


193,973 2 C. E. OMAX 

TELEPHONE SYSTEM 

March 19, 1940. 

INVENTOR. 
CLARENCE E. LOMAX 

} (deg, full &????? 
ATTORNEYS. 

9 Sheets-Sheet 2 

N 

BY 

Filed April 4, 1938 

      

  

  

  



C. E. LOMAX 

TELEPHONE SYSTEM 

March 19, 1940. 2,193,973 

Filed April 4, 1938 9 Sheets-Sheet 5 

INVENTOR. 
CLARENCE E. LOMAX 

Bºt, ag,<?l drá 
ATTORNEYS. 

  

  

  



C. E. LOMAX. 2,193,973 
TELEPHONE SYSTEM 

March 19, 1940. 

--- 

INVENTOR. 
CLARENCE E. LO MAX ~?????????????????</~–^ 2? 

ATTORNEYS. 

  



973 193 

ATTORNEYS. 

INVENTOR. 
CLARENCE E. LO MAX 

2, 

9 Sheets-Sheet 5 

C, E, LOMAX 
TELEPHONE SYSTEM 

Filed April 4, 1938 

?? 
r) 

? 

March 19, 1940. 

  

  

  

  



C. E. LOMAX 2,193,973 
TELEPHONE SYSTEM 

March 19, 1940. 

9 Sheets-Sheet 6 Filed April 4, 1938 

1 ( 9 | -! 

CLARENCE E. LO MAX 
'div', 'dag !?l-l??? 

    

  

  

  

  

  

  

  

  

  

  

  



193,973 2 C. E. LOMAX 
TELEPHONE SYSTEM 

March 19, 1940. 

1938 Filed April 4, 9 Sheets-Sheet 7 

INVENTOR. 
C A RENCE E. LOMAX 

ATTORNEYS. 

    

    

  



C. E. LOMAX March 19, 1940. 2,193,973. 
EM TELEPHONE SYST 

Filed April 4, 1938 

&zz zzw | 

CLARENCEE, LOMAX 
(??l-l ??????, ??BYA)aam 

ATTORNEYS. 

  

  

  

  

  

  



C. E. LOMAX 
TELEPHONE SYSTEM 

Filed April 4, 1938 

March 19, 1940. 

  

  

  

  

  

  

  

  

  

  

  



5 

0 

5 

20 

25 

30 

35 

40 

45 

50 

55. 

Patented Mar. 19, 1940 

UNITED STATES 

2,193,973 

PATENT OFFICE 
2,193.973 

TELEPHONE SYSTEM 

Clarence Ernest Lomax, Oak Park, E., assignor 
to Associated Electric Laboratories, Inc., 
Chicago, Ill., a corporation of Delaware 
Application April 4, 1938, Serial No. 199,797 

36 Clains. 

The present invention relates to signaling sys 
tems and has for one of its objects the provision 
of an improved automatic telephone system. 
wherein automatic switch control impulses and 
auxiliary control pulses and signals are trans 
mitted by Way of carrier current channels for 
the purpose of controlling automatic line Switch 
ing equipment. 

It has heretofore been proposed to utilize car 
rier current channels including commercial cur 
rent power trari Smission lines for signaling and 
communication purposes. The use of high volt 
age commercial current frequency lines for this 
purpose is extremely advantageous in certain ap 
plications because it eliminates the cost of con 
structing and maintaining telephone lines. In 
the usual arrangement of this character, manual 
iy controlled switching equipment is utilized ex 
clusively for setting up connections between the 
various telephone lines of the System. 

It is an object of the present invention to pro 
vide an improved automatic i telephone System 
wherein connercial frequency current power 
transmission lines are utilized for signaling and 
communication purposes, and wherein automatic 
Switching equipment provided in a regular auto 
natic exchange may be controlled by high fre 
quency impulsing over a power transmission line 
forming a link between the automatic exchange 
and another exchange or a remotely located auto 
matic telephone substation. 

It is another object of the invention to provide 
a System of the above character wherein calls 
may be routed by way of the power transmission 
line in either of two directions, one or more two 
way repeaters being utilized for controlling the 
carrier current equipment for operation in rout 
ing calls in the respective two directions of call 
transmission. 

It is a further object of the invention to provide 
an arrangement of the character described hav 
ing included therein improved apparatus wherein 
the functions auxiliary to lire switching opera 
tions of an automatic telephone system and in 
cluding the transmission of dial, busy and ring 
back tones and the automatic ringing of a called 
substation are all provided. 
Three embodiments of the invention are de 

scribed in detail hereinafter, all of which are 
commonly characterized as comprising a System. 
including a power transmission line having a 
source of commercial frequency current connect 
ed thereto, and adapted to be used as a carrier 
current link between the telephone lines of the 
system. High frequency carrier current trans 

(CI. 179-2.5) 
mitters and receivers are provided which are lo 
cated at tWO Separated points, are coupled to the 
transmission line by apparatus which is operative 
to block the commercial frequency current there 
from and are so connected and arranged that two 
independent carrier channels are provided for 
transmitting, as modulation components of the 
high-frequency carrier currents, audio frequency 
currents over the line in the respective two di 
rections of transmission. In each of the three 
embodiments of the invention a telephone line is 
coupled to the carrier transmitter and receiver 
located at One of the two points and the trans 
mitter and receiver located at the other point are 
coupled or connected by way of a two-way re 
peater to have access to and to be accessible to 
the automatic SWitching equipment of an auto 
matic exchange. Variations in this general ar 
rangement pertain to modifications in the ap 
paratus whereby calls may be routed by way of 
the carrier channels, the two-way repeater and 
the automatic Switching equipment in an auto 
natic exchange, to and from an operator's posi 

tion in a manual eXchange of an automatic Sub 
Scriber’s Substation to a desired line terminating 
in the automatic exchange. In the third embodi 
ment of the invention, provisions are radie Whère 
by the transmission line may be utilized as a link 
between two automatic exchanges, suitable im 
proved apparatus being provided for adapting 
the automatic Switching equipment provided in 
each of the two exchanges to utilize the carrier 
channels as a connecting link in setting up a con 
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nection and for the transmission of Voice fre 
quency currents when the connection is estab 
lished. . In each of the three ein bodiinents one 
of the carrier channels is utilized for the trans 
mission of automatic SWitch Seizing and release 
pulses from the calling telephone to the automatic 
switching equipment in the distant automatic ex 
change and also for the transmission of the auto 
matic switch control inpulses to cine or acre of 
the impulse responsive switches provided in the 
exchange. In one modified arrangement of the 
apparatus this carrier channel is also utilized for 
the transmission of ring cut-off control pulses to 
the distant automatic exchange. As distinguished 
from this one carrier channel the other carrier 
channel is utilized for the transmission of dial 
tone, busy tone and ring-back tone signals pro 
duced as an incident of the operation of the auto 
matic Switching equipment in the automatic ex 
change to a calling telephone Station. This other 
carrier channel is also utilized for the trans 
mission of ringing control pulses in the two ar 
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2 
rangements wherein the transmission line is used 
as a link between a manual operator's position 
or an automatic subscriber's substation and an 
automatic exchange. One improved feature Of 
this ringing control arrangement is that ap 
paratus is provided whereby a calling automatic 
Subscriber may repeatedly ring the called op 
erator or substation, as the case may be, by re 
peatedly actuating the dial controlled impulsing 
device provided at the calling Substation. In 
each of the three enbodiments of the invention 
the two carrier channels are normally operative 
to transmit audio frequency energy in the re 
spective two directions of transmission. 

Further features of the invention pertain to 
the particular arrangement of the apparatus 
Whereby the above and additional objectS are 
attained. 
The love features believed to be character 

istic of the invention are set forth with particu 
larity in the appended claims. The invention 
itself, however, both as to its organization and 
method of operation, together with further ob 
jects and advantages thereof, will best be under 
stood by reference to the specification, taken in 
connection with the accompanying drawings, in 
which Figures 1 to 3, inclusive, illustrate an auto 
matic telephone system having incorporated 
therein certain features of the present invention; 
Figs. 4 and 5 illustrate, respectively, a high fre 
quency transmitter and a high frequency receiver 
adapted for use in all embodiments of the in 
vention; Fig. 6 illustrates apparatus which may 
optionally be provided in combination with the 
apparatus shown in Fig. 1 only when the ap 
paratus of Fig. 1 is combined with that shown 
in Figs. 9 and 3 to form a complete telephone 
system; Fig. 7 schematically illustrates an auto 
matic telephone subsystem which is adapted to 
be combined with the apparatus illustrated in 
Figs. 2 and 3 to form a larger System in which 
a power transmission line is utilized as a carrier 
current link between two automatic exchanges; 
Figs. 8, 9 and 3, considered together, illustrate 
a modified arrangement of the system; and Fig. 
10 illustrates a modification of the apparatUS 
shown in Fig. 8. 

Referring now more particularly to Figs. 1, 2 
and 3 of the drawings, there is illustrated a tele 
phone system comprising a manual office, indi 
cated as including the apparatus to the left of 
the broken line shown in Fig. 1, and an auto 
matic exchange including the apparatus shown 
in Fig. 3 and that portion of the apparatus shown 
in Fig. 2 to the right of the broken line. The 
two exchanges are interconnected by a power 
transmission line including a transmission line 
conductor i0 and having connected thereto a 
source of commercial frequency current sche 
matically indicated at it. The transmission 
line CO is indicated as being of the three-phase 
type, although only a single one of the line con 
ductors is utilized for communication purpoSeS. 
Located at two separated points along the power 
transmission line are two sets of carrier current 
equipment comprising two carrier current trans 
mitterS í f{) and 2) and two Carrier current 'e- 
ceivers 45 and 245, all diagrammatically illus 
trated in the drawings. These transmitters and 
receivers, which are normally in operation, are 
SO connected and arranged that two independent 
carrier channels of different carrier frequencies 
are provided for transmitting, as modulation 
components of the high frequency carrier cur 
rents, audio frequency currents by Way of the 
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transmission line conductor CO between the man 
ual Office and the automatic exchange in the re 
Spective two directions of tranSmission. More 
Specifically, the output carrier frequency of the 
transmitter 40 is different from the output car 
rier frequency of the transmitter 240, the re 
ceiver 245 is tuned to respond only to the output 
carrier of the transmitter 40, and the receiver 
45 is tuned to respond only to the output car 

rier of the transmitter 240. 
Located in the manual office is an Operator's 

telephone station indicated generally at 02, 
which station includes a repeating coil 03 at 
which a first telephone line 09 terminates. The 
operator's telephone station f O2 further comprises 
a calling jack 04, an answer jack 05, a Signal 
device in the form of a drop 6 which is con 
nected to be energized by Way of the line 09, a 
dial controlled impulsing device OT, a dial key 
18, and five control relays R?. 9, R2O, R25, 
Rf 30 and R 35 connected and arranged in the 
manner illustrated. Of the enumerated relayS, 
the relay RO functions to condition the re 
maining relay equipment for Operation. When a 
call is initiated at the station f(2, the relay R? 20 
is an impulsing relay, the slow-to-release relay 
R. 25 is a call initiating relay, and the two slow 
to-release relays R30 and R35 are time de 
lay relays which are primarily utilized during 
the relea,Se of a connection invOliving the Opera 
tor’s Station 02. 
The end of the line 109 remote from the op 

erator's station 2 is normally coupled by means 
of a second repeating coil 37 to the input cir 
cuit of the transmitter 40 and to the output 
circuit of the receiver 45. More particularly, 
the secondary winding 39 of the repeating coil 
3 is connected by Way of a link line 4f and 

a line balancing impedance network 42 to the 
input circuit of the transmitter 40 and to the 
output circuit of the receiver 45. For the pur 
pose of transmitting Switch Seizing and SWitch 
release pulses and of repeating impulses dialed 
at the operator's station 02 by Way of One of 
the carrier channels to the automatic Switch 
ing equipment in the distant automatic exchange, 
there is provided an impulsing relay Rí50 which 
is arranged for energization Over a simplex cir 
cuit including the two conductors of the line 09. 
In order to apply ringing current to the line 

9 on calls incoming to the Operator's tele 
phone station 02, there is provided an alter 
nating current ringing relay R60 which is con 
trollable by way of the other of the carrier chan 
nels in the manner pointed out in detail here 
inafter. 
The transmitter 40 includes an input trans 

former having a primary Winding 32' and the 
receiver 45 includes an output transformer 
having a secondary winding 2', both shown in : 
dotted lines in Fig. 1. The primary winding 
32', the secondary winding 27, and the sec 
ondary winding 39 of the repeater coil 37 are 
interconnected to form an antiside tone im 
pedance network which includes, as a part 
thereof, the balancing network 42. The pur 
pose of this arrangement is to prevent the audio 
signal Voltages produced across the terminals 
of the secondary winding 27' from being modul 
lated on the carrier generated by the transmitter 
40, thereby to be retransmitted back to the 

transmitting party in the form of feed-back 
energy. This is accomplished by the arrange 
ment illustrated, wherein audio output voltages 
produced across the terminals of the secondary 

s 

IO 

S) 

40 



2,198,978 3 
winding 27' cause equal and opposite currents 
to flow through the primary winding 32' of the 
transmitter input transformer. The voltage 
drops occasioned by these currents are substan 

5 tially equal in magnitude and opposite in phase, 
So that the net input voltage to the transmitter 
for a Substantial output voltage across the wind 
ing 27 is substantially zero. It is the purpose 
of the balancing network 42 to insure that the 

10 currents traversing the two halves of the pri 
raary Winding 32' will be substantially equal in 
magnitude and opposite in phase at all frequen 
Cies. Within the signaling band, thus providing the 
maximum antiside tone effect. Specifically, the 

5 network 42 comprises four series-connected re 
sistors i67, i68, 169 and i 70 Which are con 
nected in series with a parallel resistance-capac 
itance circuit including a capacitor 7 and the 
adjustable portion of a resistor 2. Bridged 

20 across the series parallel arrangement compris 
ing the resistor 70, the capacitor 17 , and the 
adjustable resistor í72 is another fixed resistor 

3. Connected between the lower line conduc 
tor of the line 4 and the junction point be 

25 tween the resistors fell and 68 is a parallel 
padiding or losser resistor f'74. By properly pro 
portioning the impedance values of the respec 
tive enumerated circuit elements 6 to 74 with 
respect to each other and relative to the imped 

30 ance values of the transformer windings 32' and 
21 and the repeater winding 39, it is possible 

to secure an arrangement wherein the currents 
flowing through the upper and lower halves of 
the Winding and occasioned by voltage across 

85 the secondary winding 27 are substantially 
equal in magnitude and substantially opposite in 
phase for all frequencies within the signaling 
band. A certain amount of adjustment of the 
phase and magnitude of current flowing through 

40 the upper half of the primary winding 32' is 
possible by adjustment of the indicated slider 
arm along the resistor 12. 
For the purpose of impressing the Output car 

rier, either modulated or otherwise, of the trans 
45 mitter is on the transmission line conductor 

00, and for the further purpose of impressing 
modulated or unmodulated carrier voltages pro 
duced by operation of the transmitter 240 on the 
input circuit of the receiver 45, there is pro 

50 vided a transmission line coupling unit, indi 
cated Schematically at 5, a transmitter output 
coupling network, indicated at 80 in association 
with the transmitter 40, and a receiver input 
coupling network schematically indicated at 85 

55 in association With the receiver 45. The coul 
pling unit 5 is non-resonant in character and 
may be of any of Several well-known conven 
tional arrangements. For example, this unit 
may constitute the Well-known capacitance type 

60 of coupling unit wherein a counterpoise paral 
leling the conductor if 0 and capacitively cou 
pled thereto is relied upon to provide coupling 
paths between the conductor 00 and the re 
ceiver input coupling network 85 and between 

65 the transmitter output coupling network 80 and 
the indicated transmission line conductor. The 
transmitter output coupling network, on the 
other hand, is preferably resonant in character, 
being tuned to the output carrier frequency of 

70 the transmitter 40, which corresponds to the 
input, carrier frequency of the receiver 245, and 
being arranged in any conventional manner. 
Similarly, the receiver input coupling network 
85 is resonant in character, being tuned to the 

75 output carrier frequency of the transmitter 240 

and being arranged in any desired manner. 
Since the elements f75, i 80 and 85 per se, form 
no part of the present invention, and several 
types of each are known to the art, these ele 
ments have been only diagrammatically illus- 5 
trated in the drawings. 
The automatic exchange illustrated in Figs. 2 

and 3 has extending thereto a plurality of sub 
Scribers” telephone lines, one of which is indi 
cated at 300, and includes a plurality of sub- r() 
Scriber controlled automatic switches for setting 
up connections between the various lines of the 
System. More particularly, each of the sub 
Scriber, lines terminates in a line circuit, that to 
which the line 300 extends being indicated at l; 
305, and a group of finder-connector links are 
provided for performing the line switching op 
erations. One such finder-connector link is 
illustrated as comprising: a finder switch 30 and 
a Switching-through connector switch 35. For 20 
the purpose of assigning finder-connector links 
to successive calling ones of the lines terminating 
in the exchange, there is provided, in accordance 
with conventional practice, an allotter, not 
shown, which may be of any desired arrange- ? 
ment. ? 

It is pointed out that the finder switch 3 At and 
the other similar switches corresponding thereto. 
are nonnumerical switches, in the sense that they 
are ineffective to perform any line selecting func- (3) 
tions other than that of automatically selecting 
calling ones of the telephone lines terminating in 
the bank contacts thereof. The connector 
Switches, on the other hand, are commonly known 
as numerical switches, in that they are individ- 85 
'ually operative to perform particular line select 
ing functions in response to switch control im 
pulses transmitted thereto. It will be understood 
that a plurality of finder-connector links are 
provided for performing the line switching func- 40 
tions, the number of links being determined by 
the maximum volume of traffic the exchange is 
required to handle. Further in accordance with 
conventional practice, each of the telephone lines 
terminating in the exchange is multipled to the 45 
corresponding bank contacts of each of the 
finder-connector switches whereby a plurality of 
links are available for setting up connections 
between each line and every other line of the 
system. 5) 
The end of each Subscriber's line remote from 

the automatic exchange terminates in a sub 
scriber’s Substation of the automatic type, ?at 
associated with the line 300 being indicated Sche 
matically at A. In brief, each of these substa- i.; 
tions may comprise the usual hand-set type of 
transmitter and receiver, a cradle or look Switch. 
a ringer, and an impulsing device for transmitting 
Switch control impulses by Way of the associated 
line to the automatic switching equipment located 36 
in the line terminating exchange. 
The arrangement of the line circuits individ 

ually terminating the telephone lines extending to 
the automatic exchange may be of conventional 
arrangement. Similarly, the schematically indi- 65 
cated finder and connector switches may be of 
any desired arrangement, although preferably 
each of these switches is of the well-known Strow. 
ger type. The connector switch 315 is indicated 
as - being of the - switching-through · type, provi - 76) 
sions being made therein for establishing a clear 
metallic Circuit through the Switch. Crì trunk: Ca}}S, 
Whereby, Switch control impulses may be trails 
mitted by “way thereof to distant impulse respon 

5 sive equipment as, for example, to an impulse 
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4. 
repeater associated with an outgoing interoffice 
trunk line. 

For the purpose of routing calls from the auto 
matic exchange by way of the carrier channels 
to the distant manual office, or vice versa, there is 
provided a two-way repeater, indicated generally 
at 320, which is coupled to carrier current equip 
ment including the carrier transmitter 240, the 
carrier receiver 245, a transmission line coupling 
unit 275, a transmitter output coupling network 
236 and a receiver input coupling network 285. 
The same antiside tone arrangement as is illus 
trated in Fig. 1 is utilized for coupling the carrier 
equipment to the repeater 320 and a balancing 
network 242 is similarly provided for enhancing 
the effectiveness of the antiside tone arrangement 
at all frequencies within the signaling band. 
Since the carrier equipment shown in Fig. 2 is 
substantially a duplication of that illustrated in 
Fig. 1 and described above, no further description 
is deemed necessary to render clear an under 
standing thereof. It is pointed out, however, that 
the corresponding elements of Fig.2 are indicated 
by reference characters which correspond to the 
characters used in Fig. 1, with the difference 
that a hundreds digit of two is used in Fig. 2 
whereas a hundreds digit of one is used in Fig. 1. 
The repeater 320 comprises an outgoing link 

line 32 which terminates in the bank contacts of 
the connector switches in the automatic exchange, 
and an incoming link line 325 which terminates 
in the line circuit 330 individual thereto and by 
way of which access is gained to the non-numeri 
cal switches provided in the automatic exchange. 
The line 32 includes talking conductors C322 
and C323 connected to opposite terminals of the 
secondary windings 276 and 27 of a repeating 
coil 278 having a primary winding 279 adapted to 
be connected by way of a link line 28? to the Sec 
ondary winding 238 of a second repeating coil 
237. Normally the secondary winding 238 of the 
repeating coil 237 is connected to a link line 292 
having conductors C293 and C294 terminating at 
opposite terminals of the primary winding 33 of 
a third repeating coil 332 which includes a Second 
ary winding 333 arranged for connection to the 
link line 325. 
The repeater 320 also includes a group of con 

trol relays of which the five relays R340, R350, 
R360, R316, and R380, illustrated in Fig. 3, are 
utilized on calls incoming to the automatic ex 
change, and the six relays R200, R2fO, R220, R225, 
R236 and R235, illustrated in Fig. 2, are utilized 
in extending a connection by Way of the carrier 
channels to the distant manual office. There is 
also provided, under the control of the receiver 
245, a pulsing relay R266 which corresponds to the 
relay Rf60 illustrated in Fig. 1 and which is oper 
ative to repeat received impulses by Way of the 
repeater 320 to the impulse responsive automatic 
switches in the automatic exchange. 

Each of the transmitters 40 and 240 illustrated 
in Figs. 1, 2, 7, 8, 9 and 10 may be of the form 
shown in Fig. 4. In general, the transmitter 
illustrated in Fig. 4 comprises an oscillator Sec 
tion 400 for developing high frequency current 
of the desired carrier frequency, a carrier fre 
quency amplifier section 40, and an audio 
frequency or signaling amplifier section 420. 
More particularly, the carrier current channel of 
the transmitter includes a vacuum tube 40 of 
the screen grid type, embodied in the oscillator 
section 400 and having output electrodes cou 
pled to the upper portion of an inductance ele 
ment 403 forming a part of a tuned Output cir 
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cuit 402 which is resonant at the desired out 
put carrier frequency. The output circuit 402 is 
coupled to the input electrodes of the tube 40 by 
means of the lower portion of the inductance elle 
ment 403 and a condenser 404. The input Con 
trol grid of the tube 40 f is connected to ground 
through a filter resistor 405. This grid is, dur 
ing operation of the oscillator section, main 
tained slightly negative with respect to the as 
sociated cathode due to the direct voltage drop 
provided by rectified grid current flowing through 
the resistor 405. The cathode of the tube 40 is 
also normally maintained at Substantially direct 
ground potential through the provision of a 
bridge, not shown, but normally connected acroSS 
the terminals 406' and 407', which bridge, as 
will be pointed out hereinafter in greater detail, 
comprises a set of armature Springs of a control 
relay. With a direct current bridge acroSS the 
terminals 406 and 407' such that the cathode 
of the tube 40 is at substantially the same direct 
potential as the associated control grid, the Oscil 
lator section 400 operates to deliver Substantially 
its maximum carrier output voltage. In Order 
to control the output of the oscillator Section, or 
more generally, the carrier output, in accordance 
with the control pulses delivered to the trans 
mitter, provisions are made for driving the cath 
ode of the tube 4 of more positive with respect to 
the potential of the associated control grid, 
which is tantamount to biasing the control grid 
of the tube negatively toward cutoff. More par 
ticularly, the positive bias for the cathode of the 
tube 40 is derived from a voltage dividing re 
sistor comprising the two elements 4 and 42 
connected across a source of direct voltage, not 
shown, but connected between the terminals 4 3. 
Specifically, the arrangement is such that the 
voltage drop across the resistor 4 is impressed 
on the cathode of the tube 40 when the bridge 
normally connected across the terminals 406' 
and 407' is opened. The magnitude of this bias 
voltage is sufficient to reduce the voltage amplifi 
cation through the tube 40? to a point where 
the carrier output of the oscillator section 400 . 
is interrupted, or reduced substantially to zero. 
The output circuit 402 of the tube 40 is coul 

pled to the input circuit of the carrier amplifier 
section 40, which amplifier Section comprises a 
pair of parallel connected vacuum tubes 44 and : 
45, each of the screen grid type. More specifi 
cally, the input circuit to the two tubes 44 and 
45 includes an inductance element 4 f6 coupled 
to the inductance element 403, and the carrier 
voltage developed across the inductance element ii. 
46 is impressed between the input electrodes of 
the two tubes 44 and 45 through the two cou 
pling condensers 47 and 418, Suitable losser re 
sistors 49 and 42 being provided for preventing 
the amplifier Section from OScillating. For the 
purpose of biasing the cathodes of each of the 
two tubes 44 and 45 positive with respect to 
the respective associated control electrodes, there 
is provided a cathode biasing resistor 422 which 
is included in the cathode leg of the output cir 
cuit for the two tubes 414 and 415. Normally 
only the bias voltage developed across the re 
sistor 422 is impressed on the cathodes of the 
tubes 4t4 and 4 f5. When, however, the direct 
current bridge across the terminals 406 and 40 
is interrupted, the voltage drop across the re 
sistor 4 is also impressed upon the cathodes 
noted, thereby to increase the positive bias on 
these cathodes to a point approaching cutoff such 
that a further blocking effect on the carrier out 

5 

O 

2 5 

30 

35 



5 

20. 

25 

30 

35 

45 

50 

60. 

65. 

70 

75, 

2,198,978 
put of the carrier channel is effected. The oute 
put circuit of the amplifier section 40 includes 
a circuit 423 tuned to the Output carrier fre 
quency and coupled to the input circuit of the 
transmitter output coupling network in the man 

* mer illustrated. 
The audio frequency or signal amplifying 

channel 29 of the transmitter comprises a volt 
age amplifier vacuum tube 425 of the triode type, 
a driver Stage including a vacuum tube 426 of the 
screen grid type, and a power amplifier stage 
comprising two vacuum tubes 427 and 428, each 
of the Screen grid type and connected in push 
pull in the manner illustrated. More particularly, 
the input electrodes of the tube 425 are coupled 
to the adjustable terminals of a manually oper 
able gain control potentiometer including a volt 
age dividing resistor. 429 having its non-adjust 
able terminals coupled across the Secondary 
Winding 43 of an input coupling transformer 
43 !... - This transformer is provided with a, pri 
mary Winding 432 having a center tap brought 
out to a terminal 433 and two end terminals 
connected to the terminals 434 and 435. The 
manner in Which this primary winding is con 
nected and arranged in the antiside tone ar 
rangement illustrated in Fig. 1 is described previ 
ously, it being pointed out in this regard that the 
terminals 406, 40, 433', 434' and 435 corre 
spond, respectively, to the terminals 06', fol', 
33, 34' and 35’ shown in Fig. 1. and to the 

terminals 26, 27, 233,234 and 235, shown in 
Fig. 2. The output electrodes of the tube 425 are 
resistance coupled to the input electrodes of the 
tube 426 by a coupling network of conventional 
arrangement comprising the two resistors 436 
and 43 and the audio frequency coupling con 
denser 438. The driver tube 426 is in turn cou 
pled to the input electrodes of the push-pul con 
nected tubes 427 and 428 by means of a coupling 
transformer 439. Suitable cathode biasing re 
Sistors shunted by alternating current by-pass 
capacitors are provided for each of the four tubes 
425 to 428, inclusive, in the conventional manner 
illustrated in the dra Wings. 

Plate circuit modulation is employed for mod 
ulating the carrier output of the carrier ampli 
fier section 4 i? in accordance with amplified 
audio or signal voltages developed across the 
output circuit of the audio or signaling channel 
429. To this end there is provided in the output 
circuit of the push-pull connected tubes 427 and, 
428, a coupling transformer 445 having a sec 
ondary winding 44 included in the output cir 
cuit of the parallel connected amplifier tubes 
44 and 45, in series with the turned tank cir 
cuit 423. Screen and anode voltages are supplied 
to each of the tubes illustrated in Fig. 4 from 
the source of direct voltage connected between 
the terminals 43. 

Referring now to Fig. 5, there is illustrated 
a modulated carrier receiver which may be in 
corporated in the apparatus illustrated in any 
one of Figs. 1, 2, 7, 8, 9 and 10. In general, the 
receiver comprises a modulated carrier ampli 
fier 596, a detector and automatic, gain control 
unit, 5.9, and an audio frequency amplifier 520. 
Milore particularly, the carrier amplifier 500 com 
prises a vacuum tube of the pentode type 
having input electrodes to which are coupled, 
by means of a condenser 52, an input circuit 
53 which is tuned to the carrier frequency 
and is coupled to the receiver input coupling 
network in the manner indicated. The output 
electrodes of the tube 50 are coupled to an 

S 
output circuit 504, also tuned to the carrier fre 
quency, which is in turn coupled to an input 
circuit, 505 resonant at the carrier frequency 
and forning a part of the detector and auto 
natic gain control unit. For the purpose of 
maintaining the proper bias on the control grid 
Of the carrier amplifier tube Si, there is pro 
Wided in the cathode leg of the outpat circuit 
an output biasing resisto 55 which is by-passed 
for carrier frequency currents by a condenser 
50. The detector and automatic gain control 
unit 5 comprises, in addition to the tuned 
input circuit 595, a vacuum tube diode 5 í t, and 
a load circuit comprising an adjustable portion 
of a biasing resistor 52 connected in series with 
a load resistor 53 and a filter resistor 586. The 
load circuit is shunted at two points by two 
carrier current, filter condensers 55 and 58 
connected in the manner shown. The audio 
amplifier 520 comprises two vacuum tubes, 52 
and 522, each of the pentode type, connected in 
tanden in the order named. The first of these 
tubes has its input electrodes coupled by means 
of a coupling condenser 5 to an adjustable 
portion of the load resistor 5.3, so that the audio 
Voltage appearing across this portion of the load 
resistor is impressed between the contro grid 
and cathode of the tube 52 í. For the purpose 
of preventing carrier frequency voltages from 
being impressed on this control grid there is 
provided a carrier frequency filter condenser 523, 
which is connected between this control grid and 
the cathode of the tube 52. The output elec 
trodes of the tube 52 are resistance coupled by 
means of a coupling network comprising the 
two resistors 524 and 525 and a coupling con 
denser 526 to the input electrodes of the Second 
audio amplifying tube 522, which latter tube aas 
its output electrodes coupled by means of a 
Coupling transformer 52, to the receiver output 
terminals 528 and 525. The terminals 528 and 
529 correspond respectively to the terminals 28 
and 29, which latter terminals are illustrated 
in Fig. 1 as being connected in the antiside tone 
impedance network arrangement described pre 
viously. For the purpose of maintaining proper 
bias potentials on the control grids of the two 
audio amplifying tubes 52 and 522, cathode bias 
ing resistors 530 and 53 are respectively pro 
vided in the cathode legs of the output circuits 
of these tubes, which resistors are by-passed for 
audio frequency currents by condensers 532 and 
533, respectively. 
As indicated above, automatic gain control is 

provided for maintaining the audio level at the 
output terminals 528 and 529 substantially con 
stant even though the amplitude of the carrier 
received on the input circuit 53 is varied Within 
Wide limits. To this end the direct voltage drop 
across the load resistor 53, which varies directly 
in accordance with the intensity of the incom 
ing carrier, is utilized as a bias voltage for con 
trolling the two tubes 5; and 52 . Thus, this 
Voltage is impressed through a filter resistor 58 
On the Control grid of the carrier frequency ann 
plifier tube 50i and through a resistor 59 on 
the control electrode of the first audio amplifier 
tube 52. The automatic gain control action thus 
realized is Well-known in character. 
The rectified carrier output voltage appearing 

across the load resistor 33 is also utilized to 
Control a relay R560 which corresponds to the 
relay R? 80 shown in Fig. 1 and the relay R26C 
shown in Fig. 2. The relay R56) is provided with 
a pair of arnature springs which are connected 
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multiple path for applying ground to the con 
trol conductor C324. 
At RA24, the relay R2C completes an obvious 

path for short-circuiting the winding of R225, 
which latter relay is normally energized by cur 
rent flowing from battery through the resistor 
22. Due to the time required for the flux in the 
core of the relay R225 to die out, this relay is quite 
slow to restore. At RA2, the relay R2 to com 
pletes a circuit for energizing R200, this circuit 
extending from battery by way of the resistor 238, 
the Operated armature RA226, RA2, and the 
winding of R29 to ground. As a result of its 
energization over this circuit, R200 operates, but 
stays operated only for the short time interval 
required for the restoration of R225. Obviously, 
When R225 restores, the above-traced operating 
circuit for R200 is interrupted at RA226. During 
the interval when R200 is operated, the bridge 
across the terminals 206' and 20', which respec 
tively correspond to the terminals 4G6' and 40' 
shown in Fig. 4, is interrupted at RA20. From 
the preceding description and a further consider. 
ation of the transmitter shown in Fig. 4, it will 
be apparent that the opening of this bridge re 
Sults in the application of a high negative bias 
on the Oscillator and amplifier tubes included in 
the carrier channel of the transmitter 240. As a 
result, the carrier output of this transmitter is 
interrupted for the interval when the relay R200 
is operated and, hence, a control pulse is trans 
mitted by Way of one carrier channel to the dis 
tant carrier equipment. 
The response of the receiver 45 located at the 

distant point of the transmission line will best be 
understood by again referring to the receiver 
illustrated in Fig. 5. As was pointed out above. 
when the carrier input to this receiver is inter 
rupted, the Voltage drop across the load resistor 
53 included in the circuit of the diode 5 is re 
duced to Zero, So that the negative bias impressed 
on the control electrode of the control tube 540 
is reduced to a value Such that the anode current 
traversing the relay R56) is increased sufficiently 
to cause the operation of this relay. When the 
carrier input to the receiver is interrupted, there 
fore, the relay R560 places a bridge across the 
terminals 58? and 582. Similarly, when the car 
rier input to the receiver 45 is interrupted, a 
bridge is placed across the terminals 8 and 82 
which correspond, respectively, to the terminals 
58f and 582. Obviously, when the terminals 8 
and 82 are shunted, a circuit is completed for 
energizing the alternating current relay R? 6. 
Upon operating, the relay R6 operates its arma 
tures RA 6 and RA 62 to project ringing cur 
rent over the line 9 and through the winding f4 
of the repeater 93 in an obvious manner. The 
resulting induced voltage in the winding 6 of 
the repeater 3 energizes the drop or signal de 
vice O6 over an obvious circuit and causes this 
drop to operate to signal the operator that an 
incoming call awaits attention. 

Since the relay R2 () is only operated for a short 
time interval, it will be understood that only a 
short pulse of ringing current is projected over 
the line 89, after which the transmitter 24) is 
again conditioned to transmit its carrier output 
by way of the transmission line conductor f00 to 
the receiver 45. The receiver 45 responds to 
the received carrier by causing the operating cir 
cuit for R165) to be interrupted. 
As indicated previously, provisions are made 

whereby the calling subscriber may ring the oper 
ator's station any desired number of times by 

7 
actuating the dial controlled impulsing device pro 
vided at the calling substation. More particu 
larly, if the calling party at the Substation. A fails 
to get an answer from the operator Within a 
reasonable time interval, he may again operate 
the impulsing device at the substation. A repeat 
edly to open the loop circuit over which R235 is 
being held energized. Each time this loop cir 
cuit is opened, R235 restores to complete an alter 
native circuit for energizing R2, the last-men 
tioned circuit extending from battery through the 
resistor 238, RA236, RA21, and the winding of 
R20 to ground. Obviously, each time the relay 
R235 restores, the operating circuit for R230 is 
interrupted, but this latter relay, due to its slow 
to-release characteristic, remains operated during 
the short time intervals when R.235 is restored. 
The relay R2 operates each time the above 
traced alternative circuit is completed and causes 
the carrier output of the transmitter 24 to be 
interrupted in the manner pointed out above. 
The receiver 45 responds to the interrupted car 
rier pulses by completing the operating circuit for 
R66, thus causing ringing current to again be 
projected over the line 99. The drop 6 re 
Sponds to this current by vibrating its armature 
to give an audible signal to the operator that a 
call aWaits attention. 
The operator answers the call in the usual 

manner by inserting the answer plug terminating 
her telephone set in the answer jack 25. Fol 
lowing this operation a talking loop is established 
between the operator's telephone set and the call 
ing Subscriber's substation, and the operator may 
converse with the calling subscriber as desired. 
In this regard, it is again pointed out that sepa 
rate communication channels are provided in the 
respective two directions of voice frequency cur 
rent transmission in so far as the link comprising 
the transmission line conductor O is concerned. 
More particularly, voice frequency currents pro 
duced by sound waves impinging upon the dia 
phragm of the operator's transmitter are re 
peated through the repeating coil 3 and over 
the line 09 to the repeating coil 37, and the 
audio voltage appearing across the secondary 
winding 39 of this repeating coil is impressed 
between the input terminals 34 and 35' coupled 
to the audio channel of the transmitter 49. By 
referring to Fig. 4, it will be seen that these cur 
rents are amplified in the audio amplifier section 
and are modulated on the carrier output of the 
Carrier current channel of the transmitter. As 
indicated above, the carrier frequency output of 
the carrier current channel is different from the 
Carrier current frequency output of the trans 
mitter 240. The modulated carrier output of the 
transmitter 40 is impressed on the transmission 
line conductor foa through the transmitter output 
coupling network 80 and the transmission line 
coupling unit 75. This modulated carrier volt 
age is impressed on the input circuit of the re 
ceiver 245 through the transmission line coupling 
unit 275 and the carrier frequency discriminating 
receiver input coupling network: 285. By refer 
ring to Fig. 5 it will be seen that the modujated 
carrier voltage is amplified and rectified and that, 
the audio component of the rectified voltage is 
further amplified in the audio amplifier section 
and impressed on the output terminals 228 and 
229 which respectively correspond to the terminals 
528 and 529 shown in Fig. 5. The level of the 
amplified output voltage is maintained substan 
tially constant through the provision of the auto 
matic gain control arrangement described previ 
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Ously. From the receiver output terminals 228 
and 229 the amplified audio currents are passed 
through the antiside tone and line balancing net 
Work Which is connected in circuit. With the Wind 
ing 239 of the repeater 237. This repeater func 
tions to repeat the audio currents by way of the 
line 28, the repeater 278, the line 32 l, the con 
nector switch 35, the finder switch 30, and the 
calling subscriber's line 300 to the receiver at the 
calling Substation. 

Voice frequency currents produced through 
Operation of the transmitter at the calling Sub 
Station A are conducted by Way of the calling 
loop circuit to the repeater 28 and are repeated 
by this repeater over the line 28 and through 
the repeater 23 to the input terminals 234' and 
235 of the transmitter 240. In the transmitter 
240, the audio frequency currents are amplified in 
the audio channel and are modulated. On the 
output carrier current of the transmitter in a 
manner which will be apparent from the pre 
ceding description. The modulated carrier cur 
rent is impressed on the transmission line Con 
ductor 00 through the transmitter output cou 
pling network 280 and the transmitter line coul 
pling unit 275. The modulated carrier voltages 
impressed on the transmitter line conductor 00 
are, in turn, impressed on the input circuit of the 
receiver 45 by means of the transmission line 
coupling unit 75 and the carrier frequency dis 
criminating receiver input coupling network 85. 
In the receiver 45 the incoming modulated car 
rier voltage is amplified and rectified, and the 
rectified audio component thereof is amplified 
in a manner identical to that described above. 
The amplified audio voltage, which is held at a 
substantially constant level through the provi 
sion of the automatic gain control circuit, is 
innpressed across the terminals 28 and 29 which 
correspond, respectively, to the terminals 528 and 
529 illustrated in Fig. 5. Due to the antiside tone 
arrangement, including the line balancing net 
work 42, the terminals 28 and 29, and the 
Winding 39 of the repeater 37, only a portion of 
the audio voltage developed between the ter 
minals 28 and f29 is impressed across the re 
peater winding 39 and substantially none of this 
woitage is impressed between the input terminals 
34, 35 of the transmitter f40. As a result of 

the audio frequency currents flowing through the 
winding 39, corresponding induced voltages are 
developed in the coupled repeater Winding 38 
which cause currents to flow in the closed cir 
cuit including the repeater Winding 4, so that 
the audio frequency currents are repeated 
through the repeater 03 and are reproduced by 
the receiver of the operator's telephone. 

If the calling subscriber at the Substation. A 
is calling another subscriber having a line ter 
minating at the manual office in Which the op 
erator's station O2 is located, the operator, after 
conversing with the calling party and aScer 
taining the number of the line desired or the 
name of the party desired, may extend the con 
nection to the desired called line in the main 
ner usually employed in this type of exchange. 
The release of a connection as established be 

tWeen the Substation A and the operator's sta 
tion 02 in the manner just described, is en 
tirely under the control of the calling party. For 
the purpose of giving the operator a disconnect 
signal in those cases wherein she only functions 
as an intermediary for the purpose of extending 
a connection to one of the Subscribers' lines 
terminating in the manual office, an arrangement 
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is provided for ringing over the line E09 to re 
actuate the drop O6 when the calling subscriber 
hangs up. More particularly, when the calling 
SubScribe' at the Substation. A restores his receiv 
er to its hook, the loop circuit, extending to the 
repeater 28 and by Way of which the relay R235 
is held energized, is interrupted, causing this 
relay to restore. Upon restoring, the relay R235 
immediately completes, at RA236, the above 
traced alternative circuit for energizing R200. 
The relay R2C, when energized over the above 
traced circuit, opens, at RA20i, the shunt around 
the above-mentioned biasing path for the os 
Cillator and amplifier tubes included in the car 
rier channel Of the transmitter 24. As a re 
Suit, the carrier output normally impressed on 
the transmission line 0 is interrupted. The 
receiver 45 responds to the interruption of its 
Carrier input by completing the circuit for ener 
gizing the relay R? 60 in the manner described 
previously. Upon operating, the relay R. 60 again 
CauSeS ringing current to be projected over the 
line 69 to energize the drop 66. The resulting 
Operation of the drop 106 indicates to the opera 
tOr that the connection has been released at the 
calling end thereof and that she may discon 
nect from the line 09 by withdrawing the plug 
terminating her telephone set from the answer 
jack 05. Following this operation, the appa 
ratus illustrated in Fig. i is entirely released. 
Returning to a consideration of the automatic 

SWitch train by way of which the connection was 
established, when the relay R235 restores, it not 
Only Completes the above-traced circuit for en 
ergizing R200 but, in addition, interrupts, at 
RA237, the operating circuit for the slow-to-le 
lease relay R230. The last-mentioned relay re 
stores, after an interval, to interrupt, at RA23, 
the operating circuit for the slow-to-release relay 
R220 and to open, at RA232, one of the paths for 
applying multiple ground to the control conductor 
C324. When R220 restores, after an interval, it 
interrupts, at RA22, the operating circuit for 
R20, which latter relay immediately restores 
to open, at RA2 f, the above-traced alternative 
circuit for energizing R2O); to recomplete, at 
RA22 and RA23, the circuit for normally ener 
gizing R380; to interrupt, at RA2í6, the alter 
native circuit for energizing R380; to remove, at 
RA25, ground from the control conductor C324; 
and to interrupt, at RA24, a point in the path 
short-circuiting the winding of R225. Follow 
ing the restoration of R2C, the relay R2 09 re 
stores and the relay R225 reoperates. Thus, the 
relay equipment included in the repeater 32) is 
returned to itS norma condition. Wher R20) 
restores, it recompletes, at RA20, the shunt 
across the terminals 26' and 207, thereby caus 
ing the transmitter 240 to again impress its car 
rier output. On the transmission line conductor 
00. The receiver 45 is thus caused to open the 

circuit for energizing R6 and this relay, upon 
restoring, disconnects the conductors of the line 
09 from the ringing current Source. 
When ground is renoved from the control con 

ductor C324 in response to the restoration of R2 i 0 
and at RA25, the holding circuits for certain of 
the operated relays in the connector SWitch 35 
are interrupted in a well-known manner, caus 
ing these relays to restore to initiate the release 
of the connector switch 35 and the finder switch 
30. Thus, the Switch train utilized in setting 
up the connection is entirely released. It will be 
noted that, when ground is removed from the 
control conductor C324, battery potential is ap 
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plied thereto through the resistor 296, thereby 
to mark the line 32 as idle in the bank contacts 
of the connector Switches to which this line ex 
tends. 
In order to route a call from or by Way of 

the operator's station 52 to a substation a SSoci 
ated with one of the lines terminating at the 
-automatic exchange illustrated in FigS. 2 and 3, 
the operator inserts the plug terminating her 
telephone set in the calling jack A. and, in so 
doing, closes the springs. 23 to complete an op 
vious circuit for energizing the relay RA 8. 
operating, the relay Raft completes, at RAff, an 
obvious path for short-circuiting the Winding of 
R25 and completes, at RA, 3, a circuit for ener 
gizing Ric, this last-in entioned circuit extend 
ing from ground at the Switch Spring i24, by 
way of the Spring 23, RAF 3, and the Winding 
of R2 to battery. At RAE 2, the reiay R. 
completes a circuit for energizing tRG, this ciri 
cuit extending from battery, by Way of the re 
sistor 32, RA; 2, RA2, to the junction point 
between the upper and lower halves of the re 
peater winding 4, where it divides, one branch 
extending by Way of the upper half of the wind 
ing 4, the upper conductor of the line 99, 
RAf Gf, the upper half of the repeater Winding 
38, and the winding of R 5 to ground; and the 

other branca eXtenjing by Way Of the GW er half 
c:f the winding 4, the lower conductor of the lina 
$39, RA 82, the lower half of the winding 33, 
and the winding of R35 to ground. At RAE 5, 
the relay R50, upon operating, opens the bridge 
across the terminals 06' and GT, which ter 
minals respectively correspond to the terminals 
46" and 40" of the transmitter illustrated in 
Fig. 4 and described above. The opening of this 
bridge results in the application of a high nega 
tive bias On the Oscillator and amplifier tubes in 
the carrier channel of the transmitter in a 
manner which will be apparent froin the preced 
ing description, causing the carrier output of the 
transmitter to be interrupted. The receiver 245 
responds to the interruption of the carriei out 
gut of the receiver 4 in the exact manner de 
scribed above with reference to the receiver 45; 
that is, it operates to corpiete the circuit for 
energizing the alternating current relay R23 
and to hold this circuit completed So long as the 
carrier output of the transmitter is is inter 
rupted. The relay R2 responds by operating to 
interrupt, at RA28, the above-traced circuit by 
way of which R38 is normally energized, causing 
the last-mentioned relay to restore. Upon re 
storing, the relay R38 completes, at RA382, a 
circuit for energizing R340, this circuit extend 
ing from ground at RA32, by way of RA382, and 
the winding of R34 to battery. Upon operating, 
the relay R35 interrupts, at RA363 and RC342, 
a further point in the circuit for normally ener 
gizing R380, and prepares, at RA33:... and RC342, 
a point in the circuit traced hereinafter for ener 
gizing the pulsing relay R35. 
A short time interva after the Operation of 

R338 the relay R 425, which is short-circuited in 
response to the operation of R. 2, restores, to 
interrupt, at RAF i and its associated upper con 
tact, the above-traced to perating circuit for Rí b9. 
When R.25) restores it reconpletes, at RAA5, the 
path shunting the terminals S' and G', there 
by to unblock the carrier channel provided by 
the carrier output of the transmitter. Í í and to 
cause carrier current to be transnitted over the 
transmission line conductor 3 to the receiver 
25. The receiver 235 responds to this current 

Upcil. 

by interrupting the operating circuit for R268, 
causing this relay to restore to complete, at 
ERA2 , tine above-mentioned circuit for einergiz 
ing the pulsing relay R30, this circuit being Sin 
ilar to that traced previously for R386 but ex 
tending by way of RA34, í and RC343 and tine 
winding of R356 to battery, rather than by way of 
RA33s and RC342 and the winding of RS8i to 
patiery, When energized over this circuii, the 
relay R35 operates to complete, at RA35, an 
obvious circuit for energizing the slow-to-release 
iuid relay R36. At RA35, the reiay R88 com 
pieties a loop circuit extending to the line circuit 
;38. She relay R38, upon operating, conpletes, 
at RA38i, an obvious circuit for energizing R3A 
and, at RA364, an obvious holding circuit for 
R38s. The relay R328, upon operating, inter 
rüpts, a. RA32, ühe above-traced operating cir 
cuit for FR3 and completes, at RA3 , am ob 
vious solding circuit for itself. 
When the loop circuit extending to the line 

circuit S3G is completed at the amature RA35 
of the relay R356, this line circuit operates to 
cause an idle one of the firider-connector links 
to be assigned to the use of the calling link line 
$??? 
link comprising the finder switch 3i and the con 

9 

:10 

20 

25 
If it be assumed, for example, that the 

nector switch 3 is is the link allotted to the use of . 
the calling link line 325, when the line circuit 
33 operates the finder Switch 3i is Set in opera 
tion to search for and seize the line 3.25. When 
tähis last-nentiomed line is found by ühe finder 

:30 

switch. 3 S, the loop circuit extending from the 
repeater 332 is switched through to the connector 
portion of the link, namely, to the connector 
switch 35, and this connector SWitch is condi 

35 

tiched to respond to the impulses dialed at the 
operator's station se2. 
From the immediately preceding description 

it will be apparent that When a call is initiated 
at the operator's telephone Station 2, the relays 
Rift, R. 25, and R5 cooperate to cause a switch 
seizing control pulse to be transmitted by way 
of one of the carrier channels to the distant car 
rier equipment comprising the receiver 245. This 
control pulse is responded to by the four relays 
R34, R350, R360 and R3, which cooperate to 
cause an idle link to be assigned to the use of the 
link line by completing the loop circuit, extending 
to the ?ine Circuit 330. . X 

All of the connector Switches are provided With 
means for returning a dial tone signal Over an 
estabished calling loop to the calling subscriber 
to indicate that the dialing operation may be 
started. So here, when the calling loop including 
the link line 325 is switched through to the con 
nector switch 35, dial tone current is returned 
OVer the loop and is repeated by the repeaters 332 
and 23 to the input terminals of the transmitter 
248. In the transmitter 24, this audio frequency 
current is amplified and modulated on the car 
rier output, so that it is transmitted by way of 
One Of the carrier Channels to the receiver á 5. 
In the receiver i 5 the audio dia tone component 
is separated from the carrier and anaplified, and 
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is then delivered by Way Of the output terminals . 
i28 and 29 to the repeater 37. The amplified 
dial tone current is repeated by way of the re 
peater 3, the line (3 and the repeater 3 to 
the operator's receiver, and the resulting oper 
ation of this receiver gives the operator an audible 
indication that the dialing operation may be 
started. 

Returning now to the operation of the control 
apparatus provided at the operator's station 2, 

70 



1. O 
when the relay R25 restores to interrupt the 
above-traced operating circuit for R50 it pre 
pares, at RA 27 and its associated lower contact, 
an alternative operating circuit for this relay. 

5. At RA26 the relay R25 completes an obvious 
circuit for energizing the slow-to-release relay 
R 30, which latter relay, upon operating, com 
pletes, at RA3, an obvious circuit for energizing 
the slow-to-release relay R35. Following the 

10 operation of Ri85, the apparatus at the oper 
ator's station is prepared to repeat impulses 
dialed at the operator's station to the seized link 
located in the distant automatic exchange. 

Before dialing the directory number of the de 
5 sired subscriber, the operator actuates the dial 

key O8 to the off-normal position to place the 
pulsing relay R.126 Under the control of the im 
pulsing springs embodied in the impulsing de 
vice f). More particularly, when the key 8 is 

20 operated to the off-normal position, the springs 
23 and 24 are opened and the Springs 23 and 
24' are closed, to complete an obvious alter 

native circuit for holding R, 20 operated. Dur 
ing the back stroke of each operation of the im 

25 pulsing device 07, the impulsing springs em 
bodied in this device are repeatedly opened and 
closed in the usual manner. Obviously, each 
time the Springs are opened the operating cir 
cuit for R20 is interrupted, causing this relay to 

30 restore. Hence, R. 2 follows the impulses of each 
digit dialed. During each open-circuit period of 
each impulse, or when R, 29 is restored, the 
above-mentioned alternative circuit is completed 
for energizing R 59, this circuit extending from 

33 battery, by way of the resistor 32, RAt 2, RAI 13, 
RAF27 and its associated lower contact, the sin 
plex circuit including the two line conductors of 
the line 09, and the winding of R 50 to ground. 
Thus, R. 50 is energized and operates to inter 

40 rupt, at RA 54, the bridge across the terminals 
06' and 07' during the open-circuit pulse of 

each impulse. The transmitter f40 responds in 
the exact manner set forth above; that is, dur 
ing each period when the shunt across the ter 

45 minals 06' and 97' is opened, the carrier nor 
mally impressed on the transmission line conduc 
tor 00 is interrupted. Hence, carrier current 
impulses are caused to be transmitted over the 
line 00 to the receiver 245. During the inter 

50 rupted carrier period of each carrier current im 
pulse, the receiver 245 operates, in the manner set 
forth above, to complete the circuit for energiz 
ing the alternating current relay R2S3, which re 
lay operates to interrupt, at RA26, the above 

55 described circuit over which the pulsing relay 
R350 is being held energized. This last-men 
tioned relay is thus caused to follow the impulses 
dialed at the operator's station í 82 and, by inter 
rupting at RA35 the loop circuit as extended to 

'60 the operated connector switch 3, 5, causes the 
wiperS embodied in the Switching mechanism of 
this connector Switch to be elevated to a position 
opposite the level of bank contacts terminating 
the group of ten lines including the desired called 

'65 line. To summarize, it will be seen from a step 
by-step analysis of the operations which inter 
vene between the opening of the impulsing springs 
in the impulsing device di and the response of 
the relay R35 that this relay is caused to restore 

70 when the impulsing springs noted are opened. 
It will be apparent from the preceding de 

Scription that, when the impulses of the first 
digit alre ended, the relay R23 remains operated, 
the relay R53 restores, the transmitter f4) 

75 continuously impresses its carrier current output 

2,193.973 
on the transmission line conductor 90, the re 
ceiver 245 holds the operating circuit for R260 
open, and the relay R359 remains operated to 
hold the loop circuit extending to the connector 
switch 3:5 completed. Due to its slow-to-release 
characteristic, the hold relay R360 remains oper 
ated during impulsing. The number of impulses 
making up the first digit Will, of course, depend 
upon the directory number identifying the de 
sired called Substation. If, for example, it be () 
assumed that the substation A is being called 
and that the directory number of the substation 
is 33, the first digit will necessarily comprise 
three impulses so that at the conclusion thereof 
the wipers of the switching mechanism embodied 15 
in the connector Switch 35 will be left stand 
ing opposite the third level of bank contacts. 
When the first impulse is delivered to the con 
nector Switch 35, the path for applying dial tone 
current to the calling loop including the link line 20 
325 is interrupted by the control apparatus pro 
vided in the connector Switch, in the usual man 
ner. During the dialing of the impulses of the 
Second digit, the apparatus illustrated in FigS. 
1, 2 and 3 operates in the exact manner just de- 25 
scribed. More particularly, the relay R350 is 
caused to restore to open the loop circuit ex 
tending to the connector Switch 315 each time 
the inpulsing springs of the impulsing device 97 
are opened. In this case the connector Switch 30 
noted responds by rotating its wipers over the 
contacts of the Selected level and into engage 
Inent with the set of contacts corresponding to 
the number of impulses making up the second 
digit. In the case assumed, these wipers will be 35 
left Standing in engagement With the sixth Set 
of contacts in the third level, which contacts 
terminate the conductors of the called line 300. 
Suitable provisions are made in the connector 
switch 35 for returning busy tone over an estab- 40 
lished calling loop in the event a selected called 
line is found busy; for projecting ringing cur 
rent Out over the called line to signal the called 
Subscriber in case the called line is idle; and for 
'eturning ring-back tone current over the calling 45 
loop to indicate that the desired substation is 
being rung. In this regard, it will be noted that 
busy tone and ring-back tone signal currents are 
returned over the line 325, repeated by the re 
peater 332 to the line 292, and from this line by 50 
the repeater 237 to the input terminals 234' and 
23.5' of the transmitter 24), where they are mod 
ulated on the cal'rier current generated in this 
transmitter. From this point on, the busy and 
ring-back tone signal currents are transmitted 55 
Over one of the carrier channels to the oper 
ator’s telephOne Station in the eXact manne' 
described above with reference to audio frequency 
dial tone current transmitted from the connector 
switch 33 to the operator's station. 
When the call is answered at the called Sub 

station A, the desired conversational loop circuit 
is completed between this substation and the op 
erator's telephone station. Here again, two inde- 65 
pendent carrier channels are utilized for trans 
nnitting audio frequency currents in the respec 
tive two directions of voice frequency transmis 
Sion in So far as the link comprising the trans 
mission line conductor f0 and the two sets of 70 
carrier equipment is concerned. It will be noted 
that in this case the link line 292, the repeater 
332 and the link line 325 are utilized in the con 

5 

60 

nection rather than the line 28t, the repeater 
278 and the line 32 as was the case described 75 
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above for a call outgoing from the automatic ex 
change to the distant malnual Office. 
The release of the connection as established to 

the substation A is entirely under the control 
of the operator in the distant manual office. 
More particularly, when the plug terminating 
the operator's telephone set is withdrawn from 
the calling jack 4, the operating circuit for 
R 9 is interrupted at the Springs 22, causing 
this relay to restore to interrupt, at RA, the 
path short-circuiting the winding of R 25 and to 
open, at RAE 3, the operating circuit for R2). 
At RA3', the relay R opens a point in the 
above-traced alternative circuit for energizing 
FHJ. The relay R25 reoperates, following the 
restoration of Rf , and completes, at RA27, 
a third circuit for energizing R5, this circuit 
extending fron battery by Way of the resistor 
F32, RA 38, RAt 27, the simplex circuit including 
the line 23, and the winding of R, 5 to ground. 
Simultaneously with the completion of this cir 
cuit, the operating circuit for R. 3 is interrupted 
at RA 26. 
The relay R 59, upon operating, opens, at 

RA5!, the shunt across the terminals í 66' and 
it 7”, thereby to cause the carrier output of the 
transmitter 40 to be interrupted. The receiver 
245 responds to the interruption of the carrier 
current output of the transmitter 43 by con 
geting the operating circuit for R26 in the man 
ner pointed out above. Upon operating, R268 
opens, at RA28, the above-described circuit over 
which the pulsing relay R35 is being held en 
ergized, causing this relay to restore to interrupt, 
at RA35, the loop circuit extending to the oper 
ated connector SWitch 35 tard, at RA33?, tine 
operating circuit for the slow-to-release hold 
relay R363. After an interval, the last-mentioned 
relay restores to interrupt, at RA368, the holding 
circuit for R33 and, at RA36, the operating cir 
cuit for R379. The relay R340, upon restoring, 
interrupts, at RA343 and RC343, a further point 
in the circuit for energizing R35 and reprepares, 
at RA34 and RC362, the circuit, traced pre. 
viously, for energizing R38. 
The time interval required fol' the Successive 

restoration of the three relays R358, R360 and 
R348 forms a part of the time interval required 
for the successive restoration of the two slow-to 
release relays R 433 and R. 45 provided at the op 
erator's station 92. Thus, after an interval foll 
lowing the reoperation of R 25, the relay Ri30 
restores to interrupt, at RAF3, the operating 
circuit for Ri35, which latter relay also restores, 
æfter an interval, to interrupt, at FA3 the 
above-traced alternative circuit for energizing 
R. 50. The transmitter 48 responds to the res 
toration of R. 453 by again impressing on the 
transmission line conductor 36 a carrier voltage 
to which the receiver 245 responds by interrupt 
ing the operating circuit for R285. The relay 
R260, upon restoring, recompletes, at RA33A, the 
previously traced circuit over which R33 is nor 
mally held energized, causing the last-mentioned 
relay to operate. It is pointed out here that the 
time interval required for the successive restora 
tion of R. 39 and R 59 is substantially greater 
than the time interval required for the restora 
tion of R352, R365 and R336 in the order named 
and, hence, the operating circuit for R330 is re 
prepared at RA34 and RC342 and the operating 
circuit for R35ð is interrupted at F.A34 í and 
RC343 before the relay R263 restores in response 
to the restoration of R? 5) to reprepare the com 
mon portion of the operating circuits for R380 
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and R35. When R380 operates, it interrupts, at 
RA381, the holding circuit for R38, causing the 
last-mentioned relay to restore, to interrupt, at 
RA37, a further point in its holding circuit, 
and to reprepare, at RA372, a point in the oper 
ating circuit for R340, it being pointed out, how 
ever, that the last-mentioned circuit is opened 
at the operated armature RA382 before the relay 
R370 restores. When the loop circuit extending 
from the repeater 332 to the operated connector 
switch 35 is interrupted at RA35 upon the res 
toration of R35, the release of the Switch train 
comprising the connector switch 35 and the 
finder Switch 38 is initiated. The manner in 
which these two switches are restored to normal 
is entirely conventional. During the release of 
the connection, busying ground is removed from 
the contro conductor C324 in the connector 
Switch 3.f5 and battery potential is applied to 
this conductor through the resistor 293, thereby 
to substitute an idle marking for the busy rhark 
ing which prevailed during the time when the 
repeater 32 was occupied with the call. 
As indicated in the introductory portion of 

the Specification, the power transmission line and 
the associated carrier current equipment cou 
pledi ühereto at two separated points may be uti 
lized as a link for interconnecting two automatic 
exchanges. Such an arrangement is formed by 
combining the automatic exchange and associ. 
ated equipment schematically illustrated in Fig. 

3.0 

5 

20 

25 

30 

with the second automatic exchange and as 
sociated equipment illustrated partially in detail 
and partially schematically in Figs. 2 and 3. The 
apparatus illustrated in Fig. 7 in schematic form 
is an exact duplicate of that shown in Figs... 2 
and 3. More particularly, the automatic ex 
change shown in Fig. 7 comprises a plurality of 
Subscribers' lines, one of which is indicated at 
TO, and a plurality of subscriber controlled auts. 
matic switches for setting up connections between 
the various lines. individually associated with 
the Subscribers’ lines are substations of the auto 
natic type which may be of any desired arrange 
ment, that aiSSociated with the line ?) beig 
indicated at B. The automatic switching equip 
ment embodied in the exchange comprises line 
circuits individual to the subscribers' lines and a 
plurality of finder-connector links, one of which 
is indicated as including a finder switch 8 and 
a connector switch. 3. Each of the connector 
SWitches has access to a trunk or lirak line R. 
extending to a two-way repeater 28 by way of 
Which, acceSS is gained to the carrier current 
equipment, illustrated to the right, in Fig. 7. The 
two-way repeater 22 $3 also includes a link line 

35 

45 

50 

725 extending to a line circuit 733 by way of . 
which the automatic switching equipment is rein 
dered accessible to the carrier equipment on calls 
incoming to the automatic exchange of Fig. 7. 
The carrier current equipment is in all respects 
an exact duplicate of that showin in Figs, 2, 4. 
and 5. Thus, a transmitter: G is provided which 
corresponds to the transmitter 23 shown in Fig. 
2 and is of the form illustrated in detail in Fig. 4. 
A receiver 45 is likewise provided which corre 
sponds to the receiver 245 shown in Fig. 2 and is 
an exact duplicate of that illustrated in detail in 
Fig. 5. The transmitter output coupling network 
78, the receiver input coupling network 85 3:d 
the transmission line coupling unit 5 respec 
tively correspond to the similar units 233, 285 
and 25 shown in Fig. 2. in the modified systein 
forned by combining the apparatus of Fig. 7 
with the apparatus illustrated in Figs. 2 and 3, 

60 
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the receiver 245 responds only to the carrier, 
modulated or unmodulated, transmitted by the 
transmitter 40, and the receiver 45 l'esponds 
only to the carrier output, modulated or unmod 
ulated of the transmitter 240. Since the fre 
quencies of the transmitted carriers are Substan 
tially different, two independent carrier channels 
are provided for transmitting audio frequency 
energy in the respective two directions of trans 
Inission. 
The mode of operation of the System. Con 

prising the combined arrangements of FigS. 2, 3 
and 7 may best be explained by briefly reconsid 
ering the operation, as described in detail above, 
of the system of Figs. 1, 2 and 3. A call routed 
from the substation. A by Way of the SWitches 
3 and 3:5 and the repeater 32 and intended 
for the substaticn B shown in Fig. 7, is initiated 
in the exact manner set forth previously. When 
the link line 32 is seized by the connector 
switch 35 and the calling Subscriber's loop cir 
cuit is Switched through to the repeater 28, the 
four relays R235, R23, R220 and R2 to are 
caused to Operate in the order named and in a 
nanner which will be apparent from the fore 
going description. The relay R2, upon oper 
ating, short-circuits the winding of R225 in the 
manner pointed out above. During the interval 
required for the restoration of R225, which relay 
is inherently slow-to-release, the relay R200 
operates to cause the carrier output of the trans 
mitter 240 to be interrupted. The manner in 
which the receiver 45 responds to the interrup 
tion of the carrier output of the transmitter 240 
will best be seen by considering the manner in 
Which the receive 245 responds to a like inter 
I'uption of the carrier output of the transmitter 
f). Thus, when the carrier input to the re 

ceiver 23 is interrupted, this receiver responds 
by completing the operating circuit for R26 and, 
when R26) operates, it interrupts, at RA26, the 
circuit, normally holding R380 energized, causing 
the last-ninentioned relay to restore. As was 
pointed out above, when R330 restores, it com 
letes the operating circuit for R3 and, When 

R34E operates, a circuit is prepared for energiz 
ing R35 when the carrier current is again de 
livered to the receiver 235. The resumption of 
the carrier input to the receiver 245 results in 
the restoration of R280, followed by the opera 
tion of R,350, R360 and R370, all in the order 
named. When R35. Operates, a loop circuit is 
competed to an allotted one of the finder-con 
nector links forming a part of the automatic 
Switching equipment in the automatic exchange. 
Similar operations Cccur in the apparatus illus 
trated in Fig. 7 when the control pulse occasioned 
by the nonentary operation of R2 is trans 
mitted by way of one of the carrier channels to 
this apparatus. Thus, when the carrier output 
of the transmitter 240 is momentarily inter 
rupted, the receiver 35 responds by causing the 
two-way repeater 73 to complete a loop cir 
cuit to the line circuit 730. The completion of 
this loop circuit results in the Operation of an 
allotted Ole of the finder-connector links to 
Search for and seize the calling line 25. When 
the calling line is found, the loop circuit is 
switched through to the connector portion of the 
link in the usual mannel. ASSunning that the 
finder-connector link comprising the finder 
Switch and the connector Switch 5 is al 
lotted to the use of the calling line 25, when 
the loop circuit is SWitched through to the con 
nector switch 5, this switch is conditioned to 
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respond to impulses dialed at the calling Sub 
Station A. 
As indicated above, the period during which 

the carrier output of the transmitter 240 is in 
terrupted is of short duration for, shortly follow 
ing the operation of F2 í 0 to complete the oper 
ating circuit for R28), the relay R225 restores to 
interrupt this operating circuit and thereby 
cause the restoration of R20. When this occurs 
the transmitter 240 again operates to transmit 
a carrier by Way of the transmission line con 
ductor f to the distant receiver 745. In Order 
to secure a connection to the desired called line, 
the calling party at the Substation. A now dials 
the final two digits of the directory number 
designating the desired substation B. During 
each impulse of each digit, the loop circuit as ex 
tended to the repeating coil 278 is interrupted at 
the impulsing Springs of the impulsing device 
provided at the calling SubStation and the relay 
R235 is, therefore, caused to restore. Each time 
the relay R235 restores it completes, at RA236, 
the above-traced alternative circuit for energiz 
ing R20 and each time the last-mentioned relay 
Operates it causes the carrier output of the trans 
mitter 24 to be interrupted in the manner point 
ed out previously. Thus, during each digit dialed 
at the calling Substation a series of carrier current 
inpuises are transmitted by Way of the trans 
mission line conductor f(0 to the receiver 45. 
Here again, the response of the apparatus illus 
trated in Fig. 7 will best be understood by briefly 
Surnalizing What happens when carrier cur 
rent impulses are delivered to the receiver 245 on 
a call incoming to the automatic exchange illus- : 
trated in FigS. 2 and 3. It was pointed out in 
a preceding portion of the specification that, 
during the period of each impulse when no car 
rier current is delivered to the receiver 245, this 
receiver functions to close the operating circuit 
for the relay R260, which relay, upon operating, 
interrupts the circuit over which R350 is being 
held energized. The relay R35, in turn, restores 
to interrupt, at RA35, a point in the loop circuit 
extending to the operated connector portion of 
the Seized finder-connector link. The same re 
SpOnSe is achieved in the arrangement illustrated 
in Fig. 7. Thus, during the open circuit period 
Of each impulse dialed at the calling substation 
A, the receiver 45 causes the impulsing relay 
embodied in the two-way repeater T20 to inter 
rupt the loop circuit extending through to the 
Operated connector Switch 75. The connector 
SWitch responds to the repeated impulses of the 
first Series of received inpulses by elevating its 
WiperS to a position opposite the level of bank 
contacts terminating the group of lines includ 
ing the desired called line 7 . During the sec 
Ond Series of impulses received by the connector 
Switch i í 5, the wipers of this switch are rotated 
into engagement with the set of contacts termi 
nating the called line 0. 
The connector switch 75, like the switch 3f 5, 

is equipped with apparatus for testing the con 
dition of the called line, for returning busy tone 
to the calling SubScriber in the event the called 
line is busy at the time it is selected, for apply 
ing ringing current to the called line in the 
event it is idle, and for returning ring-back tone 
to the Calling Subscriber in the last-mentioned 
case. In this regard it will be understood that 
busy or ring-back tone signal currents are ampli 
fied and modulated on the carrier output of the 
transmitter 740, and are detected, amplified and 
delivered through the repeater 320 to the calling 
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loop circuit by the receiver 245. If the called 
line. 00 is idle and the called Subscriber anSWei's, 
the desired conversational connection is com 
pleted, it being pointed out that the transmitter 
740 and the receiver 55, as interconnected by 
the transmission line conductor 20, provide one 
carrier channel for transmitting voice frequency 
currents from the substation B to the Substation 
A, while the transmitter 248 and the receiver 45, 
as interconnected by the same transmission line 
conductor, form a carrier channel for conduct 
ing voice frequency currents from the Substation 
A to the substation B. 
The release of the connection as established be 

tween the Subscribers A and B in the manne 
just described, is entirely under the control of 
the calling Subscriber at the SubStation A, the 
apparatus being so arranged that, When the 
called subscriber at the substation B restores his 
receiver to its hook, the entire Switch train is 
held operated. When the calling subscriber 
hangs up, however, the loop circuit extending to 
the repeater 28 is interrupted, causing the relays 
R235, R230, R22 G and R29 to restore in the order 
named. During the appreciable time interval be 
tWeen the restoration of R235 and the restoia 
tion of R20, the above-traced alternative circuit 
for energizing R2 08 is completed at RA236. The 
resulting operation of R200 causes the carrier 
output of the transmitter 240 to be interrupted 
for a rather long time interval. The manner in 
which the receiver 43 and the associated oper 
ated Switch train comprising the repeater 28 
and the two switches and 5, respond to this 
long interrupted carrier impulse can best be ex 
plained by again considering the response of the 
repeater 320 to a similar pulse delivered during 
the release of a connection routed by way of this 
repeater to a line in the automatic exchange 
shown in Figs. 2 and 3. In this regard, it will 
be recalled that on this type of Call, the relay 
R388 is restored and the four relays R34, R35, 
R360 and R39 are operated: When the carrier 
input to the receiver 245 is interrupted, the relay 
R26th is caused to operate to interrupt, at RA26, 
the circuit over which R35 is being held ener 
gized, causing the last-mentioned relay to re 
store to initiate the sequential restoration of 
R360 and R34 in the Order named. When R380 
restores, it opens at RA34 and RC363 a further 
point in the operating circuit for R35 and repre 
pares, at RA34 ! and RC342, the operating circuit 
for R380. The last-mentioned circuit is com 
pleted at the end of the interrupted carrier pulse 
or when the carrier input is again delivered to the 
receiver 245 to cause the restoration of R26). 
When R380 operates, it interrupts, at RA38, 
a point in the holding circuit for R30, causing 
this latter relay to restore, and opens, at RA382, 
a point in the operating circuit for R348. When 
the impulsing relay RS5 restores at the begin 
ning of the pulse, it interrupts, at RA35, a point 
in the loop extending to the operated switch train, 
thereby to initiate the release of the automatic 
Switches involved in the connection. Similar 
operations occultº in the apparatus iliustrated in 
Fig. 7 in response to the interrupted carrier pulse 
caused by the reoperation of R2 8. Briefly to 

- Surminarize, When the carrier output of the trans 
mitte." 24 is interrupted, the three relays in 
cluded in the repeater 2 and corresponding to 
the relays R35), R38, and R342, as shown in Fig. 
3, are caused to restore in the order named, and 
When the pulse is ended, the relay corresponding 
to R386 is caused to operate, to cause the restora 
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tion of the relay corresponding to R3 0. When 
the impulsing relay embodied in the repeater 
20 and corresponding to R35 restores, the loop 

circuit extending by Way of the line 25, the line 
circuit 230 and operated finder switch 70 to the 
connector SWitch 3 is interrupted to initiate 
the release of the operated Switch train in a 
manner which Will be clearly apparent from the 
preceding description. 

Returning now to a consideration of the appa 
ratus illustrated ira FigS. 2 and 3, it is indicated 
above that the interrupted Carrier pulse is termi 
nated by the restoration of the relay R2 follow 
ing the restoration of R220. The relay R2 i 0, 
upon lestoring, performs the functions previously 
set forth in detail; that is, it interrupts the oper 
atting circuit for R289, opens the alternative cir 
cuit for energizing R38, and removes ground 
from the control conductor C324. The renova of 
ground from the control conductor noted Serves 
to initiate the release of the operated Switch 
train comprising the Switches 3:5 and 39. Also, 
when ground is renoved from C324, battery is 
applied thereto through the resistor 286 to mark 
the link line 32 as idle in the bank contacts of 
the connector SWitches to which this line extends. 
Thus, the connection is entirely released and the 
apparatus involved therein is in readiness for 
further use. 
The manner in Which a call is routed from a 

Substation aSSociated with a line terminating at 
the exchange illustrated in Fig. 7 by way of the 
automatic SWitching equipment in this exchange, 
the repeater 720, the carrier current equipment 
illustrated in Fig. 7, the transmission line con 
ductor 9), the carrier current equipment illus 
trated in Fig. 2, the repeater 329, and the auto 
matic SWitching equipment provided in the ex 
change illustrated in FigS. 2 and 3 to a Substation 
on a line terminating at the last-mentioned ex 
change, is in all respects similar to the operation 
of the apparatus on a call routed in the reverse 
direction. The nanner in which Such a connec 
tion is released when the calling Subscriber hangs 
Up is also similar to the node of releasing the 
connection described in detail immediately above. 
to further explanation is, therefore, deemed 

neceSSally to an understanding of the operation 
of the apparatus on a call routed by way of the 
exchange illustrated in Fig. 7 and the exchange 
illustrated in Figs. 2 and 3 to a line terminating 
at the last-mentioned exchange. 

Referring now more particularly to Figs. 8 and 
9, there is illustrated apparatus which may be 
combined with the apparatus shown in Fig. 3 
to form an arrangement wherein the carrier 
current equipment and the power transmission 
line are utilized as a link between a remotely sit 
uated Subscriber's substation and an automatic 
telephone exchange. The arrangement of the 
apparatus ShoWn in FigS. 8 and 9 is, in all essen 
tial respects, similar to that shown in Figs. 1. 
and 2. Accordingly, the same reference char 
acters have been used to indicate corresponding 
elements in Figs. 9 and 2. In Fig. 8 the reference 
characters indicating elements corresponding to 
similar elements shown in Fig. 1 have the same 
tens and Units digits as the reference characters 
used in Fig. 1, but have a hundreds digit of eight 
rather than a hundreds digit of one. It will be 
Inoted from a comparison of Figs. 2 and 9 that 
the Fig. 9 arrangement differs from that of Fig. 2 
Only by the addition of the two relays R95 and 
R355 and by certain changes in the circuit con 
nections, The Fig. 8 arrangement differs from 
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that of Fig. 1 in that a telephone substation cir 
Cuit 846, Schematically indicated, is substituted 
for the operator's station 92, shown in Fig. 1. 
The telephone substation circuit of Fig. 8 is of 
the local battery automatic type and comprises a 
ringer of signal device, a receiver, and a trans 
mitter, all not shown but connected to the line 
conductor C84 and C848, an impulsing device 807 
and a calling key comprising the switch springs 
822. 
The mode of operation of the system formed 

by combining the apparatus illustrated in Figs. 8 
and 9 with the apparatus shown in Fig. 3, to set 
up a connection to the telephone substation 846 
on a call initiated at one of the substations as 
Sociated with a line terminating in the automatic 
exchange illustrated in Figs. 9 and 3 is, in all 
fundamental respects similar to the operation of 
the apparatus illustrated in Figs. 1 to 3, inclu 
Sive, to set up a connection between the substa 
tion A and the operator's station (2 on a call 
initiated at the substation A. If, for example, the 
link comprising the finder switch 30 and the 
Connector Switch 35 is used to forward the con 
nection to the repeater 320, When the link line 
32 is selected by the connector switch 315 the 
calling Subscriber's loop circuit is switched 
through to the repeater to complete a circuit for 
energizing the line relay R235. This relay, upon 
operating, interrupts at RA236 a point in the 
Operating circuit for R950 and at RA237 con 
pletes the circuit for energizing R230, thereby 
to cause the sequential operation of R23), R220 
and R20 in the order named. When the relay 
R20 operates it first completes at RA26 the 
above-traced alternative circuit for holding R38) 
energized and then completes at RA2 4 an ob 
vious path for short-circuiting the winding of 
R225. At its armatures RA22 and RA23 the 
relay R29 opens the normally closed operating 
circuit for R388 and further prepares a talking 
loop to the desired called substation. 
At RA27, the relay R2 completes a circuit 

for energizing R955, this circuit, extending from 
ground at RA227 by Way of RA2 it and the wind 
ing of R955 to battery. The relay R955, upon 
operating. completes a holding circuit for itself, 
this circuit extending from ground at RA26 by 
way of the simplex circuit includjng the two op 
erated armatures RA22 and RA23. RA957 and 
the winding of R955 to hattery. At RA956, the 
relay R955 prepares the operating circuit for 
R950, this operating circuit, now being held open 
at the operated arnature RA236. 
At RA25, the relay R2 applies multiple 

ground to the control conductor C324. thereby 
to maintain the link line 32 marked as busy 
and to hold operated the connector switch 35 
by way of which the call was routed. At RA2 
the relay R2 completes a, circuit for energizing 
the relay R2, this circuit, extending from bat 
tery by way of RA226. RA2 and the winding of 
R200 to ground. The period during which finis 
circuit is completed is limited, however, since 
shortly following the operation of R2 in the slow 
to-release relay R225 restores to interrupt the 
circuit just traced at its armature RA226. Dur 
ing the interval when R20 M is energized, this 
relay opens at RA2C the shunt across the two 
terminals 206 and 207, thereby to bias the os 
cillator and amplifier tubes embodied in the car 
rier channel of the transmitter 240 to a point 
Where the carrier output of this transmitter is 
interrupted. When R200 restores, the bias is 
removed from the oscillator and amplifier tubes 
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in the carrier channel of the transmittel 240 and 
this transmitter resumes its noirmai operation to 
impress its output carrier on the transmission 
line conductor 90 in the manner described pre 
WiOUSly. 
When the carrier output of the transnitter 250 

is interrupted, the receiver 8.5 responds by conn 
pleting the circuit for energizing R86) in a man 
ner which will be apparent from the preceding 
description. When the relay R360 operates it 
completes at RA86 and RA862 a. path for pro 
jecting ringing current over the line 339, which 
current traverses the winding 8 of the repeater 
coil 803 and causes an induced voltage to be de 
veloped in the coupled repeater winding 88. 
This voltage serves to energize the ringer or sig 
nal device bridged across the line conductor 
C847 and C848 at the called SibStation 846. The 
period during which ringing current is applied 
to the line 809 is determined by the slow-to 
release characteristic of the relay R225, since, 
When this relay restores to cause the restoration 
of R200, the transmitter again impresses an out 
put carrier Voltage on the transmission line con 
ductor 0 and the receiver 84.5 responds to this 
voltage by interrupting the operating circuit for 
the relay R869. The last-mentioned relay is thus 
caused to restore to open the ringing current 
path and further to prepare the talking loop be 
tween the calling and called substations. 

If the connections shown in Solid lines between 
the left terminal of the resistor 238 and the con 
tact associated with RA2 are alone used, the 
Calling subscriber cannot re-ring the called sub 
Station 846 except by hanging up and initiating 3 
the call a second time to cause the operations as 
described above to be repeated. This is true for 
the reason that when the relay R225 restores the 
circuit for energizing R200 is held open at RA226 
for the duration of the call. Thus, it will be seen 
that the two relays R950 and R955 and the con 
trol circuits therefor may be omitted if the solid 
line connections mentioned above are alone used. 

If the circuit connections shown in dotted lines 
and extending between the resistor 238 and the 
armature springs controlled by the armature 
RA2 of the relay R2 are used in combination 
With the Solid line connections also shown be 
tween these two points, the calling subscriber 
may, by further actuation of the impulsing de 
vice provided at the calling substation, cause 
ringing current to again be projected over the 
called line to energize the ringer or signal device 
at the called substation. With the last-men 
tioned circuit arrangement, and if the call as 
initiated at the substation A is not answered at 
the called substation 846 within a reasonable in 
terval, the calling party at the first-mentioned 
Substation may dial another digit comprising any 
number of impulses. During each impulse of this 
additional digit, the loop circuit extending to the 
repeating coil 28 is opened and, hence, the relay 
R235 is caused to follow the impulses. With 
R955 Operated, a circuit is completed, at RA236, 
for energizing R959 the first time R235 restores. 
The relay R950, upon operating, completes, at 
RA95 an alternative circuit for energizing R200, 
this circuit extending from battery by way of 
the resistor 238, RA95 f, RA2 if and the winding 
of R200 to ground. Upon operating, the relay 
R200 causes the carrier output of the transmitter 
240 to be interrupted in the manner pointed out 
above and the receiver 845 responds by complet 
ing the operating circuit for R860. The ringing 
relay R860, upon operating, again completes a 
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path for projecting ringing current over the line 
39 and through the repeater 303 to energize the 
ringer at the called substation. During succeed 
ing impulses of the additional digit, the relay 
R959, due to its slow-to-release characteristic, 
remains operated. For the same reason, the 
slow-to-release relay R23) is held operated to 
maintain the three relays R22, R2 G and R955 
energized. At the end of the additional impulse, 
the calling Subscriber's loop circuit is reclosed so 
that the relay R235 is held in its operated posi 
tion to maintain the circuit for energizing R230 
completed and to interrupt, at RA236, the oper 
ating circuit for R958. The last-mentioned relay 
restores, after an interval, to interrupt, at RA951, 
the alternative operating circuit for R200, which 
latter relay, upon restoring, reconditions the 
transmitter 240 to transmit a carrier output by 
way of the transmission line conductor 100 to 
the receiver 845. Obviously, the calling sub 
Scriber may, by repeated actuation of the impuls 
ing device provided at the calling substation, re 
signal the called substation 846 as many times 
as desired. 
When the call is answered at the called sub 

station 846, the desired conversational circuit 
between the calling and called parties is Set up, 
which circuit includes the two independent car 
rier current channels of different carrier fre 
quencies for transmitting voice frequency cur 
rents, between the two substations in the respec 
tive two directions of transmission. The call is 
answered in the usual manner by lifting the re 
ceiver at the called substation from its Support 
ing cradle or hook and without actuating the 
calling key comprising the springs 822 to the 
off-normal position. 
The release of the connection as established 

between the calling substation A and the called 
SubstatiC 846 is entirely under the contro! of 
the calling party. More particularly, when the 
calling party hangs up, the loop circuit extend 
ing to the repeating coil 278 is interrupted and 
the relay R235 restores. Upon restoring, the 
last-linentioned relay interrupts, at RA23, the 
operating circuit for R23 and completes, at 
RA236, the circuit for energizing the slow-to 
release relay R950. At this point, it is noted that, 
if the dotted line wiring illustrated in Fig. 9 is 
used in combination with the Wiring shown in 
solid lines, the operation of R950 following the 
restoration of R235 during the release of the 
connection results in the reoperation of the relay. 
R229 for a short time interval. As a consequence 
of the reoperation of R280, the carrier output 
from the transmitter 240 is interrupted and the 
receiver R45 operates to complete the operating 
circuit for R860, so that ringing current is again 
projected over the line 8.9 to the called substa 
tion. With this arrangement and if the calling 
party is the first to hang up, a ringing operation 
is performed which may be uncomfortable to the 
called party since a portion of the ringing current 
is passed through the receiver at the called sub 
station. Thus, while the addition of the dotted 
line wiring arrangement of Fig. 9 and the two 
relays R950 and R955 is advantageous in that it 
permits a, calling party repeatedly to ring the 
Substation 846, it is open to the objection that 
ringing current is projected over the called line 
339 during the release of the connection. When 
the soid line wiring arrangement is alone used, 
however, the last-mentioned objectionable fea 
ture is obviated, since the relay R225 remains 
operated to hold the circuit for energizing the 

*15 
relay R200 open until after the relay R2 0 has 
restored further to open this circuit at RA2. 

Following the restoration of R235, the three 
relays R23), R220 and R2C restore in the order 
named and in an obvious manner. The last 
mentioned relay, upon restoring, interrupts, at 
RA24, the path short-circuiting the winding of 
R225, permitting this relay to reoperate. At 
RA2?2 and RA23, the relay R2 39 opens a point 
in the singlex holding circuit for R955, causing 
this latter relay to restore to interrupt, at RA35, 
a further point in its holding circuit, and to open, 
at RA955, a point in the operating circuit for 
R93. The relay R956, upon restoring, opens, at 
RA35?, a point in the dotted line portion of the 
circuit for energizing R29, causing the last 
mentioned relay to restCre. When R39 restores 
it causes the transmitter 28 to again impress 
its carrier output on the transmission line con 
ductor C8 and the receiver 845 responds to the 
received carrier by causing the restoration of 
R850, whereby the ringing operation is arrested. 
At RA22 and RA23 and their respective asso 

ciated upper contacts, the relay R2 8 recom 
pletes the circuit for nortmaily energizing the 2: 
relay R33 and, at RA2 3, the relay R2 opens 
a point in the alternative circuit for maintaining 
R388 energized for the duration of the call just 
describad. At RA2, the relay R2 is opens a 
point in the operating circuit for R855 and, at 
RA25, it removes ground from the control con 
dictor CS24, thereby to initiate the release of 
the operated Switches 3:5 and 3; in a manner 
which will b2 apparent from the foregoing de 
Scription. When ground is removed from the 
control conductor noted, battery is applied there 
te through the resistor 296 to mark the link line 
33 as idle in the bank contacts of the connector 
switches to which this line extends. 
The nanner in which a call initiated at the 

Substation 846 is routed by way of the carrier 
Curt'ent equipient transmission line conductor 
$38, the repeater 329 and the automatic switching 
equipment of the distant automatic exchange 
to a Substation, such, for example as the sub 
station A, associated with a line terminating at 
this exchange, is in all respects identical to the 
mode of operation of the apparatus illustrated 
in Figs. 1 to 3, inclusive, to establish a connection 
between the operator's station 32 and the sub-. 
station A on a call initiated at the operator's 
Station. It is pointed out that a call is initiated 
at the substation 846 by actuation of the calling 
key comprising the Springs 823 to the off-normal 
position to complete an obvious circuit for ener 
gizing R819, which relay corresponds to the relay 
Rift illustrated in Fig. 1. Following the oper 
ation of the relay R8, the circuit elements illus 
trated in Figs. 8, 9 and 3 operate in the exact 
manner and in the same sequence as described: 
above for the corresponding elements shown in 
Figs. 1, 2 and 3. In view of this fact, it is deerned 
linInecessary further to explain the mainer in 
which the apparatas operàte:S to extend a con 
nection from the substation 846 to one of the 
altomatic subscribers' substations. Also, the 
nanner in which a connection established to One 
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of the automatic exchange lines on a call initiated 
at the SubStation 846, is released at the ent of 
the conversation is the same as tihat set fortin 
above with reference to Figs. 1, 2 arid 3 and need 
not be repeated. 
Refering - now to Fig. ! (), there is ilstrated 

a modified circuit arrangement which may be 
Substituted for the arrangement of Fig. 8 in the 
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16 
System formed by combining the apparatus 
shown in Figs. 8 and 9 with the apparatus 
shown in Fig. 3. The essential difference between 
the arrangement shown in Fig. 10 and that shown 
in Fig. 8 is that, in the last-mentioned arrange 
ment, a separate source of direct current must 
be provided for energizing the relays R89, R820, 
R825, R330, and R835 located at the substation 
proper. This substation may be remotely lo 
cated with respect to the carrier current equip 
ment shown to the right of Fig. 8, and, hence, the 
provision of a source of current for energizing 
the enumerated relays may be rather expensive. 
In the Fig. 10 arrangenent, on the other hand, 
the control relays and the carrier current equip 
ment are assembled as a unit and are located 
at the point where the carrier current equipment 
is coupled to the transmission line. If desired, 
alternating current relays may be used through 
out. Alternatively, direct current relays may be 
provided, together with a rectifier arranged to 
Supply voltage of the proper potential for ener 
gizing the control relayS. 
The mode of operation of the System formed 

by combining the apparatus illustrated in Fig. 
10 With that shown in FigS. 9 and 3 is identical 
with that described above with reference to the 
system formed by combining Figs. 8, 9 and 3 on 
a call incoming to the telephone SubStation ter 
minating the line B09. The somewhat different 
arrangement of the control relay circuit conº. 
nections alters slightly the mode of operation 
of these relays on a call initiated at the substa 
tion terminating the line 009. The relay equip 
ment provided at the substation terminating the 
line 98.9 must perform three functions in set 
ting up a connection on a call initiated at this 
Substation. The first function to be performed 
is the interruption of the carrier output of the 
transmitter 40 to cause a Switch seizing pulse 
to be delivered over one of the carrier channels 
to the repeater 330, whereby a loop circuit is 
established from this repeater to certain of the 
automatic switches provided in the distant au 
tomatic exchange. The Second function of the 
control relays is that of converting impulses 
dialed at the calling substation into interrupted 
carrier current impulses which are repeated to 
the repeater pulsing relay R358, and are in turn 
repeated by this relay to the Seized impulse re 
Sponsive switching equipment in the automatic 
exchange. The third and final function to be 
performed by the control relays shown in Fig. 
10 is that of causing the callier output of the 
transmitter í040 to be interrupted during the re 
lease of the connection for the purpose of initiat 
ing the release of the repeater 320 and the op 
erated Switch train by Way of which the con 
nection is routed. All three of the enlinerated 
functions are performed by the relay equipment 
shown in Fig. 10. Thus, when the calling key 
comprising the springs 222 is closed, a simplex 
circuit including the line 909 is completed for 
energizing the relay Rf), which relay, upon 
operating, causes the Sequential Operation of the 
three l'elays Ri 05, R 220 and R f 03 in an ob 
vious manner. When the relay R. 39 operates, 
it completes, at RAC32, an obvious path for 
short-circuiting the winding of Ri 25 and, at 
R.A.03f, a circuit extending from ground at 
RAlf?6 for energizing R50. The resulting op 
eration of R050 causes the carrier output of the 
transmitter f04 to be interrupted, so that a 
SWitch seizing pulse is transmitted to the re 
peater 320 in a manner which will be obvious in 
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view of the preceding description. This pulse 
is terminated through the restoration of the 
slow-to-release relay Rí625, which restores 
shortly following the operation of R. 33). Thus, 
the first function as pointed out above is dis 
charged. 

It will be noted that the impulsing Springs 
of the impulsing device Oi are included in the 
simplex circuit over which the relay R00 is held 
energized. Hence, during operation of the im 
pulsing device 7, the relay Rif follows the 
impulses. During the open circuit period of each 
impulse the relay ROF 'estores to complete an 
alternative circuit for energizing R 5, this cil 
cuit extending from ground at RAQ 2 by way 
of RA ! B3í and the winding of Rí050 to battery. 
Thus, R 25) is caused to operate for a portion 
of each impulsing cycle and, lupon operating, 
causes the carrier output of the transmitter 040 
to be interrupted. Hence, it will be seen that, 
the dialed impulses are converted into carriel 
current impulses through the operation of the 
relay R 55 and that the second function as out 
lined above is also performed by the relay equip 
ment. 
During the release of the connection and when 

the calling key comprising the Splings 22 is 
restored to its normal position, the operating cir 
cuit for R8 is interrupted, causing this relay 
to restore to complete, at RAI 0 ?2, tlhe above- : 
traced alternative circuit for energizing R, f 0.50 
and to interrupt, at RAí?) ! !, the operating circuit 
for the slow-to-release relay R? 5. The lesult 
ing operation of R35 causes the carrier output 
Of the transmitter 43 to be interrupted So that, 
a Switch release pulse is transmitted by way of 
One carrier channel to the operated repeater 
320. The duration of the Switch release pulse 
is determined by the combined restoring periods 
of the two slow-to-release relays R 03 and 
Rf (2) and the relay R. 93), which three relays 
restore in the order named following the res 
toration of Rí0 !9. Thus, when R! 020, falls back, 
it interruptS, at RA I (82 : , the operating circuit 
for R2030 which immediately restores to open, 
at FA 93, the above-traced alternative circuit, 
for energizing R 5. The last-mentioned re 
lay, upon restoring, causes the transmitter 040 
to again impress its carrier output on the trans 
mission line conductor 99, thus ending the 
switch release pulse transmitted to the repeater 
320 in the distant automatic exchange. When 
R. 930 restores, it also interrupts, at RA1032, a 
point in the path short-circuiting the winding of 
Rf 0.25, permitting this latter relay to be ener- : 
gized Over an obvious circuit including the re 
sistor (37. Following the operation of R, f O25, 
the apparatus is entirely released. Thus, the 
third function of the relay equipment is per 
formed. The manner in which the apparatus 
illustrated in Figs. 9 and 3 responds to the Switch 
Seizing pulse, the interrupted carrier impulses 
and the switch release pulse, all transmitted by 
way of one of the carrier channels, is exactly 
the same as the response of the apparatus 
shown in Figs. 2 and 3 to the similar pulses 
transmitted from the operator's telephone sta 
tion í 92, and described previously, 
The manual office equipment shown in Fig. 1, 

aS modified by the addition of the two relays 
shown in Fig. 6, may be combined with the auto 
matic exchange and associated carrier equip 
ment formed by combining the apparatus illus 
trated in Figs. 9 and 3 to form a unified system. 
The purpose of providing the two relays R600 
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Operating, the relay R50 causes the carrier out and R60 illustrated in Fig. 6 in combination 

With the other relay equipment associated with 
the operator's telephone station f2 is to prevent 
a ringing operation from being performed after 
a call to the operator's station has been an 
SWered. In this regard, it is pointed out that 
the two relays R600 and R60 are only used 
When the dotted line wiring as shown in Fig. 9 
is provided in the repeater circuit. The manner 
in Which a connection is routed from one of the 
automatic subscribers' substations through the 
automatic Switching equipment provided in the 
automatic exchange, the repeater 32), the car 
rier current equipment, and the transmission 
line conductor f 26 to the operator's station iO2 
will readily be apparent from the preceding de 
Scription. If, after the relay R66 operates to 
project ringing current over the line G9 and 
cause the operation of the drop 66, the operator 
fails to answer the call within a reasonable 
tine interval, the calling party may desire to 
resignal the operator. To this end, the calling 
Subscriber actuates the impulsing device pro- . 
vided at the calling Substation to cause the re 
peated operation of the line relay R235 and the 
sustained operation of the relay R950 for the 
duration of the digit. When the relay R950 op 
erates at the beginning of this additional digit, 
it completes the above-noted alternative circuit 
for energizing R20). When the last-mentioned 
relay operates, it causes the carrier output of 
the transmitter 24 to be interrupted. The re 
Sulting response of the receiver 45 causes the 
relay R. 60 to operate to again project ringing 
current over the line 89. This ringing current 
manifests itself by causing the drop f6 to buzz 
in a conventional manner, thereby audibly to 
signal the operator. Instances may occur when 
the operator inserts the plug terminating her 
telephone set into the answer jack 5 to answer 
the incoming call only an instant before the 
additional ringing operation is started, in which 
case ringing current would normally be con 
ducted through the receiver of her telephone set 
to be reproduced as a loud and objectionable buZZ 
for the duration of the ringing operation. To 
obviate this difficulty, the two relays R600 and 
R60 are arranged to function as ring cutoff ap 
paratus. More particularly, when the operator 
inserts the plug terminating her telephone set in 
the answer jack 5, ground as extended through 
the cord circuit is impressed on the sleeve Con 
tact of the jack 05 to complete a circuit extend 
ing by way of the dotted line conductor C603 for 
energizing R600. The relay R60 is provided 
With an armature RA602 which strikes a weight 
ed contact spring RC602' immediately the Wind 
ing of R600 is energized. The spring RC602’ 
starts vibrating when struck by the armature 
RA602 and only settles into constant engage 
ment with RA602 a predetermined interval there 
after. During the period of its vibration, the 
armature RC602' intermittently engages RA692, 
thereby intermittently to complete the operating 
circuit for the slow-to-operate relay R6f G. Due 
to the slow-to-operate characteristic of the last 
mentioned relay, it does not operate until RC602' 
settles into constant engagement with RA602. 
Immediately R600 is energized, a circuit is Com 
pleted at RA60 for energizing Rf 50, this circuit 
extending from battery by way of the resistor 
32, C604, RA60?, RA6 f, C605, the simplex 

circuit comprising the two conductors of the line 
09 and the winding of Rl 50 to ground. Upon 

17 
put of the transmitter 40 to be interrupted. 
On the type of call here being considered, that 

is, a call incoming to the operator's station 02, 
the relay R2 f and the relay R955 are operated 
at the time the carrier is interrupted in response 
to the operation of R? 50. The receiver 245 re 
Sponds to the interruption of the carrier output 
of the transmitter 40 by completing the op 
erating circuit for R260, which relay, upon op 
erating, interrupts, at RA26 , the above-traced 
holding circuit for R955. When R955 restores, 
it opens, at RA957, a further point in its holding 
Circuit and, at RA956, a point in the circuit for 
eilergizing R956. Thus, the relay R950 is caused 
to restore to interrupt, at RA95, the circuit for 
energizing R269, which latter relay, upon restor 
ing, reconditions the transmitter 240 to trans 
mit its carrier Output to the receiver 45. The 
receiver 45 responds to the received carrier by 
opening the operating circuit for R. 60. Thus, 
the ringing Operation is interrupted almost im 
mediately after the operator plugs into the an 
SWer jack iO5 to answer the incoming call. 
Shortly following the restoration of R60 in the 
manner just described, the vibrating contact 
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Spring RC602' of the relay R600 settles into en 
gagement with RA602 and the slow-to-operate 
relay R60 operates. Upon operating, the relay 
R6 0 interrupts, at RA6 f, a point in the above 
traced circuit for energizing R i50, causing the 

30 

last-mentioned relay to restore to recondition 
the transmitter 40 to transmit a carrier to the 
receiver 245. The receiver 245 responds to this 
carrier by Opening the operating circuit for en 
ergizing R260, which relay, upon restoring, re 
prepares, at RA26, the holding circuit for R955. 
It Will be noted, however, that the holding cir 
cuit for R955 is now, open at RA957 and the 
operating circuit for this relay is open at the 
armature RA927. Thus, R955 is prevented from 
reoperating to reprepare the operating circuit 
for R959. When R950 restores, the operating 
circuit for R200 is held open at RA951 and, 
hence, the apparatus is prevented from project 
ing ringing current over the line 09 during the 
release of the connection and when the calling 
Subscriber hangs up. It will be noted that the 
relay R60 functions to cause the restoration of 
R355 in any case when the operator answers a 
call incoming to the station 02. Thus, there is 
precluded the possibility of a ringing operation 
being performed when the operator's telephone 
Set is still connected to the line 99. Aside from 
the above, the operation of the system formed 
by the combination of the apparatus illustrated 
in Figs. 1, 9 and 3 is exactly the same as previ 
ously described. 

It will be apparent that the re-ring cutoff 
arrangement illustrated in Fig. 6 may, if de 
sired, be incorporated in the substation circuit 
shown in Fig. 8. Thus, if the circuit for energiz 
ing the relay RS is arranged to be completed 
by the hook Switch provided at the substation 
846 when a call to this substation is answered, 
the same ring cutoff operation is achieved. Also, 
if the substation circuit illustrated in Fig. 8 is 
modified in this manner, the ringing operation, 
Which Ordinarily occurs during the release of the 
Connection. When a calling subscriber at a dis 
tanti Substation hangs up, is prevented. 
While there have been described what are at 

present considered to be the preferred embodi 
ments of the invention, it will be understood that 
various modifications may be made therein, and 
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it is intended to cover in the appended claims all 
Such modifications as fall Within the true Spirit 
and Scope of the invention. 
What is claimed is: 
i. In a telephone system, a power transmission 

line, a source of commercial frequency current 
connected to said line, carrier current transmit 
ters and receivers coupled to said line and lo 
cated at tWo Separated points, means including 
Said line, said transnitters and Said receivers 
for providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy betWeen said points in the 
respective two directions of transmission, a tele 
phicle line coupied to the transmitter and re 
ceiver at One of Said points, an automatic ex 
change, a plurality of lines extending to Said ex 
change, neans including an impulse responsive 
automatic SWitch for Setting up connections be 
tween Said lines, means reSponsive to the initia 
tion of a call on Said telephone line for arresting 
for a time interval the carrier output of the 
transmittel at Said one point, means controlled 
in accordance with the response of the receiver 
at said other point to the arrest of the carrier 
output of the transmitter at said one point for 
completing a connection to said automatic SWitch, 
means responsive to Switch control impulses 
transinnitted over said telephone line for corre 
spondingly arresting the carrier output of the 
transmitter at Said. One point, whereby inter 
rupted carrier pulses are transmitted to the re 
ceiver at Said. Other point, means controlled in 
accordance with the response of the receiver 
at said other point to Said interrupted carrier 
pulses for transmitting corresponding impulses 
to Said automatic SWitch thereby to cause Said 
automatic Switch to Select a called one of Said 
lines, and means including Said automatic 
SWitch for completing a talking loop including 
Said tWO carrier channels between said telephone 
line and said called line. 

2. In a telephOne System, a power transmission 
line, a Source of commercial frequency current 
Connected to Said line, Carlier current trans 
Initters and receivers coupled to Said line and lo 
cated at two separated points, means including 
Said line, Said transmitters and said receivers for 
providing two independent carrier channels of 

frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at one of said points, an automatic ex 
change, a plurality of lines extending to said 
exchange, imeans including an impulse responsive 
automatic SWitch for Setting up connections be 
tWeen Said line:S, I means l’eSpOiSiWe to the initia 
tion of a cail on Said telephone line for arresting 
for a time interval the carrier output of the 
transmitter at Said One point, means controlled 
in accordance With the response of the receiver at 
said other point to the arrest of the carrier output 
of the transmitter at said one point for com 
pleting a connection to Said automatic switch, 
lineans responsive to Switch control impulses 
transmitted Over Said telephone line for corre 
Spondingly arresting the carrier output of the 
transmitter at Said one point, whereby inter 
rupted carrier pulses are transmitted to the re 
ceiver at Said other point, means controlled in 
accordance With the response of the receiver at 
Said other point to said interrupted carrier pulses 
for transmitting corresponding impulses to said 
automatic SWitch thereby to cause said automatic 
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switch to select a called one of said lines, means 
including said automatic SWitch for completing 
a talking loop including said tWO carrier channels 
between said telephone line and Said called line, 
means operative when said talking loop is inter 
rupted at the calling end thereof for arresting 
for a time interval longer than said first-men 
tioned time interval the carrier output of the 
trainSmitter at Said. One point, and means con 
trolled in accordance with the response of the 
receiver at said other point to the last-mentioned 
arrest of the carrier output of the transmitter 
at said one point for releasing Said automatic 
SWitch. 

3. In a telephone System, a power transmission 
line, a Source of commercial frequency current 
connected to said line, carrier current trans 
mitters and receivers coupled to Said line and 
located at two separated points, means including 
said line, said transmitters and said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and re 
ceiver at one of said points, a link line adapted 
to be coupled to the transmitter and receiver. 
at the other of Said points, an automatic ex 
change, a plurality of lines extending to Said ex 
change, means including an impulse responsive 
Switch for Setting up connections between Said 
lines, said Switch being accessible to said link 
line, means responsive to the initiation of a 
call on said telephone line for arresting for a 
time interval the carrier Output of the trans 
mitter at said one point, means controlled in ac 
cordance With the response of the receiver at 
Said other point to the arrest Of the carrier out 
put of the transmitter at said one point for oper 
atively coupling said link line to the transmitter 
and receiver at said other point and for causing 
Said Switch to be assigned to the use of Said link 
line, means responsive to SWitch control pulses 
transmitted over said telephone line for corre 
spondingly arresting the carrier output of the 
transmitter at said one point, whereby inter 
rupted carrier pulses are transmitted to the re 
ceiver at said other point, means controlled in 
accordance with the response Of the receiver at 
said other point to Said interrupted carrier pulses 
for transmitting corresponding impulses to said 
SWitch thereby to cause Said Switch to select a 
called one of said lines, and means including 
said link line and said SWitch for completing a 
talking loop including Said tWO carrier channels 
between said telephone line and said called line. 

4. In a telephone system, a power transmis 
Sion line, a source of commercial frequency cur 
rent connected to said line, carrier current trans 
mitters and receiverS coupled to said line and lo 
cated at tWO Separated points, means including 
said line, Said transmitters and said receivers 
for providing tWO independent carrier channels 
of different carrier frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and re 
ceiver at one of Said points, a link line adapted 
to be coupled to the transmitter and receiver at 
the other of Said points, an automatic exchange, 
a plurality of lines extending to said exchange, 
means including an impulse responsive Switch for 
Setting up connections between said lines, said 
SWitch being accessible to said link line, means re 
Sponsive to the initiation of a call on said tele 
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phone line for arresting for a time interval the 
carrier Output of the transmitter at said one 
point, means controlled in accordance with the 
response of the receiver at said other point to 
the arrest of the carrier output of the trans 
mitter at said one point for operatively coupling 
Said link line to the transmitter and receiver at 
said other point and for causing said Switch to 
be assigned to the use of said link line, means 
responsive to SWitch control pulses transmitted 
Over said telephone line for correspondingly ar 
resting the carrier output of the transmitter at 
said one point, whereby interrupted carrier pulses 
are transmitted to the receiver at said other point, 
in eans controlled in accordance With the re 
sponse of the receiver at Said other point to said 
interrupted carrier pulses for transmitting cor 
responding impulses to said switch thereby to 
cause Said SWitch to Select a called One of said 
lines, means including Said link line and Said 
Switch for completing a talking loop including 
said two carrier channels between said telephone 
line and said called line, means operative when 
said talking loop is interrupted at the calling end 
thereof, for arresting for a tine interval longer 
than said fist-mentioned time interval the car 
rier output of the transmitter at said One point, 
and means controlled in accordance With the re 
sponse of the receiver at said other point to said 
last-mentioned arrest of the carrier output of 
the transnitter at said one point for releasing 
said automatic Switch. 

5. In a telephone systern, a power transmis 
Sion line, a source of commercial frequency Cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to Said line and 
located at two separated points, means including 
said line, said transmitters and said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between said pointS ilin 
the respective two directions of transmission, a 
telephone line coupled to the trainSzmitter and 
receiver at one of said points, an automatic ex 
change, a plurality of lines extending to said ex 
change, means including an impulse responsive 
SWitch for setting up connections between said 
lines, a repeater coupled to the transmitter and 
receiver at the other of Said points and including 
a link line having access to said Switch, means re 
sponsive to the initiation of a call on said tele 
phone line for arresting for a time interval the 
carrier output of the transaitter at Said one 
point, means controlled in accordance with the 
response of the receiver at Said other point to the 
arrest of the carrier output of the transmitter 
at said one point for conditioning said repeater 
for audio frequency energy transmission and for 
causing said switch to be assigned to the use of 
said link line, means responsive to Switch control 
impulses transmitted over said telephone line for 
correspondingly arresting the carrier output of 
the transmitter at said one point, whereby inter 
rupted carrier pulses are transmitted to the re 
ceiver at said other point, means controlled in 
accordance with the response of the receiver at 
said other point to said interrupted carrier pulses 
for transmitting corresponding inpulses to said 
switch thereby to cause said Switch to Select a 
called one of said lines, means including Said 
switch for completing a talking loop including 
Said two carrier channels between said telephone 
line and said called line, means operative when 
said talking loop is interrupted at the calling 
end thereof for arresting for a time interval 

longer than said first-mentioned time interval the 
carrier output of the transmitter at said one 
point, and means controlled in accordance with 
the response of the receiver at said other point 
to said last-mentioned arrest of the carrier out 
put of the transmitter at said one point for re 
leasing Said 'epeater and said automatic switch. 

6. In a telephone System, a power transmis 
sion line, a source of commercial frequency cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to said line and 
located at two separated points, the transmitters 
at both of said points normally being operative 
and the transmitter at one of said points having 
an output carrier frequency different from the 
output carrier frequency of the transmitter at the 
other of said points, the receiver at said one point 
being responsive only to the output carrier of 

- the transmitter at said other point and the re 
ceiver at said other point being responsive only 
to the output carrier of the transmitter at Said 
one point, a telephone line coupled to the trans 
mitter and receiver at said one point, a link line 
adapted to be coupled to the transmitter and 
receiver at said other point, an automatic ex 
change, a plurality of lines extending to said 
exchange, auto: natic SWitching equipment in 
said exchange, said automatic Switching equip 
ment being accessible to said link line and hav 
ing access to each of said plurality of lines, means 
responsive to the creation of a calling Condition 
on said telephone line for arresting the carrier 
output of the transmitter at said one point, 
means controlled in accordance with the response 
of the receiver at said other point to the arrested 
carrier output of the transmitter at said one 
point for operatively coupling said link line to the 
transmitter and receiver at said other point and 
for causing said Switching equipment to be as 
signed to the use of said link line, means respon 
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sive to impulses transmitted by way of said tele 
phone line for correspondingly arresting the car 
rier output of the transmitter at said one point, 
whereby interrupted carrier pulses are trans 
mitted to the receiver at said other point, means 
controlled in accordance with the response of the 
receiver at said other point to said interrupted 
carrier pulses for causing said automatic switch 
ing equipment to select a called one of said plu 
rality of lines, and means including said trans 
mitters and receivers for providing two inde 
pendent carrier channels for transmitting audio 
frequency energy between said telephone line and 
Said Selected called line in the respective two di 
rections of audio frequency energy transmission. 

7. In a telephone systein, a power transmission 
line, a source of commercial frequency current 
connected to said line, carrier current transmit 
ters and receivers coupled to Said line 2nd located 
at two separated points, the transmitters at both 
of said points normally being operative and the 
transmitter at one of said points having an out 
put carrier frequency different from the output 
carrier frequency of the transmitter at the other 
of said points, the receiver at Said one point being 
responsive only to the output carrier of the trans 
mitter at said other point and the receiver at 
said other point being responsive only to the out 
put carrier of the transmitter at said one point, 
a telephone line coupled to the transmitter and 
receiver at said one point, a link line adapted to 
be coupled to the transmitter and receiver at 
said other point, an automatic " exchange, a, plu 
rality of lines extending to said exchange, auto 
matic switching equipment in said exchange, said 
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2? 
automatic Switching equipment being accessible 
to said link line and having access to each of Said 
plulality of lines, means responsive to the crea 
tion of a calling condition on said telephone line 
for arresting the carrier output of the transmitter 
at Said. One point, means controlled in accord 
ance With the response of the receiver at said 
other point to the arrested carrier output of the 
transmitter at said one point for operatively cou 
pling said link line to the transmitter and re 
ceiver at Said other point and for causing said 
SWitching equipment to be assigned to the use of 
Said link line, means responsive to impulses 
transmitted by Way of Said telephone line for 
correspondingly arresting the carrier output of 
the transmitter at Said one point, whereby inter 
rupted carrier pulses are transmitted to the re 
ceiver at Said other point, means controlled in 
accordance with the response of the receiver at 
Said other point to said interrupted carrier pulses 
for causing Said automatic Switching equipment 
to Select a called one of said plurality of lines, 
means including said transmitters and receivers 
for providing two independent carrier channels 
for transmitting audio frequency energy between 
Said telephone line and said selected called line 
in the respective two directions of audio fre 
quency energy transmission, and means includ 
ing one of Said channels for transmitting dial 
tone, busy tone and ring-back tone signals, pro 
duced as an incident of the operation of said 
Switching equipment, by way of one of said chan 
nels to said telephone line. 

8. In a telephone System, a power transmission 
line, a Source of Connercial frequency current 
connected to said line, carrier current transmit 
ters and receivers Coupled to Said line and 10 
cated at two separated points, the transmitters 
at both of said points normally being operative 
and the transmitter at One of Said pointS having 
an output carrier frequency different from the 
output carrier frequency of the transmitter at 
the other of Said points, the receiver at Said one 
point being responsive only to the Output car 
rier of the transmitter at said other point and 
the receiver at Said other point being responsive 
Only to the output carrier of the transmitter at 
said one point, a telephone line coupled to the 
transmitter and receiver at said one point, a link 
line adapted to be coupled to the transmitter and 
receiver at said other point, an automatic ex 
change, a plurality of lines extending to said ex 
change, automatic SWitching equipment in said 
exchange, said automatic switching equipment 
being accessible to Said link line and having ac 
cess to each of Said plurality of lines, means re 
Sponsive to the creation of a calling condition 
On Said telephone line for arresting the carrier 
output of the transmitter at Said one point, 
means controlled in accordance with the response 
of the receiver at said other point to the arrested 
carrier output of the transmitter at said one point 
for operatively coupling said link line to the 
transmitter and receiver at Said other point and 
for causing said Switching equipment to be as 
signed to the use of Said link line, means respon 
sive to impulses transmitted by Way of said tele 
phone line for correspondingly arresting the car 
rier output of the transmitter at said one point, 
whereby interrupted carrier pulses are trans 
mitted to the receiver at Said other point, means 
controlled in accordance with the response of the 
receiver at Said other point to said interrupted 
carrier pulses for causing Said automatic Switch 
ing equipment to Select a called one of Said plu 
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rality of lines, means including Said transmitters 
and receivers for providing two independent car 
rier channels for transmitting audio frequency 
energy between said telephone line and said Se 
lected called line in the respective two directions 
of audio frequency energy transmission, means 
Operative when the calling condition on said tele 
phOne line is terminated for again arresting the 
carrier output of the transmitter at said one 
point, and Ileans controlled in accordance with 
the response of the receiver at said other point 
to the last-mentioned arrest of the carrier out 
put of the transmitter at Said one point for re 
leasing said automatic SWitching equipment. 

9. In a telephone system, a power transmission 
line, a Source of commercial frequency current 
connected to Said line, carrier current transmit 
tel's and receivers coupled to said line and lo 
cated at tWo Separated points, the transmitters 
at both of Said points normally being operative 
and the transmitter at one of said points having 
an output carrier frequency different from the 
Output carrier frequency of the transmitter at 
the other of Said points, the receiver at said. One 
point being responsive only to the output car 
rier of the transmitter at said other point and 
the receiver at said other point being responsive 
Only to the output carrier of the transmitter at 
Said. One point, a telephone line coupled to the 
transmitter and receiver at Said one point, a link 
line adapted to be coupled to the transmitter 
and receiver at Said other point, an automatic 
eXchange, a plurality of lines extending to said 
exchange, automatic Switching equipment in 
Said eXchange, Said automatic switching equip 
ment being accessible to said link line and hav 
ing acceSS to each of Said plurality of lines, means 
responsive to the creation of a calling condition 
On Said telephone line for arresting the carrier 
Output of the transmitter at said one point, 
means controlled in accordance with the response 
of the receiver at said other point to the air 
rested carrier output of the transmitter at said 
One point for Operatively coupling Said link line 
to the transmitter and receiver at said other point 
and for causing Said Switching equipment to be 
aSSigned to the use of Said link line, means re 
Sponsive to impulses transmitted by way of said 
telephone line for correspondingly arresting the 
Carrier Output of the transmitter at said one 
point, whereby interrupted carrier pulses are 
transmitted to the receiver at said other point, 
means controlled in accordance with the response 
Of the receiver at Said other point to said inter 
rupted carrier pulses for causing said automatic 
SWitching equipment to select a called one of said 
plurality of lines, means including said transmit 
ters and receivers for providing two independent 
carrier channels for transmitting audio frequency 
energy between said telephone line and said Se 
lected called line in the respective two directions 
of audio frequency energy transmission, means 
including one of said channels for transmitting 
dial tone, busy tone and ring-back tone signals, 
produced as an incident of the operation of said 
SWitching equipment, by Way of one of said chan 
nels to Said telephone line, means operative when 
the calling condition on said telephone line is 
terminated for again arresting the carrier output 
of the transmitter at said one point, and means 
Controlled in accordance with the response of the 
receiver at Said other point to the last-mentioned 
arrest of the carrier output of the transmitter at 
Said one point for releasing said automatic 
SWitching equipment. 
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10. In a telephone system, a power transmission 

line, a source of commercial frequency current 
connected to said line, carrier current trans 
mitters and receivers coupled to Said line and 
located at two separated points, means including 
said line, said transmitters and said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line adapted to be coupled to the 
transmitter and receiver at one of said points, 
an automatic exchange including a first impulse 
responsive automatic Switch having access to said 
telephone line, a plurality of lines extending to 
said exchange and having access to said switch, 
a link line adapted to be coupled to the trans 
mitter and receiver at the other of Said points, 
a Second automatic eXchange including a, Second 
inpulse responsive automatic Switch accessible 
to said link line, a plurality of lines extending 
to Said second exchange and accessible to Said 
Second automatic Switch, Said first automatic 
SWitch being controllable by Way of a calling 
One of the lines extending to the first-named 
exchange to seize said telephone line, means 
responsive to the seizure of Said telephone line 
for arresting the carrier output of the transmitter 
at said one point, means controlled in accordance 
With the response of the receiver at said other 
point to the arrest of the carrier output of the 
transmitter at said one point for operatively 
coupling said link line to the receiver at said 
other point and for causing said Second auto 
matic switch to be assigned to the use of said 
link line, means responsive to Switch control 

GO 

5 

70 

5 

inpulses transmitted Over Said calling line and 
said telephone line for correspondingly arresting 
the operation of the transmitter at said one point, 
whereby interrupted carrier pulses are trans 
mitted to the receiver at Said other point, reans 
controlled in accordance with the response of 
the receiver at said other point to said inter 
rupted carrier pulses for causing said Second 
automatic Switch to select a called one of the 
said Second-named plurality of lines, means in 
cluding said transmitters and receivers for pro 
viding two independent carrier channels for 
transmitting audio frequency energy between said 
telephone line and said called line in the re 
spective two directions of transmission, means 
operative when the calling condition of said 
telephone line is terminated for again arresting 
the carrier output of the transmitter at said one 
point, and reans controlled in accordance with 
the response of the receiver at said other point 
to the last-mentioned arrest of the carrier output 
of the transmitter at said one point for releasing 
Said Second automatic Switch. 

11. In a telephone system, a power transmission 
line, a source of commercial frequency current 
Connected to Said line, carrier current trans 
mitters and receivers coupled to said line and 
located at two separated points, the transmitters 
at both of said points normally being operative 
and the transmitter at one of said points having 
an output carrier frequency different from the 
Cultplit carrier frequency of the transmitter at 
the Otheir of Said points, the receiver at Said one 
point being responsive only to the output car 
rier of the transmitter at Said other point and 
the receiver at said other point being responsive 
only to the output carrier of the transmitter at 
said one point, a telephone line adapted to be 

21. 
coupled to the transmitter and receiver at said 
one point, an automatic exchange including a 
first impulse responsive automatic SWitch having 
access to said telephone line, a plurality of lines 
extending to said exchange and having acceSS 
to said switch, a link line adapted to be coupled 
to the transmitter and receiver at the other of 
said points, a second automatic exchange in 
cluding a second impulse responsive automatic 
Switch accessible to said link line, a plu:'ality of 
lines extending to said second exchange and 
accessible to said second automatic Switch, said 
first automatic switch being controllable by Way 
of a calling one of the lines extending to Said 
first-named exchange to seize Said telephone line, 
means responsive to the seizure of said telephone 
line by said first switch for nonentarily arrest 
ing the carrier output of the transmitter at Said 
one point, means controlled in accordance with 
the response of the receiver at said other point 
to the arrested carrier Output of the transnitter 
at said one point for operatively coupling Said 
link line to the transmitter and receiver at said 
other point and for causing Said Second automatic 
switch to be assigned to the use of said link line, 
means responsive to impulses transmitted by way 
of the calling line for correspondingly arresting 
the carrier output of the transmitter at said 
one point in accordance with the transmitted 
impulses, whereby corresponding interrupted car 
rier pulses are transmitted to the receiver at said 
other point, means controlled in accordance with 
the response of the receiver at Said other point 
to said interrupted carrier pulses for transmitting 
corresponding impulses to said second automatic 
Switch, whereby said second SWitch is caused 
to select a, called one of the lines extending to 
said second exchange, and means including said 
transmitters and receivers for providing two in 
dependent carrier channels having different car 
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energy between the calling and called lines. 

12. In a telephone system, a power transmission 
line, a Source of commercial frequency current 
connected to said line, carrier current trans 
nitters and receivers coupled to said line and 
located at two separated points, the transmitters 
at both of said points normally being operative 
and the transmitter at one of said points having 
an output carrier frequency different from the 
output carrier frequency of the transmitter at the 
other of said points, the receiver at said one 
point, being responsive only to the output carrier 
of the transmitter at said other point and the 
receiver at said other point being responsive 
only to the output carrier of the transmitter at 
said one point, a telephone line adapted to be 
coupled to the transmitter and receiver at said 
one point, an automatic exchange including a 
first impulse responsive automatic switch having 
access to Said telephone line, a plurality of lines 
extending to said exchange and having access 
to said Switch, a link line adapted to be coupled 
to the transmitter and receiver at the other of 
said points, a second automatic exchange in 
cluding a second impulse responsive automatic 
Switch accessible to said link line, a plurality 
of lines extending to Said. Second exchange and 
accessible to said Second automatic SWitch, said 
first automatic switch being controllable by Way 
of a calling one of the lines extending to Said 
first-na?aed exchange to seize said telephone line, 
means responsive to the seizure of Said telephone 
line by said first SWitch for nonentarily arrest 
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22 
ing the carrier output of the transmitter at Said 
one point, means controlled in accordance with 
the response of the receiver at said other point 
to the arrest of the carrier output of the trans 
mitter at said one point for operatively coupling 
said link line to the transmitter and receiver 
at said other point for causing said second auto 
matic switch to be assigned to the use of said 
link line, means responsive to impulses trans 
mitted by way of the calling line for arresting 
the carrier output of the transmitter at Said 
one point in accordance with the transmitted 
impulses, whereby corresponding interrupted car 
rier pulses are transmitted to the receiver at 
said other point, means controlled in accordance 
with the response of the receiver at said other 
point to Said interrupted carrier pulses for re 
peating corresponding impulses to Said Second 
automatic switch, whereby said second Switch is 
caused to select a called one of the lines extending 
to said Second exchange, means including Said 
transmitters and receivers for providing two in 
dependent carrier channels having different car 
rier frequencies for transmitting voice frequency 
energy between the calling and called lines, 
means operative when the call is terminated for 
again arresting the carrier output of the trans 
mitter at said one point, and means controlled 
in accordance with the response of the receiver 
at Said other point to said last-mentioned arrest 
Of the carrier output of the transmitter at said 
one point for releasing Said Second automatic 
Switch. 

13. In a telephone system, a power transmis 
Sion line, a source of commercial frequency cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to said line and 
located at two Separated points, means including 
Said line, said transmitters and said receivers 
for providing two independent carrier channels 
of different carrier frequencies for transmitting 
audio frequency energy between said points in the 
respective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at one of Said points, a telephone station 
including a signal device connected to be ener 
gized by Way of said telephone line, a link line 
adapted to be coupled to the transmitter and re 
ceiver at the other of said points, an automatic 
SWitch having access to said link line, means 
for causing Said automatic Switch to seize said 
link line, control means responsive to the seizure 
of said link line by said Switch for operatively 
coupling said link line to the transmitter and 
receiver at Said other point and for causing the 
transmitter at said other point to transmit a 
control pulse by Way of one of said carrier chan 
nels, and means responsive to said control pulse 
for projecting ringing current over said telephone 
line to energize Said signal device. 

14. In a telephone System, a power transmis 
Sion line, a source of commercial frequency cur 
rent connected to said line, carrier current trans 
mittel's and receivers coupled to said line and lo 
cated at two Separated points, means including 
said line, said transmitters and said receivers 
for providing two independent carrier channels 
of different carrier frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at One of Said points, a telephone sta 
tion including a signal device connected to be 
energized by Way of Said telephone line, a link 
line adapted to be coupled to the transmitter and 

2,198,978 
receiver at the other of said points, an automatic 
exchange, a plurality of lines extending to Said 
exchange, automatic switching equipment for Set 
ting up connections between said lines and in 
cluding an automatic switch having access to 
said link line, Said automatic SWitch being con 
trollalble by way of a calling one of Said plu 
rality of lines to seize said link line, control 
means responsive to the seizure of Said link line 
by said switch for operatively coupling Said link 
line to the transmitter and receiver at Said other 
point and for causing the transmitter at said 
other point to transmit a control pulse by Way 
of one of Said carrier channels, and means re 
sponsive to said control pulse for projecting ring 
ing current over said telephone line to energize 
Said signal device. 

15. In a telephone system, a power transmis 
sion line, a source of commercial frequency cur 
rent connected to said line, carrier current trans 
Imitters and receivers coupled to said line and lo 
cated at two separated points, means including 
said line, said transmitters and said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between Said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at one of said points, a telephone sta 
tion including a signal device connected to be 
energized by way of said telephone line, a link 
line adapted to be coupled to the transmitter and 
receiver at the other of said points, an automatic 
exchange, a plurality of lines extending to Said 
exchange, automatic switching equipment for 
setting up connections between said lines and in 
cluding an automatic switch having access to Said 
link line, said automatic switch being controllable 
by way of a calling one of said plurality of lines 
to seize said link line, control means responsive 
to the seizure of said link line by said Switch for 
operatively coupling said link line to the trans 
mitter and receiver at said other point and for 
causing the transmitter at said other point to 
transmit a control pulse by way of one of Said 
carrier channels, means responsive to Said con 
trol pulse for projecting ringing current over 
said telephone line to energize said signal device, 
and means controllable by Way of Said calling 
line for causing the transmitter at said other 
point to transmit a second control pulse by Way 
of Said one carrier channel, whereby Said last 
named means is caused to again project ring 
ing current over said telephone line. 

16. In a telephone System, a power transmis 
sion line, a source of commercial frequency cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to said line and 
located at two separated points, means including 
said line, said transmitters and Said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at One of said points, a telephone Station 
including a signal device Connected to be ener 
gized by way of said telephone line, a link line 
adapted to be coupled to the transmitter and 
receiver at the other of Said points, an automatic 
exchange, a plurality of lines extending to said 
exchange, automatic switching equipment for set 
ting up connections between said lines and in 
cluding an automatic switch having access to 
Said link line, Said automatic switch being con 
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trollable by way of a calling one of said plurality 
of lines to seize said link line, control means 
responsive to the seizure of said link line by said 
SWitch for operatively coupling said link line to 
the transmitter and receiver at said other point 
and for causing the transmitter at said other 
point to transmit a control pulse by way of one of 
Said carrier channels, imeans responsive to said 
Control pulse for projecting ringing current over 
said telephone line to energize said signal device, 
means controllable by way of said calling line for 
causing the transmitter at said other point to 
transmit 2, Second control pulse by way of said 
one carrier channel, whereby said last-named 
means is caused to again project ringing cur 
rent over said telephone line, means operative 
when the call is answered at said telephone sta 
tion for causing the transmitter at said one point 
to transmit a control pulse by Way of the other 
of Said carrier channels, and means responsive to 
Said last-named control pulse for terminating Said 
second control pulse, thereby to discontinue the 
projection of ringing current over said tele 
phone line. 

17. In a telephone system, a power transmis 
sion line, a source of commercial frequency cur 
rent connected to said line, carrier current 
transmitters and receivers coupled to said line 
and located at two separated points, means in 
cluding said line, said transmitters and said 
receivers for providing two independent carrier 
channels of different carrier frequencies for . 
transmitting audio frequency energy between said 
points in the respective two directions of trans 
mission, a telephone line coupled to the tranS 
mitter and receiver at one of said points, a tele 
phone station including a signal device connected 
to be energized by way of said telephone line, a 
link line adapted to be coupled to the transmitter 
and receiver at the other of said points, an auto 
natic switch having access to said link line, 
means for causing said automatic SWitch to Seize 
said link line, control means responsive to the 
seizure of said link line by said Switch for Opera 
tively coupling said link iline to the transmitter 
and receiver at Said other point and for calls 
ing the transmitter at said other point to transmit 
a control pulse by way of one of said carrier 
channels, means responsive to said control pulse 
for projecting ringing current over said tele 
phone line to energize said signal device, and 
means operative during the release of Said co 
trol means for causing the transmitter at Said 
other point to transmit a second control pulse by 
way of said one carrier channel, whereby said 
ast-named means is caused to again project 
ringing current over said telephone line. 

18. In a telephone system, a power transmis 
sion line, a source of commercial frequency cur 
rent, connected to said line, carrier current trans 
mitters and receivers coupled to said line and lo 
cated at two separated points, means including 
said line, said transmitters and said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between said pointS in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at one of said points, a telephone sta 
tion including a signal device connected to be 
energized by way of said telephone line, a link 
line adapted to ba coupled to the transmitter and 
receiver at the other of said points, an automatic 
exchange, a plurality of lines exterding to Said 
exchange, automatic Switching equipment for 
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setting up connections between said lines and 
including an automatic switch having access to 
Said link line, said automatic Switch being con 
troliable by Way of a, calling one of said plu 
rality of lines to seize said link line, control 
means responsive to the seizure of said link line 
by said switch for operatively coupling said link 
line to the transmitter and receiver at said other 
point and for causing the transmitter at said 
other point to transmit a control pulse by way 
of one of Said carrier channelS, means respon 
sive to said control pulse for projecting ringing 
Current over said telephone line to energize said 
Signal device, Yleans controllable by Way of Said 
calling line for causing the transmitter at said 
other point, to transmit a second control pulse by 
way of Said one carrier channel, whereby said 
last-named means is caused to again project 
ringing current over said telephone line, and 
means operative during the release of said con 
trol (neans for causing the transmitter at said 
other point to transmit an additional control 
pulse by way of said one carrier channel, where 
by ringing current is again projected over said 
telephone line. , 

19. In a telephone system, a power transmis 
Sion line, a source of commercial frequency cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to said line and lo 
cated at two separated points, means including 
said line, said transmitters and said "eceivers for 
providing two independent carrier channels of 
different carrier frequencies for transnitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at one of said points, a telephone sta 
tion including a signal device connected to be 
energized by Way of Said telephone line, a link 
line adapted to be coupled to the transmitter and 
receiver at the other of Said pointS, an auto 
matic Switch having access to Said link line, 
aneans for causing said automatic switch to seize 
said link line, control means responsive to the 
seizure of Said link line by said SWitch for Oper 
atively coupling said link line to the transmitter 
and receiver at said other point and for causing 
the transmitter at said other point to transmit a 
control pulse by way of one of said carrier chan 
nels, means responsive to said control pulse for 
projecting ringing current over said telephone 
line to energize said signal device, said control 
means being conditioned, following the seizure of 
said link line by said switch, to cause the trans 
mitter at said other point to transmit an addi 
tional control pulse by way of said one chan 
nel during the release of said control means, 
means operative when the call is answered at Said 
telephone station for causing the transmitter 
at said one point to transmit a control pulse 
by way of the other of said carrier channels, and 
means responsive to said last-nained pulse for 
preventing any further control pulses from being 
transmitted by Way of said one carrier channel. 

20. In a telephone system, a transmission line, 
a Source of commercial frequency CULºrent COn 
nected to said line, carrier Current transmitters 
and receivers coupled to said line and located 
at two separated points, means including said 
line, said transmitters and said receivers for pro 
viding two independent carrier channels of dif 
ferent carrier frequencies for transmitting audio 
frequency energy between said points in the 1re 
spective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
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24 
ceiver at one of Said points, a telephone station 
including a signal device connected to be ener 
gized by Way of Said telephone line, a second 
telephone line adapted to be coupled to the trans 
mitter and receiver at the other of Said points, 
control means for operatively coupling said sec 
Ond telephone line to the train Srinitter and re 
ceiver at said other point and for causing the 
transmitter at said other point to transmit a 
control pulse by Way Of One of Said carrier chan 
nels, means responsive to said control pulse for 
projecting ringing current over said first-named 
telephone line to energize said signal device, and 
means controllable by Way of Said. Secondi tele 
phone line for causing the transmitter at Said 
other point to project a second control pulse by 
Way of Said one carrier channel, whereby said 
last-named means is caused to again project ring 
ing current over Said first-named telephone line, 

21. In a telephone System, a transmission line, 
a Source of commercial frequency current con 
nected to said line, carrier current tranSinitters 
and receivers coupled to Said line and located at 
two separated points, means including said line, 
said transmitters and said receivers for provid 
ing two independent carrier channels of differ. 
ent carrier frequencies for transmitting audio 
frequency energy between Said points in the re 
spective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at one of said points, a telephone station 
including a signal device connected to be ener 
gized by way of said telephone line, a second 
telephone line adapted to be coupled to the trans 
mitter and receiver at the other of said points, 
control means for operatively coupling said Sec 
ond telephone line to the transmitter and 1receiv 
er at Said Other point and for causing the trans 
mitter at Said other point to transmit a con 
trol pulse by way of one of said carrier channels, 
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means responsive to said control pulse for pro 
jecting ringing current over said first-named 
telephone line to energize said signal device, 
means controllable by way of said second tele 
phone line for causing the transmitter at Said 
other point to project a second control pulse by 
way of said one carrier channel, whereby said 
last-named means is caused to again project 
ringing current over said first-named telephone 
line, and means cpsrative during the release of 
said control means for causing the transmitter 
at said other point to transmit an additional con 
trol pulse by way of said one carrier channel, 
whereby ringing current is again projected over 
said first-named telephone line. 

22. In a telephone system, a transmission line, 
a Source of commercial frequency Cllrrent con 
nected to said line, carrier current transmitters 
and receivers coupled to Said line and located at 
two separated points, means including Said line, 
said transmitters and Said receivers for pro 
viding two independent carrier channels of dif 
ferent carrier frequencies for transmitting audio 
frequency energy between said points in the re 
spective two directions of transmission, a tele 
phone line coupled to the transmitter and receiver 
at one of said points, a telephone station includ 
ing a signal device connected to be energized by 
way of said telephone line, a second telephone 
line adapted to be coupled to the transmitter and 
receiver at the other of said points, control means 
for operatively coupling said second telephone 
line to the transmitter and receiver at Said other 
point and for causing the transmitter at Said 
other point to transmit a control pulse by way 
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of one of said carrier channels, means respon 
Sive to said control pulse for projecting ringing 
current Cver said first-named telephone line to 
energize Said signal device, means controllable 
by way of Said Second telephone line for causing 
the transmitter at said other point to project a 
Second control pulse by way of Said one carrier 
channel, whereby Said last-named means is 
caused to again project ringing current over said 
first-named telephone line, means operative when 
the call is anSWered at Said telephone station for 
causing the transmitter at said one point to 
trainSmit a control pulse by way of the other 
of Said carrier channels, and means responsive 
to said last-named pulse for terminating said 
Second control pulse, thereby to discontinue the 
projection of ringing current over said first 
named telephone line. 

23. In a telephone system, a transmission line, 
a source of commercial frequency current con 
nected to said line, carrier current transmitters 
and receivers coupled to said line and located at 
two separated points, means including said line, 
Said transmitters and said receivers for pro 
viding two independent carrier channels of dif 
ferent carrier frequencies fol' transmitting audio 
frequency energy between said points in the re 
Spective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at one of said points, a telephone station 
including a signal device connected to be ener 
gized by Way of said telephone line, a second 
telephone line adapted to be coupled to the 
transmitter and receiver at the other of said 
points, control means for operatively coupling 
said Second telephone line to the transmitter and 
receiver at said other point and for causing the 
transmitter at said other point to transmit a 
control pulse by Way of one of said carrier chan 
nels, means responsive to said control pulse for 
projecting ringing current over said first-named 
telephone line to energize said signal device, said 
control means being conditioned, following its 
operaticn, to cause the transmitter at Said other 
point to transmit an additional control pulse by 
Way of Said. One channel during the release of 
said control means, means operative when a 
call is answered at said telephone station for 
causing the transmitter at said one point to 
transmit a control pulse by way of the other of 
Said carrier channels, and means responsive to 
said last-named pulse for preventing any fur 
ther control pulses from being transmitted by 
Way Of Said. One carrier channel. 

24. In a telephone System, a power transmis 
sion line, a Source of commercial frequency cur 
rent connected to said line, carrier current trans 
Imitters and receivers coupled to said line and 
located at two separated points, means including 
said line, Said transmitters and Said receivers 
for providing two independent carrial channels 
of different carrier frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at One of said points, a telephone station 
including a signal device connected to ba ener 
gized by way of said line, a two-way repeater 
Coupled to the transmitter and receiver at the 
other of Said points, an automatic exchange, a 
plurality of lines extending to said exchange, au 
tomatic Switching equipment for setting up con 
nections between Said lines and including an 
automatic Switch having access to Said repeater, 
Said equipment being accessible to said repeater, 
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said automatic switch being controllable by Way 
of a calling one of said plurality of lines to Seize 
said repeater, control means included in said 
repeater and responsive to the Seizure of said re 
peater by said Switch for completing a talking 
loop, including said carrier channels, between 
the calling line and said telephone line and for 
causing the transmittel at Said other point to 
transmit a control pulse by way of one of said 
channels, naeans responsive to Said control pulse 
for projecting ringing current over Said tele 
phone line, means responsive to the creation 
of a calling condition on said telephone line for 
causing the transmitter at said one point to 
transmit a control pulse by way of the other of 
said channels, means included in Said repeater 
and responsive to said last-named control pulse 
for causing a portion of said SWitching equip 
ment to be assigned to the use of said repeater, 
means responsive to impulses transmitted by 
Way of said telephone line for causing the trans 
mitter at said one point to transmit correspond 
ing carrier impulses by way of said other carrier 
channel, and means responsive to said carrier 
impulses for repeating said impulses to Said 
switching equipment, whereby said Switching 
equipment is caused to select a called one of said 
plurality of lines. 

25. In a telephone system, a power transmis 
sion line, a source of commercial frequency Cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to said line and 
located at two separated points, means includ 
ing said line, said transmitters and said receivers 
for providing two independent carrier channels 
of different carrier frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at one of said points, a telephone sta 
tion including a signal device connected to be 
energized by way of said telephone line, a link 
line adapted to be coupled to the transmitter and 
receiver at the other of said points, an automatic 
exchange, a plurality of lines extending to said 
exchange, automatic switching equipment for Set 
ting up connections between said lines and in 
cluding an automatic Switch having access to 
Said link line, said automatic switch being con 
trollable by way of a calling one of said plu 
rality of lines to seize said link line, control 
means responsive to the seizure of said link line 
by said switch for operatively coupling said link 
line to the transmitter and receiver at said other 
point and for causing the transmitter, at said 
other point to transmit a control pulse by way 
of one of said carrier channels, means responsive 
to said control pulse for projecting ringing cur 
rent over said telephone line to energize said 
Signal device, and means responsive to Switch 
control pulses transmitted by way of said calling 
line for causing the transmitter at said other 
point to transmit a second control pulse by way 
of said one carrier channel, whereby said last 
named means is caused to again project ringing 
current over Said telephone line. 

26. In a telephone System, a transmission line, 
a source of commercial frequency current con 
nected to said ine, carrier current transmitters 
and receivers coupled to said line and located at 
two separated points, means including said line, 
said transmitters and said receivers for provid 
ing tWO independent carrier channels of differ 
ent carrier frequencies for transmitting audio 
frequency energy between said points in the re 
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spective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at one of said points, a telephone station 
including a signal device connected to be ener 
gized by way of Said telephone line, a Second 
telephone line adapted to be coupled to the trans 
mitter and receiver at the other of said points, 
control means for operatively coupling said sec 
ond telephone line to the transmitter and re 
ceiver at said other point and for causing the 
transmitter at said other point to transmit a 
control pulse by way of one of said carrier chan 
nes, means responsive to Said control pulse for 
projecting ringing current Over said first-named 
telephone line to energize said signal device, 
means responsive to switch control impulses 
transmitted by way of said second telephone line 
for causing the transmitter at Said other point 
to project a second control pulse by way of said 
One carrier channel, whereby Said last-named 
means is caused to again project ringing current 
over said first-maimed telephone line, means op 
erative when the call is answered at said tele 
phone station for causing the transmitter at said 
One point to transmit a control pulse by Way of 
the other of said carrier channels, and means 
responsive to said last-named pulse for termi 
nating said second control pulse, thereby to dis 
continue the projection of ringing current Over 
said first-named telephone line. 

27. In a telephone system, a power transmis 
Sion line, a Source of commercial frequency cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to said line and 
located at two Separated points, means including 
Said line, said transmitters and said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at one of said points, a telephone station 
including a signal, device connected to be ener 
gized by Way of Said telephone line, a link line 
adapted to be coupled to the transmitter and 
receiver at the other of said points, an auto 
natic exchange, a plurality of lines extending to 
Said exchange, automatic SWitching equipment 
for setting up connections between said lines and 
including an automatic switch having access to 
Said link line, Said automatic sWitch being con 
trollable by Way " of a, calling one of said plu 
rality of lines to seize said link line, control means 
responsive to the seizure of said link line by said 
SWitch for operatively coupling said link line to 
the transmitter and receiver at said other point 
and for monentarily arresting the carrier output 
of the transmitter at Said other point, means con 
toiled in accordance With the response of the 
receiver at said one point to the arrest of the 
carrier output of the transmitter at said other 
point for projecting ringing current over said 
telephone line to energize said signal device, 
means responsive to switch control impulses 
tranSinitted by Way of said calling line for again 
momentarily arresting the carrier output of the 
transmitter at Said other point, and means con 
trolled in accordance with the response of the 
receiver at said one point to the last-mentioned 
arrest of the carrier output of the transmitter at 
said other point for again projecting ringing 
current over said telephone line. 

28. In a telephone system, a transmission line, 
a Source of commercial frequency Current con 
nected to said line, carrier current transmitters 
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26 
and receivers coupled to said line and located 
at two separated points, means including said 
line, said transmitters and said receivers for pro 
Viding two independent carrier channels of dif 
ferent carrier frequencies for transmitting audio 
frequency energy between said points in the re 
spective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at one of said points, a telephone station 
including a signal device connected to be ener 
gized by Way Of Said telephone line, a Second 
telephone line adapted to be coupled to the 
transmitter and receiver at the other of Said 
points, control means for Operatively coupling 
Said second telephone line to the transmitter and 
receiver at Said other point, means controllable 
by way of said second telephone line for causing 
the transmitter at said other point to transmit 
a control pulse by Way of said one carrier chan 
nel, means responsive to Said control pulse for 
projecting ringing current over said first-named 
telephone line to energize said signal device, 
means operative when the call is answered at 
Said telephone station for causing the transmit 
ter at said one point to transmit a control pulse 
by Way of the other of Said carrier channels, and 
means responsive to said last-named control pulse 
for terminating Said first-named control pulse, 
thereby to discontinue the projection of ringing 
current over said first-named telephone line. 

29. In a telephone system, a transmission line, 
a source of commercial frequency current con 
nected to Said line, carrier current transmitters 
and receivers coupled to said line and located at 
tWO Separated points, means including said line, 
Said transmitters and said receivers for provid 
ing two independent carrier channels of different 
carrier frequencies for transmitting audio fre 
quency energy between said points in the re 
Spective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at One of said points, a telephone station 
including a signal device connected to be en 
ergized by Way of said telephone line, a second 
telephone line adapted to be coupled to the trans 
mitter and receiver at the other of said points, 
control means for operatively coupling said sec 
Ond telephone line to the transmitter and re 
ceiver at said other point, means controllable 
by way of said second telephone line for arrest 
ing for a time interval the carrier output of the 
transmitter at said other point, means controlled 
in accordance with the response of the receiver 
at Said one point to the arrest of the carrier 
output of the transmitter at said other point 
for projecting ringing current over said first 
named telephone line to energize said signal de 
wice, means operative when the call is answered at 
Said telephone station for arresting momentarily 
the carrier output of the transmitter at said one 
point, and means controlled in accordance with 
the response of the receiver at said other point 
to the arrest of the carrier output of the trans 
mitter at said one point for reinitiating the op 
eration of the transmitter at said other point to 
transmit its carrier output, and means controlled 
in accordance with the response of the receiver 
at Said One point to the resumed carrier output 
of the transmitter at said other point for dis 
continuing the projection of ringing current over 
Said first-named telephone line. 

30. In a telephone System, a power transmis 
Sion line, a source of commercial frequency cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to said line and 
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located at two separated points, means including 
said line, said transmitters and said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between said pointS in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and re 
ceiver at one of said points, a telephone station 
including a signal device connected to be ener 
gized by way of Said telephone line, a link line 
adapted to be coupled to the transmitter and re 
ceiver at the other of Said points, an automatic 
exchange, a plurality of lines extending to Said 
exchange, automatic switching equipment for set 
ting up connections between said lines and in 
cluding an automatic Switch having access to 
said link line, Said automatic SWitch being con 
trollable by Way of a calling one of Said plurality 
of lines to seize said link line, control means 
responsive to the seizure of said link line by said 
switch for operatively coupling said link line to 
the transmitter and receiver at said other point, 
means controllable by way of said calling line for 
causing the transmitter at said other point to 
transmit a control pulse by Way of one of Said 
carrier channels, means responsive to said control 
pulse for projecting ringing current over said 
telephone line to energize said signal device, 
means operative When the call is answered at 
Said telephone station for causing the transmit 
ter at said one point to transmit a control pulse 
by way of the other of said carrier channels, and 
means responsive to said last-named control pulse 
for terminating said first-named control pulse, 
thereby to discontinue the projection of ringing 
current Over said telephone line. 

31. In a telephone System, a power transmis 
sion line, a source of commercial frequency cur 
rent connected to Said line, carrier current trans 
mitters and receivers coupled to said line and 
located at two separated points, means including 
said line, said transmitters and said receivers 
for providing two independent carrier channels 
of different carrier frequencies for transmitting 
audio frequency energy between said points in the . 
respective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at one of said points, a telephone station 
including a signal device connected to be ener 
gized by way of said telephone line, a link line 
adapted to be coupled to the transmitter and 
receiver at the other of said points, an automatic 
exchange, a plurality of lines extending to said 
exchange, automatic Switching equipment for 
setting up connections between said lines and ; 
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including an automatic switch having access to 
said link line, Said automatic SWitch being con 
trollable by way of a calling one of said plurality 
of lines to seize Said link line, control means re 
sponsive to the seizure of said link line by said 
switch for operatively coupling said link line to the 
transmitter and receiver at said other point, 
means controllable by Way of Said calling line 
for arresting for a time interval the carrier out 
put of the transmitter at said other point, means 
controlled in accordance with the response of the 
receiver at said One point to the arrest of the 
carrier Output of the transmitter at Said other 
point for projecting ringing current over said 
telephone line to energize said signal device, 
means operative when the call is answered at 
said telephone station for momentarily arresting 
the carrier output of the transmitter at Said one 
point, means controlled in accordance with the 
response of the receiver at said other point to 
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the momentary arrest of the carrier output of 
the transmitter at said one point for reinitiating 
the operation of the transmitter at said other 
point to transmit its carrier output, and means 
controlled in accordance with the response of the 
receiver at said one point to the resumed carrier 
Output of the transmitter at said other point for 
discontinuing the projection of ringing current 
Over said telephone line. 

32. In a telephone system, a transmission line, 
a Source of commercial frequency current con 
nected to said line, carrier current transmitters 
and receivers coupled to said line and located at 
two Separated points, means including said line, 
said transmitters and said receivers for providing 
two independent carrier channels of different 
carrier frequencies for transmitting audio fre 
quency energy between said points in the re 
Spective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at one of said points, a telephone station 
including a signal device connected to be ener 
gized by way of said telephone line, a second tele 
phone line adapted to be coupled to the trans 
mitter and receiver at the other of said points, 
control means for operatively coupling said sec 
Ond telephone line to the transmitter and re 
ceiver at said other point and for momentarily 
arresting the carrier output of the transmitter 
at said other point, means controlled in accord 
ance with the response of the receiver at said 
one point to the arrest of the carrier output of 
the transmitter at said other point for project 
ing ringing current over said first-named tele 
phone line to energize said signal device, said 
control means being conditioned, following its 
operation, to again momentarily arrest the carrier 
output of the transmitter at said other point, 
means Operative When a call is answered at 
Said telephone station for momentarily arrest 
ing the carrier output of the transmitter at said 
one point, and means controlled in accordance 
with the response of the receiver at Said other 
point to the arrest of the carrier output of the 
transmitter at said one point for preventing the 
carrier output of the transmitter at said other 
point from thereafter being arrested. 

33. In a telephone System, a power transmis 
sion line, a source of commercial frequency cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to said line and 
located at two separated points, means including 
said line, said transmitters and said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between said points in 
the respective two directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at one of said points, a telephone sta 
tion including a signal device connected to be 
energized by way of said telephone line, a link 
line adapted to be coupled to the transmitter 
and receiver at the other of said points, an auto 
matic Switch having access to said link line, 
control means responsive to the seizure of said 
link line by said switch for operatively coupling 
said link line to the transmitter and receiver at 
said other point and for momentarily arresting 
the carrier output of the transmitter at Said 
other point, means controlled in accordance with 
the response of the receiver at said one point 
to the arrest of the carrier output of the trans 
mitter at said other point for projecting ringing 
current over said telephone line to energize said 
signal device, said control means being condi 

27 
tioned, following the seizure of said link line 
by said Switch, to again momentarily arrest the 
carrier output of the transmitter at said other 
point, means Operative When the call is answered 
at said telephone station for momentarily arrest 
ing the carrier output of the transmitter at said 
One point, and means controlled in accordance 
With the response of the receiver at said other 
point to the arrest of the carrier output of the 
transmitter at Said one point for preventing the 
carrier output of the transmitter at said other 
point from thereafter being arrested. 

34. In a telephone System, a transmission line, 
a SOurce of commercial frequency current con 
nected to said line, carrier current transmitters 
and receivers coupled to said line and located 
at two separated points, means including said 
line, Said transmitters and said receivers for pro 
Viding two independent carrier channels of dif 
ferent carrier frequencies for transmitting audio 
frequency energy between said points in the re 
Spective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at One of said points, a telephone station 
including a signal device connected to be ener 
gized by Way of said telephone line, a second 
telephone line adapted to be coupled to the trans 
mitter and receiver at the other of said points, 
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Control means for operatively coupling said sec 
ond telephone line to the transmitter and receiver 
at said other point and for causing the trans 
mitter at said other point to transmit a control 
pulse by Way of one of said carrier channels, 
means responsive to said control puise for pro 
jecting ringing current over said first-named 
telephone line to energize said signal device, and 
means operative during the release of said con 
trol means for causing the transmitter at said 
Other point to transmit an additional control 
pulse by Way of said one carrier channel, where 
by ringing current is again projected over said 
first-named telephone line. 

35. In a telephone system, a transmission line, 
a Source of commercial frequency current con 
nected to said line, carrier current transmitters 
and receivers coupled to said line and located at 
two separated points, means including said line, 
said transmitters and said receivers for provid 
ing two independent carrier channels of differ 
ent carrier frequencies for transmitting audio 
frequency energy between said points in the re 
Spective two directions of transmission, a tele 
phone line coupled to the transmitter and re 
ceiver at one of said points, a telephone station 
including a signal device connected to be ener 
gized by way of said telephone line, a second 
telephone line adapted to be coupled to the trans 
mitter and receiver at the other of said points, 
Control means for operatively crupling said sec 
Ond telephone line to the transmitter and re 
ceiver at said other point and for momentarily 
arresting the carrier output of the transmitter 
at Said other point, means controlled in accord 
ance with the response of the receiver at said one 
point to the arrest of the carrier output of the 
transmitter at said other point for projecting 
ringing current over said first-named telephone 
line to energize said signal device, and means 
operative during the release of said control means 
for again momentarily arresting the carrier out 
put of the transmitter at said other point where 
by said last-mentioned means is again operated 
to cause ringing current to again be projected 
over said first-named telephone line. 

36. In a telephone system, a power transmis 
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Sion line, a, Source of commercial frequency cur 
rent connected to said line, carrier current trans 
mitters and receivers coupled to said line and 
located at two separated points, means including 
Said line, said transmitters and said receivers for 
providing two independent carrier channels of 
different carrier frequencies for transmitting 
audio frequency energy between Said points in 
the respective tWO directions of transmission, a 
telephone line coupled to the transmitter and 
receiver at one of said points, a telephone sta 
tion including a signal device connected to be 
energized by Way of said telephone line, a link 
line adapted to be coupled to the transimitter and 
1'eceiver at the other of Said points, an automatic 
exchange, a plurality of lines extending to said 
eXchange, automatic Switching equipment for 
Setting up connections between said lines and in 
cluding an automatic SWitch having access to said 
link line, Said automatic switch being controllable 
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by way of a calling one of said plurality of lines 
to Seize said link line, control means responsive 
to the Seizure of Said link line by Said SWitch for 
operatively coupling said link line to the trans 
mitter and receiver at said other point and for 
momentarily arresting the carrier output of the 
transmitter at Said other point, means controlled 
in accordance With the response of the receiver 
at said one point to the arrest of the carrier out 
put of the transmitter at said other point for 
projecting ringing current over said telephone 
line to energize Said Signal device, and means Op 
erative during the release of said control means 
for again momentarily arresting the carrier out 
put of the transmitter at Said other point, where 
by Said last-named means is operated to cause 
ringing current to again be projected over said 
teiephone line. 

CAERENCE ERNST LOMAX. 
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