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This invention relates to communication sys-
tems and particularly to multiplex carrier tele-
phone systems.

Objects of the invention are the stabmzatlon
of carrier frequencies used in multiplex carrier
telephone systems and particularly in systems
employing ultra-high frequency carrier currents,
an efficient assighment of channel frequencies be-
tween a central office and outlying stations, and
the provision of circuit arrangements wh1ch pro-
vide the desired carrier supply for the maximum
number of channels without interference between
channels.

The invention is a multiplex carrier telephone
system comprising a plurality’ of offices or sta-
tions, ultra-high carrier frequencies ‘being em-
ployed for transmission in both .directions be-
tween the voice channels in one office or station
and the voice channels in another office or sta-
tion. Either a wireless or a wave gulde transmls-
smn medium may be used.

" A feature of the invention is a system in whlch
the carrier frequency produced at one terminal
of a circuit between two offices or stations is used
as a source of stabilized frequency, for the trans-
mission from the other términal, by combining
this frequency with an additional stabilized fre-
quency which also orlgmates ab the first-men->
tioned ferminal.

According to the invention two ultra-high fre-
quency carriers are transmitted from one office
or station of a system to another office or sta-
tion of the system, one carrier being trans-
mitted without modulation and the other being
modulated by the voice modulated carriers. of a
plurality of channels, the unmodulated carrier
being combined at the other station with the
incoming voice modulated carrier of each chan-
nel fo constitute thé carrier supply for trans-
mission in the opposite direction.

The invention will be better understood from
the following description of & system’arranged
in accordance with the above-mentioned fea-
tures as shown in the drawings which form a
part of this specification: The drawings, which

consist of two figures, show schematically a-cen=

tral station and a field station of s multiplex
carrier telephone system which may mc]ude 23
plurality of field stations. -

The system shown'in thé drawings comprises
a transmitting antenna TIA at the central sta~
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tion associated with a transmitter-4 for trars- .

mitting signaling energy to a receiving antennsa
RIA and receiver 107 at field station 100; com-
prlses a transmitting antenna: TIB at the cen-

tral station associated with the transmltter B
for transmitting a stabilizer carrier to a receiv-
ing antenna RIB and receiver 185 at field station
100; and comprises.a transmitting antenna TIC
at the fleld station 100 for transmitting signal-
ing energy to a receiving antenna RIC and re-
ceiver T at the central station. There are a plu-
rality of two-way voice channels 18, 29, 33 ab
the central station and a corresponding plural-
ity of two-way voice channels 110, 125, {30 at
the field station 100. The system is arranged 50
that channels 10 and 110 are connected for com-
munication, channels 20 and 128 are connected
for commumcatmn and channels 88 and {36 are
connected for communication. Each other field
station has an antenna and receiver for receiv-
ing the stabilizing carrier from the central sta-
tion, an antenna and receiver for receiving sig-
nal energy from the central station, and a trans- -
mitter and antenna for transmitting signaling
energy to a receiving antenna and receiver as-
sociated with a group of voice channels at the
cenjral station corresponding to the veice chan-

‘nels of the field station.

In the central office, the two- ~way voice chan-
nels 10, 20 and 20 are individually connected to
hybrid co1ls {1,-21 and 3! and are balanced by
the balancing networks 12, 22 and 32, respec-
tively. Voice currents from channels lB 20 and
30 are passed through the associated hybrid coils
and through low-pass filters 14, 24 and 34, re-
spectively, to modulators 16, 26 and 36, respec-
tively. Each of the modulators is provided with
a carrier source of a different frequency, the car-
rier current source 17 of modulator 16 being of 3
frequency Al, the carrier current source 27 of
modulator 26 being of a frequency A2, and the
carrier current source 37 of modulator 38 being
of a frequency A3. - The output of each of mod-
ulators 16, 26 and 36 and the modulators of
other channels prov1ded for communication with
field station 160 is connected by conductors i to
8 group modulator 2. The carrier source 3 as-
sociated with modulator 2" is of an ultra-high
frequency Y, and the carrier current from this
source is ‘modulated by the output of each of
modulators 16, 26 and 36. The output of mod-
ulator 2 is applied through an amplifier to the
input side of the transmitter 4 associated with
the directional antenna TIA; and this antenns
is aimed ‘at the antenna RIA af fleld statxon 100
so that signal energy from each of the voice chan-
nels associated with group modulator 2 is trans-
mitted to field station 100.

66~ Another: group of ‘two-way .voice: channels is
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provided in the central office for each field sta-
tion with which communication is desired, each
such group of voice channels being common to
a group modulator similar to the modulator 2,
the sienal energy from each of the associated
voice channels being applied through an ampli-
fier to a transmitter similar to the transmitter 4

and transmitted from an antenna which is aimed

at a receiving antemna.of the field sfation in ques-
tion. Each of the'modulators of each such group
of veice channels is provided with a carrier source
of a different frequency, the carrier frequencies of
the modulators of voice channels for asecond:feld:
station being designated Bi, B2, B3, etc., the car-
rier frequencies of the modidators of voice chiar-
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are passed through the associated hybrid coils and
through low-pass filters 114, 124 and 134 respec-
tively, to modulators 116, 126 and 136 respective~
ly. The stabilized carrier received by antenna
RIB and receiver {05 is amplified and transmit-
ted through conductors 109 to mixers {17, 127 and
137, in parallel, for combination with the cur-

- rent passed through the associated one. of filters

i:f9, 128 and 138 to constitute: the carrier supply
for each of modulators {6, 126 and 136 respec-

. tively. 'The voice modulated current of frequen~

nels for a third field station Being designated €F, .-

C2, C3, etc., and so on. The frequericy separa-

tion, between successive channel frequencies Af,;

A2, A3, etc., used in communicating with the

same field station, is such as to enable the use ¢

of channel filters of simple and economical:strue-
ture. Since the transmission between the cen~
tral station and each. field station is effecfed by
an- lﬂ,tra-high\fxgequency carrier with- directionsal
antenna, the channel. frequencies- Bi, Cf, ete.,
one for each other field. station, may lie between
the frequencies- Al and A2 of channels for a.firsé
field station; the channel.frequencies B2, €2, ete.,
one for each other field station, may lie between
the frequencies A2 and.A3 of channels: for a first
field. station; the. channel frequencies B3;. €3,
etc.,. one for each. other field station, may lie
between the frequencies: A3 and A4 of channels
for a.first field station; and se on, thereby per-
mitting utilization of all of the. available spec-
trum in.which. the carrier frequencies of the: sys-
tem may be assigned.

The. carrier source. 6. assoeiated with the trans-
mitter § at the. central station is also:of an ultra-
high. frequency- and a stabilizing earrier of this
frequency is transmitted. from the transmitiing
antenna. TIB. to the receiving. antemna RIB- at
fleld:station 100. A separatfe transmitting anten-
na may be provided for transmitting: the stabiliz-

ing carrier to.a similar receiving antenna at each ¢

other field. station, or a:single transmitting anten-

na may be provided if designed to effectively trans=~

mit. the stabilizing carrier to-each field- station..
In the fleld station 1080, the.two-way voice chan-

nels. ££0, 120 and. 130 are individually connected 5

through hybrid ceils- I.1t, 121 and 3. respective-
1y, to.the corresponding one:of balancing networks
142, 122 and. 132 to-the corresponding. orie of the
detectors L15,. 125 and. 135; respectively,. and; to:the
corresponding one-of modulators I-16; #26-and i36;
respectively. The signal: energy received. by an=
tenna RiA and radio-receiver 107 at:the feld sta~
tion. 100 is. amplified: and selectively: transmitted
through conductors- 108 and: each of the-cliannel
filters. 118, 128 and: 138 to detectors: | 15; 125-and
135, respectively,. and. also-to:mixers: -1, 12T and
131, respectively, each: of the: detectors. and: each
of the mixers being individually associated: with
one.of the:voice channels. 110; 120-and: |30 of fleld
station 100. Filter (18 is-tuned to-pdss the:voice
modulated: current of frequency ¥--Af; fllter (28
is tuned to: pass the voice: modulated. current. of
frequency Y-+A2 and filter {38 is-tuned to passthe
voice modulated current of frequency Y+A3.. The
voice current output: of: each:of: detectors: 5, 125

_and (3% is passed. through: a: low-pass. filter- K 3;
123-and- 133, respectively; and the: associated- one
of hybrid coils tf;, 121 and- 134 to veice channels
110, 120 and 130, respectively:.
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¢y Y+Al passing through channel filter 118 is
combined: ifb mixer 11T with current of frequency
X from receiver 105 to supply a stabilized carrier

+ for-rrodulator 116 the voice modulated current of

frequency: Y- A% passing through filter 128 is com-
bined In mixer (27 with current of frequency X
frome receiver 105 to'supply a stabilized carrier for
modulator 126; and the voice modulated current
of frequency Y--A3 passing through filter 138 is
combined: in- mixer 13T with: current. of frequency
X from. receiver: 105 to supply a-stabilized carrier
for modulator 136. The voice modulated carrier
output’ of each of modulators: 1 6. 126 ang: 36 is
transmitted through conductors: 10+ fo-transmit-
ter 104; and: the: signal energy from 21 of the
channels of the field: station #00 is thereby: trans-
mitted from: antenna. TIC to-the receiving anten-
na RIC at.the central station..

The signal energy received at the cemtral sta-
tion: by antenna: RIC and: receiver T iz amplified
and selectively transmitted through. conductors 8
and each of channel filters 18, 28, 38 to detectors
15, 25, 35, respectively. Filter 118 is tuned:torpass
the: voicer modulated. cireuit: ofi frequencyr X+¥
--Adl;. filter 28 is tuned to pass the voice nrodu-
lated current of frequency X+4-Y-+A2; and filter
38 is: tuned: to pass: the volce modulated: eircuis of
frequency: X+-¥-4-A3, Thevoice-current output of
detectors 15, 25; 35:iy passed through low-vass fil-
ters 13, 23 and 33 respectively;. and: the:associated
one-of hybrid:coils: ft, 2, 3 torvoice chanmels: 10,
20,. 30;. respectively.. Thus two~way comrmmuniecg-
tion:is provided between: these .chantels and chsge
nels: 140, 120; 130 of: fleld station: 100:

The transmissiomn: of: signal:energy from: the voice
channels of each:of any other field: station fo-the
central station is: effected: in: like: mamnnier te thst
described for field station 100, thers: being: a. re-
ceiving. antenna at the central station: forr edch
of the field stations. The signal energy: fromneegch
other field statiom is selectively tramsmitted to
each of the:voice channels:provided for cormmunii-
cation with:such other field: stations;. the chiarmeal

3 filters: being: tuned to selectively pass ther signgl

energy to the proper-detectors:

What-is claimed ist

L. Tn: o telephone systent, & first. station,. & sec~
ond: station, voice charmels in said: stations; there
being.a voice channel'in egelr station for commutr-
ication individually with . a particular one of the
chanmels: in the other-station:. a- moduldtor and: &
channel. filter individual to each of said: voice
channels;. o carrier source: of! ar different frequernr-
ey for edach. of: the-modulators-ir szid first station,
means including: an. ultra-hight frequency: caRrier
current: source: common to: thie. modulatorsin sgid
first station for transmittiftg signal! energy” from
said modulators to said second:station, mesny: ine
cluding: the channel filters: irs sai@® second: station
for receiving and selectively travsmitiing: thesig~
nal energy incoming from said: firststation: to:the
corresponding: voice chanrels i szid: secotid. sta-
tiom;,. means including: a: second: ultra-high fire-

Voice currents from channels {10; 120:and: 130 75 quency- carriér source: in- said’ first: station: for
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transmitting a stabilizing carrier to said second’

station, means in said second station for receiving
said stabilizing carrer and for individually mixXing
said carrier with incomng signal energy passed by
each of the channel filters in said second station
‘to constitute a carrier source of a different fre-
quency for each of the modulators in said sec-
ond station, and means common to the modulat-
ors of said second station for transmitting the sig-
nal energy from said modulators to said first sta-
tion. : L : oo :

‘2. In a telephone system, a first station; a sec-
ond station, voice channels in said stations, there
being a voice channel in each station for com-
munication individually with a particular one of
the channels in the other station, a modulator
and a channel filter individual to each of said
voice channels, a carrier source of a different
frequency for each of the modulators in said first
station, means including an ultra-high frequency
carrier current source common to the modulators
in said first station for transmitting signal energy
-from said modulators to said second station,
means including the channel filters in said sec-
ond station for receiving and selectively trans-
mitting the signal energy incoming from said first
station to the corresponding voice channels in
said second station, means including g second
ultra-high frequency carrier source in said first
station for transmitting a stabilizing carrier to
said second station,-means in said second station
for receiving said stabilizing carrier and for in-
dividually mixing said carrier with incoming sig-
nal energy passed by each of the channel filters
in . said second station -to constitute a  carrier
source of a different frequency for each of the
medulators in said second station, means com-
mon to the modulators of said second station for
transmitting the signal energy from said modu-
lators to said first station, and means including
the channel filters of said first station for receiv-
ing and selectively transmitting the signal energy
incoming from said second station to the cor-
responding voice channels in said first station.

3. In a telephone system comprising a central
station and a field station, a plurality of voice
channels at a field station, a corresponding plu-
rality of voice channels at the central station, a
modulator and a detector for each of said chan-
nels, channe] filters, one for each of said de-
tectors, each of said filters tuned to pass only the

voice modulated carrier current of the frequency’

of the carrier supplied to the modulator of the
corresponding voice channel at the other station,
a different carrier current source for each modu-
lator in said central station, a modulator com-
mon to said channel modulators in said central
station, a carrier current source for said common
modulator, another carrier current source at the
central station, means including antennae at said
stations for separately transmitting signal energy
from said common modulator and energy from
said other carrier current source at said central
station to said field station, means including the
channel filters and detectors at said field station
for selectively transmitting the incoming signal
energy to the voice channels of said field station,
means for mixing the incoming carrier of each
channel of the field station with said other carrier
to constitute the carrier current source for the
modulator of that channel, means comprising
a transmitting antenna at said field station com-
mon to the modulators of all of the channels
thereat and g receiving antenna at said central
station common to the detectors of the channels

/
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of said cehtral station: which correspond to the
voice channels of said field station for transmit-
ting signal energy from the modulators of said
field station to said central station, and means
including the channel filters and detectors of the
voice channels of the central station for selec-
tively .transmitting the incoming signal energy
to the voice channels of said central station:

- 4, In a communication system, a central sta-
tion, a plurality of field stations, a plurality. of
voice channels at .each field station, voice chan-
nels at said central station, each voice channel
of said' central station corresponding to a dif-
ferent one of the voice channels. of said field
stations, a modulator and a detector and a chan-
nel -filter individual to- each voice channel of
said central station, a carrier current source of
‘a different frequency for each modulator at said
central station, a plurality of group modulators
at said central station, each group modulator
common to the modulators of voice channels of
the central station corresponding to voice chan-
nels of the same field station, an ultra-high fre-
quency carrier -current source ‘for each of said
group modulators, ‘a transmitter and transmit-
ting antenna for each of said group modulators
for transmitting to a field station signal energy
from the voice channels of the central station
corresponding to the voice channels of the field
station, a receiving antenna and receiver at each
field station for receiving from the corresponding
transmitting antenna at the central station signal
energy from -the voice channels of the central
station corresponding to the voice channels of
the field station, a modulator and a detector and
a channel filter individual to each voice channel
of said field stations, the filters of the channels
of said field stations being funed to the frequen-
cies of -the carriers of the corresponding chan-
nels respectively of the central station, means
comprising the detectors and associated filters at
the field stations for transmitting to each voice
channel respectively the voice frequency signal-
ing energy from the corresponding voice channel
of the central station, means comprising an ultra-
high-frequency carrier source and transmitter
and antenna at said central station for trans-
mitting a stabilizing carrier to all of saiq field
stations, an antenna and a receiver at each of .
said field stations for receiving the stabilizing
carrier from said central station, means indi-
vidual to each of the modulators at the field
stations for combining said stabilizing carrier
with incoming voice modulated carrier current
transmitted through the channel filter of the as-
sociated voice channel to constitute the individual
carrier source for each of the modulators of the
field stations, means at each field station com-
prising a transmitter and antenna common to the
modulators of said field station for transmitting
signal energy from all of the associated voice
channels to said central station, means compris-
ing an antenna and a receiver at said central
station individual to each of said field stations
for receiving signal energy from said field stations
respectively, means comprising the channel filters
of the voice channels of the central station for
transmitting to the detector of each voice channel
of the central station signal energy received from
the corresponding voice channel of the field sta-
tions, each of the channel filters of said central
station being tuned to the frequency of the car-
rier supplied to the modulator of the correspond-
ing voice channel of the field stations, and means
comprising each detector at the central station




4
for transmitting to each voice:channel voice fre-
quency signal energy from the vcorresponding
voice channel of the field stations. ‘

5. In a.communication system, a central sta-
tion, a plurality of field stations, a plurality of
voice channels at each field station, voice chan-
nels at said central station, each voice channel
of said central station corresponding to a differ-
ent one of the voice channels of said field stations,
a modulator and' & detector and a channel filter
individual to each voice channel of said central
station, a carrier source of a different frequency
for each modulator at said central station; ad-
jacent ones of said carrier frequencies being as-
signed in succession to the modulators associated
with  different group modulators, a plurality of
group- modulators at said central office, edch
group modulator common to the modulators of
the voice channels corresponding to voice chan~
nels of the same field station, ‘an ultra-high-fre-
quency carrier source for each of said group mod-
ulators, a transmitter and transmitting antenna
for each of said group modulators for transmit-
ting to a field station signal energy from the
voice channels of the central station correspond-
ing to the voice channels of the field station, a
receiving antenna and receiver at each field sta-
tion for receiving from the corresponding trans-
mitting antenna at the central station signal en-
ergy from the voice channels of the central sta-
tion corresponding to the voice channels of the
field station, a modulator and a detector and a
channel filter individual to each voice channel
of said field stations, the filters of the channels
of said fleld stations being tuned to the fre-
quencies of the carriers of the corresponding
channels respectively of the central station,
means comprising the detectors and associated
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each voice channel respectively the voice fre-

“quency signaling energy from the corresponding

voice channel of the central station, means com-
prising an ultra-high-frequency carrier source
and transmitter and antenna at said central sta-
tion for transmitting a stabilizing carrier to all

-of said field stations, an antenna and a receiver

ab each of said field stations for receiving the
stabilizing carrier from said central station,

means individual to each of the modulators at

the field stations for combining said stabilizing
carrier with incoming voice modulated carrier
current transmitted through the channel filter
of the associated voice channel to constitute the
individual carrier source for each of the modu-
lators of the field stations, means at each field
station comprising a transmitter and antenna
common to the modulators of said field station
for iransmitting signal energy from all of the
associated voice channels to said central station,
means comprising an antenna and a receiver at
sald central station individual to each of said
field stations for receiving signal energy from
said field stations respectively, means comprising

. the channel filters of the voice channels of the

central station for transmitting to the detector
of each voice channel of the central station signal
energy received from the corresponding voice
channel of the field stations, each of the channel
filters of said central station being tuned to the
frequency of the carrier supplied to the modu-
lator of the corresponding voice channel of the
field stations, and means comprising each de-
tector at the central station for transmitting to
each voice channel voice frequency signal energy
from the corresponding voice channel of the field

stations.

ROY C. CORDERMAN,

filters at the fleld stations for transmitting to e



