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1

The invention relates to communication sys-
tems and particularly to multiplex carrier com-
mumcatlon systems.

The invention is specxﬁcally applicable to a
two-way multiplex communication system ~in
which one group of carrier communication chan-
nels occupying & given frequency range above the
voice frequency range is transmitted in cne direc-
tion and a second group of carrier communica.~
tion channels occupying - a. higher frequency
range is transmitted in the opposite direction, all
of the channels ‘being transmitted between the
stations of the system over a common two -way,
two=wire line.

An object. of the invention is to‘adapt such a
system for also-transmitting a voice frequency
channel in each direction over the system, which
is on & voice frequency-basis over the intermmediate
two-wayline.

This object is attained efficiently and econori-
ically in accordance with the invention by simple
arrangements employmg 2, comparatively small
amount of additional transmission apparatus for
50 coupling ‘the low frequency portions of the
transmitting and receiving circuits at the ter-
minal’ stations or infermediate rspeater points
as to enable the ocutgoing voice channel at each
terminal or repeater point to be transmitted to
the two-wire line and the incoming voice chan-
nel at each terminal to be transmitted from: the
two-wire line to the. signal reproducing cireuit
for that channel, over two-wire paths and with-
out intermediate -frequency changing operations.

The exact nature of the invention will be un-
derstood from the following detailed description
when read in conjunction with the accompanying
drawings'Fig. 1 of which shows @ block schematic
of a multichannel, two-way carrier  telephone
system embodying the invention; and Fig. - 2
of which shows a block schematic of an interme-
diate two-way repeater embodying the inven-
tion which may ke used in the system of Fig, 1.

Referring to Fig, 1 of the drawings, the car-
rier system shown comprises a west terminal sta-
tion, to be referred tc hereinafter as terminal
station A, and an east terminal station. to be
referred to hereinafter as terminal station B, con-
nected by an intermediate main two-wire line MT..
which may be an open-wire line, operating 'in
combination to provide four two-way telephone
circuits, which may be designated as channsls .
2, 3 and 4, between the stations: " Each. terminal
station A and B includes an identical four-chan-
nel terminal shown within the dot-dash boxes
labeled Ta and Ts, respectively, which are re-
spectively associated with four two-wire telephone
subscribers’ lines at the respective stations.

As indicated, channel { of terminsdl Ta at ter-
minal station A, which cccupies the voice fre-
quency band, includes a transmitting circuit
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branch TC1 and a, recelving circuit branch RC:
whmh are coupled at the left by the’ hybrld coil
Hi and ‘associated balancing netwmk N1 in con-
jugate relation with each other and in transmis-

- sion relation with the two-wire line I1 leading to

one telephone subscriber’s transmitting and re-
celving telephone equipment (not shown).  The
transmitting branch TCp includes the low-pass
filter F1 having a cut-off frequency of 2700 cycles,
and the receiving hranch RC: includes the low-
pass filter F2 having a cut-off frequency of 2700
cycles, and the receiving channel amplifier A.

Channels 2, 3 and 4-of the four-channel ter-
minal at station A are produced by shifting by
modulation a voice frequency band to respectively
higher frequency positions in the earrier fre-
quency range below a given limiting frequency
Channel = 2" comprises  a transmitting circuit
branch TCz and’a receiving branch RCz coupled
at the left by the hybrid ‘coil Ha and associated
balancing network Nz in con;ugate rélation with
each other and in transmission relation with the
two-wire line Iz leading to the transmitting and
receiving telephone equipment of & second tele-
phone subscriber. The transmitting’ branch TCa
includes a low-pass filter Fs having a cut-off fre-
quency of 2700 cycles, in its input, followed by a
modulator Miand a 3200 t0 5700 ¢ycle band-pass
filter Fi; and the receiving ‘brarich RCe includes
the 3200 to’ 5700 ¢ycle band-pass filter Fs in ‘its
mput followed by the demodulator DM, the low-
pass filter Fe¢ having & cut-off frequency of 2700
cycles, and the receiving channel ‘amplifier As

.The ‘modulator M1 in the transmitting brarch
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TC1 and the ‘demodulator DM: in the receiving
branch TCa of ¢hannel No, 2 are supplied with s
carrier frequency of 5900 cycles fiom the common
oscillator-O1, ‘

The carrier channel No. 3 comprises a trans-
mitting circuit branch TCs and a receiving cir-
cuit- branch RCs coupled by the hybrid coil Hs
and the associated balancing network Nz in con-
jugate relation with each other and in transmis-
sion relation with the two-wire line I3 leading to
the telephone transmitting and receiving equip+
ment of a third telephone subscriber.. The trans-
mitting -branch 'TC3 includes- the low-pass filter
1 having a cut-off frequency of 2700.cycles, in.its
input.followed by the.modulator Ma-and the 6150
£0..8650, cycle band-pass filter. F's; and the receiv-

‘ing branch RC3 includes the 6150 to 8650. cycle

band-pass filter Fo. in its input followed by the
demodulator DMs, the low-pass filter Fio having
a cut-off frequency of 2700 cycles, and the receiv-
ing channel amplifier As. The modulator Mz in
the transmitting branch TCs and.the demodu-
lator' DM: in the receiving branch RCs of channel
No. 3 are supplied with" a carrier frequency of
8850 cycles from the common oscillator Oa.
Similarly; the transmitting circuit branch TCs4
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and the receiving branch RC: of channel No. 4
are coupled at the left by the hybrid coil H: and
associated balancing network Ns: in conjugate
relation with each other and in transmission rela-
tion with the two-wire line I« leading to the tele-
phone transmitting and receiving equipment of
a fourth telephone subscriber at terminal station
A. The transmitting branch TC: includes the
low-pass filter P11 having a cut-off frequency of
2700 cycles, in its input followed by a modulator
M3z and the 9100 to 11,500 cycle band-pass filter
F12. The receiving branch RCq includes in its in-
put the 9100 to 11,500 cycle band-pass filter Fi3
followed by the demodulator DM3, the low-pass
filler Fi« having a cut-off frequency of 2700
cycles, and the receiving channel amplifier As.
The modulator Mz in the transmitting branch
TCs and the demodulator DM3 in the receiving
branch RC: of channel No. 4 are supplied with
g carrier frequency of 11,800 cycles from the com-
mon oscillator Os.

The four-channel terminal Ts at terminal sta-
tion B includes component circuit elements iden-
tical with those described above for the four-
channel terminal Ta at terminal station A as in-
dicated by use of the same identification char-
acters for its corresponding circuit elements ex-
cept that each is followed by a prime (') mark,
connected at the right to the four two-wire sub-
seriber lines I’ to I’s4 as shown.

As the frequencies on the open wire line ML
of the carrier channels to be transmitted from
terminal station A to terminal station B are dif-
ferent from those on the open wire line ML to be
transmitted from terminal station B to terminal
station A, the circuits provided for connecting
terminal Ta to the west end of the two-wire line
MI: differ from those provided for connecting
terminal Ts to the east end of the two-wire line
ML, as follows.

The four transmitting branches TCi to TCs of
the four-channel terminal Ta at terminal station
A are connected at the right in parallel to the
input of the common transmitting line TLa for
the four channels. The common transmitting
line TLa, which includes the group transmitting
amplifier TAa, has its output connected to the
west end of line ML through a low-pass direc-
tional filter DF: having a pass frequency range
which includes the frequencies of the voice chan-
nels, and of the three low frequency carrier chan-
nels to be transmitted in the west-to-east direc-
tion, and excludes the frequencies of the three
higher frequency carrier channels to be trans-
mitted in the east-to-west direction. The four
receiving branches RCi1 to RC4 of the four-chan-
nel terminal Ta are connected at the right in par-
allel to the output of the common receiving line
RLa the input of which is connected to the west
end of the main line ML through the high-pass
directional filter DPF: the pass frequency range of
which includes the frequencies of the three higher
frequency carrier channels to be transmitted in
the east-to-west direction, and excludes the fre-

quencies of the three low frequency carrier chan-

nels to be transmitted in the west-to-east direc-
tion, and those of the voice frequency channels.
The common receiving line RLa includes between
the high-pass directiona] filter DF2 and the four-
channel terminal Ta, reading from right to left,
an equalizer EQi, the group demodulator GDM
supplied with the group carrier frequency of 20.65
kilocycles from the associated oscillator Os, the
low-pass filter F15 having a cut-off at a frequency
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4
of 11.8 kilocycles and the receiving group am-
plifier RAa.

The four transmitting branches TCi to TCs
of terminal Ts at terminal station B are con-
nected at the left in parallel to the input of the
common ftransmitting line TLs including the
group modulator GM supplied with a carrier fre-
quency of 20.65 kilocycles from the associated
carrier oscillator Os, followed by the group trans-
mitting amplifier TAs the output of which is con-
nected through a high-pass directional filter DF3
having the same frequency pass range as the
high-pess directional filter DF2 at the west termi-
nal station A, to the east end of the main line
ML. The four receiving branches RCr to RCar
of termina] Ts are connected in parallel at the
left to the output of the common receiving line
RLz which includes the group receiving amplifier
RABg, and the input of the common receiving line
RLz is connected to the east end of the main line
MI. through the low-pass directional filter DF4
having the same frequency pass range as the low-
pass directional filter DF1 at terminal station A.

In addition to the circuits which have been
referred to above, in accordance with the inven-
tion, terminal station A includes a voice fre-
quency by-pass circuit BCa having its input cou-
pled to the output of the common transmitting
line TLa by the hybrid coil Hs and associated line
and balancing filter network Ns, in conjugate
relation with the output of the group transmit-
ting amplifier TAa and in transmission relation
with the west end of line ML through the low-
pass directional filter DF1; and its output coupled
by hybrid coil Hs and associated line balancing
network Ns, in conjugate relation with the out~
put of the group receiving amplifier RAa and
in transmission relation with the four parallel-
connected receiving branches RC: to RCs of the
four-channel terminal Ta. The by-pass circuit
BCa includes in its input the low-pass filter Fur
cutting off at a frequency of 3 kilocycles, followed
by an equalizer EQz and a one-way amplifier As.
Also, a high-pass filter F20 cutting off at a fre-
quency of 3 kilocycles, is inserted in the common
receiving line RLa hetween the output of receiv-
ing amplifier RAa and hybrid coil He.

Also, in accordance with the invention, termi-

- nal station B includes in addition to the circuits
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referred to above, the vcice frequency by-pass
circuit BCs having its input coupled by hybrid
coil H7 and associated line and halancing flter
network N7, to the input of the common trans-
mitting line TLp in conjugate relation with the
input to group modulator GM in that line, and
in transmission relation with the four parallei-
connected transmitting branches TC’1 to TC’s of
the four-channel terminal Ts; and ifs output
coupled by hybrid coil Hs and associated line
balancing network Ns to the input of the com-
mon receiving line RLs in conjugate relation
with the input of the group receiving amplifier
RAg and in transmission relation with the main
line ML through the low-pass directional filter
DF3. The by-pass BCs circuit includes the low-
pass filter Fis cutting off at the frequency 3 kilo-
cycles, in its input, followed by the one-way am-
plifier As. Also, a high-pass filter s cutting off
at a frequency of 3 kilocycles is inserted in the
common transmitting line TLz between hybrid
coil H7 and the input of group modulator GM.
The channel and group modulators and de-
modulators used in the circuits described above
are preferably of the balanced carrier suppres-
sion type, and the oscillators, filters and the
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5 .
other transm1ss1on apparatus used.may be.of any
suitable type. :

The system of Fig.. 1 operates as follows. for
transmission from the terminal A to-terminal B.
The voice frequency signals received over the
subscriber’s line li at the. terminal station A pass
through the hybrid coil Hi to the low-pass filter
Fi in the transmitting branch TC1 of channel No.
{ which restricés the frequency band to about
2700- cycles and prevents the higher speech fre-
quencies from causing interference in the other
three -channels.. - The restricted frequency hand
in the output of the low-pass filter F1 passes into
the input of the common transmitting line TLa
for all four-channels.” The voice frequency sig-
nals from. the telephone subscribers associated
with-the two-wire lines &»; s and Is, similarly pass
through the hybrid coils H2, Hz and Ha, respec-
tively, to the low-pass filters ¥s, Fr and Fir in the
transmitting cireuits TC2 to TCq of thé respective
channels 2 to -4, which restrict them to frequen-
cies below 2700 cycles. ' The restricted voice band
in the output of filter F3 in the transmitting
branch TCz of channel 2 is.combined in the mod-
ulator:Mi with the carrier frequency of 59900. cy-
cles supplied from cscillator Oi1, and the Iower
sideband - 3200 to 5700 cycles: of the resulting
modulation products is selected by the band-pass
filter P4 in the modulator output. ‘The restrict-
ed voice frequency band in the output of the low-
pass filker F7 in the transmitting branch TCs of
channel § is combined in the modulator Mz with
a carrier frequency of 8850 cycles from oscillator
Oz, and the lower sideband, 6150 to 8650 cycles, is
selected by the band-pass filter Fg from the re-
sulting modulation products and is passed to the
common fransmitting line TLa of the terminal;
The restricted voice frequency band in theé out-
put of the low-pass. filter Fuu in the transmitting
branch TCs is combined- in. the modulator Ms
with the carrier frequency of 11,800 cycles sup-
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plied from oscillator Oz, and the lower sideband, -

$100 to 11,500 cycles, is selected by the band-pass
filter P12 from the resulting modulation preducts
and is passed to-the common transmitting line
TLa of the terminal.: The low-pass filter in con-
junctien with-the band-pass filter in.each trans-
mitting channel prevents the frequencies of one
channel from gverlapping those of another chan-
nel.

The voice frequency band and the three carvier
irequency bands occupying a frequency range be-
tween 300 and 11,500 cycles thus superposed: in
the common transmitting line TLa are amplified
by the group transmitting amplifier TAxa, and the
amplified waves are passed out through the hy-
brid coil Hs and the low-pass directional filter
DF; to the main line MU in normal manner; and
pass out over that line ML to the terminal sta-
tion B.

At station B, the frequency band-300-11,500
cycles- including the eastwardly directed voice
channel and three low frequency carrier.chan-
nels incoming over the line M, is selected by the
low-pass directional filter DF¢, and passes to the
common receiving line RLs of the station in
which it will be amplified by the receiving ampli-
filer RAs and pass to the parallel-connected re-
ceiving branches of the four-channel terminal
Tg.

The low-pass filter Py in the rec¢eiving branch
RCr of channel | ‘will select the frequencies 300
to 2700 cycles of channel |, and reject the fre-
quencies- of the cther three channels; ‘and the
amplifier: A1 will amplify the selected voice fre-
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~quencies to:the proper level before they are im-

pressed by hybrid coil H1 on the two-wire line
li» over which. they will be transmitted to the
telephone receiving equipment of the east sub-
scriber- associated. with channel f.- The band-
pass filter 8 in the -receiving branch RCez of
channel 2 will select the frequencies 3200:to 5700
cycles of channel 2 and will reject the frequen-
cies. of the other three. channels: . The selected
frequency band, 3200 to 5700 cycles; will be com-=
bined in the demodulator DMy ‘with the carrier
frequency .of 5900 cycles supplied from oscillator
Or.. "Fhe low-pass filter Fe/ in the output of the
demodulator DM will select thie lower sideband,
which is the original voice frequency band 300 to
2700 cycles supplied to the transmitting branch
cf channel 2 at station' A, from the resulting de-
modulation products, and will suppress the un-
wanted sideband demodulation products. -~ The
voice frequency signal band selected by filter Feg
will be amplified by the channel receiver ampli-
fier Ay, and the amplified band will be impressed
by -hybrid Hz on the two-wire line l»» over which
it will be transmitted: to the telephone receiving
equipment of the east subseriber associated with
channel ‘2.

Similarly, the band-pass filter Fs’ in the input
of the receiving branch RC3’ will select from the
impressed waves: the frequency band, 6150 to
8650 cycles, of channel 3 and will suppress the
frequencies of the other channels. The selected

-band will be combined in the demodulator DMy’

with the carrier frequency of 8850 cycles supplied
by the oscillator Qs’.- The low-pass filter Fio’ in
the output of the demodulator DM: will select the
lower sideband from the demodulation products,
which will be the original voice frequency.band
supplied to the transmitting branch of channetl 3
at terminal station A. The selected voice frequency
band will be amplified by the channel receiving
amplifier As’, and the amplified frequency band
impressed by hybrid coil Hz’ on the two-wire line
I3’ leading to the telephone receiving equipment
of -the east subscriber associated with channel 3.
The band filter F12’ in the receiving branch RC+’
of the four-channel terminal CTs will select the
frequency band, 9100 to 11500 cycles, of channel 4
from the impressed waves, and will reject the
frequencies of the -other three channels. The
selected band, 9100-t0 11500 cycles, will be com-
bined in-the ‘modulator DM;’: with the carrier
frequency of 11800 cycles from the oscillator Os’.
The low-pass filter Fie’ in the output of that de-
modulator will select from the demodulation

" products the lower sideband, which. will be the

original voice frequency band supplied to. the
transmitting branch of channel 4 at terminal sta-
tion A. - The selected voice frequency band will be
amplified in the amplifier A¢ and will be im-
pressed by the hybrid coil He’ on the two-wire line
1" over.which it will be transmitted to the tele-
phone receiving equipment of the east subscriber
associated with channel 4.

The operation of the system of Fig. 1 for sig-
nal transmission in the opposite direction from
terminal B to terminal A is as follows:

The voice frequency signals received over the
two-wire lines 01, I»’, I3’ and I’ from the tele-
phone transmitting equlpmont of the four associ-
ated telephone subscribers are impressed . by the
hybrid coils Hi” to He , respectively, on the trans-
mitting branches TC: to TCs, respectively, of
channels { to 4.

The speech frequenmes impressed on transmit-
ting c¢hannel TC1’ will pass to the low-pass filter
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Py’ which will restrict the frequency band to fre-
quencies below about 2700 cycles, and prevent
the higher speech frequencies from causing in-
terference in the other channels. The restricted
frequency band in the output of the low-pass
filter ¥’ will pass into the common transmitting
line TLg.

The veice frequency signal band impressed on
the. transmitting channel TC»’ of the terminal
Tz will be restricted by the low-pass filter Fs’ to
the frequency range below 2700 cycles, and the
restricted frequency band will be combined in
the modulator Mi1’ with the carrier frequency of
5900 cycles supplied by oscillator O1” to produce
modulation products of which the lower sideband,
3200 to 5700 cycles, will be selected by the band-
pass filter F4’. The selected band will ke trans-
mitted to the common transmitting line TLs of
terminalstation B. Similarly, thevoice frequency
signals received by the transmitting circuits TCs’
and TCs' of the four-channel terminal Ts from
the east subscribers asscciated with the two-wire
lines I3* and U4, respectively, will be restricted
to frequencies below 2700 cycles by the low-pass
filters F7' and F11” in the respective branches TC3’
and TCs and will be combined with the carrier
frequencies of 8850 cyclas and 11,800 cycles, re-
spectively, in the modulators Mz’ and Ms' of
channels & and &, respectively, to produce modu-
lation products. The lower sidebands 6150 to
8650 cycles and 9100 to 11,500 cycles of the mod-
ulation products in the outputs of modulators
Ms’ and M4/, respectively, will bz selécted by the
band-pass filters Fg’ and Fi2’, respectively, and
will be transmitted to the common ftransmitting
line TLe for all four channels.

One energy portion of the input band of fre-
quencies ranging from 300 to 11,500 cycies passing
through hybrid coil Hr will ke diverted to the
outgoing portion of the common transmitting
TLg, in which it will be restricted to frequencies
above 3 kilocycles by high-pass filter F1e. The re-
stricted frequency band cormprising the three low
frequency carrier channels from terminal Ts, will
be combined in the group moduldator GM with
the carrier frequency of 20.65 kilocycles from the
associated carrier oscillator Os to translate them
to the higher carrier frequency range for the
east-to-west direction of transmission. The
products of modulation will he amplified by the
transmitting amplifier TAs and supplied to the
high-pass directional filler DF3 which will pass
the upper side-band comprising frequencies in
the range 20.95 to 32.15 kilocycles to the line
ML, and suppress the lower frequencies.

The ather energy portion of theinput frequency
band of 300 to 11,500 kilocycles passing through
hybrid coil Hr will be diverted into the by-pass
circuit BCs. The 3-kilocycle low-pass filter Fis
in that circuit will select the voice channel and
suppress the three low frequency carrier chan-
nels. The selected voice frequency channel will
be amplified by the amplifier As in by-pass circuit
BCg, and the amplified voice frequencies will pass
through the hybrid coil Hs in the common re-
ceiving line RLz of the terminal to the low-pass
directional filter DF: which will transmit it to
the line ML over which it will be transmitted,
along with the carrier frequency band 20.95 to
32.15 kilocycles received through the high-pass
directional filter DFs, to the west terminal sta-
tion A.

At terminal station A, the three carrier fre-
quency channels in the frequecy range 20.95 to
32.15 kilocycles incoming over the line ML will
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be selected by the high pass directional filter
DF2 and will pass through the high freguency
equalizer EQ: to the group demodulator GDM
in the common receiving line RLa, in which they
will be combined as a group with the carrier
frequency of 20.65 kilocycles from the associated
oscillator Oz to produce modulation products of
which the lower side-band within the frequency
range 0 to 11.8 kilocycles is selected by the low-
pass filter F15. The selected frequency band com-
prising the three incoming carrier channels re-
duced to the frequency range which they had at
the output of the four-channel terminal Ts ab
terminal station B, will be amplified by the re-
ceiving amplifier RAa and passed to the high-
pass filter Foo cutting off at 3 kilocycles, which
will operate to suppress the voice frequencies
and transmit the carrier frequencies to the re-
ceiving circuits of the four-channel terminal Ta
at terminal A.

The voice frequency channel received at termi-
nal station A over the line ML along with the
three high frequency carrier channels, will be
selected by the low-pass directional filter DF: at
that station and will pass throuzh the hybrid
coil Hs into the by-pass circuit BCa in which it
will be selected by the low-pass filter Fi17 cutting
off at 3 kilocycles. The selected voice channel
will pass through equalizer EQ: (which is a voice
frequency equalizer to take care of the frequency
characteristics of the preceding line, and then
through the amplifier As which for this purpose
should be a low power output amplifier of
moderate gain. The amplified voice frequency
signals in the output of amplifier As will pass
through hybrid coil Hs to the output portion of
the common receiving line RLa and will be
passed over that circuit along with the fre-
quencies of the three incoming carrier channels
reduced to the same frequencies as the outgoing
carrier channels received through that hybrid
coil from the high-pass filter Feo, to the parallel-
connected channel receiving branches of the
four-channel terminal Ta.

The high-pass filter Fao cutting off at 3 kilo-
cycles in the common receiving line RLa in front
of hybrid coil Hs, is provided so that if the same
speech currents were impressed from the dis-
tant end upon the 20.65 to 32.45-kilocycle line
frequencies, there would be no interference be-
tween the two transmission paths carrying the
same speech. ' In some cases this blocking high-
pass filter Fzo might be omitted at a terminal
and improved transmission for the over-all cir-
cuit obtained. For example, with 6 decibels loss
over-all for the circuit by carrier means, allow-
ing one direction of two-wire voice frequency
transmission from an intermediate point to a
terminal to be down 10 decibels by reducing the
gain of the amplifier A5 in the by-pass circuit
BCa by 1€ decibels, would make transmission
from one terminal to the other via the voice path
substantially negligible for most purposes. The
same expedient at an intermediate repeater point
would make the loss greater from an intermediate
point to a terminal or to another intermediate
point into the terminal beyond the repeater, but
would allow normal low loss from terminal to
terminal without interference.

The incoming voice frequency channel im-
pressed on the four-channel terminal Ta will be
selected by the low pass filter F2 in the receiving
branch RCi of channel | and, after amplifica-
tion by the amplifier A1 therein, will be impressed
by the hybrid coil Hi on the two-wire line I1 over
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which it will be transmitted to the telephone re-
ceiving equipment of the west subscriber asso-
ciated with channel {. The three carrier ¢han~
hels of frequencies 3200 to 5700 cycles, 6150 to
8650 cycles and 9100 to 11500 cycles, respectively,
impressed from the output of the common receiv.
ing line RLa on the receiving circuits RC2 to
RCs of channels 2, 8 and 4 of the four-channel
ferminal CTa in a manner similar to that pre-
viously described. for the similar four-terminal
Ts at terminal station B for transmission in
the opposite direction will bs separated - from
each other and demodulated to voice Irequencies
for transmission over the associated two-wire
lines Iz, i3 and I« to the telephone receiving equip-
ment of the respective subscribers associated with
each channel,

Fig. 2 shows the circuit of a two-way repeater
which may be inserted in the two-way line ML at
a station C intermediate the terminsal stations
A and B of the system of Fig. 1, to provide a de-
sired amount of amplification of the three carrier
communication channels and one voice and com-.
munication channel transmitted in each direc-
tion over the system. ‘

The two-way repeater at station C includes a
low-pass directional filter DFs and a high-pass
directional filler DFs connected in parallel 1o
the west: section of line ML leading to station A,
and another low-pass directional filter DF7 and
another high-pass - directional filter DFs con-
nected in paralle! to. the east section of line ML

leading .to station B. The low-pass filters D
and DFr have the same frequency pass range,; 300

to 11,500 cycles, as the low-pass directional filiers,
DF1 and DFs at terminal stations A and B, re-
spectively, which includes the frequencies of the
voice channels transmitted in both directions and
of the three lower frequency  catrier channels
transmitted in the west-to-east direction and
excludes the frequencies of the three higher fre-
quency carrier communication channeis frans-
mitted in the east-to-west direction over - the
system. The high-pass filters DFs and DFs have
the same frequency pass range, 20.95 to 32.15
kilocycles, as the high-pass directional flters
DFs and DFs at terminal stations A and ‘B, re-
spectively, which includes the frequencies of the
three higher frequency carrier channels trans-
mitted in. the east-to-west direction . over the
system and excludes-the frequercies of the voice
channels transmitted in both directions and of
the three lower frequency carrier channels trans-
mitted in- the west~to-east direction over the
system. ‘
: The high-pass filters DFs and DFs are .con-
nected to each other through the one-way. re-
peating path WA1 in¢luding the high frequency
equalizer EQs and the. one-way amplifier Az
pointed in' - the. east-to-west direction, The
path WA1, therefore, serves to repeat in ampli-
fied form the three east-to-west carrier com-
munication channels in the frequency range 20.95
to 32.15 kilocycles from the east to the west sec-
tion of the two-way line MIL..

The west section of the two-way line ML is
connected through low-pass ~directional filter
DFs and hybrid coil He to the input of the one-
way repeating path EA including the iow ire-

quency equalizer EQ: and the one-way amplifier. '

As pointed in the west-to-east direction, and to
the output of the one-way repeating path: WAs
including the low-pass filter Fig cutting off at &
frequency .of 3 kilocycles in. its input and the
following low frequency equalizer EQs and one-

way amplifier Ao pointed in the east-to-west direc-
tion. - The output of the repeating path EA and

' the input of the :repeating path:- WAz are con-
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nected through the hybrid coil Hio-and the low-
pass directional filter DF7 to the east section of
the two-way line ML. The hybrid -coil ‘Hg and
its associated line and baiancing filker hetwork
No serve to couple the ifaput of the -repeating
bath EA and the output of the repeating path
WAz in conjugate-relation with each other and
In tralismission relation Wwith the west section of
line ML through filter DFs. Similarly the hybrid
coil Hi and its associated line ahd balancing fil-
ter network Nio serve to couple the output of re-
peating path EA and the input of the repeating
path WAz in conjugate relation with each other
and in transmission relation with the east sec-
tion-of line ML through filter DF.

‘Thus, the voice channel and the three lower
frequency. carrier channels in the west-to-east
direction occupying the frequency range 300 to
11,500 cycles received -at the repeater station C
over the west section of line ML will pass through
the low-pass directional filler DFs and hybrid
coil Hy to repeating path EA in which they will
be equalized by the common equalizer EQ4 and -
ampiified to the desired level in common ampli~-
fler As. The amplifier voice channel and lower
frequency carrier channels in the output of am-
plier As will pass through the hybrid coil Hia
and low-pass' directional filter DE7 to the east
section of the two-way line ML over which they
will-be transmitted to terminal station B.

The voice.channel in the eaSt—to-west,direc-_
tion received at the repeater station C over the
east section of line ML from terminal station B,
will pass through the low-pass directional filter
DF7 and hybrid coil Hio to the repeating -path
WAz in which it will be selected by the 3-kilo-
cycle low-pass filter Fi, equalized by low fre-
quency. equalizer EQs and amplified to the de-
sired level by ampiifier As. The amplified voice
channel in the output of amplifier As will pass
through hybrid coil Hs ‘and low-pass directional
filter DF5 to the west section of line ML over
which 1t will be transmitted to the west terminal
station A along with the ambplified carrier chan-
nels in the frequency range 20.95 to 32.15 kilo- .
cycles received through high-pass directional
filter DF%. : :

Thus, it’ Will-be seeh that the effect of the
added by-pass -circuits and filters at terminal
stations A and B-and repeater station C in the
multi-channel carrier system of Figs. 1 and 2 is
to adapt the system for transmitting voice chan-
nels in both directions on a two-wire basis be-
tween the subscribers’ lines at the terminal sta-
tions and from there to any intermediate point
on the two-wire line. 'When filtérs Fi7 and Fis
are omitted, over-all transmission is on a carrier
basis but transmission .to intermediate points is
on a voice frequency basis in both directions.

Various modifications of the circuits illustrated
and described which are within the spirit and
scope of the invention will occur to persons skilled
in the art. o

What is claimed is: .

1. In a multiplex ‘communication system, two
terminal stations, a two-way, two-wire line con-

. necting. said stations, means at one station for

providing ‘a - plurality of low frequency carrier
communication’channels, for transmission to the
other- station, ‘means -at said other station for
providing a plurality of higher frequency carrier

- . communication channels for transmission to said.

one station, a low-pass directional filtering means
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and a high-pass directional filter means at said -

one station for respectively supplying the outgo-
ing low frequency carrier channels to said line
and receiving the incoming higher frequency car-
rier channels from said line, another low-pass
directional filtering means and another high-pass
directional filtering means at said other station
for respectively selecting the incoming low fre-
quency carrier channels from said line and sup-
plying the outgoing higher frequency carrier
channels to said line, means at each station for
separately supplying an outgoing voice frequency
communication channel through the low-pass
filtering means thereat to said line for trans-
mission thereover, and means at each station
connected to the drop side of the low-pass direc-
tional filtering means at that station, for selec-
tively receiving the voice freguency channel
incoming over said line.
2. In a multiplex comvnumca,tlon station, ter-
mmal stations, a two-way, two~wire line connect-
said stations, means at one station for pro-
viding a voice frequency communication channel
and a plurality of low frequency carrier communi-
cation channels for transmission to the other
station, means at said other station for providing
another voice communication frequency channel
and a plurality of higher frequency carrier com-
munication channels for transmission to said one
station, a low-pass directional filtering means and
a high-pass directional filtering means respec-
tively having a pass frequency range including
the frequencies of the voice channels and said
low frequency carrier channels, and of the higher
frequency carrier channels, connected to the two-
wire line at each terminal station, a common
transmitting circuit including the low-pass direc-
tional filtering means at said one station for trans-

m1tt1ng the first voice channel and said low fre-

quency carrier channels to said line, a common
transmitting circuit including the high-pass direc-
tional filtering means at said other station for
transmitting said higher frequency carrier chan-
nels to said line, a common receiving circuit in-
cluding the high-pass dlrectlonal filtering means
at said one station for gelectively receiving the
incoming higher frequency carrier channels from
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said line, s common receiving circuit including -

the low-pass directional filtering means at said

other station for selectively receiving the voice ;

frequency channel and plurality of low frequency
carrier channels incoming over said line, means
at said other station for impressing the outgoing
voice channel on said line through the low-pass
directional filtering means in the common receiv-
ing circuit of that station, and means at said one
station for selectively receiving the voice channel
incoming over said line through the low-pass
directional filtering means in the common trans-
mitting circuit of that station.

3. In a multiplex communication system, ter-
minal stations, a two-way, two-wire line connect-
ing said stations, means at one station for pro-
viding a voice frequency communication chan-
nel and a plurality of low frequency carrier chan-
nels for transmission to the other station, means
at said other station for providing another voice
frequency communication channel and a plurality
of higher frequency communication channels for
transmission to. said one station, means at said
other station for impressing the outgoing voice
channel and said plurality of higher frequency
carrier channels on said two-wire line for trans-
mission thereover,.and for separately receiving
the incoming voice channel and low frequency
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carrier channels from said line, a low-pass direc~
tional filtering means and a high-pass directional
filtering means having pass frequency ranges re-
spectively including those of said voice channels
and low frequency carrier channels, and those
of said higher frequency carrvier channels, con-
nected to said two-wire line at said one station,
means for impressing the outgoing voice frequency
channel and low frequency carrier channels
through said low-pass filtering means on said two-
wire line at said one station, and means for selec-
tively receiving the voice channel and higher fre-
quency carrier channels incoming over said line
at said one station from the drop sides of the
low-pass filtering means and the high-pass filter-
ing means, respectively, at that station.

4. In a multiplex communication system, ter-
minal stations, a two-way, two-wire line connect-
ing said stations, means at one station for im-
pressing a voice frequency communication chan-
nel and a plurality of high frequency carrier com-
munication channels on said two-wire line for
transmission thereover to the other station, a
common transmitting circuit at said other station,
including s low-pass directional filtering means
of suitable pass frequency range in its output for
impressing another voice channel and a plurality
of low frequency carrier channels on said two-wire
line for transmission thereover to said one sta-
tion, a common receiving circuit at said other sta-
tion, including a high-pass directional filtering
means of suitable pass frequency range in its
input for selectively receiving the higher fre-
quency carrier channels incoming over said line

5 and means for demodulating the selected higher

frequency carrier channels to desired lower fre-
duencies, means connected to the drop side of
said low-pass directional filtering means at said
other station for selectively receiving the voice
channel incoming over said two-wire line from
said one station, and separate receiving means
at said other station for the selected incoming
voice channel and demodulated higher frequency
carrier channels.

5. In a multiplex communication system em-
ploying a group of low frequency channels in-
cluding a voice frequency channel and a plurality
of low frequency carrier channels for signal trans-
mission in one direction and a second group of
channels including a voice frequency channel
and a plurality of higher frequency carrier chan-
nels for signal transmission in the opposite direc-
tion, a two-wire line for transmitting all of the
channels between terminals of said system, means
at one terminal for generating the voice frequency
channel and the low frequency carrier channels
for said one direction, a transmifting circuit at
said one terminal including a low-pass directional
filter for transmitting the generated group of low
frequency channels to said line, a recelving cir-
cuit at said one terminal, including a high-pass
directional filter in its input for selecting the
group of higher frequency carrier channels in-
coming over said line and means for demodulating
the selected channels as a group to desired lower
frequencies, a circuit at said one terminal for
selectively receiving the voice channel incoming
over said line, having its input connected to the
drop side of said low-pass directional filter in
said transmitting circuit, and its output connected
to said receiving circuit in the output of said
demodulating means, and means connected to
the output of said receiving circuit for separating
and detecting the communication signals from
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the incoming voice channel and demodulated car-
rier channels therein.

6. The system of claim 5, in which the input
of said circuit at said one terminal for selectively
receiving the voice channel incoming over said
line is coupled to said transmitting circuit in con-
jugate relation with the input thereof and in
transmission relation with said line through said
low-pass directional filfer, and the output of the
incoming voice channel selecting circuit is con-
nected to said receiving circuit in conjugate re-
lation with the output of said demodulating
means and in transmission relation with said
channel separating and signal detecting means.

7. The system of claim 5 in which a hybrid
coil and associated line balancing network con-
nects the incoming voice channel selecting circuit
at said one terminal in conjugate relation with
the input of said transmitting circuit and in
transmission relation with said line through said
low-pass directional filter, another hybrid coil
and associated line balancing network connects
the ocutput of said incoming voice channel select-
ing circuit to said receiving circuit in conjugate
relation with the output of said demodulating
means therein and in transmission relation with
said channel separating and signal detecting
means, and filtering means adapted to suppress
voice frequencies and to transmit higher fre-
quencies is inserted in said receiving circuit be-
tween said demodulating means and the latter
hybrid coil.

8. In a multiplex communication system, ter-
minal stations, a two-way, two-wire line connect-
ing said stations, a source of low frequency car-
rier communication channels and a- voice fre-
quency communication channel at each station,
low-pass filtering and high-pass filtering means
connected to said line at each station, a common
channel transmitting circuit and a common
channel receiving circuit at each station, the
common transmitting circuit at one station being
supplied with the low freguency carrier channels
and the voice channel generated by said source
thereat and including the low-pass filtering
means at the station, the common transmitting
circuit at the other station keing supplied with
the low frequency carrier channels and voice
channel generated by said source thereat, and
including modulating means for stepping up the
supplied low frequency carrier channels to de-
sired higher frequencies for transmission over
said line to said one station, and the high-pass
filtering means at the station, said low-pass and
high-pass filtering means at the stations being
respectively adapted for selectively transmitting
the frequencies of the voice and low frequency
carrier channels, and the frequencies of the
stepped-up higher frequency carrier channels,
the common channel receiving cireuit at said
other station including the low-pass filtering
means thereat for selectively receiving the voice
channel and low frequency carrier channels re-

ceived over-said line, the common channel re--

ceiving circuit of said one station including the
high-pass filtering means thereat for selectively
receiving the higher frequency carrier channels
incoming over said line and demodulating means
for translating the frequencies of the. selected
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higher frequency carrier channels to their orig-
inal low frequencies, a circuit at said other station
selective to the frequencies of the outgoing voice
frequency channel, having its input coupled fo
the common transmitting circuit at that station
in front of the modulating means therein so as
to be supplied with that channel from said
source at the station, and having its output cou-
pled to the input of the common receiving cir-
cuit at the station on the drop side of the low-
pass filtering means therein, another circuit se-
lective to the frequencies of the incoming voice-
channel having its input coupled to the output
of the common transmitting circuit at said one
station on the drop side of the low-pass filtering
means therein, and its output connected to the

common receiving circuit of that station beyond

the demodulating means - therein, and means
connected to the output of the common receiving
circuit at each station to separate the received
voice and carrier channels therein and to detect
the communication signals therefrom.

9. The system of claim 8 in which the circuit
selective to the frequencies of the voice frequency
channel at each station is connected to the com-
mon channel transmitting and receiving circuits
at each terminal by hybrid coils and associated
line balancing networks.

10. In a multiplex communication system, ter-
minal stations, a two-way, two-wire line connect-~
ing said stations, means to supply to said line at
one terminal station one voice frequency com-
munication channel and a plurality of low fre-
duency  carrier communication channels above
the voice frequency range, for transmission in
one direction to the other terminal station, means
to supply to said line at the other terminal sta-
tion " another voice fréquency communication
channel and a plurality of higher frequency car-
rier communication channels, for transmission in
the opposite direction to said one station, and
a two-way repeater connecting sections of said
two-way line .at a point intermediate said ter-
minal stations, said repeater including low-pass
filtering means and high-rass filtering means for
respectively selectively transmitting the fre-
quencies of the voice channels and said low fre-
quency carrier channels and of said higher fre-

-quency carrier channels, connected to each of

said two-way line sections, a one-way amplify-
ing path including the high-pass filtering means
connected to both of said line sections, for selec-
tively repeating said higher frequency carrier
channels in said opposite direction between said
line sections, a second one-way amplifying path
including the low-pass filtering means connected
to both said line sections for selectively repeat-
ing one voice channel and said plurality of low
frequency carrier channels in said one direction
between said line sections and a third one-way
amplifying path selective to voice frequencies,
connected between the dropsides of the low-pass
filtering means connected to the two-line sec-
tions, and in conjugate relation with said second
amplifying path, for selectively repeating the
voice channel in said opposite direction between

-said line sections.
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