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The present invention relates to telephone sys 
tems in general, but is concerned more particu 
larly With telephone systems wherein a line used 
for telephone purposes is used also for the trans 
mission of telegraph messages. The object of 
the invention is the production of new and in 
proved circuit arrangements which enable a pair 
of conductors to Serve as a metallic Subscriber 
telephone line and as a ground-return telegraph 
line Without mutual interference When the line 
is used for telephone and telegraph purposes at 
the same time. 

General description 
It has been chosen to illustrate the invention 

as applied to a subscriber line of considerable 
length, composited to provide two ground-re 
turn telegraph channels in addition to the ne 
tallic telephone channel, With one telegraph chan 
nel used for the transmission of telegraph mes 
Sages and the other telegraph channel used fol' 
the transmission of ringing current and signal 
ling current incidental to the use of the line for 
telephone purposes. Since the impulses gener 
ated by the calling device in an automatic tele 
phone system may be transmitted over the tele 
graph channel assigned to the use of the tele 
phone subscribers, it has been chosen to illus 
trate the invention as applied to an automatic 
telephone system. 
A feature of the invention is that the ex 

change apparatus is permitted to remain un 
changed as regards the setting up of connections 
between standard lines, while a repeater is pro 
vided individual to the combination telephone 
and telegraph line, to provide for the transmis 
sion of ringing current over the line when the line 
is called and for the transmission of SWitchhook 
and calling-device signals from the telephone 
Substation to the Switchboard apparatus. 
One Situation in Which. the invention is par 

ticularly useful is encountered in privately owned 
railroad exchangeS. Certain railroad telephone 
lines extend many miles from the exchange to a 
telephone substation, with the result that a con 
siderable economic gain is realized if the pair of 
conductors can be used to furnish telegraph serv 
ice in addition to telephone Service. 

Referring now to the drawings, comprising 
Figs. 1 to 3, they show the invention applied to 
a line of a 100-line automatic telephone system. 
Figs. and 2 show equipment involved in the 
handling of both telephone and telegraph traffic 
over the subscriber line L, while Fig. 3 shows a 

(C. 179-3) 
desirable modification of the repeater R., Fig. 2, 
providing automatic intermittent ringing. 
In Figs. 1 and 2, the telephone line L, cpm 

prising conductors f2 and 22, extends between 
the repeating coil RC, located adjacent the tele 
phone Substation B, and the repeating coil RC2, 
located in the telephone exchange. The Substa 
tion B is a local-battery automatic Substation, 
Suitably modified to permit ringing and signal 
ling over the separate conductor f, While con 
Versation is carried on Over conductors 03 and 
04. 
In the telephone exchange, Fig. 2, the repeater 

R is interposed between the repeating coil RC2 
and the exchange apparatus for the purpose of 
repeating the signal impulses at the upper, con 
tacts of line relay 22 and of controlling the ap 
plication of ringing current over the associated 
One of the two telegraph channels to signal the 
Subscriber at Substation B. 
Through its terminals 2, the repeater R is 

Connected. With the individual lineSWitch LS2. 
Fig.2 shows also the line of telephone substation 
A, having the individual lineswitch LS. 
lineswitches LS i and LS2 have common access 
to a group of connectors, of which the connector 
C is One. This connector has access to all of the 
lines entering the exchange through groups of 
terminals such as those indicated as individual 
to the respective illustrated lines. Of the line 
Switches LS and LS2 and the connector C, only 
the wipers and illustrated bank terminals are 
shown, as the circuits and mechanisms of these 
SWitches are Well understood. 
The telegraph substation TS, Fig. 1, and the 

telegraph substation TS2, Fig. 2, are shown as o 
the Morse, key-and-sounder type. 
Condensers 5 and 23 associated With the 

line windings of the repeating coils RC and RC2 
isolate the conductors 2 and 22 from each 
other as regards direct current, thereby prevent 
ing direct-current interference between the two 
telegraph channels. The differentially connected 
retard coils O6, 07, 20, and 202 are provided 
to avoid grounding of conductors 2 and 22 
as regards the Voice currents impressed on these 
conductors during conversation and also to pro 
vide the required gradual current change in the 
line conductor to prevent signal noises from be 
ing superimposed on the telephone circuit. The 
condensers 08, 09, 203, and 204 are paired with 
the respective coils 06, 07, 20, and 202 in fur 
therance of the arrangement for preventing 
sharp Voltage fluctuations occasioned by tele 
graph Signalling. It Will be understood, of course, 
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that while the coils such as f06 and 0 are each 
differentially Wound so that they are substan 
tially non-inductive to the relatively gradual 
changes in Current flow that take place in signal 
ling over a telegraph channel, they are highly 
inductive to the relatively rapid, changes that 
take place in voice-current transmission, because 
of the leakage magnetic return path through the 
air for each of the coils of the pair independent 
Of the other. 

It is to be understood, of course, that the 
compositing arrangement for deriving the tele 
graph channels herein disclosed is merely illus 
trative, and that any suitable well-known method 
of deriving the low-frequency telegraph channels 
may be used. 

Detailed description 
The discloSure having been described generally, 

a detailed description of the operation of the 
apparatus shown will now be given. For this 
purpose it will be assumed first that the sub 
Scriber at Substation A, Fig. 2, desires to con 
verse with the subscriber at substation B, Fig. 1, 
for which purpose the subscriber at substation 
A removes his receiver (not shown) and manipu 
lates his calling device in accordance with the 
digits in the number assigned to the line of sub 
station B. It will be understood, of course, that 
the substation A is a standard two-wire auto 
matic Substation, 

Call from SibStation. A to substation B 

When the receiver is removed at substation A, 
the lineSwitch LS operates in the usual manner 
to search for an idle connector. Assuming that 
the connector C is the first one found to be idle, 
this connector is seized through the wipers of 

40 

45 

the lineswitch LS, when they come to rest in 
engagement with the terminals of the connector 
C. The connector C is thereupon prepared for 
operation in the usual manner. . . . . . . 
When the subscriber at substation. A dials the 

two digits in the number of substation B, the 
wipers of the connector C are first raised opposite 
the level of bank contacts in which the line termi 
nates and are then rotated across this level until 
they come to rest in engagement with the termi 
nals from which conductors extend to the local 
exchange leads of the line L. The line is tested 
as to its busy or idle condition in the usual 
manner. Assuming that the line is idle, connec 
tion is made therewith and the connector Cap 
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of a circuit through contacts of relay 222 of the 

70 
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plies ringing current in the usual manner. The 
ringing current, however, is not permitted to 
reach the line L, because of the open connection 
at the upper contacts of line relay 22. 
Ground potential is applied by way of the C 

wiper of the connector C to the 'C' lead of the 
called line for the purpose of energizing the cut 
off relay (not shown) of the lineswitch LS2 to 
thereby disconnect the usual line relay of the 
lineswitch. This ground potential is also effec 
tive to guard the called line from further seizure 
by another of the connectors. ?•?? 
The application of ground potential to the C 

lead of the called line results also in the closure 

repeater R for the associated cut-off relay 223 in 
the repeater. Relay 223 operates to disconnect 
the incoming line relay 22 of the repeater from 
the aSSociated telegraph lead 206. The lead 206 
is also extended by the upper armature of cut 
off relay 233, through contacts of the normally 
energized ring-cut-off relay 224, to the generator 
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lead 232 associated with the ringing-current 
transformer 23. Ringing current from lead 232 
now passes to the ringer O of Substation B 
through contacts of cut-off relay 223 and thence 
Over the telegraph channel including retard coils 
202 and 06, and conductor. . 
in series with ringer of normally prevents direct 
current from flowing over the associated tele 
graph channel, thereby normally preventing line 
relay 22, from operating. Ringer fol, however, 
operates on the alternating ringing current pass 
ing through the associated condenser, to signal 
the Subscriber at Substation B. 
As a further result of the energization of cut 

off relay, 223, the normally existing circuit for 
ring-cut-off relay 224 is broken. Relay 224, as 
is indicated by the solid-black upper portion 
thereof, is equipped with a copper collar on the 
arnature end thereof So as to render the relay 
slow-acting. As a result relay 224 delays some 
What in restoring after its circuit is opened. 
When it does restore, relay 224 disconnects ring 
ing lead 232 to terminate the “splash' application 
of ringing current, and at its upper contacts it 
reconnects line relay 22 to the lead 206. 
When the subscriber at substation B responds 

to the operation of the ringer of brought about 
as above described, the removal of the receiver R. 
permits the Switchhook spring-combination 02 
to move to alternate position. The local circuit 
is closed through the transmitter T and the pri 
mary winding of the induction coil IC; the re 
ceiver R is bridged across the talking conductors 
03 and 04 in Series with the secondary wind 

ing of the induction coil IC; and the telegraph 
conductor if is disconnected from the ringer 
0 and is extended to ground through the nor 
mally closed impulsing contacts of the calling 
device CD. The substation B is thereby prepared 
for conversation, and a current flow is established 
over conductor and through retard coils O6 
and 202, ... upper contacts of the now-restored 
ring-cut-off relay 224 and through the winding 
of line relay 22 to the negative pole of the ex 
change battery. Relay 22 energizes over this 
circuit and at its inner armature closes a circuit 
for hold relay 222. Hold relay 222 operates and 
disconnects cut-off relay 223, at the same time 
locking itself to the C lead of the lineswitch LS2. 
and of the connector C, which locked condition 
is maintained until the connection is broken 
down. Cut-off relay. 223, being disconnected by 
hold relay 222, now restores and connects line 
relay 22 to conductor 206 at another point, at 
the same time opening an additional point in the 
previously established ringing circuit and closing 
a reoperating circuit for ring-cut-off relay 224. 
Relay 224 now reoperates preparatory to timing 
the application of ringing current on the next 
cal received. : . " .? 

At its upper contacts, line relay 22 closes a 
loop across the associated negative and positive 
talking conductors and the right-hand windings 
of repeating coil 209. 
the resistance characteristics of a subscribed 
line of optimum value, while condenser 209 by 
passes voice currents around the resistor 208. 

In the connector C, the usual ring-cut-off opera 
tion and the operation of the usual back-bridge 
or battery-feed relay now take place responsive 
to the current flow through the upper contacts 
of the line relay 32. The connector C is thereby 
brought into talking condition to permit conversa 
tion between the substations A and B. over the 
outlined heavy talking conductors, 

The condenser 
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At the end of the conversation, when the sub 

scriber at substation B replaces his receiver, line 
relay 22f restores when it is reconnected in 
circuit with the ringer of and associated con 

5 denser. Upon restoring, line relay 22 opens the 
initial circuit of holding relay 222, but relay 222 
remains Operated and locked to the associated 
C conductor for the time being. At its upper con 
tacts, line relay 22f opens the back-bridge cir 

10 cuit through the connector C and permits the 
back-bridge relay (not shown) of the connector 
C to restore for whatever purpose desired. 
When the subscriber at substation. A replaces 

his receiver, the connection established through 
the lineswitch LS? and the connector C is broken 
down in the usual manner, and the connector C 
is restored to the normal position. 

Call from Substation B to substation. A 
20 Assuming now that he desires to converse with 

the subscriber at substation A, the subscriber at 
Substation B removes his receiver R, and then 
turns the calling device CD in accordance With 
the digits in the number of substation A. Upon 
the removal of the receiver, the receiver R, and 
the transmitter T are connected in circuit at 
hookSwitch contacts 02, as before, and the tele 
graph lead f is Switched over from ringer f0. 
to the impulse contacts of the calling device CD. 

80 when this occurs, line relay 22 of the repeater R 
becomes operated over the associated telegraph 
circuit. 
Upon operating, line relay 22 operates hold 

relay 222 to disconnect cut-off relay 223 and to 
prepare a locking circuit for the upper winding 
of relay 222, whereby operation of relays 223 and 
224 responsive to the placing of ground potential 
on the C lead is prevented. 
At its upper contacts, line relay 22 closes a 

circuit over the associated talking conductors and 
through the resistor 208 and right-hand windings 
of repeating coil RC2 for the line relay (not 
shown) of the lineSWitch. LS2. By this operation, 
the lineswitch. LS2 is caused to search for an 
idle connector, and ground potential is returned 
On the associated C lead to guard the calling line 
against seizure by a connector. This grounding 
operation closes a locking circuit for the upper 
winding of relay 222. It may be assumed that 

50 the lineswitch. LS2 extends connection to the 
connector C, in which event the connector C is 
prepared for operation in the usual manner. 
When the calling device CD is operated, the 

upper contacts thereof (off-normal shunt con 
tacts) shunt the receiver R to by-pass disturb 
ances created at the upper contacts of relay 22. 

Responsive to the dialling of the digits in the 
number of the line of substation A, line relay 
22f restores each time its circuit is opened, and 
each time it does so it breaks the impulse circuit 
at its upper contacts to cause the connector C to 
be operated under control of its line relay in the 
usual manner. Relay 222 is held operated and 
does not restore responsive to the dialling opera 
tion because it is held locked over the associated 
C lead. 
The connector C is caused to raise its wipers 

opposite the desired level of bank contacts when 
the first digit is dialled and it brings its Wipers 
into engagement With the illustrated terminals 
of the line of substation. A when the second digit 
is dialled. Ringing current is applied to the 
line of substation A in the usual manner, and the 

75 ringing operation is automatically terminated 
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when the subscriber at the called substation re 
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ConVersation may now proceed as desired. 
When the conversation is ended, the subscriber 

at Substation. A replaces his receiver, but the 
Connection remains established until the sub 
Scriber at Substation B replaces his receiver and 
permits line relay 22 to restore and open the 
control circuit of the connector C at its upper 
contacts. The restoration of the usual slow-acting 
release relay (not shown) of the connector C 
permits the connector C to restore to normal con 
dition, and permits the clearing out operation to 
be performed at the lineswitch LS2, responsive to 
removal of ground potential from the C lead. 
Relay 222 of the repeater Rf restores responsive 
to the Saidungrounding of the associated C lead, 
returning the repeater R? to the normal condi 
tion indicated in the drawings. 

It is to be noted that the common-connection : 
Symbols are shown associated with leads 63, 
04, and if, extending to SubStation B. These 
Connon-connection symbols indicate that these 
three leads may be common to two or more sub 
stations, whereby a call transmitted to the line L. 
may be received at any one of these substations, 
or a call may be originated over any one of these 
substations in the manner described in connection 
With the operation of Originating a call from 
Substation B. 

Regarding the telegraphing from telegraph sta 
tion TS? to station TS2, this telegraphing is car 
ried out in the usual manner by Opening and 
closing the circuit at either of the keys, and the 
current changes produced thereby in line 22 and 
the accompanying voltage changes on conductor 
22 with respect to conductor 2 are prevented 
from telephonically influencing conversation be 
ing carried on over the line L, by the illustrated 
retard coils and by-pass condensers, as previously 
described. 

The modified repeater R2 
Referring now particularly to Fig. 3, the modi 

fied repeater R2 will be discussed. This repeatei 
includes relays 321-324, corresponding in function 
respectively to relays 22-224 of the repeater R. 
The difference between the two repeaters line in 
the ring-cut-off relay 324 and the way it is con 
trolled, in contrast to the ring-cut-off relay 224 
and the Way it is controlled. In the system as 
illustrated in Figs. 1 and 2, only a Single, meas 
ured application of ringing current is made to 
the called line. In Fig. 3, the ring-cut-off relay 
324 is arranged to operate responsive to current 
flow which takes place over the called line when 
the receiver is removed thereat, for which reason 
the ringing operation may proceed until the called 
Subscriber replies. The ringing-interrupter relay 
333 is operated intermittently in the usual man. 
mer in order to cause the application of ringing 
Current to be intermittent instead of continuous. 
The operation of the repeater R2 will now be 

described briefly from the standpoint of the re 
ception of a call for the associated line. 
Assuming that the repeater R2 is substituted 

for the repeater Ri, the grounding of the asso 
ciated C lead when a call is received through a 
connector Such as the connector C results in the 
Operation of cut-off relay 323 to disconnect the 
telegraph conductor from line relay 32 and ex 
tend it through contacts of ring-cut-off relay 324 
to the intermittent ringing lead 332. The ring 
cut-off relay 324 is of the usual construction of 
a ring-trip relay, having a copper collar around 

O 

40 

5 

60 

6 5 



4 
the armature end thereof, and a copper sleeve 
under the winding space, both of which contribute 

10 

15 
successively. Relay 322, in addition to closing its 

to slow up the magnetic response of the relay 
sufficiently to prevent, its operation from the ring 
ing current passing through its lower winding. 
The relay operates from the continuous flow of 
current through its lower winding from the nega 
tive pole of the exchange battery when the called 
subscriber replies. The upper winding of the 
relay is then included in a locking circuit through 
the inner upper contacts of the relay, to ground 
over the C. lead. The ringing circuit is opened at 
the middle armature of the relay, while the line 
relay 32 is reconnected at the upper armature. 

Line and hold relays. 32 and 322 now operate 

own locking circuit, breaks the holding circuit of 
... relay. 323 and the locking circuit of relay 324. 
Quick-acting cut-off relay. 323 restores immediate 

20 

2 5 

30 

ly to open a further point in the ringing circuit 
and to keep line relay 32 connected in circuit, 
while slow-acting ring-cut-off relay 324 restores 
a short time later in preparation for the next call. 

In the event that the invention is to be used in 
connection with a manual exchange, the Substa 
tion B may be used as illustrated, or the calling 
device CD may be eliminated, in which case the 
associated switchhook contact is connected di 
rectly to ground. The terminals 2 of the re 
peater R are connected to the ring, tip, and sleeve 
conductors, respectively, of the manual switch 
board, while the current-supply connections to 
the upper winding of relay 222 and to the winding 
of 223 are made to agree with the alteration of 

5 potential on the sleeve conductor of the manual 
line circuit when a plug is in the jack, as come 
pared with the potential that normally exists 
thereon. The usual manual common battery 
signalling is then accomplished at the upper con 
tacts of line relay 22, while relays 222 and 223 
are controlled over the sleeve conductor in the 
manner described in connection with their con 
trol over the illustrated C conductor. 
What is claimed is: 
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1. In combination, a telephone exchange and a 

subscriber station, a two-conductor line connect 
ing the subscriber station with the telephone ex 
change, a pair of telegraph channels superim 
posed on the two conductors respectively of said 5 
line, means for accomplishing switchhook sig 
nalling operations from the substation to the ex 
change over one of the telegraph channels, a pair 
of telegraph stations, and a circuit between said. 
telegraph stations including the other of said lo 
telegraph channels. - , 

2. In combination, a telephone exchange and a 
telephone substation, a two-conductor line ex 
tending from the telephone exchange to the sub 
station, a metallic channel established over said lis 
line for the passage of voice currents: thereover 
from the substation to the exchange, a ground 
return direct-current signal channel superim 
posed on one of the conductors of said line and 
extending between the substation and the ex-: 20 
change, a pair of telegraph stations, and a 
ground-return telegraph channel superimposed 
on the other conductor of said line and extending 
between said stations. ... - 

3. En combination, a telephone exchange. and a .25 
substation set interconnected by a two conductor 
line, means for transmitting voice currents to and 
from said substation over a metallic circuit in 
cluding the two conductors of said line, means. 
for transmitting ringing current from the ex-30 
change to the substation over one conductor of 
the line and the return circuit separate from the 

: other conductor thereof, means for transmitting 
signal impulses from the substation to the ex 
change over the above mentioned conductor used 35 
for the transmission of ringing current and the 
Said separate return conductor, a pair of tele 
graph stations, and means for transmitting tele 
graph signals between said stations by way of the 
rother conductor of said line and a separate ground 40 
return circuit, and means for preventing mutual 
interference between the several operations set 
forth. . . . . . . . . . . . . . . . 


