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1 
This invention pertains to supervisory signal 

ing Systems for use in conjunction with radio or 
carrier current telephone toll lines. 
Where radio or carrier current telephone links 

are employed on toll lines interconnecting central 
offices, the radio- or carrier terminal stations will 
in general be located at points more or less remote 
from the central offices, which they respectively 
serve. The connection between the radio or car 
rier terminal station is ordinarily completed over 
a two-wire, two-way low frequency circuit which 
is coupled through a hybrid coil to the radio or 
carrier current transmitter º input, and also to 
the radio or carrier current receiver and demodul 
lator output. 

It is necessary that the central office operator 
be kept advised, by means of appropriate su 
perVisOrry Signals, as to the status of the radio 
or carrier link at all times, and that she have the 
requisite means at her disposal at the central 
office switch board, for appropriately controlling 
the operation of the radio or carrier link during 
as well as between calls. Thus, the operator must 
be advised as to when a call is incoming over the 
radio or carrier link, and also as to when the dis 
tant central office has disconnected. The op 
erator upon answering the call, must have means 
available at the switch board for switching on the 
outgoing carrier of the local radio or carrier cur 
rent transmitter, and for thereafter observing 
when the transmitter is operating and on fire 
quency. It is also desirable that these various 
Supervisory signaling and control functions be 
carried out over the same pair of wires as is used 
for voice frequency transmission between the cen 
tral office and the radio or carrier current ter 
minal station. V 

The present invention provides simple and ef 
fective circuits and apparatus for accomplishing 
these various operations including: a control cir 
cuit for Switching the radio transmitter carrier 
on and off from the central office; a control circuit 
to advise the central office operator that an in 
coming call is being received by the radio trans 
mitter; and a control circuit to advise the op 
erator whether or not the radio transmitter is 
operating to provide outgoing carrier of the corale 
rect frequency. 
The invention will be described with particular 

reference to a radio link in a toll line intercon 
necting central office exchanges, although it will 
be understood that the same circuits and appara 
tuls are equally applicable to carrier current wire 
circuits, inasmuch as the high frequency terminal 
equipment. is fundamentally the same in each in 
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2 
stance, so that the supervisory signaling and cir 
cuit control problems are the same. 
The invention comprises, in general terms, a 

two-conductor, two-way, voice frequency circuit 
extending from a central office to a radio station, 
at which point it is linked, for voice-frequency 
transmission, through a hybrid coil to the input 
of a radio transmitter and to the output of a radio 
receiver. In addition to transmitting the Voice 
frequencies, the two-conductor circuit also pro 
vides, over each conductor, a. separate supervisory 
or control signaling circuit, between the radio sta 
tion and the central office. The voice-frequency 
circuit is metallic, while the signaling circuits.em 
ploy ground return. The voice-frequency and 
signaling circuits are suitably isolated from one 
another by means of appropriately constructed 
and disposedilfilter circuits, transformers and con 
denSerS. v 

At the radio station, the following signaling 
equipment is provided: a carrier relay responsive 
to carrier incoming to the radio receiver; a trans 
mitter relay for switching on the outgoing carrier 
of the radio transmitter; a frequency monitor and 
associated relay responsive to outgoing carrier of 
the radio transmitter for indicating When the 
transmitter is operating and on the correct fre 
quency; and a polarized oscillating relay energized 
from a low-frequency alternating current gen 
erator under control of the transmitter relay for 
purposes to be explained. 
The signaling and control circuit equipment 

provided at the central office comprises: a slow 
acting supervising relay for energizing a call 
lamp to indicate when a call, incoming over the 
radio link, has been placed or terminated; an al 
ternating. Current, frequency monitor signaling 
device, responsive to the low-frequency generator 
and polarized relay aforesaid, for indicating when 
the radio transmitter is operating and on the 
correct frequency; and a jack relay responsive to 
insertion of the operator’s cord plug into the toll 
line jack, for switching on the outgoing carrier 
of the radio transmitter and for extínguishing the 
call lamp when the incoming, call has been an 
Swered. 
One conductor of the two-wire, voice-frequency 

circuit is employed as a direct current, ground 
return circuit, for energizing the transmitter relay 
from the central office to switch on the outgoing 
carrier, upon insertion of the operator’s cord plug 
in the toll line jack. The remaining conductor 
of the two wire-circuit provides a direct current, 
ground return circuit, for energizing the central 
Supervising relay.from the radio station in re 
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sponse tô incoming calls; and also as an alternat 
ing current circuit for energizing the central of 
ffice frequency monitor signaling device from the 
radio station, when the radio transmitter is op 
erating and on frequency. These operations are 
achieved, in accordance with the invention, by 
the application of positive or negative or alter 
nately positive and negative voltages to the radio 
station end of the conductor to which the Sul 
pervising relay and frequency monitor signal de 
vices are connected at the central office. These 
voltages are applied to said conductor through 
contacts of the frequency monitor, carrier and 
polar relays, in accordance with the operations 
thereof and in such manner as to effect the vari 
ous signaling functions above referred to. 
The single figure of the drawing illustrates, in 

circuit diagram form, a preferred embodiment of 
the invention. 

Referring to the drawing, there is illustrated 
diagranmatically a radio station comprising, a 
radio telephone transmitter i and a radio tele 
phone receiver 2, the voice frequency input and 
output of which are respectively connected over 
circuits 3, 4, to a hybrid coil 5, provided with a 
line balancer 6, and thence over a circuit T and 
through transformer 8 to a two-wire, two-way, 
voice-frequency circuit 9 extending to a central 
office, and thence through transformer 10 thereat, 
to conductors I l terminating at jack 2 on a 
switch board at the central office. The opera 
tor’s cord 3 is provided with a plug 4, insert 
able in jack 2, for answering a call incoming 
from the radio station over the two-conductor 
radio eircuit 9. 
For advising the central office operator as to 

when a call is incoming to the radio station, there 
is provided thereat a carrier relay C, which re 
sponds to carrier current, indicated at 5, in00m 
ing to radio receiver 2. Also there is provided 
means whereby the central office Operator may 
switch on the outgoing carrier, indicated at 6, 
of radio transmitter , said means including 
transmitter relay TT which controls, through its 
armature and front contact T-1, a circuit T for 
switching on said outgoing carrier. The trans 
mitter relay is energized from negatively ground 
ed battery 9a over a circuit which includes the 
TC conductor of the two-wire circuit S eXtend 
ing to the control office. For advising the opera 
tor as to when transmitter i is operating and on 
frequency, there is provided a frequency monitor 
f8 and associated frecuency monitor relay F, 
which responds to the outgoing carrier as indi 
teated at 9, when the garrier is being transmitted 
on the correct frequency. 

In addition to the equipment above described, 
there is provided at the radio station a low-fre 
quency, alternating current generator 20, for gen 
erating a frequency on the order of ten cycles 
per second, as indicated, the output of this gen 
erator being connected over a circuit 2 i and 
through an arminature T-2 and associated front 
contact of the transmitter relay T, to the wind 
ing of a polarized oscilating relay O. Also there 
is provided a rectifier 22 for converting a source 
of alternating current 23 into a low voltage, direct 
current to provide a direct current output voltage 
of positive polarity between an output conductor 

and a grounded conductor 25, and also to pro 
vidie a corresponding voltage of negative polarity 
between an output conductor 26 and said ground 
ed conductor 25. The positive output lead 24 is 
wired in multiple, through current-limiting re 
sistors, such as 2, to a back contact of an arma 
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4 
ture F- of the frequency monitor relay F, and 
also to a front contact of an armature C- of 
the carrier relay C. The negative output lead 
26 is similarly wired in multiple to the front con 
tact of armature F- of the frequency monitor 
relay F, and also to back contacts of armatures 
C-t and C-2 of the carrier relay C. The C-, 
C-2 armatures of the carrier relay are in turn 
COnnected to back and front contacts respectively 
of an armature O- of the oscillating relay O, 
this armature in turn being connected to the 
lower conductor RC, of the two-wire circuit 9 * 
extending to the central office. 

Referring now to the central office, there is 
provided a jack relay J, connected between the 
negatively grounded battery 28 and the ring con 
ductor 29 of jack 2, this relay being energized 
when the operator’s cord plug i 4 is inserted in 
jack f 2, owing to the ground 30 connected to the 
ring conductor of the plug f4. There is also pro 
vided at the central office a slow-acting supervis 
ing relay S, the winding of which is connected 
between the lower conductor ERC of the two-wire 
circuit 9, and an armature J-2 of the jack relay, 
the associated back contact of which is connected 
through a current-limiting resistor 3 to pos 
tively grounded battery 32, and the associated 
front contact of which is connected through a 
similar resistor 33 to ground. 
The supervising relay S is provided with a 

grounded armature S-f, the associated front 
contact of which is connected through a call lamp 
CL to negatively grounded battery 39. There is 
also provided at the central office an alternating 
current signaling device 40, responsive to low 
frequency alternating current and comprising a 
"condenser 4 connected in series with a resistance 
42 to ground, the resistance 42 in turn being 
connected in shunt to a frequency, monitoring 
lamp Or neon tube ML. The signaling device 40 is 
Connected to the lower conductor ERC of the two 
Wire circuit 9. 
The jack relay is provided with a second arma 

ture J-f, which is connected to the central office 
end of the upper conductor T of circuit 9, this 
a Timature having a back contact connected 
through a low resistance 3, of about a thousand 
ohms or so, and thence in series to ground at 35 
through a high resistance 36 of megohm or so, 
the high resistance being shunted by a by-pass 
“condenser 37 of about a microfarad capacity. 
The associated front eontact of armature J 
is connected through a low resistance 38 of about 
a thousand ohms or so, to groun?t at 35. - 

It will be observed that the upper-conductor TC 
of the two-wire circuit 9, provides a direct cur 
rent path from grounded battery 19a through the 
winding of relay T at the radio station, and over 
conductor TC to armature J- of the normally 
deenergized jack relay at the central offee. The 
transmitter relay T is thus normally deenergized 
owing to the high resistance path to ground 
through the J-1 armature and back contaet of 
the, J relay through resistors 34, 36, the latter, as 
stated, being of the order ef a negehm or so. 
On the other hand, when the J relay is ener 
gized, this in titurrn energízes the transnitter re 
lay T over the low resistance path to ground 
through the J- armature and front contact, 
and low resistance 38 to ground at 35. Accord 
ingly, the transmitter. Irelay T will be energized 
when the operator’s cord plug 4 is inserted in 
jack 2 to energize the jack relay J. . . . . 
Reverting now to the lower eonductor RC of 

"circuit 9, it will be observed that the centra 
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office end of this conductor is normally connected 
through the supervising relay. S to negative bat 
tery. 32 through the i J-2 armature and back 
contact of the normally deenergized jack- relay 
i 2. On the other hand, the radio station end 
of conductor RC normally extends in series 
through the O- armature and back contact of 
the normally deenergized polar relay O, and 
thence through the C- armature and back 
contact of the normally deenergized carrier relay 
C, to negative battery supplied over lead 26 of 
rectifier 22. Although this provides a direct. cur 
rent path from the negative voltage lead 26. at 
the radio station over conductor RC to one ter 
minal of the winding of the supervising relay. S 
at the central office, nevertheless this relay is 
normally deenergized owing to negative battery, 
likewise. normally supplied to the opposite ter 
minai of this Winding from battery 32 - through. 
the J-2 armature and back contact of the jack 
relay. 

However, upon receipt of incoming carrier 15. 
to radio receiver 2, the carrier relay C will oper 
ate to transfer its C-i armature from its back. 
to its front contact, whereupon positive voltage 
from the rectifier output conductor 24 will be 
applied to the C-l armature, and thence over 
conductor RC to the supervising relay S at the 
central office, which will thereupon operate ow 
ing to positive battery now applied to one ter 
minal of its winding, and negative battery from 
source 32 applied to the opposite terminal there 
of. The resulting operation of the supervising 
relay Will thereupon energize the call lamp CIL 
from battery 39 through the front contact and 
grounded S-i armature of the supervising relay. 
In this way, the. operator is apprized as to an 
incoming call. 
When the operator answers the call by insert 

ing her cord plug 4 into jack 2, the jack relay 
J is energized as aforesaid, to transfer its J-i, 
J-2 armatures from their back contacts to their 
front contacts. The supervising relay remains 
momentarily operated, since its winding is now 
grounded at the central office through the jack 
relay J-2 armature and front contact, the latter 
being connected to ground through resistor 33. 
At the same time, the transmitter relay T is ener 
gized from battery 19a, over conductor T and 
through the J- armature and front contact Of 
the jack relay, to ground at 35 through the low 
resistance 38. Energization of the transmitter 
relay closes, through its T-l armature and front 
contact, the circuit T for switching on the car 
rier - 6 outgoing from the radio transmitter f. 
Operation of the T relay also connects, through 
its T-2 armature and associated front contact, 
the low frequency generator 20 to the oscillating 
relay O. 
The oscillating relay O is thereby energized 

from the low frequency source 20, alternately to 
switch its O- armature between its associated 
back and front contacts, at the frequency of 
source 20. However, assuming for the moment 
that the outgoing carrier 6, 19 from the radio 
transmitter t is not on the air as yet, or is not 
outgoing on the proper frequency, the frequency 
monitor relay F will not be actuated. Under 
these circumstances, it will be noted that posi 
tive voltage is applied to both the back and front 
contacts of the oscillating relay through the 
C-, C-2 armatures and front contacts of the 
carrier relay C, owing to energization of the car 
rier relay by the incoming carrier, in consequence 

75. of which the supervising relay is will remain en 

6 - 
ergized at the central office, to hold the call lampo 
Ciri energized. - , . 

As soom, however, º as the carrier 8, 19 -iscoutes: 
going from transmitter i on the-proper frequency, 

- the frequency monitor relay F will be energized, 
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to apply, through its F-t. armature and front 
contact, a negative voltage to the front contact 
of the oscillating relay armature O-1, while posi 
tive voltage remains applied to the back contact: 
thereof as aforesaid. In this case, the oscilla-. 
tions of the O relay will put voltage reversals on 
the RC conductor extending to the central office, 
thus reducing substantially to zero the current 
flowing in the winding of the slow acting super 
Vising relay S, which thereupon releases to ex 
tinguish the call lamp CL. At the same time, 
however, alternating current at the frequency - 
of operation of the oscillating relay. O, is caused 
to flow through the alternating current frequency - 
monitoring device. 40 at the central office, thereby 
to illuminate the monitoring, neon lamp MIL. 
The operator is thus advised that carrier i? out 
going from transmitter i on the proper frequency, 
and also that carrier is incoming to radio- re 
ceiver 2 from the distant or calling station. 
When the operator at the distant central office 

disconnects, the incoming carrier to the radio 
receiver 2 will cease, whereupon the carrier relay. 
C will release, to which its C-, C-2 armatures 
from their associated front to their associated 
back contacts. Negative voltage therefore ap 
pears on both front and , back contacts of the 
O-l armature of the oscillating relay O. there 
by to terminate the transmission of alternating 
current- over the RC conductor, thus extinguish 
ing the frequency monitoring lamp MIL. At the 
Same-time, the application of negative: voltage to 
both contacts of the O relay, again energizes the 
supervising relay S at the central office, which in 
turn energizes the call lamp CL, thus, advising 
the operator that the - distant central- office. has 
disconnected. 

If the local central office. operator., should re 
move her cord plug í 3 from jack 2, while, the 
call is in progress, the transmitter relay. T will 
release to switch off the out-going carrier at its, 
T-l armature, and also to disconnect generator 
20 from the oscillating relay O at its T-2 arma 
ture. Accordingly, the frequency monitoring. 
lamp ML is extinguished, but the supervising, 
relay S and the call lamp CT are energized, until 
the distant operator has disconnected, due to 
the fact that the carrier relay C remains operated 
until then, thereby to apply i positive voltage, 
through its C- armature and front contact - 
to the RC conductor. 
The signaling and voice frequency circuits 

of the two-wire circuit 9. are isolated from one, 
another by means of the isolating transformers, 
8, 10, and associated filter circuits 43, 44. It will 
be noted in this connection that one winding of 
each of the transformers 8, 10 has interposed at 
its midpoint one of the filter circuits 43, 44, which 
filters off to ground at 45, the highere harmonics. 
of the alternating current from the signaling, 
circuits; while the interposition of the two-wind 
ing transformers 8, 10 in the voice frequency, 
circuits prevents the direct current signals from 
entering the Woice frequency circuit. M 
Operation of the signaling circuits under the 

various conditions which occur may be restated 
as follows: 

1. System idle.--At the radio station, the C 
relay is released, because there is no incoming, 
carrier. Th? T relay is released due to, releas? 
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&f. the j relay git the eerstra ofiz?. Hence, the 
F and O relays are released. Negative -vëlltäge-s 
accordingly appiéto the RC goraš?itof. At the 
central office the. J. rel&yi? relessëaše?i, bê?tatuse the 
operátor’s cord circuit piltig is ?istorrected from 
jack i 2. The supervising relay is released be 
catast?“ negative voltage is applied to both sides of 
its Winding terminals, that of the RC conductor 
one one side, and that of battery 32-through the 
back contact and J-2 armature of the J relay, 
on the other. The call lamp CL, is accordingly 
extinguished. Also the ML lamp is extinguished, 
because no alternating current is applied to the 
RC conductor. 

2. Incoming calis-The C relay is energized 
by the incoming carrier, and thts applies pGsi 
tive wg?tage to the RC econductor. The super 
vising relay is accordingly actuated to energize 
the cåll lamp CL. 

3. . Caill anstvered-Insertion of plug i in jack 
12 i energizes the J relay. This in tUrrn actuaites 
the TT relasy to switch on the outgoing carrier 
frigin the radio transmitter, and also to energize 
the Goscillating GO relay from generator 20. 

If the outgoing carrier is not on the air, or is 
paot on frequency, the F relay wil remain de 
energized, in which case positive battery will be 
applied to the IRC condittctor on both contacts 
of the O. reay, since the carrier rekay C remains 
operated by the incoming carrier. Hence, no al 
ternating currerat is applied to the RC conductor 
and the monitorireg lamp Mu remtains deemer 
gized. Gin the other hand, the supervising relay 
remains energized-to ground through the J-2 ar 
matre artid associated front contact of the J relay. 
The call amp C: thus remains lighted. 
When the outgoing carrier is on the air, at the 

correct frequency, the F rehay will operate, to 
put negative voltage on the front contact of the 
O relay, the back contaet of which receives posi 
tive battery as aforesaid. Square-wave alternat 
ing current voltage is thus applied to the RC 
conductor, which i energizes the monitoring lamp 
ML at the central office, but deenergizes the S 
relay and with it the cali lamp CL, which is 
extinguished. W 

4. Disconnect.--Release of the circuit by th? 
distant central office will switch off the incom 
ing carrier and thus release the C relay. This 
restores negative battery to both contacts of the 
O relay, to extinguish the monitoring lamp MIT 
at thre centrai office, and to energize the S relay 
and with it the CL, lamp which relights, thus 
signalfing the central office operator to discon 
nect. When the Operator removes her cord plug 
from jack i 4, the J relay will release to extin 
guish the CL lamp by application of negative 
voltage to both terminals of the S. relay winding, 
which releases. This also releases the T relay 
which in turn releases the F and. O relays, thus 
restóring the system to its idle condition. 

If the operator - pulls the plug 14 before the 
inicoming carrier is off, the J, T, F' and O relays 
will release. The C relay will remain actuated by 
the incoming carrier, and hence Willi apply posi 
tive battery to the IRC conductor. The MT, lamp 
will be extinguished, but the S reiay will be en 
ergi?ed and with it the CL lamp, until the dis 
tant operator has disconnected. 

I claim: 
1. In a communication System: a carrier CiUr 

rent transmitter and receiver; a two-conductor 
circuit connecting the same to a central office; 
a carrier relay responsive to carrier current in 
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83 
swiftig ora carrier. currert outgoiâg frDa sa 
trarastritter; a supervising, rekay at thè -cetatiPa 
offee; means including said i carrier relasy kind 
one con?uctor of said two-conductor circuit, òf energizing sait supervising relay in response töd 
incoming carrier; and means including tè re 
maining conductor of said two-conductor cir 
cuit and switching means at the central office 
for energizing said transmitter relay to switch 
on the outgoing carrier. 

2. In a communication system: a carrier cur 
rent transmitter and receiver; a two-conductor 
circuit connecting the same to a central office; a 
carrier relay responsive to carrier current in 
coning to said receiver; a transmitter relay for 
switching on carrier outgoing from said trans 
mitter; a supervising relay at the central office 
and a call lamp responsive thereto; means in 
cluding said carrier relay and one conductor of 
said two-conductor circuit, for energizing said 
supervising relay and call lamp in response to in 
coming carrier; and means including the re 
maining said conductor, a jack having a sleeve 
conductor, a jack relay connected to said sleeve 
conductor and an operator’s cord plug at thre 
central office, for energizing said transmitter re 
lay upon insertion of said plug in said jack, 
thereby to switch on carrier current outgoing 
from said transmitter. 

3. In a communication system: a carrier cur 
rent transmitter and receiver; a two-conductor 
circuit connecting the same to R 
a carrier relay responsive to caf?r?r current in 
coming to said receiver; a transmitter relay fo 
switching on carrier current outgoing from said 
transmitter; a frequency monitor having * a. free 
quency monitor relay connected in its “output and 
responding to said outgoing carrier when of a 
preselected frequency; a source of low-frequency 
alternating current and a polar relay energiz 
able therefrom Upon actuation of Said tranSmit 
ter relay; a supervising relay, a jack relay and 
an alternating current signaling device at the 
central office; means including contacts of Said 
carrier and polar relays, and a first conductor of 
said two-conductor circuit, for energizing said 
supervising relay in response to incoming car 
rier; means including said jack relay and the 
second conductor of said two-conductor circuit, 
for energizing said transmitter relay to switch Oni 
the outgoing carrier; and Inneans including con 
tacts of said frequency monitor, carrier and politar 
relays and said first conductor, for extinguish 
ing said supervising relay and energizing said 
alternating current signaling device while cara 
rier current is incoming to said receiver and cön 
currently outgoing from said transmitter on said 
preselected frequency. 

4. In a communication system: a carrièr cir 
rent transmitter and receiver; a two-conductor 
circuit connecting the same to a central officé; 
a carrier relay responsive to carrier. currentin 
coming to said receiver; a transmitter relay for 
switching on carrier current outgoing from said 
tran Smitter; a frequency monitor having, a ffê 
quency monitor relay connected in its output, 
and responding to said outgoing carrier when of 
a preselected frequency; a polar relay energiz 
able from a low-frequency alternating current 
Source in response to actuation of said trans 
mitter, relay; a supervising relay and a low-fre 
quency signaling device connected to a. first con 
ductor of said two-conductor circuit at the ceni 
tral office, the opposite end of said first conductor 

coming to said receiver; a transmitter relay for 75 being connected to an armature of saîd polar re 
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lay, said armature having back and front con 
tacts connected respectively to a pair of arma 
tures of said carrier relay, said carrier relay 
armatures having back contacts connected to a 
negative voltage source, and front contacts re 
spectively connected to a positive voltage source 
and to an armature of said frequency monitor 
relay, the latter said armature having back and 
front contacts respectively connected to said 
positive and negative voltage sources; and means 
including a jack relay at the central office and 
the second conductor of said two-conductor cir 
cuit, for energizing said transmitter relay and 
for concurrently switching a winding terminal of 
said supervising relay from a negative voltage 
source to ground at the central office. 

5. In a communication System: a carrier cur 
rent transmitter and receiver; a first speech 
frequency circuit coupled to the transmitter in 
put and to the receiver output through a hybrid 
coil; a transformer coupling said speech-fre 
quency circuit to a two-conductor circuit ex 
tending to a central office; a transformer cou 
pling said two-conductor circuit to a second 
Speech-frequency circuit thereat; each Said 
transformer including a winding connected in 
series with a condenser between said two con 
ductors, thereby to provide separate, direct cur 
rent signaling paths over the individual conduc 
tors and a speech-frequency circuit over said 
conductors jointly; a carrier relay responsive to 
carrier current incoming to said receiver; a 
transmitter relay for switching on carrier cur 
rent outgoing from said transmitter; a supervis 
ing relay at the central office; means including 
said carrier relay and a first said conductor, for 
energizing said supervising relay in response to 
incoming carrier; and means including the sec 
Ond Said conductor and switching means at the 
central office, for energizing said transmitter re 
lay to switch on the outgoing carrier. 

6. In a communication System: a carrier cur 
rent transmitter and receiver; a first speech-fre 
quency circuit coupled to the transmitter input 
and to the receiver output through a hybrid coil; 
a transformer coupling said speech-frequency 
circuit to a two-conductor circuit extending to a 
central , office; a transformer coupling said two 
conductor circuit to a second speech-frequency 
circuit thereat; each said transformer including 
a Winding connected in series with a condenser 
between said two conductors, thereby to provide 
separate, direct current signaling paths over the 
individual conductors and a speech-frequency 
circuit over said conductors jointly; a carrier re 
lay responsive to carrier current incoming to said 
receiver; a transmitter relay for switching on 
carrier outgoing from said transmitter; a super 
Vising relay at the central office and a call lamp 
responsive thereto; means including said carrier 
relay and a first of saidi conductors, for energiz 
ing said Supervising relay and call lamp in re 
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10 
sponse to incoming carrier; and means including 
the remaining said conductor, a jack, and asso 
ciated jack relay and operator’s cord plug at the 
central office, for energizing said transmitter re 
lay upon insertion of Said plug in said jack, 
thereby to Switch on carrier current outgoing 
from said transmitter. 

7. In a communication system: a carrier cur 
rent transmitter and receiver; a first speech-fre 
quency circuit coupled to the transmitter input 
and to the receiver output through a F 
a transformer coupling said speech-frequency 
circuit to a two-conductor circuit extending to a 
central office; a transformer coupling said two 
conductor circuit to a second speech-frequency 
circuit thereat; each said transformer including 
a winding connected in series with a condenser 
between said two conductors, thereby to provide 
separate, direct current signaling paths over the 
individual conductors and a speech-frequency 
circuit over said conductors jointly; a carrier re 
lay responsive to carrier current incoming to said 
receiver; a transmitter relay for Switching on 
carrier current outgoing from said transmitter; 
a frequency monitor and associated frequency 
monitor relay responsive to said outgoing carrier 
when of a preselected frequency; a source of low 
frequency alternating current and a polar relay 
energizable therefrom upon actuation of said 
transmitter relay; a supervising relay, a jack re 
lay and an alternating current signaling device 
at the central office; means including contacts of 
said carrier and polar relays and a first of said 
conductors, for energizing said supervising relay 
in response to incoming carrier; means includ 
ing said jack relay and the second of said con 
ductors, for energizing said transmitter relay to 
switch on the outgoing carrier; and means in 
cluding contacts of said frequency monitor, car 
rier and polar relays, and said first conductor, 
for extinguishing said supervising relay and en 
ergizing said alternating current signaling de 
vice while carrier current is incoming to said 
receiver and concurrently outgoing from said 
transmitter on said preselected frequency. 

EVERHARD H. B. BARTELNEK. 
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