circuit L. Band filter F, is designed to
pass the same band of frequencies as filter F,
at the transmitting station. Filter F, sup-
plies modulated oscillations from circuit L
to detector D which may be of the balanced
type and which is coupled by loop circuit 23
to filters F, and F, respectively. Upon de-
tection the received modulated carrier wave
passed by filter I, yields in the output circuit
of the detector.a current component corre-
sponding to the variation currents of circuit
21. Filter F, is designed to pass a low fre-
quency band, within which these currents
fall, to receiving instrument 24 illustrated as
a telephone receiver but which, as will be un-
derstood, may be any signaling or other tele-

dynamic receiving device, depending upon

the nature of the variable currents or im-
pulses of circuit 21 and the operation which
the receiving instrument is designed to per-
form. In the case of speech transmission, the
filter I, will preferably suppress-substan-
tially all currents of frequencies above 2500
cycles and will readily transmit all frequency
currents below this value. - The detected car-
rier wave also yields a component of the con-
trol oscillation frequency and this is trans-
mitted from circuit 23 through a filter F,
which is similar in electrical characteristics to

3

filter F,. From filter F, the detected control
oscillations pass to a harmonic preducer G,.
Connected to the output circuit of harmonic
produced G, is an amplifier A; having an in-
put circuit tuned to the frequency of the car-
rier ogcillations selected by circuit 20 of Fig.
1. Amplifier A, transmits the selected har-
monic reinforcing oscillations to a circuit in-
cluding a phase regulating device which con-
sists of a variable inductance 25, a variable
capacity 26, and a variable resistance 27. - The
reinforcing oscillations after. phase regula-
tion are passed to-amplifier A; having a po-
tentiometer input circuit and from the am-
plifier; amplified reinforcing oscillations are
supplied to the common input path of detec-
tor D to be combined with the received carrier
oscillations,

The phase regulating device is variable

and 1t is accordingly possible to secure any
desired phase relation between the received
carrier oscillations and the reinforcing os-
cillations. - For some purposes the amplifica-
tion is increased by bringing these two sets
of oscillations into phase agreement.

The reinforcing oscillations combine with
the received oscillations to produce intensified
control oscillation components and signal cur-
rent components in the output circuit of the
detector.

The element G, serves both as a harmonic
generator or producer and a power limiting
device. ' The potential of its grid or im-
pedance control element is maintained posi-
tive with respect to the cathode by a source of
unidirectional current. The positive grid at-
tracts the electrons emitted by thecathodeand
when the potential supplied to the device G,
reaches a sufficiently high positive value, the
electrons will be attracted to the grid to such
an extent that no further increase in the space
current in the cathode-anode circuit occurs.
The minimum value of the space current in
device (3, being. zero, it is evident that the
power delivered by this tube is limited. =~ This
power limiting action is desirable in order to
prevent singing in the circuit F, G, A, and
Ag, which couples the output circuit of the
detector to the. input circuit. Any other
form of power limiting device may be em-
ployed without departing from this feature
of the invention.

Filter F'; and the apparatus in the receiving
channel associated therewith arve similar to
filter F, and its associated channel, pre-
viously described, except that the carrier fre-
quency received is different. The tuning of
the various filters and circuits of this channel
bears the same relation to that of the trans-
mitting channel of circuit 22 as the corre-
sponding values of the channel of filter F,
bear to those of the transmitting channel of
circuit 21.

Since the transmitted carrier oscillations
and the reinforcing oscillations are derived
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froni a common source and since both are the
same harmonic of the oscillations supplied
by that sourcee, it follows that the carrier fre-
quency and the reinforcing frequency will
always be ‘identical, which 18 very desirable
for the proper reception of telephonic signals.
It istobe ndted that the selecting devices, 1. e.,
tuned circuits and filters employed, will
properly - differéentiate between the various
freqtiency currents involved, even though the
control {requency and its multlple or har-
monic are subject to small variations:
Referringto Figs. 8 and 4, which illustrate
the sending and receiving stations respec-
tivély of a modified system, the various oscil-
lators, amplifiers and harmonic generators
are similar to those deseribed in connection
with Figs. 1 and 2. The control oscillations
produced by oscillation generator O, are am-
plified by amplifier A, which transmits am-
plified control oscillations to the input circuit
of ‘a harmeoenic ‘generator ‘G,. The several
carrier oscillations produced by harmonic
generator (&, are amplified by an amplifier
Ag, the output circuit of which comprises two
tuned circuits 28 and 29, each of which is
tuned'to a different one of the harmonics sup-
plied by the harmonic generator G, Car-
rier oscillations supphed by ‘the tuned circuit
28 are amplified by an qmphﬁel similar in
every respect to amplifier A, and are trans-
mitted by means of filter ¥, corresponding
to filter ¥ of Fig. 1, to the common input cir-
cuit of a balanced modulator M,. ‘Control
oscillations are also tramsimitted from am-

plifier A, through an amplifier and filter cor- -

respondlno re'spectlvely to dmplifier A, and
filter T, of the system of Fig. 1. The ése con-
trol o,acﬂhtmns aleitrmsmltted by a trans-
former 30 ‘to the divided input circuit of
modulator M,.

Modulator M, has a characteristic similar
to that of modulator M, and accordingly
transgmits eneigy at such tm es as variation
electromotive forces are impressed upon its
divided input cireuit and at all other times
trafsmits substantially no energy.. Oscilla-
tions of the carrier frequency supplied by cir-
cuit 28, modulated in accordance with the
control’ frequency, will therefore ]*e con-
tinnously transmitted through filter F,, am-
plifier A, and filter I',, to the hi igh irequency
cireuit L.

A low frequency signaling or variation
current cireuit 31 Similar to circuits 21 and
22, is connected by loop circuit 32 and divided
tl'unsfolmer 33 to the'divided i 1npuu cireuit of
modulator M. Whenever variation curients
traverse citeuit 31, cartier osmhatwno modu
lated in accordance with these variation cur-
rents swill also be transmitted to civeuib Ll.

A second low frequency cirenit 34 is con-
nected to the divided input civeuit of a mod
ulator M, upon which cariier cscillations se-
lected by cireuit 29 are impressed. The cir-

‘ cireuit 34 cause the modulator

1,604,473

cuits connecting circuit 29 to modulator M,
are like those connecting circuit 28-to modu-
lator M,, with the e\Lu)don that their tun-
ing and transmission range is designed o se-
lect and transmit a d]ﬂ’crnnt harmonic fre-
quency calrrier wave, nameély, that seclected
by circuit 29. However, -the control fre-
quency oscillations are not supplied to modu-
Iator M, and accordingly -the carrier wave
1mpressed upon its input circuit is sup-
pressed ‘except wliehr variation currents in
to fransmit
pure modulated waves to. circuit L,. The
moedulator M, is connected to civcuit L, by a
circuit similar to that connecting modulator
M, to civenit Iy, The filter ¥, is deswnad to
suppress currents of the order of frequencies
of those cccurring in circuit 81, so as to pre-
vent overloading amphnm A, to which it is
connected. A band filter F 10 connects am ph—
fier A, to circuit Ll and serves to transmit
only the band of frequencies corrésponding
to the pure modulated carrier wave and if
desived, it may be desiﬂncd to: transmit one
side band: only of the pure modilated wave.

As was nxphuned in connection with Fig. 1,

the number of channels may be made much
lazger, each additional channel being similar
n every Icspec* to the channel of circuit 84,
with the exception that each chavnel would
be, g0 designed as to gelect, modulate and
transimit a particular carrier wave individual
to uat channel.

In the sending arrangement illustrated in
Fig. 8, one channel serves to continuously
modulate its carrier wave in accordance with
control oscillations and to transmit the ve-
sulting modulated carrier wave to circuit
1,. The remaining channels (of which that
of circuit 34 only is illustrated) transmit
individual carrier waves modulated only in
accerdance with the clirrents of their respec-
tive variation cirvcuits 84, and suppress their
respective carrier waves when the correspond-
inp variation current cirevits are idle.

Fig. 4 illustrates the receiving
W lnch operates in conjunction with “the send-
ing station of Fig. 8. A high frequency re-
celving circuit Ll, which may be an antenma

4 transmission cireu 1it, hag connected there-
t'> through unidirectional ampli fiers UA,
band fitbers T . and B 1 Cor 1‘@*«)1;11(111\ o to ﬂlo
band filters immediately connected to the cir-
(‘Uh Iy, of Fig. 3. 1*11101' ., which trans-

its the same band of frequencies as filter
I 10y Peceives the contmuously moduiatecd car-
riein wave energy transmitted from filter ¥,
and transfers it successively to detector Dy,

civeuwit 35, and filters ¥, and T, ;, thede vati-
ous ﬂ‘ﬂmcutf; corresp ond1n<> vespectively for
hw particniar carrvier frequency invelved to

1
ntg D, 23, I,

PITIeT

ele and F. of Fig. 2. The
catrol cacillations transmitted by filter I,
are therefore continuouslv supplied to haz-
monic generator &, by which the reinforcing

%L‘Ltion '
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oscillations of -each of the different carrier
frequencies are continuously produced. Re-
inforcing oscillations of its received carrier
frequency are continuously supplied to de-
tector D, over a circuit arrangement. sub-
stantially identical with that connecting the
output circuit of harmonie generator {x, to
the input circuit of detector D in the receiv-
ing system of Fig. 2. - Harmonic generator
@, also serves to produce reinforcing oscil-
lations of the carrier frequency received by
filter ¥, and to cause them to. be impressed
upon. detector D, associated with filter F,,.
As many additional receiving channels may
be provided as there are additional transmit-
ting channels 34, each being similar in the ar-
rangement of its parts to the receiving chan-
nel of filter F,, and having its electrical val-
ues correspondingly assigned with relation to
the particular carrier frequency individual
thereto. ,

Unidirectional amplifiers are of particular
advantage in the present system to prevent
reverse transmission. Amplifier A, of Fig.
1 prevents the carrier frequency applied to
modulator M from reacting upon the output
of filter F, and hence upon the input circuit
of modulator M,. . In a similar manner the
unidirectional amplifiers UA in the receiving
channels prevent transmission of the rein-
forcing oscillations to the high frequency
receiving circuit.

The homodyne method of signaling is of
course not limited to telephony but is equally
applicable for other teledynamic transmis-
sion. The drawing illustrates one-way trans-
mission only, but it should be understood that
the invention is applicable as well to two-way
signaling. It is also possible to widely sepa-
rate the various transmitting and receiving
stations.. For example, low frequency cir-
cuits 21 and 22 may be of considerable length
and may be subscribers’ lines terminating in
a central exchange at which the high fre-
quency circuits terminate. The gystem of
Figs. 1 and 2 particularly lends itself tosepa-
rated high frequency station operation since
the high frequency recéiving channels have
no other association than connsction to the
common transmission line I.. - The sending
stations each require a high frequency con-
necting circuit to the harmonic generator
which serves as the common source of carrier
oscillations.

Various features of the systems disclosed
herein are claimed by applicant in other co-
pending applications. The homodynemethod
of reception is disclosed and claimed in
U. S. patent to Kendall, No. 1,330,471, patent-
ed October 10, 1920. The harmonic generator
ig-disclosed and claimed in U. S. patent to
Kendall, No. 1,446,572, granted February 27,
1923. The derivation of the various carrier
and reinforcing frequencies as harmonics of
a single control frequency is disclosed and

5

claimed in application Serial No. 130,350,
filed November 9, 1916, of which the present
application is in part.a continuation. _

It will of course be understood by those
skilled in the art that the specific circuits here-
in shown and described are not only illustra-
tive of particular arrangements that may be
employed, and that the details of the circuits
and the relative arrangement and position
of the various elements may be materially
varied from what is set forth, without de-
parting from the spirit and scope of the in-
vention. Only such limitations are to be im-
posed on the invention as are indicated in
the appended claims.

What is claimed is:

1. In multiplex signaling the method of
producing carrier waves for a plurality of
different message transmissions and of fixing
the relative frequencies and amplitudes of
said carrier waves, which method comprises
producing control oscillations, deriving there-
from different harmonic oscillations, selecting
the harmonic oscillation waves of the desired
carrier wave frequencies and separately am-
plifying each of said selected harmonic oscil-
lation waves to give said waves the desired
relative amplitudes.

2. In a multiplex transmission system, a
source of control frequency oscillations, means
for deriving from said control oscillations
different harmonic frequency oscillations, and
means for separately amplifying said har-
monic frequency oscillations to substantially
the same magnitude.

3. In a system for the simultaneous trans-
migsion of a plurality of indications over the
same medium, means for supplying carrier
waves comprising a common wave generator,
means to derive therefrom a plurality of
waves of different frequencies, including fre-
quency-selective circuits for selecting indi-
vidnal waves, an individual amplifier as-
sociated with each of said circuits for am-
plifying the wave of respective frequency,
means associated with each amplifier for de-
termining the degree of amplification of the
respective wave, and a corrvesponding plu-
rality of wave-control devices conmected to
the respective amplifiers for modifying each
wave in accordance with a different indica-
tion,

4. A multiplex transmission system com-
prising a source of control oscillations, means
for deriving from said control oscillations a
plurality of different frequency harmonic os-
cillations, means for modulating each of said
harmonic oscillations both in accordance with
low frequency variations individual thereto
and said control oscillations, and means for
simultaneously transmitting. each of said
modulated oscillations.

5. The method of transmission which com-
prises deriving a carrier wave from base fre-
quency oscillations, modulating said carrier
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6

wave in accordance with another wave, sup-
pressing all.components except. one.side band
of the modulated carrier wave; deriving other
waves from said’ base frequency oscillations
and reinforcing said side band with said
other waves.

6. The method of transmission which com-
prises deriving a carrier wave from base
frequency osullatlons, modulating said car-
riér wave in. accordance with a swnml and
said base frequency oscillations, suppressing
all components, except one side band .of the
modulated carrier wave, utilizing the com-
ponent of the modulated wave r euultmo from
the modulation of the carrier wave by the
base frequency to reproduce oscillations of
the carrier frequency and reenforcing said
side band with said reproduced oscillations.

7. The method of multiplex carrier wave
tr ansmlssmn which comprises producing base
frequency oscillations, deriving therefrom
harmonic waves of a plurality of different
frequencies, selecting one of said harmonic
waves to serve as a carrier wave, modulating
said carrier wave in accordance with another
wave, suppressing all. components of - said
modulated wave except one side band, trans-
mitting and receiving said side:band, deriving

reinforcing oscillations of. said carrier fre- -

quency from said base frequency oscillations,
and utilizing said reinforcing oscillations to
reinforce said recewed side band.

8. The method of multiplex carrier wave
transmission which comprises producing base
frequency oscillations, deriving therefrom
harmonic “waves of -a plurality of different
frequencies, selecting one of said harmonic
waves to serve as a carrier wave, modulating
said carrier wave in accordance with a signal
and with said base frequency oscillations, sup-
pressing all components of the modulated
wave except one side band, transmitting and
receiving said side band, utilizing the com-
ponent of the side band ploduced by the
modulation of said carrier wave by the base
frequency oscillations to reproduce oscilla-
tions of ‘the carrier frequency, and reenfore-
ing said side band by said reproduced oscilla-
tions.

9. A transmission system comprising a
source of base frequency oscillations, means
for deriving a carrier wave therefr om means
for modulating said carrier wave in Accord-
ance with another wave, means for suppress-
ing all components e*(cept one gide band of
the modulated carrier wave, means for deriv-
ing reinforcing oscillations from said -base
fmqucncy oscﬂh’mons, and means for re-
inforcing said side band with said reinforc-
ing oscillations.

10. A transmission system comprising a
source of base frequency oscillations; means
for deriving a carrier wave therefrom, means
for modulating said carrier wave in accord-
ance with a swnal and with oscillations from

1,604,473

said source, means for suppressing all com-
ponents except one side band of the modu-
lated carrier wave, means for reproducing
from a component. ot said side band oscilla’
tions of the carrier frequency, and means for
reenforcing said side band with the repro-
duced oscillations.

11. A multiplex carrier wave transmission
gystem comprising means for producing base
frequency oscillations, means. for deriving
therefrom harmonic waves of a plurality of
different frequencies, means for selecting one
oi said harmonic waves to serve as a carrier

rave, means for modulating said carrier wave
in accordance with another w: ave, means for
suppressing ail components of said modulated
wave except cne side band, means for trans-
mitting and receiving said side band, means
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for deriving reinforcing oscillations of:said

arvier frequency from said base irequency
oscillations, and means for causing said re-
inforcing oscillations to re sinforce said. re-
ceived side band.

12. A multiplex carrier wave transmission
system comprising means for producing base
heqmm y oscillations, means for deri iving
therefrom havmonic waves of a plurality of
diﬂerent frequencies, means for selecting one

f said harmonic waves to serve as a carrier
Wave, means for modulating said carrier wave
in accordance with a signal and with said
base frequency oecﬂlamonq means for sup-
_pLessmb all ‘components ot said modulated

vave except one side band, means for-trans-
m]fhng and recelving Sfud wide band; means
for reproducing from a component of theside
band reenfercing oscillations of said carrier
hoquemy, and means for causing said re-
enforeing oscillations to reenforce the re-
ceived side band.

13. In a multiplex signaling system, means
to modulate a carrier wave in accordance
with signals to be transmitted, means for
suppressing the unmedulated componem of
saicdl-earrier wave, means to modulate a car-
vier wave of a different frequency in accord-
ance with other signals and in accordance
with a control wave, and a receiving station
comprising means operable by. the. control
wave modulation for restoring the unmodu-
Tated component tothe first me sntioned modu-
lated wave. '

14. In combination, means for supplying
carrier waves, means for modulating said car-
rier waves by other waves of hloher ‘than
the essential speech frequencies, a “filter con-
nected to said modulating means-to transfer
the modulated carrier wave to a transmitting
circuit, said filter having a frequency trans-
mission range lying entu‘ely above the range
of essential speech frequencies but mdudlno
at least a portion of the frequency range cecu-

pied by said modulated carrier wave, means

connected to said filter for transmitting the
modulated energy. transferred therethr ough,
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and means for receiving and detecting said
transmitted. wave. :

15. The method of signaling comprising
deriving carrier oscillations from a base fre-
quency source, utilizing the derived oscilla-
tions to produce a signal-modulated wave
comprising upper and lower side bands, sup-
pressing all components of the modulated
wave except one side band, transmitting and
receiving said side band, producing under
control of said base frequency source waves
of the carrier frequency and utilizing the
waves so produced to reenforce the received
side band,

16. The method of signaling: comprising
deriving a carrier wave from a base frequency
source, controlling the carrier wave in accord-
ance with signals to be transmitted to pro-
duce a resultant modulated wave having side
bands, suppressing all of the components of
the modulated wave except one side band,
transmitting and receiving said side band,
utilizing waves from said base frequency
source to reproduce at the receiving point
a wave of the carrier frequency and utilizing
the wave so reproduced to reenforce the re-
ceived side band.

17. The method of multiplex signaling,
which consists in transmitting a plurality of
currents of different frequencies all harmonic
to a certain basic frequency and each modu-
lated according to one or more messages, and
receiving these messages by detection with
the aid of locally generated currents of the
same harmonic frequencies, and synchroniz-
ing said locally generated currents by means
of one of the said transmitted harmonic fre-
quency currents appropriated to that purpose.

18. In a multiplex carrier current system,
a line, means to generate a composite alter-
nating current of a certain fundamental fre-
quency and to separaté the component cur-
rents of other frequencies to respective chan-

7

nels associated with said line, means at the
sending end to modulate one of the higher
frequency component currents at the rate of
the fundamental, and means at the receiving
end governed by the said currents so modu-
lated to control the generation of a current
corresponding to the composite current gener-
ated at the other end of the line.

19, In a multiplex carrier current system,
2 line, means at one station on the line to
generate a composite alternating current of
a certain fundamental frequency, means to
separate its components to various conductors
and to modulate them for signaling and
specially to modulate one such component
regularly at the rate of the fundamental al-
ternating current and to put all the compo-
nents so modulated on the line, and means
at another station controlled by said specially
modulated component current to generate an
alternating current like that generated at the
first mentioned station.

20. In a multiplex carrier current system,
a line, means at one station on the line to
generate & composite alternating current of
a certain fundamental frequency, means to
separate its components to various conductors
and to modulate them for signaling and spe-
cially to modulate one such component regu-
larly:at the rate of the fundamental alter-
nating current and to put all the components
so modulated on the line, and means at an-
other station controlied by said specially
modulated component current to generate an
alternating current like that generated at the
first-mentioned station, and means to utilize
the components of said alternating current
generated at said other station for homodyne
reception thereat,

In witness whereof, I hereunto subscribe
my name this 15th day of April A. D., 1919.

BURTON W. KENDALL.
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