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UNITED STATES PATENT OFFICE 
COMMUNICATION SYSTEM 

Roy C. Corderman, Maplewood, N.J., assignor to 
Western Electric Company, Incorporated, New 
York, N.Y., a corporation of New York 

Application September 9, 1944, serial No. 553,314 

5 Claims. (CI. 250-9) 
This invention relates to communication sys 

tems and particularly to multiplex carrier tele 
phone systerns. - - - 

Objects of the invention are the stabilization 
of carrier frequencies used in multiplex carrier 
telephone systems and particularly in Systems 
employing ultra-high frequency carrier currents, 
an efficient assignment of channel frequencies be 
tween a central office and outlying stations, and 
the provision of circuit arrangements which 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 guide transmis 
sion medium may be used. - 
A feature of the invention is a system in which 

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 terminal, by combining 
this frequency with an additional stabilized fre 
quency which also originates at the first-men 
tioned terminal. - 
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 to constitute the carrier supply for trans 
mission in the opposite direction. . 
The invention will be better understood from 

the following description of a 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 a multiplex 
Carrier telephone system which may include a 
plurality of field stations. . . . 
The system shown in the drawings comprises 

a transmitting antenna TA at the central sta 
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tion associated with a transmitter 4 for trans- . 
mitting signaling energy to a receiving antenna, 
RA and receiver 07 at field station f O0; com 
prises a transmitting antenna, TB at the cen 55 

tral station associated with the transmitter 5 
for transmitting a stabilizer carrier to a receiv 
ing antenna, RIB and receiver 95 at field Station 
f00; and comprises a transmitting antenna, TC 
at the field station 00 for transmitting Signal 
ing energy to a receiving antenna R C and re 
ceiver 7 at the central station. There are a plu 
rality of two-way voice channels 0, 2, 3e at 
the central station and a corresponding plural 
ity of two-way voice channels ff0, 20, 39 at 
the field station 00. The system is arranged SO 
that channels 0 and 0 are connected for com 
munication, channels 20 and 20 are connected 
for communication and channels 30 and 30 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 
central station corresponding to the voice chan 
nels of the field station. 
In the central office, the two-way voice chan 

nels 10, 20 and 30 are individually connected to 
hybrid coils it, 2 and 31 and are balanced by 
the balancing networks 2, 22 and 32, respec 
tively. Voice currents from channels 0, 20 and 
30 are passed through the associated hybrid coils 
and through low-pass filters 4, 24 and 34, re 
spectively, to modulators 6, 26 and 36, respec 
tively. Each of the modulators is provided with 
a carrier source of a different frequency, the car 
rier current source f 7 of modulator 6 being of a 
frequency A, the carrier current source 27 of 
modulator 26 being of a frequency A2, and the 
carrier current source 37 of modulator 36 being 
of a frequency A3. The output of each of mod 
ulators 16, 26 and 36 and the modulators of 
other channels provided for communication with 
field station 00 is connected by conductors to 
a 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 6, 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 TA; and this antenna 
is aimed at the antenna, R A at field station GO 
So that signal energy from each of the voice chan 
nels associated with group modulator 2 is trans 
mitted to field Station 00. . . . 
Another group of two-way voice channels is 

  



2 
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 signal energy from each of the associated 
Voice channels being applied through an ampli 
fier to a transmitter similar to the transmitter A 
and transmitted from an antenna which is aimed 
at a receiving, antenna of the field station in ques 
tion. Each of the modulators of each such group 
of Voice channels is provided with a carrier source 
of a different frequency, the carrier frequencies of 
the modulators of voice channels for a secodified 
station being designated B, B2, B3, etc., the car 
rier frequencies of the modulators of voice chain 
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are passed through the associated hybrid coils and 
through low-pass filters 4, 24 and 34 respec 
tively, to modulators f6, 26 and 36 respective 
ly. The stabilized carrier received by antenna 
RB and receiver 05 is amplified and transmit 
ted through conductors 09 to mixers 7, 27 and 
3, in parallel, for combination with the cur 

rent passed through the associated one of filters 
O life. 28 and 38 to constitute the carrier supply 

for each of modulators f6, 26 and 36 respec 
tively. The Voice modulated current of frequen 

nels for a third field station being designated of 
C2, C3, etc., and so on. The frequency separa 
tion, between successive channel frequencies. Af, 
A2, A3, etc., used in communicating with the 
Sane 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, effected by 

ultra-high frequency. Carrier. With directional 
antenna, the channel frequencies. Bl, el, ete., 
One for each other field station, may lie betweer 
the frequencies A and A2 of channels. for a first, 
field station; the channel-frequencies B2, c2, etc., 
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, e3, 
etc., one for each other field station, may lie 
between the frequencies: A3 and A4 of channels 
for a first field station; and so 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 associated with the trans 

mitter 5 at the central station is also of an ultra 
high frequency and a stabilizing earrier of this 
frequency is transmitted from the transmitting 
antenna. TB to the receiving, antenna R.I.B at 
field station 00. A separate: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 
nit the stabilizing carrier to-eachfield station, 
In the field station foo, the two-way voice chani 

nels. .0, 20 and 30 are individually conraected 
through hybrid coils fit, f2, and l3 respective 
ly, to the corresponding one of balancing networks 

2, 22 and 32 to the corresponding one of the 
detectors - 5, 25 and 35, respectively, and to the 
corresponding. One of modulators 1-6, 26-and 36, 
respectively. The signal; energy received by an 
tenna R.A. and radio-receiver f0.7 at the field sta 
tion. OO is, amplified. and selectively transmitted 
through conductors- 08, and each of the channel 
filters. 8, 28. and 38 to detectors. 5; 25 and 
35, respectively, and also. to mixers. -- f2l and 
37, respectively, each of the detectors, and each 

of the mixers being individually associated with 
one of the voice channels, 0.20 and 30 of field 
station. O. Filter 8, is-tuned to pass-the: voice 
modulated current of frequency. Y--Al; filter (28 
is tuned to pass the voice: modulated current. of 
frequency Y--A2 and filter 38 is tuned to pass the 
voice modulated current of frequency.Y--A3. The 
voice current output of each: of detectors: -5, 25 
and 35 is passed through a low-pass. filter 3: 
23 and 33, respectively, and the associated one 
of hybrid coils fif, f2l and 3 to voice channels 
if 0, 20 and 30, respectively. 
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cy Y--A passing through channel filter 8 is 
denied in mixer With current of frequency 
X from receiver f05 to supply a stabilized carrier 

* for nodulator its; the voice modulated current of 
frequency:YA2 passing through filter 28 is com 
bined in mixer f2 with current of frequency X 
from receiver f05 to supply a stabilized carrier for 
modulator 126; and the voice modulated current 
of frequency Y--A3 passing through filter 38 is 
combined in mixer 3 with current of frequency 
X from receiver 05 to supply a stabilized carrier 
for modulator 36. The voice modulated carrier 
output of each of modulators: f6, 26 arid 36 is 
transmitted through conductors: left to transmit 
ter O4; and the signal energy from all of the 
channels of the field station to is thereby trans 
mitted from antenna.T.C. to the receiving anten 
na.R.C. at the central station. 
The signal energy received at the central sta 

tion by antenna R.C. and receiver is amplified 
and selectively transmitted through conductors; 8 
and each of channel filters 8, 28, 38 to detectors 
5, 25, 35, respectively. Filter f8 is tuneditor pass 

the voice modulated circuit of frequency, X-Y, 
--A; filter 28 is tuned to pass the: Voice nodu 
lated current of frequency, X-Y-3A2; and filter 
38, is tuned to pass the voice modulated: circuit of 
frequency, X--Y-A3. The voice current output of 
detectors 5, 25, 35:is passed through low-pass fil 
ters 3, 23 and 33 respectively, aid the associated 
one of hybrid coils. , 2, 3 to voice chaleis: 0, 
20, 30, respectively. Thus two-way communica 
tionis provided betweenthese:channels and chaia 
neis . Of 20, 30) offield station: 00: 
The transmission of signal energy from the Voice 
channels of each of any other field station to the 
central station is effected in like marrier to that 
described for field station 90, there being as re 
ceiving antenna at the central station for each 
of the field Stations. The signaeraergy for eachi 
other field station is selectively transmitted to 
each of the voice channels,provided for commuri 
cation with such otherfield stations;...the channel 
filters: being tuned to selectively pass the signal 
energy to the proper detectOS; 
What is claimed is: 
1. In a telephone system, a first station, a.sec 

ond station, voice channels in said stations; there 
being a voice channelin each station for connun 
ication, individually with a particular one of the 
channels in the otherstation, a modulator and a 
channel filter individual. to each of said voice 
channels, a carrier source of a different freque 
cy for each of the-modulators in said first station, 
means including: an ultra-high frequency. Garrier 
current source: common to thie. modulatorsini said 
first station for transmitting signal energy from 
said modulators to said second station, means in 
cluding the channel filters in said second station 
for receiving and selectively transmitting the Sig 
nal energy incoming from said first station to the 
corresponding: voice channels in said second sta 
tion, means including: a second ultra-high fre 

voice currents from channels to, 120 and 30 76 quency carrier 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 mixing 
said carrier With incoming 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. 

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 a 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 
modulators 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, channel 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 modul 
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 a receiving antenna, at said central 
station common to the detectors of the channels 
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3. 
of said central 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 tuned 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 said 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 
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for transmitting to each voice. channel voice fre 
quency signal energy from the corresponding 
Voice channe of the fied Stations, 

5. in a communication system, a central star 
tion, a plurality of field stations, a plurality of 
voice channels at each field station, voice chain 
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 a 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, each 
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 
Initting 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 field stations being tuned to the fre 
quencies of the carriers of the corresponding 
channels respectively of the central station, 
Ineans comprising the detectors and associated 
filters at the field stations for transmitting to 
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each voice channel respectively the voice fre 
gency signating 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 a 
of Said field stations, an antenna and a receiver 
at 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 modiu 
lators of the field stations, means at each field 
station comprising 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, 
nearis Comprising 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 channe 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 modul 
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. 
i: . . 


