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MULTIPLEX SYSTEN.

Application fled September 39, 1918, Serial Wo. 324,851,

To oll whom @ mey concern.: :
Be it ‘known that I, Lrovyp EspeNCHIED

residing at Hollis, in the county of Queens

and State of New York, have invented cer-

tain Improvements.in Multiplex Systems, of

which the following is a specification.
This invention relates to multiplex signal-
ing systems and more particularly to radio
and wire transmission systems in which car-
- rier currents are employed for the trans-
mission of signals. :

One of the okiects of this invention is to -

reduce interference between a plurality
of signal channels over which simultane-
ous transmissions are taking place either in
the same or opposite directions. Another
object of the invention is to reduce the, in-
terference between transmissions over one
or ‘more channels- employing the same
transmission medium and similar chso-
nels employine a similar but different me-
dium. Still ap:ther object oi the Inven-

tion is to proviie a multiplex system -

in. which oppositely -directed transmissions
may be readily separated at repeater points
for separate amplification. ’

The above objects, as well as other aims

of the invention, more fuliy appearing here-
inafter, aré realized in a multiplex signal-
_ing system in which a plurality of individual
signals may be simultaneously transmitted
over g common medium of communication
through the agency of carrier. currents of

different frequencies, the frequencies of each
5 channel being so chosen that oppositely di-

rected transmissions will be separted from
each other in frequency by an amount equal
to or.greater than the frequency separation
between transmissions in the same direction.

Heretofore in multiplex systems employ-
ing carrier currents, it has been possible to
both receive and transmit over each channel

. at the same channel frequency, provided an
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extremely good condition of balance is at-
tainable by the outgoing and incoming
‘transmissions. If, however, as is frequent-

ly the case, the condition of balance is

so poor that the outgoing transmission
from a particular channel reacts upon the
local receiving circuit to too great an ex-
tent, it is no longer possible to both re-
ceive and transmit at the same fre-
quency. Accordingly it has been pro-
posed to “stagger” the frequencies of the

outgoing and incoming transmissions per-
taining to the several chanmels so that for a
given channel the carrier frequency em-
ployed for transmission in one direction will
lie between the frequencies employed for
transmission in the opposite direction by
th:]rt channel and the nearest adjacent chan-
nel.

With the arrangement just described, the
interference between oppositely directed
transmissions is reduced not only by selec-
tivity due to the frequency difference, but is
further reduced by the partial balance be-
tween oppositely directed transmission. Iis
efficiency, however, decreases as the degree
of unbalance becomes greater, thereby neces-
sitating a wider frequency separation so that
the total frequency range necessary for a
given nnmber of channels becomes excessive.
1f the balance is extremely poor, a condi-
tion may arise where a greater frequency
separation becomes necessary between oppo-
sitely directed transmission than that neces-
sary for transmissions of the same direc-
tion. This arises from the fact that the
amount of energy transmitted over the out-
going channel of a particular station is great-
Iy in excess of the energy received from the
incoming channel, the latter having been
greatly attenuated during transmission
from a distant point. Consequently even
though the outgoing and incoming channels
be partially balanced and partially separat-
ed in frequency, the total amount of out-
going energy which may react on the incom-
ing channel may exceed the amount of inter-
fering energy from an adjacent channel over
which transmission is taking place in the
same direction and the frequency of which
differs from that of the channel in question
by the same amount as the frequency sepa-
ration between the outgoing and incoming
transmissions. - : ' '
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It is, therefore, necessary, under these con-

ditions of unbalance, to provide a greater
frequency separation between oppositely di-
rected - transmissions than that provided
between transinissions in the same direc-
tion. This result is secured in accord-
ance with the present invention by grouping
the frequencies utilized for transmission in
one range of frequencies, the frequencies,
employed for transmission in the opposite
direction being included within another
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range. Preferably, the several frequences
in each range corresponding to the sev-
eral channels will be separated ‘from
each other by an amount just sufficient
to prevent undue interference between trans-
missions in the same direction. Since for
any given channel the frequency employed
for outgoing transmission will lie in an en-
tirely different range from that employed
for iIncoming transmission, the frequency
separation between oppositely directed trans-
missions may be so great that no balance at
all is necessary between the outgoing and
ineoming transmissions. ‘ _

The invention may now be more fully un-
derstood from the following description
when read in connection with the accom-
panying drawings, in which Figure 1 is a
schematic diagram showing one circuit ar-
rangement in which the invention may be
embodied, while Figs. 2, 3, and 4 show
curves illustrating the principles of the in-
vention. ‘ : '

‘Referring to Fig. 1, ML designates a
main transmission line over which a plu-
rality of signals may be simultaneously
transmitted.” The line ML: and the carrier ap-

" paratus associated therewith is herein illus-
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frequency signaling

trated with reference to a telephone system,
but. it will be understood that the princi-
ples of the invention are equally applicable
to the transmission of telegraphi¢ and other
types of signals. At station A the line ML
is ‘associated by means of a transformer 10
with a common carrier transmitting circuit
TL and a common carrier receiving circuit
RL. In order to render the circuits TL and

‘RL conjugate with respect to each other,

so that electrical disturbances arising in the

“one circuit will be without effect upon the

other, the main line ML is balanced by an

-artificial line or network MN. Similarly at

station B the line ML is associated through
a transformer 10’ with common carrier
transmitting circuit TL/ and common car-
rier receiving circuit RL’, said circuits be-
ing rendered conjugate by the provision of
a balancing network MN” for balancing the
line ML. ' _

L,, L, and I, respectively designate low
circuits, such as tele-
phone circuits, which are so related to the
main line ML that signals from said circuits

5 may be simultaneously transmitted oversaid
‘main line.  For this purpose the line L,
‘transmit from 11,000 to 13,000 cycles, or

" is connected to the common transmittin

88 -

- receiving circuit RL throug

circiit TL through a transmitting channel

TL, and to the common receiving circuit

RL; through the receiving channel

nels TL, and TL,, respectively, and with
I receiving
channels RL, and RL, respectively.

In order to translate the low frequency

-1s
lating arrangement such as is disclosed -in

L, In-
" a similar manner lines L, and L, are asso-
- ciated with TL through transmitting chan-
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signals from the line L, into high frequency
current for transmission over the line ML,
the modulating arrangement M, is included
in the. transmitting channel TL,. This
modulating arrangement which is merely
indicated schematically, may be any orgam-
zation whereby high frequency oscillations
from any suitable source are modulated in
accordance with low frequency signals, but
referably a duplex vacuum tube modu--

the application of John R. Carson, Serial
No. 157,413, filed March 26, 1917. Similar
modulating arrangements M, and M, are pro-
vided for the transinitting channels TL, and
TL,, the modulators M;, M, and M, differ-
ing from each other only in the frequency
of the carrier currents supplied thereto.
As indicated, the.carrier frequencies sup-
plied to these modulators may be 5,000, 8,000
and 11,000 cycles respectively, but it will be
understood that these frequencies are given
only for purposes of illustration. s

In order to provide the desired frequency
separation between the three transmitting
channels, filters TF,, TF, and TF, are in-

cluded in the channels TL,, TL, and TL, re-~

spectively. Where the low frequency sig-
naling range is quite narrow, as in the case
of telegraph transmission, these filtering ar-
rangements may be simple tuned circuits,
but where, as in the case of teleghony., the:
low frequency signal range is of consider-
able width, the filters should preferably be
of the broad band type disclosed in the
United States patents to George A. Camp-
bell, Nos. 1,227,113, and 1,227,114, dated
May 22, 1917. Where it is desired to sup-
press one of the side bands resulting from
modulation of the carrier current by a sig-
naling current, each filter should be so de-
signed as to transmit a band of frequen-
cies extending either above or below the car-

70

76

80

85

90

05

wo -

108 .

rier frequency assigned to the channel by

an amount equal to the low frequency sig-
naling range. Thus in the case of channel
TL,, assuming that the range of telepbonic
transmission 18 from zero to. about 2,000
cycles, the filter TF, should be designed to
transmit a  band extending either from
5,000 cycles to about 7,000 cycles, or from
5,000 cycles down to -about 3,000 cycles.
Similarly the filter TF, should transmit
from 8,000 to 10,000 cycles or from 6,000 to
8,000 cycles, while the filter TF, should

from 9,000 to 11,000 cycles, depending upon

whether the lower or the upper side band is

to be eliminated. ‘ .
In order to amplify the modulated high

“frequency currents impressed upon the com-

mon circuit TL from the transmitting chan-
nels TL,, TL, and TL; an amplifier TA may
be included in the circuit TL. This ampli-
fier may be. of any well known type, but is
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‘preferably a vacuum tube '.ampl_iﬁexj of the
well known push and pull type. A filter:

" TF is also provided in the circuit TL. This

10

filter is likewise of the general type dis-
closed in the patents to Campbell above re-
ferred to and should be so designed as to

transmit a band of frequencies sufficiently.

wide to include all of the frequencies aris-
ing in the several transmitting channels.
In the case illustrated, assuming that the
lower side band should be eliminated, the
filter TF should transmit a range of fre-
quencies- extending from 5,000 cycles to

© 13,000 cycles. ‘ '
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Inasmuch as, in accordance with the pres-
ent invention, the carrier frequencies used
for receiving should lie within an entirely

. different range from those used for trans-

mitting, the common receiving circuit RL is
provided with a filter RF similar to the filter
TF but so designed as to transmit a band of
frequencies. extending from the lowest fre-

receiving channel. Assuming that the three
receiving channels have assigned to them
basic earrier frequencies of 15,000, 18,000 and
21,000 cycles respectively, and that the lower
side band in each case is eliminated, the filter
RF should pass frequencies from 15,000 to
23,000-cycles. A common amplifier RA simi-

lar to amplifier TA is also provided in the

common receiving circuit RL in order to am-
plify all received frequencies. '
In order to separate into the proper re-
ceiving channels the varicus received fre-
quencies, filters RF,, RF, and RF, are in-

cluded in the receiving channels RL,, RL,
and RL, respectively, These filters are in

general similar to the filters TF,, TF, and
TF,, but arve each designed to pass a band
of frequencies extending either above or be-
low the carrier frequency individual to the

~ channel .an amount equal to the range of fre-
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a band of frequencies from 15,000 to a

‘quencies employed for low frequency signals.

If, for instance, the frequencies assigned to
the receiving channels RL, RL, and RL, are
15,000 18,000 and 21,000 cycles, respéctively,
and the lower side band in each case is elimi-
nated, filter RF, would be arranged to pass
ut
17,000 cycles, 1 the case of telephonic sig-
naling; Similarly filter RF, would pass a

- band from 18,000 to 20,000 cycles and filter

RF, 2 band from 21,000 to 23,000 cycles.

In order that the modulated carrier cur-
rents received in the different receiving
channels o1y be translated into the low fre-
quency signals, in accordance with which
they were modulated at the distant trans-
mitting station, the receiving channels are
provided with detecting arrangements, D,,

. D, and D, indicated schematically in the

68

drawing. These detecting arrangements
may be of any well known type but are pref-

e

erably duplex vacuum tube detectors of the

gpe lustrated in the application of J. R,
arson,

1917. The detecting or demodulating ar-

rangement of the said application of J. R.

Carson employs the so-called homodyne

method of detecting, thereby necessitating

-that the carrier frequency of that particular

channel be supplied to the demodulating ar-
rangement at the same time that the received
modulated carrier waves are applied there-
to. Accordingly, the demodulating arrange-
ments are illustrated as being supplied with

“oscillations from local homodyne sources

having frequencies of 15,000, 18,000 and
21,000 cyeles respectively. - It . will, of
course, be understood that these frequencies
are given merely for purposes of 1illustra-
tion and that in actual practice frequencies
other than those indicated may be em-

plglyed .

‘ he - arrangement at - station B is quite
quéncy employed by any receiving channel
-to the highest frequency employed by any

similar to that at station A and similar
parts are designated by the same reference

‘characters as at station A, except that in

the case of station B the reference charac-
ters are primed.- Owing to the similarit
of arrangements at the two stations, it 1s
unnecessary to describe the apparatus at
station B in detail. Tt should be. noted,

that two-way transmission takes place be-
tween L, L,, and L, at station A, and lines

Serial No. 157,414, filed March 26, .
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however, that as the system is organized so -

L., I, and Ly at station B, respectively, the

frequencies " assigned to the transmitting
and receiving channels are different. Thus
the .frequencies of the ‘receiving channels
RL,; RL, and RL,- aré indicated at being
5,000, .8,000 and 11,000 -cycles respectively,
these frequencies corresponding to the trans-
mitting frequencies at station A. On the
other hand the transmitting frequencies of
the transmitting channels TL,,, TL, and
TL, at station B are indicated as being

115,000, 18,000 and 21,000 cycles respectively,

these frequencies corresponding to the fre-
quencies assigned to the receiving channels
at station A. The bands-to- be transmitted
by the filters at station B are therefore modi-
fied accordingly. '

The operation is:as follows: Telephone
currents incoming from the line L; are trans-

- mitted over the transmitting channel TL, to

the modulator M, -where they are impressed
upon a carrier frequency of 5,000 cycles.
After being modulated the resultant band of
frequencies is passed through the filter TF,
to the common transmitting circuit TL. At
the. same time other telephone waves from
lines L, and L, are translated into carrier
frequencies and pass through the filters TF,
and TF, to the common transmitting eir-
cuit TL. After being amplified by the am-
plifier TA the several bands of frequencies
are passed through the filter TF and are then
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transmitted through the transformer 10 to
the main line ML, However inefficient the
balancing arrangement of the line ML may
be, the frequencies passing through the filter
TF to the line ML: cannot enter the common
receiving circuit RL since the band of fre-
quencies passed by the filter RF is different
from that passed by the filter TF. Further-
more, even assuming that the filter RF was
sufficiently inefficient to pass some energy of
the frequency of one of the transmitting
channels such as, for instance, 5,000 cycles,
to the transmitting channel TL,, this fre-
quency could not enter the receiving chan-
nel RI., to any appreciable extent because the
band passed by the filter RF, is in the neigh-
borhood of 15,000 cycles and therefore quite
remote from a frequency in the neighiborhood
of 5,000 cycles.

The several carrier frequencies impressed
upon the line ML from the transmitting cir-
cuit TL, upon being transmitted to station
B, are passed by the filter RF’ into the com-
mon receiving circuit RL’, but are not per-
mitted to enter the common transmitting cir-
cuit TL, since they do not lie within the
range of the filter TF’. Upon passing the
filter RF” these frequencies are amplified by
the amplifier RA’ and are then distributed
into the proper receiving channels through
the filters RF,,, RF,. and RF, respectively.
The carrier frequencies then beat with fre-
quencies of 5,000, 8,000 and 11,000 cycles re-
spectively in the detecting arrangements D,
D, and D, so that the low frequency signals
are transmitted from the output sides of the
demodulating arrangements to the lines L,
L._.' and Lsr.

Signals incoming from the lines Ly, Ly
and L, pass into the corresponding transmit-
ting channels at station B and modulate fre-
quencies of 15.000, 18,000 and 21,000 cycles
respectively. The resultant frequency bands
ave transmitted through the filters TT,,, TF,
and TF, to the amplifier TA” where they are
amplified, then passing through the filter
TE" and the transformer 10" to the mair
line M1, being excluded from the common
receiving, cirenit RL/ by the filter RF".
After being transmitted over the main line
MI. they pass through the filter RF to the
amplifier RA of the common receiving cir-
cuit RIi, being excluded from the common
transmitting circuit by means of the filter
TF. TUpon being amplified the frequency
bands are separated into the proper receiving
channels through the filters RF,, RF, and
RT, where they beat with frequencies of
15,000, 18,000 and 21,000 cycles, respectively,
in the demodulating arrangements D,, D,
and D,, The resulting low frequency sig-

nals are then transmitted to the lines I,
" transmitting and receiving channels indi~

L, and I, respectively..

65

In order to obtain a clear understanding
of the principles underlying the present in-

1,548,260

vention and its advantages over arrange-
ments previously proposed, attention is
called to the curves of Figs. 2, 3and 4. The
curves of Fig. 2 represent the variation with
frequency of the amplitude of the waves
passed through the filters of the transmitting
and receiving channels corresponding to
three lines of a multiplex system in which
the condition of balance is so perfect that
transmission and reception may take place

‘at the same frequency: As is well known,

a filter, whether it be a sharply tuned cir-
cuit or a broad band filter of the Campbell
type, does not have a sharp cut-off but at-
tenuates frequencies outside of the critical
frequency or range of frequencies to an in-
creasing extent, as the frequency lies farther
from the critical or limiting frequency of
the transmitted band of frequencies. The
curves of Fig. 2 roughly represent the condi-
tion for broad band filters instead of sharply
tuned circuits. In the case of the transmit-
ting and receiving channel indicated in the
figure by “a”, the characteristic frequency.is
5,000 cycles and the filter transmits a band
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between the 5,000 and 7,000 cycles with equal -

amplitude. The amplitudes of frequencies
lying without this range decrease with the
distance from the limiting frequencies of the
band, as indicated by the curve. In a similar
manner the filters of the transmitting and
receiving channels indicated by “b” readily
transmit a band lying between 8,000 and
10,000 cycles but attenuate frequencies lying
without this range. Thus the amplitude of a
frequency of 8,000 cycles will be 12 units in
the case of &, while the same frequency will
only attain an amplitude of 2 units in the
cgee of @ Assuming that this represents the
faximum amount of permissible interfering
energy, it will be seen that the frequency
spacing of 1,000 cycles between the adjacent
bands will be sufficient. for the desired condi-
tion of noninterference between the channels
corresponding, to different terminal lines.
It will be understood that the interference
values used above are purely illustrative.

““Actually the ratio between amplitudes of the

transmitted and the suppressed interfering
freqiiencies should be somewhat less than 12
to 2 to prevent excessive crossfire between
superimposed telegraph circuits and much
less than this, more nearly 1,000 to 1, to pre-
vent undue crosstalk between - telephone
circuits. \

Noninterference between the outgoing and
incoming transmission for a particular line
depends, in the case illustrated by the curves
of Fig. 2, not upon frequency separation
but upon balance between the outgoing and
the incoming circuit. If the balance is suf-
ficiently good so that for the case of the

cated at b, a transmitted wave having a fre-
quency of 8,000 cycles will have an ampli-
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tude of 12 units in the outgoing -circuit
while the corresponding wave appearing in
the Incoming circuit due to unbalance is,

' say, 2 units or less, it will be sufficient to dis-

criminate: between outgoing and incoming
transmissions by balance alone and to dis-
criminate between transmissions of adjacent
channels in the same direction by frequency

- separation alone, as indicated in Fig. 2. If

io

15

" separation.

a greater degree of unbalance exists than
that assumed, it becomes necessary to dis-
criminate between. outgoing -and incoming
transmissions for the same line by frequency

Fig. 8 illustrates curves similar to
those of Fig. 2 for a condition where the
outgoing and incoming transmissions are
“staggered ” in frequency. Each frequency

- band is here assumed to be 2,000 cycles in

20

28

30

35

40

45

60

56

60

.66

width and te be separated from the adja-
cent band by 500 cycles.. The arrows indi-
cate the direction of transmission of the

characteristic carrier frequency .of each

band. It will be seen that the incoming
transmission band of the channel corre-
sponding to “a” is separated from the in-
coming band of the channel corresponding
to “b” by 3,000 cycles so that a sufficient
degree of separation between transmissions
in the same direction is provided for. The
outgoing transmission of the channel corre-
sponding to “a” is located between the in-
coming transmissions of “ ¢ and “5.” For
the condition illustrated an outgoing fre-
quency of 7,500 cycles in the case of “a”
would result in a wave having an amplitude
of 4 units in the incoming circuit upon the
assumption that no balance whatever were
provided. If the condition of balance is
sufficiently good to reduce this by one-half,
the wave would have an amplitude of two
units which may be assumed to satis{y the
requirements as to interference, so that it
will be seen that for a good balance a closer
spacing is permissible between oppositely
directed transmissions than is possible be-
tween transmissions in the same direction.
The same holds true for the outgoing trans-
mission corresponding to “a” and the in-
coming transmission of “5.” Thus a fre-
quency of 9,500 cycles in the case of “a”
would have an amplitude of 4 units in the
incoming circuit corresponding to “37” if
no balance existed between the main line and
its network at the terminal station. If,
however, as assumed, the balance is sufficient
to reduce the amplitude of the wave one-
half, the required conditions for noninter-
ference will be satisfied. . . .

If, however, no balance whatever were
provided or if the balance were inferior to
that assumed for Fig. 8, it becomes neces-
sary to effect the desired separation between
oppositely directed channels' of the same
circuit by increasing the frequency separa-

tion between them. This gives rise to an-
other possible ‘disposition in the broad fre-
quency range, of the channels of a multi-
plex system. This is called the “grouped”
arrangement of the present invention and
1s illustrated in Fig. 4. Here the oppositely
directed channels of one circuit are so
widely separated in the frequency spectrum
as to permit similarly directed channels of
the multiplex system to be grouped to-
gether in individual frequency ranges. Re-
ferring to Fig. 4, the channels of one direc-
tion of transmission are brought as close to-
gether as the interference limit between
similarly directed channels will permit, say
within 1,000 cycles, and the frequency spac-
ing between oppositely directed chanmnels is
made large encugh to avoid interference be-
tween them.

The advantage of this “grouped” arrange-
ments as compared with the “staggered”
one is that it permits of obtaining the con-
siderable frequency spacing between oppo-
sitely directed channels necessary for over-
coming conditions of poor line balance with-
out similarly and needlessly increasing the
frequency separation betwcen similarly di-
rected channels. For example, in Fig. 4
the frequency separation between opposttely
directed channels is 2,000 eycles and to ob-
tain this separation with the staggered ar-
rangement of Fig. 3 would involve moving
the similarly directed channels apart 6,000
cycles.” For this condition the staggered
arrangement would require a considerably
greater total frequency range than the
grouped arrangement, as the staggered ar-
rangement would extend from 5,000 to
27,000 cycles while the grouped arrange-
ment only extends from 5,000 to 23,000
cycles.

The disposition of channels indicated in
Fig. 4 is that in which the frequency spac-
ing between the oppositely directed chan-
nels of g two-way circuit is the same for all
of the circuits of the multiplex group,
namely 10,000 cycles between carrier fre-
quencies. Thus for circuit “e” one channel
has a carrier of 5,000 cycles while the other
has a carrier of the 15,000 cycles; for circuit
“3” 8,000 and 18,000 cycles; and for circuit
“¢” 11,000 and 21,000 cycles.

. An alternative disposition of the channels
is to have them paired symmetrically with
respect to the frequency spacing between the
two groups. Thus, the 11,000 cycle and the

15,000 cycle carrier would be paired as the.

oppositely directed channels of cne circuit,
the 8,000 and 18,000 cycle channels of a
second circuit and the 5,000 and 21,000 cycle
channels of & third circuit as shown at
a” b ¢ in Fig. 4. -

The “grouped” arrangement of channels
characterizing the présent invention is es-
pecially desirable in 2 multiplex system
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wherein the carrier transmission is effected
by radio instead of by wire. It is especial-
ly desirable in radio because the very large
ratio between sent and received energy rend-
ers the separation of oppositely directed
channels of two-way circuits by balance
alone very difficult, if not impossible, in the
present art. Because the frequency spacing
which must be left between the sending and
receiving channels is considerable as com-
pared to that which is necessary between
similarly ‘directed channels, sending or re-
ceiving, the grouping arrangement is an
economical one.

The arrangement of this invention is also
particularly advantageous in preventing in-
terference between oppositely directed chan-
nels, whether the interference be between
oppositely directed channels superposed on
the same transmission medium or opposite-
ly directed channels superposed upon dif-
erent transmission media. The condition
of interference is most severe at the termi-
nal stations ‘and at the repeater points for
the reason that outgoing transmission leav-
ing a terminal station or a receiving point
has an amplitude quite large in comparison
with transmissions being received at either
of these points, by reason of the fact that
the received transmissions have undergone
attenuation in being transmitted from dis-
tant - points. Consequently an outgoing
transmission produces an interference in an
incoming circuit relatively much greater
than is produced upon another outgoing
channel or circuit. Inasmuch as the pro-
posed arrangement provides a very wide
separation in frequency between oppositely
directed transmissions, it- becomes at once
apparent that if the frequency separation
between transmissions in the same direction
is sufficient to satisfy the required standard:
of noninterference, the frequency separa-
tion between the oppositely directed trans-
missions corresponging to a given channel
will be so much greater as to satisfy the re-
quired conditions practically regardless of
the condition of balance.

The proposed arrangement is also ad-
vantageous in connection with the sepa-
ration of outgoing and incoming trans-
missions for separate amplification at re-
peater points. By grouping frequencies
transmitted in one direction together in a
frequency range lying outside of the range
in which the frequencies transmitted in the
opposite direction are grouped, the two sets
of transmissions may be readily separated

with regard to the east and west amplifiers.

of the repeater set by means of band filters.

While the invention has been disclosed as
applied to a multiplex wire telephone sys-
tem, it will be understood that the prin-
ciples thereof are equally applicable to
either wire systems or wireless systems and

t 1,548,260

in general to the transmission of any char-
acter of signal. Furthermore, it will be ob-
vious that the general principles herein dis-
closed may be embodied in many other or-
ganizations widely different from those il-
lustrated without departing from the spirit
of the invention as defined in the following
claims.

What is claimed is: ,

1. In a multiplex signaling system, a
transmission circuit, means whereby a plu-

rality of channels of communication may

be established over said circuit in each di-
rection, each channel employing characteris-
tic carrier frequencies for signal transmis-
sion, and the frequencies of the channels be-
ing so chosen that the frequencies utilized
by all of the channels for transmitting pur-
poses will lie within one range and the fre-
quencies used for receiving will all lie with-
in another range the arrangement of the
frequencies of the several channels in one
range being axially symmetric with respect
to the arrangement of the frequencies of the
several channels in the other range, the axis
of symmetry corresponding to a frequency
midway between the limiting frequencies of
the ranges. :

2. In a multiplex signaling system, a
plurality of signaling “channels” employ-
ing different carrier frequencies, the fre-
quencies of the channels being so chosen that
the frequency separation between opposite-
lﬁ directed transmissions will be greater
than that between the most closely spaced
transmissions in the same direction.

3. In a multiplex signaling system, a plu-
rality of signaling channels employing dif-
ferent carrier frequencies, the frequencies
of the channels being so chosen that all of
the carrier frequencies used for transmis-
sion in one direction will lie within one
range and all of the carrier frequencies
used for transmission in the opposite di-
rections will be within another range, the
arrangement of the frequencies of the sev-
eral channels in one range being axially
symmetric with respect to the arrangement
of the frequencies of the several channels
in the other range, the axis of symmetry
corresponding to a frequency midway be-
tween the limiting frequencies of the ranges.

4. In a multiplex signaling system, a com-
mon transmission circuit over which a plu-
rality of signals may be simultaneously
transmitted, a plurality of terminal lines
adapted to transmit signals to said common
circuit, means associated with each terminal
line whereby it may transmit signals at one
frequency and receive at another frequency,
the frequencies employed by the several ter-
minal lines being 'so chosen that the fre-
quency employed by a given terminal line
for transmitting will differ from that which
it employs for receiving by an amount
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greater than that by which it differs from the
nearest frequency employed by another ter-
minal line. o

5. In a multiplex signaling system, a com-
mon transmission circuit over which a plu-
rality of signals may be simultaneously

transmitted, a plurality of terminal lines-

adapted to transmit signals to said common
circuit, means associated with each terminal
line whereby it may transmit signals at one
frequency and receive at another frequency,
the frequencies employed by, the several ter-
minal lines being so chosen that all of the
frequencies employed by a plurality of ter-
minal lines for transmitting will lie within
one range, and all of the frequencies em-
ployed by said lines for receiving will lie
within another range, the positions of the
several transmitting frequencies in the range
which they occupy being axially symmetric

“with respect to the positions of the several

receiving frequencies in the range which the
latter occupy, the axis of symmetry corre-
sponding to a frequency midway between the
Iimiting frequencies of the ranges.

6. In a signaling system, a common trans-
mission circuit over which a plarality of sig-
nals may be simultaneously transmitted, a
plurality of low frequency signaling circuits,
a carrier channel for intercomnecting each

" low frequency circuit with said transmission

circuit for transmission in one direction, an
oppositely directed carrier channel for inter-
connecting each low frequency circuit with
said transmission ecircuit for transmission in

the ogposite direction, the frequencies em-

ployed by carrier channels transmitting in

-one direction being in one range, and the

frequencies employed by carrier channels
transmitting in another direction being in
.another range, the positions of the several
transmitting frequencies in the range which
they occupy being axially symmetric with
respect to the positions of the several receiv-

ing frequencies in the range which the latter

oceupy, the axis of symmetry corresponding

to a frequency midway between the limiting

frequencies of the ranges, ’ ’
7. In "o multiplex signaling system, a

transmission’ circuit, means whereby a plu--

rality of channels of communication may be
established over said circuit in each direc-
tion, each channel employing characteristic
carrier frequencies for signal transmission,
and the frequencies of the channels heing so
chosen that the frequencies utilized by all of
the channels for transmitting purposes will
lie within one range and the irequencies
used for receiving will all lie within another
and entirely different range. '

8. In a multiplex signaling system, a plu-
rality of signaling channels employing dif-

. ferent, carrier frequencies, the frequencies of

the channels being so chosen that all of the
carrier frequencies used for transmission in

&7

one direction will lie within one range and
all of the carrier frequencies used for trans-
mission in the opposite direction will be
within another and entirely different range.

9. In a multiple signaling system, a com-
mon transmission circuit over which a plu-
rality of signals may be simultaneously
transmitted, a plurality of terminal lines
adapted to transmit signals to said common
circuit, means associated with each terminal

line whereby it may transmit signals at one

irequency and receive at another frequency,
the frequencies employed by the several ter-
minal lines being so chosen that all of the
frequencies employed by a plurality of ter-
minal lines for transmitting will lie within
one range, and all of the frequencies em-
ployed by said lines for receiving will lie
within another and entirely different range.

10. In a signaling system, a common
transmission circuit over which a plurality
of signals may be simultaneously transmit-
ted, a plurality of low frequency signaling
circuits, a carrvier channel for interconnect-
ing each low frequency circuit with said
transmission circuit for transmission in one
direction,  an oppositely directed carrier
channel for interconnecting each low fre-
quency circuit with said transmission cir-
cuit for transmission in the opposite- direc-
tion, the frequencies employed by carrier
channels transmitting in one direction be-
ing in one range, and the frequencies em-

‘ployed by carrier channels transmitting in

another direction being in another and en-
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tirely different range, whereby it is unnec--

essary to maintain oppositely directed chan-
nels conjugate. S .

11. In a multiplex signaling system, a
transmission circuit, means whereby a plu-
rality of channels of communication may be
established over said circuit in each direc-
tion, each channel transmitting a band of
frequencies of sufficient width to accommo-

‘date a desired signal, and the bands trans-

mitted by the channels being so related to
each other and so spaced that the bands uti-
lized by all of the channels for transmitting
purposes will lie within one range as closely
adjacent to each other as will be consistent
with non-interference between the bands of
that range, and the bands utilized by the
channels for receiving will be spaced in sub-
stantially the same manner within another
range displaced in the frequency spectrum
with respect to said first mentioned range.
12. In 2 multiplex signaling system, a
plurality of signaling chanmuels each em-
ploying s band of frequencies of sufficient
width to accommodate a desired signal, the
bands of the channels being so related to
each other and so spaced that all the bands
used for transmission in one direction will
be as closely adjacent to each other as will
be consistent with non-interference between
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the bands of that range, and all of the bands
used for transmission in the opposite direc-
tion will be spaced in substantially the same
manner within another range displaced in
the frequency spectrum with respect to said
first mentioned range.

13. In a multiplex signaling system, a
common transmission circuit over which a
plurality of signals may be simultaneously
transmitted, a plurality of terminal lines
adapted to transmit signals to said common
circuit, means associated with each terminal
line whereby it may transmit a band of fre-
quencies, means associated with each termi-
nal line whereby it employs one band of fre-
quencies to transmit signals and a different

“band of frequencies to receive signals, the
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ovands employed by the several terminal
lines being so related to each other and so
spaced that all of the bands employed by a
plurality of terminal lines for transmitting
purposes will lie within one range as closely
adjacent to each other as will be consistent
with non-interference between the bands of
that range, and all of the bands employed
by said lines for receiving will be spaced in

substantially the same manner within an-

other range displaced in the frequency spec-
trum with respect to said first mentioned
range. _ o

14. In a signaling system, a common
transmission circuit over which a plurality
of signals may be simultaneously trans-
mitted, a plurality of low frequency signal-
ing circuits, a carrier channel for intercon-
necting each low frequency circuit with said
transmission cirguit for transmission in one
direction, an oppositely directed carrier
channel for interconnecting each low fre-

‘quency circuit with. said transmission cir-

cuit for transmission in the opposite direc-
tion, the bands of frequencies employed by
the carrier channels transmitting in one di-
rection being of such width as to accommo-
date a desired signal and being so spaced
and related to each other that they will lie
within one range as closely adjacent to each
other as is consistent with non-interference
between the channels, and the bands em-

- 1,548,260

ployed by the carrier channels transmitting
m_the opposite direction being spaced in
substantially the same manner and lying
within 2 range which is displaced in the fre-
quency spectrum with respect to said first
mentioned range. ,

15. In a multiplex carrier wave signaling
system, a plurality of two-way transmission
channels distinguished from one another by
the carrier frequencies which they employ,
the carrier frequencies of the channels used
for transmission in one direction being com-
prised in an upper range and the carrier
frequencies used for transmission in the op-
posite direction being comprised in an en-

-tirely different and lower range, the pair-

ing of the oppositely directed carrier waves
of the respective ranges to form the oppo-
site sides of the two-way channels being
such that the lowermost carrier frequency
of the upper range is paired with the upper-
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most carrier frequency of the lower range

to form one two-way channel, the second
lowest carrier frequency of the upper range
is paired with the second highest carrier
frequency of the lower range to form a sec-
ond two-way channel, and so on. :

16. In 4 multiplex carrier wave signaling
system, a plurality of two-way, transmission
channels distinguished from one another by
the respective carrier frequencies which they
employ, the carrier frequencies being in-
cluded in two separate groups, those used
for transmission in one direction being all
higher than a definite limiting or group-
separation frequency, and those used for
transmission in the opposite direction being
all lower than said limiting or group-sepa-
ration frequency, the two carrier frequencies
employed for the obposite sides of any given
two-way channel being the correspondingly
positioned carrier frequencies of said re-
spective groups in the order of frequencies
counting from the group-separation -fre-
quency.

5

80

85

90

In testimony whereof, I have signed my o5

name to this specification this 18th day of
September .1919.
: LLOYD ESPENSCHIED.



