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The present invention relates to signaling sys-
tems and has for one of its objects the provision
of an
wherein automatic switch control impulses and
auxiliary contrel 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 transmission lines for signaling and
communication purposes. 'The use of high velt-
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-
1y 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 inverition to pro-
vide an improved automatic felephone system
whergin commercial frequency current power
transmission lines are utilized for signaling and
communication purposes, and wherein automatic
switching equipment preovided in a regular auto-
matic 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 line switching opéra-
tions of an automatic telephone system and in-
cluding the transmission of dial, busy and ring-
hack tones and the automatic ringing of a called
substation are all provided. ’

Three embodiments of the invention are de-
seribed in detail hereinafter, all of which are
commonly characterized as comprising a system

including a power transmission line having a

source of commereial frequency current ¢onnect-
ed thereto. and adapted to be used as a carrier
current link between the telephone lines of the
system. High freguency carrier current trans-

improved automatic telephone system

(CL. 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 0 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 di2
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-
matic exchange, to and from an operator’s posi-
tion in a manual exchahge or an automatic sub-
seriber’s substation to a desired line terminating
in the automatic exchange. In the third erabodi-
ment of the invention, provisions are made where-
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-

10
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20 -

30

nection and for the transmission of voice: fre--

quency currents when the conhnection is estab-
lished. . In each of the three embodiments 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
switehing equipment in the distant automatic ex-
change and also for the transmission of the auto-
matic switch confrol impulses to cne or moere of
the impulse responsive switches provided in the
exchange. In one modified arrangement of the
apparatus this carrier channel is aiso 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 alsc 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 embodiments 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 novel 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;
Pigs. 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
Pigs. 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
2 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 188 and having connected thereto a
source of commercial frequency current sche-
matically indicated at (01, The transmission
line {88 is indicated as being of the three-phase
type, although only 2 single one of the line con-
ductors is utilized fcr 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 149 and 248 and two carrier current re-
ceivers 145 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 fregquencies
are provided for transmitting, as modulation
components of the high frequency carrier cur-
rents, audio frequency currents by way of the

9,108,073

transmission line conductor {60 between the marn-
ual office and the automatic exchange in the re-
spective two directions of transmission. More
specifically, the output carrier frequency of the
transmitter 140 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 140, and the receiver
145 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 109 terminates. The
operator’s telephone station 102 further comprises
a calling jack 104, an answer jack (05, a signal
device in the form of a drop (06 which is con-
nected to be energized by way of the line (89, a
dial controlied impulsing device 107, a dial key
108, and five control relays Ri10, R120, RI25,
RI130 and RI135 connected and arranged in the
manner illustrated. Of the enumerated relays,
the relay R1i0 functions to condition the re-
maining relay equipment for operation when a

call is initiated at the station 102, the relay RI120 :’

is an impulsing relay, the slow-to-release relay
R125 is a call initiating relay, and the two slow-
to-release relays R138 and RI235 are time de-
lay relays which are primarily utilized during
the release of a connection involving the opera-
tor’s station 102.

The end of the line 109 remotfe from the op-
erator’s station 102 is normally coupled by means
of a second repeating coil 137 to the input cir-
cuit of the transmitter 140 and to the output
circuit of the receiver (45. More particularly,
the secondary winding 139 of the repeating coil
187 is connected by way of a link line (4{ and
a line balancing impedance network 142 to the
input circuit of the transmitter 140 and to the
output circuit of the receiver 145. For the pur-
pose of transmitting switch seizing and switch
release pulses and of repeating impulses dialed
at the operator’s station 102 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 Ri50 which
is arranged for energization over a simplex cir-
cuit including the two conductors of the line 109.

In order to apply ringing current to the line :

109 on calls incoming to the operator’s fele-
phone station 102, there is provided an alter-
nating current ringing relay R160 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 140 includes an input trans-
former having a primary winding 132’ and the
receiver 145 includes an output transformer

having a secondary winding 121’, both shown in

dotted lines in Fig. 1. The primary winding
132/, the secondary winding 127/, and the sec-
ondary winding 139 of the repeater coil {37 are
interconnected to form an antiside tone im-
pedance network which includes, as a part
thereof, the balancing network 142, The pur-
pose of this arrangement is to prevent the audio
signal voltages produced across the terminals
of the secondary winding 127’ from being modu-
lated on the carrier generated by the transmitter
140, 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
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windihg 127’ caiise equal and opposite currents
to flow through the primary winding 132’ of the
transmitter  input transformer. 'The voltage
drops occasioned by these currents are substan-
tially equal in magnitude and opposite in phase,
50 that the net input voltage to the transmitter
for a substantial output voltage across the wind-
ing §21’ is substantially zero. It is the purpose
of the balancing network 142 to insure that the
currents traversing the two halves of the pri-
mary winding 132’ will be substantially equal in
magnitude and opposite in phase at all frequen-

" cies within the signaling band, thus providing the
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maximum antiside tone effect. Specifically, the
network (42 comprises four series-connected re-
sistors 167, 168, 168 and 170 which are con-
nected in series with a ‘parallel resistance-capac-
itance circuit including a capacitor 11 and the
adjustable portion of a resistor 172, Bridged
across the series parallel arrangement compris-
ing the resistor 178, the capacitor 171, and the
adjustable resistor 112 is another fixed resistor
173, Connected between the lower line conduc-
tor of the iine {41 and the junction point be-
tween the resistors 167 -and 168 is a parallel
padding or losser resistor {74. By properly pro-

portioning the impedance values of the respec-

tive enumerated circuit elements 167 to 174 with
respect to each other and relative to the imped-
ance values of the transformer windings 132’ and
127’ .and the repeater winding 139, 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
the secondary winding 1271’ 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
the upper half of the primary winding (32’ is
possible by adjustment of the indicated  slider
arm galong the resistor 172,

For the purpose of impressing the output car-
rier, either modulated or otherwise, of the trans-

‘mitter {40 on the transmission line conductor
188, 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-
vided a transmission line coupling unit, indi-
cated schematically at 175, a transmitter output
coupling network, indicated at 180 in association

with the transmitter 140, and a recéiver input

coupling network schematically indicated at 185
in association with the receiver '145. The cou-
pling unit 175 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
of coupling unit wherein a counterpoise paral-
leling the conductor ‘180 and capacitively cou-
pled thereto is relied upon to provide coupling
paths between the conductor 1080 and the re-
ceiver input coupling network 185 and between
the transmitter output coupling network 1808 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

the transmitter 148, 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

‘output carrier frequency of ‘the dransmitter 240

‘erations.

3

and being arranged in any desired manner.
Since the elements 115, 180 and 185 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-
trated in the drawinegs. .

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 380, and includes a plurality of sub-
sceriber controlled automatic switches for setiing
up connections between the various lines of the
system. More particularly, each of the sub-
scriber lines terminates in g line circuit, that to

a0

which the line 300 extends being indicated at 15

305, and a group of finder-connector links are
provided for performing the line switching op-
One such finder-connector Ilink is
illustrated as comprising a finder switch 310 and
a switching-through: ¢connector switch 315. For
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.
Tt is pointed out that the finder switch 3{# and

pa%

20

the other similar switches corresponding thereto .

are nonnumerical switches, in the sense that they

are ineffective to perform any line selecting func- ¥
‘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 cemmonly known
as numerical switches, in that they are individ-

‘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 funec-
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
corresponding bank contacts of each of ‘the
finder-connector switches whereby a plurality of
links are available for -setting up -cennections
between each line -and every other line of the
system.

The end of each subscriber’s line remote from
the automatic exchange ‘terminates in a sub-
scriber’s substation of the automatic type, that
associated with-the line 300 being indicated s¢he-

matically at A. 1In brief, each of these substa- :-

tions may comprise the usual hand-set type of

‘transmitter and receiver, a cradle or ook switch.

aringer, and an impulsing device for transmitting
switch control impulses by way -of the associated

35

40

line to the automatic switching equipment located o

in the line terminating exchange. ,
The arrangement of ‘the line circuits individ-
ually terminating the telephone linesextending to
the automatic exchange may be ef conventional
arrangement.
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- 7

sions being made therein for -establishing a clear
metallic circuit through the switch on trunk-calls,
whereby switch control impulses :may be ‘trans-

‘mitted by way thereof to distant:impulse respon-
sive .equipment :as, for -example, 1o :an impulse

Similarly, the schematically indi-

T
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repeater associated with an outgoing interoffice
trunk line.

Tor 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 329, which is coupled to carrier current equip-
ment including the carrier transmitter 248, the
carrier receiver 245, a transmission line coupling
unit 275, a transmitter output coupling network
280 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 321 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 C322 connected to opposite terminals of the
secondary windings 276 and 277 of a repeating
coil 278 having a primary winding 279 adapted to
be connected by way of a link line 281 to the sec-
ondary winding 238 of a second repeating coil
237. MNormally the secondary winding 238 of the
repeating coil 237 is connected to a link line 252
having conductors C293 and C29%4 terminating at
opposite terminals of the primary winding 331 of
a third repeating coil 332 which includes a second-
ary winding 383 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,
R388, R310, and R380, illustrated in Fig. 3, are
utilized on calls incoming to the automatic ex-
change, and the six relays R200, R216, R220, R225,
R256 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, o pulsing relay R266 which corresponds to the
relay R1{88 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 140 and 240 illustrated
in Figs. 1, 2, 7, 8, 2 and 10 may be of the form
shown in Pig. 4. In general, the transmitter
illustrated in Fig. 4 comprises an oscillator sec-
tion 486 for developing high frequency current
of the desired carrier frequency, a carrier fre-
quency amplifier section 416, and an audio
freguency or signaling amplifier section 420.
More particularly, the carrier current channel of
the transmitter includes a vacuum tube 401 of
the screen grid type, embodied in the oscillator
section 488 and having output electrodes cou-
pled to the upper porticn of an inductance ele-
ment 492 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 401 by
means of the lower portion of the inductance ele-
ment 403 and a condenser 404. The input con-
trol grid of the tube 401 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 465. The cathode of the tube 401 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 401 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 401 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 401 is derived from a voltage dividing re-
sistor comprising the two elements 41f and 412
connected across a source of direct voltage, not
shown, but connected between the terminals 413.
Specifically, the arrangement is such that the
voltage drop across the resistor 411 is impressed

on the cathode of the tube 40! when the bridge .

normally connected across the terminals 436’
and 487’ is opened. The magnitude of this bias
voltage is sufficient to reduce the voltage amplifi-
cation through the tube 401 to a point where

the carrier output of the oscillator section 400 .

is interrupted, or reduced substantially to zero.

The output circuit 462 of the tube 40f is cou-
pled to the input circuit of the carrier amplifier
section 410, which amplifier section comprises a

pair of parallel connected vacuum tubes 414 and 3

415, each of the screen grid type. More specifi-
cally, the input circuit to the two tubes 414 and
415 includes an inductance element 416 coupled
to the inductance elemenf 403, and the carrier
voltage developed across the inductance element
416 is impressed between the input electrodes of
the two tubes 414 and 415 through the two cou-
pling condensers 41T and 418, suitable losser re-
sistors 419 and 421 being provided for preventing
the amplifier section from oscillating. For the
purpose of biasing the cathodes of each of the
two tubes 414 and 415 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 4{5. Normally

-only the bias voltage developed across the re-

sistor 422 is impressed on the cathodes of the
tubes #14 and 415. When, however, the direct
current bridge across the terminals 406 and 407
is interrupted, the voltage drop across the re-
sistor 411 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-
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put of the carrier channel is effected. The out-
put circuit of the amplifier section 4i0 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-

- ner illustrated.

The audio frequency or signal amplifying
channel 428 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 aper-
able gain control potentiometer including a volt-
age dividing resistor. 429 having its non-adjust-
able terminals coupled across the secondary
winding 430 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
termingls 406, 407’, 433", 434’ and 435 corre-
spond, respectively, to the terminals 106’, 107,
133/, 134’ and 3% shown in Fig. 1.and to the
terminals 2667, 207/, 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 437 and the audio frequency coupling con-
denser 438. 'The driver tube 426 is in turn cou-
pled to the input electrodes of the push-pull eon-

. nected tubes 427 and 428 by means of a coupling

transformer 438. 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 drawings.

Plate circuit modulation is employed for mod-
ulating the carrier output of the carrier ampli-
fier section 4if in accordance with amplified
audio or signal voltages developed across the
output circuit of the audio or signaling channel
428. To this end there is provided in the output

circuit of the push-pull connected tubes 427 and.

428 3 coupling transformer 442 having a sec-
ondary winding 441 included in the cutput cir-

. cuit of the parallel connected amplifier tubes

4i4 and 415, in. series with the tuned 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 443. .

Referring now to Wig. 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 598, a detector and automatic. gain control
unit 548, and an audio frequency amplifier 520.
More particularly, the carrier amplifier 500 com-
prises a vacuum. tube 8581 of the pentode type

. having input electrodes to which are coupled,

by means of a condenser 582, an input circuit
583 which is tuned io the carrier frequency
and is coupled to the receiver input coupling
network in the manner indicated. The output
electrodes of the tube 950{ are coupled to an

5

output circuit 584, also tuned to the carrier fre-
dquency, which is in turn coupled to an input
circuit 805 resonant. at the carrier frequency
and forming a part of the detector and auto-
matic gain control unit. For the purpose of
maintaining the proper bias on the confrol grid
of the carrier amplifier tube B84, there is pro-
vided in the cathode leg of the oufpiut circuit
an output biasing resistor 535 which is by-passed
for carrier frequency currents by a condenser
507. The detector and automatic gain control
unit 510 comprises, in addition to -the tuned
input circuit 583, a vacuum tube diode 5itf, and
a load circuit comprising an adjustable portion
of a hiasing resistor 512 connected in series with
a load resistor 513 and a filter resistor 5¢4. The
load circuit is shunted at two points by two
carrier curreni- filter condensers 5i5 and B5i8
connected in the manner shown. . The audio
amplifier 520 comprises two vacuum tubes, 52f
and 522, each of the pentode type, connected in
tandem in the-order named. The first of these
tubes has its input electrodes coupled by means
of a coupling condenser 8T fto an adjustable
portion of the load resistor 508, so that the audio
voltage appearing across this portion of the load:
resistor is impressed between the control grid
and cathode of the tube 52§. For the purpose
of  preventing carrier fregquency 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 521 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 has
its output electrodes coupled by means of a
coupling transformer 527 to the receiver output
terminals 528 and 525. The terminals 528 and
529 correspond respectively to the terminals 128
and 129, which latter terminals are illustrated
in Fig. 1 as being connected in the antiside tone
impedance network arrangement described pre-
viously.' For the purpcse of maintaining proper
bias potentials on the control grids of the two
audio amplifying tubes 521 and 522, cathode bias-
ing resistors 530 and 953! 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 528 substantially con-
stant even though the amplitude of the carrier
received on the input circuit 5303 is varied within
wide limits. To this end the direct voltage drop
across the load resistor 513, 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 584 and 521. Thus, this
voltage is impressed through a filter resistor 518
on the control grid of the carrier frequency am-~
plifier tube 50f and through a resistor 5i9 on
the control electrode of the first audio amplifier
tube 521. The automatic gain control action thus
realized is well-known in character.

The rectified carrier output voltage appearing
across the load resistor 5{3 is also utilized to
control a reiay RB60 which corresponds to the
relay R160 shown in Fig. 1 and the relay R260
shown in Fig. 2. The relay R560 is provided with
a pair of armature springs which are connected
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to the two terminals 581 and 582 respectively
corresponding to the terminals 18 and {82 illus-
trated in Fig. 1 and the terminals 28f{ and 282
illustrated in Fig. 2. The winding of the relay
RB58 forms an output or load circuit for a
vacuum tube triode 540 having its input elec-
trodes coupled to the load resistor 513 by means
of a coupling condenser 54! and a resistance
capacitance filter network comprising a con-
denser 542 and a resistor 543. A biasing voltage
derived from the adjustable portion of a volt-
age dividing resistor 544 is impressed on the
cathode of the tube 548 for the purpose of main-
taining the proper potential relations between
this cathode and the control grid of the tube.
This bias voltage is adjusted to a point such
that the anode current traversing the winding
of RESD is sufficient to cause the operation of
this relay when no rectified carrier voltage ap-
pears across the load resistor 5{3. When a car-
rier is being received, the rectified carrier volt-
age impressed on the control electrode of the
tube 540 drives this electrode sufficiently nega-
tive with respect to the associated cathode to re-
duce the anode current to a value such that the
relay R560 restores. This may or may not be
beyond cutoff, depending upon the design of the
relay R568. Screen and anode voitages for the
tubes indicated in PFig. 5 are derived from a
source of direct voltage, not shown, but con-
nected across the two terminals 545 and 548.
More particularly, two resistors 547 and 548 are
connected in series across the source, and the
Jjunction point therebetween is connected to the
screen of the tube 501 for dropping the voltage
on this electrode to a value below that of the
voltage on the associated anode. Similarly, two
resistors 549 and 550 are connected in series
across the source, and the junction point there-
between is connected to the screen electrode of
the tube 521 for the purpose of operating this
electrode at a voltage lower than the voltage of
the associated anode. It will be noted that a
slight positive bias voltage, i. e., the drop across
the adjustable portion of the resistor 512, is
impressed on the cathode of the diode 5{1. This
bias has the effect of completely cutting off the
anode current through the diode 511 in the ab-
sence of an incoming carrier and of maintain-
ing the anode current substantially at zero until
a carrier of substantial amplitude is received,
thereby to render the receiver completely inoper-
ative when the received carrier intensity is not
sufficient greatly to predominate over the back-
ground noise.

Referring how more particularly to the opera-
tion of the apparatus illustrated in Pigs. 1 to 3,
inclusive, to establish a connection between one
of the subscribers’ lines terminating at the auto-
matic exchange illustrated in Fig. 3 and the op-
erator’s station illustrated in Fig. 1, and assum-
ing that a call intended for the operator’s station
is initiated at the substation A associated with
the line 300; when the calling party removes his
receiver from its associated switch hook, a loop
eircuit is completed, in the usual manner, for
causing the line circuit 305 to operate. In re-
sponse to the operation of this line circuit, an idle
one of the finder-connector links is assigned to
the use of the calling line, and the finder por-
tion thereof is set in operation to search for and
seize the calling line. Assuming that the link
illustrated, namely, the link comprising the find-
er switch 310 and the connector switch 315, is
the link assigned to the use of the calling line,
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when the finder portion thereof is operated to
the position corresponding to the line 308 it op-
erates to switch the calling subscriber’s loop cir-
cuit through to the connector switch 315 and to
condition this switch to respond to the switch
control impulses dialed at the calling substation.
When the first digit is dialed by the calling sub-
scriber, the wiper carriage structure embodied
in the connector switch 315 responds by elevat-
ing the wipers embodied therein to a position
opposite the level of bank contacts terminating
a group of ten lines including the link line 321.
If a single such trunk line is terminated in the
banks of the connector switch 315, a second pre-
determined digit must be dialed at the calling
substation for the purpose of selecting this trunk
line from the selected group of lines. On the
other hand, if all of the lines terminating at the
selected level of bank contacts are lines corre-
sponding to the line 32f, an automatic trunk
hunting operation may be utilized for selecting
an idle one of these lines. Assuming the latter
case and assuming further that the line 321 is
the first available idle line of the selected group,
when the wipers of the connector switching mech-
anism encounter the contacts terminating the
conductors of this line, the operation of the
switching mechanism is arrested and the calling
subscriber’s loop circuit is switched through to
the repeating coil 278 in the conventional man-
ner characterizing the switching-through type
of connector switch. Also, ground is placed on
the control conductor C324 of the line 321 for the
purpose of marking this line as busy in the bank
contacts of the other connector switches to which
it extends. When the calling subscriber’s loop
circuit is switched through to the repeater 218, a
bridge is placed across the two line conductors
C322 and C323 to complete an obvious circuit
for energizing the relay R235.

At RA236, the relay R235, upon operating,
opens one point in the circuit traced hereinafter
for energizing the relay R200. At RA231, the
relay R235 completes an obvious circuit for ener-
gizing the slow-to-release hold relay R236. Upon
operating, the last-mentioned relay applies, at
RA232, multiple ground to the confrol conductor
C324 and, at RA231, completes an obvious circuit
for energizing the slow-to-release relay R220.
‘When R220 operates it completes, at RA221, an
obvious circuit for energizing the relay R210.

The relay R210, upon operating, first completes,
at RA216, an alternative circuit for maintaining
the relay R380 energized. In this regard, it will
be noted that R380 is normally energized over
a cireuit extending from ground at RA26( and
by way of a parallel circuit including the upper
and lower halves of the winding 238, RA212 and
RA213, C293 and C294, and the upper and lower
halves of the repeater winding 331; RA34{,
RC342, and the winding of R380 to battery.
When R210 operates, it interrupts, at RA212 and
RA213, both sides of the above-traced simplex
circuit. The relay R380 does not restore, how-
ever, since the above-mentioned alternative cir-
cuit is completed at RA216, this circuit extend-
ing by way of C295, RA341, RC342, and the wind-
ing of R380 to battery. At RA2i2 and RA213, the
relay R210 disconnects the repeater winding 238
from the conductors of the link line 292 and con-
nects this winding to the conductors of the link
line 281, thereby further to prepare the talking
loop between the calling subscriber’s substation
and the operator’s station in the distant manual
office. At RA215, the relay R210 completes a
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multiple path for applying ground fo the con-
trol conductor C324.

. At RA214, the relay R210 completes an obvious
path for shorb-circuiting the winding of R2285,
which latter relay is normally energized by cur-
rent flowing from battery through the resistor
221. 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 RA211, the relay R210 com-
pletes a circuit for energizing R260, this circuit
extending from battery by way of the resistor 238,
the operated armature RA226, RA211, and the
winding of R280 to ground. As a result of its
energization over this circuit, R200 operaies, 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 R208 is interrupted at RA226. During
the interval when R208 is operated, the bridge
across the terminals 206’ and 207, which respec~
tively correspond to the terminals 486° and 407’
shown in Fig. 4, is interrupted at RA2061. 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 bridgs 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 earrier 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
513 included in the circuit of the diode 511 is re-
duced to zero, so that the negative bias impressed
on the control electrode of the control tube 548
is reduced to a value such that the anode current
traversing the relay R568 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 581 and 582. Similarly, when the car-
rier input to the receiver (45 is interrupted, a
bridee is placed across the terminals 181 and 182
which correspond, respectively, to the terminals
581 and 582. Obviously, when the terminals [£]]
and {82 are shunted, a circuit is completed for
energizing the alternating current relay Ri60.
Upon operating, the relay R160 operatesits arma-
tures RAI6I and RAIB2 to project ringing cur-
rent over the line 49 and through the winding 114
of the repeater 182 in an obvious manner. The
resulting induced voltage in the winding 118 of
the repeater 183 energizes the drop or signal de-
vice 186 over an obvious circuit and causes this
drop to operate to signal the operatm that an
incoming call awaits attention. )

Since the relay R288 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 189, after which the transmitter 240 is
again conditioned to fransmit its carrier output

by way of the transmission line conductor 168 to-

the receiver 145. The receiver 145 responds to
the received carrier by causing the oper ating cir-
cuit for R160 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

" resistor 238, RA236, RA21I,

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. HFach time this loop cir-
cuit is opened, R235 restores to complete an alter-
native circuit for energizing R208, the last-men-
tioned circuit extending from battery through the
and the winding of
R208 to ground. Obviously, each time the relay
R7235 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 R235 is restored.
The relay R208 operates each time the above-
traced alternative circuit is completed and causes
the carrier output of the transmitter 248 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
RI160, thus causing ringing current to again be
projected over the line 109. The drop (86 re-
sponds to this current by vibrating its armature
to give an audible signal to the operator that a
call awaits atfention.

The operator answers the call in the usual
manner by inserting the answer plug terminating
her telephone set in the answer jack {125. - 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 108 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 {03 and over
the line 109 to the repeating coil I37, and the
audio voltage appearing across the secondary
winding 139 of this repeating coil is impressed
between the input terminals {34’ and 185’ coupled
to the audio channel of the transmitter 143, 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 1490 is impressed on the transmission
line conductor {89 through the transmitter cutput
coupling network 180 and the transmission line
coupling unit 175, This modulated carrier voli-
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:%85. By refer-
ring to Fig. 5 it will be seen that the modulated
carrier voltage is amplified and rectified and that
the audio component of the rectified voltage is
further amplified in the audic amplifier section
and impressed on the output terminals 228 and
228 which respectively correspond to theterrhinals
528 and 529 shown in Fig. 5. The level of the
amplified output voltage is maintained substan-
tially constant through the prevision of the auto-
matic gain control arrangement deseribed 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 281, the repeater 2718, the line 321, the con-~
aector switch 315, the finder switeh 310, 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
Ioop circuit to the repeater 278 and are repeated
by this repeater over the line 281 and through
the repeater 237 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 100 through the transmitter output cou-
pling network 280 and the transmitier line cou-
pling unit 275. The modulated carrier voltages
impressed on the transmitter line conductor 100
are, in turn, impressed on the input circuit of the
receiver 145 by means of the transmission line
coupling unit 175 and the carrier frequency dis-
criminating receiver input coupling network (85.
In the receiver 1495 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
impressed across the terminals 128 and 129 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 128 and 128, and the
winding 139 of the repeater t31, only a portion of
the audio voltage developed between the ter-
minals 128 and 29 is impressed across the re-
pester winding 139 and substantially none of this
voitage is impressed between the inpuf terminals
§34’, 135 of the transmitter (40. As a result of
the audio frequency currents flowing through the
winding 139, corresponding induced voltages are
developed in the coupled repeater winding 138
which cause currents to flow in the closed cir-
cuit including the repeater winding 114, so that
the audio frequency currents are repeated
through the repeater 103 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 fer-
minating at the manual office in which the op-
erator’s station 102 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 man-
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 109 to re-
actuate the drop 106 when the calling subscriber
hangs up. More particularly, when the calling
subscriber at the substation A restores his receiv-
er to its hook, the loop circuii, extending to the
repeater 278 and by way of which the relay R225
is held energized, is interrupted, causing this
relay to restore. Upon restoring, the relay R235
immediately completes, at RA235, the above-
traced alternative circuit for energizing R200.
The relay R208, when energized over the above-
traced circuit, opens, at RA204, the shunt arcund
the above-mentioned biasing path for the os-
cillator and amplifier tubes included in the car-
rier channel of the transmitter 248. As a re-
sult, the carrier output normally impressed on
the transmission line {80 is interrupted. The
receiver 145 responds to the interruption of its
carrier input by completing the circuit for ener-
gizing the relay RI60 in the manner descrihed
previcusly. Upon operating, the relay Ri60 again
causes ringing current to be projected over the
line 188 to energize the drop 166. The resulting
operation of the drop 1086 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 109 by withdrawing the plug
terminating her telephone set from the answer
jack 105. Following this operation, the appa-
ratus illustrated in PFig. 1 is entirely reieased.

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
RA2217, the operating circuit for the slow-to-re-
lease relay R230. The last-mentioned relay re-
stores, after an interval, to interrupt, at RA23I,
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 contrel conductor
C324. When R220 restores, after an interval, it
interrupts, at RA221, the operating circuit for
R210, which latter relay immediately restores
to open, at RA21{, the above-traced alternative
circuit for energizing R200; to recomplete, at
RA212 and RA213, the circuit for normally ener-
gizing R380; to interrupt, at RA216, the alter-
native circuit for energizing R380; to remove, at
RA2185, ground from the control conductor C324;
and to interrupt, at RA214, a point in the path
short-circuiting the winding of R225. Follow-
ing the restoration of R2I10, the relay R209 re-
stores and the relay R225 reoperates. Thus, the
relay equipment included in the repeater 320 is
returned to its normal condition. When R200
restores, it recompletes, at RA28!, the shunt
across the terminals 286’ and 287’, thereby caus-
ing the transmitter 240 to again impress its car-
rier output on the transmission line conductor
§00. The receiver {4b is thus caused to open the
circuit for energizing RI160 and this relay, upon
restoring, disconnects the conductors of the line
109 from the ringing current source.

When ground is removed from the control con-
ductor C324 in response to the restoration of R2i0
and at RA215, the holding circuits for certain of
the operated relays in the connector switch 245
are interrupted in a well-known manner, caus-
ing these relays to restore to initiate the release
of the connector switch 315 and the finder switch
316. 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 32i as idle in the bank contacts
of the connector switches to which this line ex-
tends. : ‘

In order to route & call from or by way of
the operator’s station 192 to a substation associ-
ated with one of the lines terminating at the

-automatic exchange illustrated in Pigs. 2 and 3,

the operator imserts the plug terminating her
telephone set in the calling jack {104 'and, in so
doing, closes the springs 12% to complete an ob-
vious circuit for energizing the relay Ri10.
operating, the relay R0 completes, at RALIL, an
obvious path for short-circuiting the winding of
125 and completes, at RAL13, a circuit for ener-
gizing RI20, this last-mentioned circuit extena-
ing from ground at the switch spring 24, by
way of the spring i23, RA113, and the winding
of RI20 to battery. At RAI{2, the relay Rilb
completes a circuit for energizing R4E8, this cir-
cuit extending from battery, by way of the re-
sistor 132, RAII2, RAI12Y, to the junction point
between the upper and lower halves of the re-
peater winding | #4, where- it divides, ene branch
extending by way of the upper half of the wind-
ing 1t4, the upper conductor of the line {99,
RAIEGY, the upper half of the repeater winding
138, and the winding of R{58 to ground; and the
other branch extending by way of the lower half
¢f the winding {4, the lower conductor of the line
§99, RAI182, the lower half of the winding i38.
and the winding of R15% to ground. At RAISS,
the relay R{59, upon operating, opens the bridge
across the terminals 186’ and (67’, which ter-
minals respectively correspond to the terminals
4868’ and 407’ of the transmitter illustrated in
TMg. 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 148 in a

manner which will be apparent from the preced-

ing description, causing the carrier output of the
transmitier to be interrupted. The recelver 245
responds to the interruption of the carrier out-
vut of the receiver {42 in the exact manner de-
scribed above with reference to the receiver {45;
that is, it operaies to complete the circuit for
energizing the aliernating current relay R2§0
and to hold this circuit completed so long as the
carrier output of the transmitter (40 is inter-
rupted. The relay R280 responds by operating to
interrupt, at RA28{, the above-traced circuit by

way of which R388 is normally energized, causing -

the last-mentioned relay to restore. Upon re-

ctoring, the relay R3288 completes, at RA3R2, a

circuit for energizing R348, this circuit extend-
ing from ground at RA272, by way of RA382, and

the winding of R348 to battery. Upon operating,

the relay R340 interrupts, at RA34! and RC342,
& further point in the circuit for normally ener-
gizing R388, and prepares, at RA3&! and RC342,
a point in the circuit traced hereinafter for ener-

gizing the pulsing relay R354.

A short time interval after the operation of
R348 the relay R123, which is short-circuited in

response to the operaition of Ritl, restores, to

interrupt, at RAI27 and its associated upper con-
tact, the above-iraced operating circuit for Ri§9.
When Ri5) restores it recompletes, at RAIS!, the
path shunting the terminals 19§’ and i07’, there-
by to unblock the carrier channel provided by
the carrier output of the transmitter 148 and to
cause carrier current to be transmitted over the
transmission line conductor {88 to the receiver
245. The receiver 245 responds to this current

Upon -

by interrupting the operating circuit for R85,
causing this relay to restore to complete, at
RAZ61, the above-mentioned circuit for energiz-
ing the pulsing relay R3%8, this circuit being simi-

* ilar to that traced previously for R380 butb ex-

tending by way of RAS4! and RC343 and the
winding of R358 to battery, rather than by way of
RA341 and RC342 and the winding .of R383 to
battery. When energized over this circuit, the

relay R385 operates to complete, at RASHE, an

o

obvious circuit for energizing the slow-to-release

nuid relay R366.. At RASH, the relay R383 com-

" pletes a loop circuit extending to the line circuit

534, 'The relay RE8B, upon operating, completes,
at RA36I, an obvious circuit for energizing R310

and, at RA364, an cbvious holding circuit for *

R348, The relay R378, upon operating, inter-
rupts, at RAST2, the above-traced operating cir-
cuit for R340 and completes, at RA3T{, an ob-
vious holding circuit for itself. )
When the loop .circuif extending to the line
circuit 338 is completed at the armature RAZG
of the relay R386, this line circuit operates to
cause an idle one of the finder-connector links
to be assigned to the use of the calling link line
328,
link comprising the finder switch 3§% and the con-

20

, 25
If it be .assumed, ior example, that the

nector switch §i5 is the link allotted to the use of . k

the calling link line 328, when the line circuit

3308 operates the finder switch 31§ is set in opera-

tion to search for and seize the line 32§. When
this last-mentioned line is ‘found by the finder

30

switch 318, the loop ecircuit extending from the

repeater 332 is switched through to the connector
portion. of the link, namely, to the connector
switch 318, and this connector switch is condi-

35

ticned to respond to the impulses dialed at the .

operator’s station 182.
From the immediately preceding description
it will be apparent that when a call is initiated

at the operator’s telephone station 162, the relays

Rit8, RI25, and Ri58 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

R340, R350, R360 and R3T) 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 line circuit 330. ‘ .

All of the connector switches are provided with
means for returning a dial tone signal over an
estabiished 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 $15, dial tone current is returned
over the loop and is reépeated by the repeaters 832
and 231 to the input terminals of the transmitier
245. In the transmitter 244 this audic 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 {45.
In the receiver {46 the audio dial fone component

- is separated from the carrier and amplified, and

40

45

control pulse is responded to by the four relays

50

b5

60

66

is then deélivered by way of the output terminals .

i28 and {28 to the repeater {37. The amplified
dial tone current is repeated by way of the re-

peater 137, the line (8% and the repeater {83 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 ¢ontrol
apparatus provided at the operator’s station {82,

0

75




10

15

20

30

33

40

45

50

‘55

‘60

‘65

70

75

10

when the relay RIi25 restores to interrupt the
above-traced operating circuit for R150 it pre-
pares, at RAI27 and its associated lower contact,
an alternative operating circuit for this relay.
At RAI26 the relay RI25 completes an obvious
circuit for energizing the slow-to-release relay
R130, which latter relay, upon operating, com-
pletes, at RA31, an obvious circuit for energizing
the slow-to-release relay R{35. Following the
operation of R135, 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-
sired subscriber, the operator actuates the dial
key 108 to the off-normsal position to place the
pulsing relay R120 under the control of the im-
pulsing springs embodied in the impulsing de~
vice 137. More particularly, when the key 188 is
gperated to the off-normal position, the springs
123 and 124 are opened and the springs {23 and
124’ are closed, to complete an obvious alter-
native circuit for holding RI!28 operated. Dur-
ing the back stroke of each operaticn of the im-
pulsing device 187, 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 R120 is interrupted, causing this relay to
restore. Hence, R{28 follows the impulses of each
digit dialed. During each open-circuit period of
each impulse, or when RI20 is restored, the
above-mentioned alternative circuit is completed
for energizing R158, this circuit extending from
battery, by way of the resistor {32, RAI21, RAII3’,
RAI{21 and its associated lower contact, the sim-
plex circuit including the two line conductors of
the line {09, and the winding of Ri58 to ground.
Thus, RI50 is energized and operates to inter-
rupt, at RAIS!, the bridge across the terminals
106’ and {07’ during the open-circuit pulse of
each impulse. The transmitter 148 responds in
the exact manner set forth above; that is, dur-
ing each period when the shunt across the ter-
minals 106’ and (87’ is opened, the carrier nor-
mally impressed on the transmission line conduc-
tor 100 is interrupted. Hence, carrier current
impulses are caused to be transmitted over the
line 100 to the receiver 245. During the inter-
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 R258, which re-
lay operates to interrupt, at RA261, the above-
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 {82 and, by inter-
rupting at RA351 the loop circuit as extended to
the operated connector switch 3{%, 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
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 187 and the response of
the relay R350 that this relay is caused to restore
when the impulsing springs noted are opened.

It will be apparent from the preceding de-
scription that, when the impulses of the first
digit are ended, the relay Ri23 remains operated,
the relay RI5E8 restores, the transmitter 44
continuously impresses its carrier current ocutput

2,193,973

on the transmission line conductor 188, the re-
ceiver 245 holds the operating circuit for R260
open, and the relay R3B89 remains operated to
hold the loop circuit extending to the connector
switch 315 completed. Due to its slow-to-release
characteristic, the hold relay R368 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 3%, the first digit will necessarily comprise
three impulses so that at the conclusion thereof
the wipers of the switching mechanism embodied
in the ccnnector switch 315 will be left stand-
ing opposite the third level of bank contacts.
When the first impulse is delivered to the con-
nector switch 315, the path for applying dial tone
current to the calling loop including the link line
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 cperates in the exact manner just de-
scribed. More particilarly, the relay R350 is
caused to restore to open the loop circuit ex-
tending to the connector switch 315 each time
the impulsing springs of the impulsing device 87
are opened. In this case the connector switch
noted responds by rofating its wipers over the
contacts cf the selected level and into engage-
ment with the set of contacts corresponding to
the number of impulses making up the second
digit. In the case assumed, these wipers will be
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 3{5 for returning busy tone over an estab-
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
returning ring-back tone current over the calling
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, repsated by the re-
peater 332 to the line 292, and from this line by
the repeater 237 to the input terminals 234’ and
235’ of the transmitter 240, where they are mod-
ulated on the carrier current generated in this
transmitter. From this point on, the busy and

ring-back tone signal currents are transmitted ©

over one of the carrier channels to the oper-
ator’s telephone station in the exact manner
described above with reference to audio frequency
dial tone current transmitted from the connector
switch 313 to the operator’s station.

When the call is answered at the called sub-
station A, the desired conversational loop circuit
is completed hatween this substation and the op-
erator’s telephone station. Here again, two inde-
pendent carrier channels are utilized for trans-
mitting audio frequency currents in the respec-
tive two directions of voice frequency transmis-
sion in so far as the link comprising the {rans-
mission line conductor {08 and the two sets of
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-

nection rather than the line 281, the repeater

278 and the line 32! as was the case described
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above for a call outgoing from the automatic ex-
change to the distant manual 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 {84, the operating circuit for
R119 is interrupted at the springs £22, causing
this relay to restore to inferrupt, at RAIIL, the
path short-circuiting the winding of Ri25 and fo
open, at RAI12, the operating circuit for RI20.
At RAI!R, the relay RI{3 opens a point in the
above-traced alternative circuit for energizing
Ri8%8. The relay Ri258 reoperates, following the
restoration of RI{9, and completes, at RA[2T,
a third circuit for energizing RE58, this circuit
extending from battery by way of the resistor
132, RAIZE, RAIZT, the simplex circuit including
the line §88, and the winding of Ri86 to ground.
Simultanecusly with the completion of this cir-
cuit, the operating circuit for R130 is inferrupted
at RAI26. ‘

The relay RIBS, upon operating, opens,- at
RAIBL, the shunt across the terminals 186" and
197, thershy to cause the carrier output of the
transmitter i48 to be interrupted. The receiver

245 responds tc the interruption of the carrier

current output of the transmitter {48 by com-
pleting the operating circuit for R289 in the man-
ner pointed. out above. Upon operating, RIBY
opens, at RA281, the above-described circuit over
which. the pulsing relay R2388 is being held en-
ergized, causing this relay to restore to interrupt,
ot RA25!, the loop circuit extending to the oper-
ated connector switch 35 and, at RA38%Z, the
operating circuit for the slow-to-release hold

relay R36%. After an interval, the last-mentioned

relay restores to interrupt, at RA3JE4, the holding
circuit for R340 and, at RA3G!, the operating cir-
cuit for R3T6.
interrupts, at RA341 and RC343, a further point
in the circuit for energizing R359 and reprepares,
at RA34{ and RC342, the circuit, traced pre-
viously, for energizing R388.

" The time interval required for the successive
restoration of the three relays R358, R353 and
R340 forms a part of the time interval required

for the successive restoration of the two slow-to-

release relays R385 and R{E0 provided at the op-

“erator’s station {82. Thus, after an interval fol-

lowing the reoperation of R{25, the relay R130
restores ‘to interrupt, at RAI3I, the operating
circuit for R135, which latter relay also restores,
after an interval, to interrupt at RA{I88 the
above-traced alternative circuit for energizing
RI50. The transmitter {40 responds to the res-
toration of RIBD by again impressing on . the
transmissicn line conductor 138 a carrier voltage
to which the receiver 245 responds by interrupt-
ing the operating circuit for R2§8. The relay
R260, upon restoring, recompletes, at RAZSI, the
previously traced circuit over which R388 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 RI30 and RIBH is substantially greater
than the time interval required for the restora-
tion of R35%, R36% and R348 in the order named
and, hence, the operating circuit for R3389 is re-
prepared at RA341 and RC¥42 and the operating
circuit for B350 is interrupted at RA34§ and
RC343 pefore the relay R258 restores in response
to the restoration of Ri58 to reprepare the com-
mon portion of the operating circuits for R38%

The relay R340, upon restoring, .

11

and R358. 'When RE80 operates, it interrupts, at
RA381, the holding circuit for R278, causing the
last-mentioned relay to restore, to.interrupt, at
RA3T!, a further point in its holding ecircuit,
and to reprepare, at RA372, a point in the oper-
ating circuit for R348, it being peinted 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 222 to the operated connsctor
switch 3§5 is interrupted at RA35! upon the res~
toration of R358, the releass of the switch train
comprising the connector switch 3t8 and the

finder switch 318 is initiated. The manner in

which these two switches are restored to normal
is entirely conventional. During the release of
the connection, husying ground is removed from
the control conductor C324 in the connector
switch 318 and battery potential is applied to
this conductor through the resistor 293, thereby

- to substitute an idle marking for the busy mark-

ing which prevailed during the time when the

. repeater 320 was occupied with the call.

As indicated in the introductory portion ef
the specification, the power fransmission line ans
the associated carrier current equipment cou-
pled thersto at two separated points may be uti-
lized as a link for interconnecting two automatic
exchanges. Such an arrangement is fermed by
combining the automatic exchange and asscci-

7 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 schematiz form
is .an exact duplicate of that shown in Figs, 2
and 3. More particularly, the automatic ex-
change shown in Pig. 7 comprises a plurality of
subscribers’ lines, one of which is indicated at
180, and a plurality of subscriber controiled auts..
matic switches for setting up connections between
the various lines. Individually associated with
the subscribers’ lines are substations of the auto-
matic type which may be of any desired arrange-
ment, that associated with the line 88 being
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 719 and

a connector switch -7i5.  Hach of the connector
switches has access to & trunk or link line 72!
extending to a two-way repeater 128 by way of
which. access is gained to the carrier current
equipment illustrated to the right in fig. 7. The
two-way repeater 729 also includss a link line
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-ated equipment schematically illustrated in Fig.
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125 extending to -a line circuit 788 by way of -

which the automatic switching equipment is ren-

dered accessible to the carrier equipment on calls -

incoming to the automatic exchange of PFig. 7.
The carrier current equipment is in all respects
an exact duplicate of that shown in Figs, 2, 4
and 5. 'Thus, a transmitier 748 is provided which
corresponds to the transmitter 248 shown in Fig.
2 and is of the form illustrated in detail in Fig. 4.
A receiver 145 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
g, 5. The transmitter cutput ceupling network

788, the receiver input coupling network 785 and J

the transmission line coupling unit 773 respec-
tively correspond to the similar units 283, 285
and 275 shown in Pig. 2. In the modified system
formed by combining the apparatus of Fig. 7

with the apparatus illustrated in Figs. 2 and 3,
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the receiver 245 responds only to the carrier,
modulated or unmodulated, transmitted by the
transmitter 740, and the receiver 745 responds
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-
mission.

The mode of operation of the system com-
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
318 and 3i5 and the repeater 320 and intended
for the cubstation B shown in Fig. 7, is initiated
in the exact manner set forth previously. When
the Iink line 32§ is seized by the connector
switch 3{5 and the calling subscriber’s loop cir-
cuit is switched through to the repeater 218, the
four relays R235, R230, R220 and R2i0 are
caused to operate in the crder named and in a
manner which will be apparent from the fore-
going description. The relay R2{8, upcn oper-
ating, short-circuits the winding of R225 in the
manner pointed out above. During the interval
required for the restoration of R228, which relay
is inherently slow-to-release, the relay R200
operates to cause the carrier output of the trans-
mitter 248 to be interrupted. The manner in
which the receiver 745 responds to the interrup-
tion of the carrier output of the transmitter 248
wiil best be seen by censidering the manner in
which the receiver 245 responds to a like inter-
ruption of the carrier output of the transmitter
169, Thus, when the carrier input to the re-
ceiver 245 is interrupted, this receiver responds
Iy completing the operating circuit for R266 and,
when R260 operates, it interrupts, at RA26{, the
circuit normally holding R380 energized, causing
the last-mentioned relay tc restore. As was
pointed out above, when R3E0 restores, it com-
pletes the operating circuit for R340 and, when
R248 operates, a circuit is prepared for energiz-
ing R350 when the carrier current is again de-
livered to the receiver 245. The resumption of
the carrier input to the receiver 245 results in
the restoration of R260, followed by the opera-
tion of R358, R360 and R370, all in the order
named. When R2380 operates, a loop circuit is
completed 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 momentary operation of R208 is trans-
mitted by way of one of the carrier channels to
this apparatus. Thus, when the carrier output
of the transmitter 248 is momentarily inter-
rupted, the receiver 745 responds by causing the
two-way repeater T8 to complete a loop cir-
cuit to the line circuit 730. The completion of
this loop circuit results in the operation of an
allotted one of the finder-connector links to
search for and seize the calling line 725. When
the calling line is found, the loop circuit is
switched through to the connector portion of the
Iink in the usual manner. Assuming that the
finder-connector link comprising the finder
switch 743 and the connector switch 715 is al-
lotted to the use of the calling line 725, when
the loop circuit is switched through to the con-
nector switch 715, 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 transmitfer 240 is in-
terrupted is of short duration for, shortly follow-
ing the operation of R2i0 to complete the oper-
ating circuit for R280, the reiay R225 restores to
interrupt this operating circuit and thereby
cause the restoration of R206. When this occurs
the transmitter 240 again operates to transmit
a carrier by way of the transmission line con-
ductor 180 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 locp 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 RZ08 and each time the last-mentioned relay
operates it causes the carrier output of the trans-
mitter 248 to be interrupted in the manner point-
ed out previously. Thus, during each digit dialed
at the calling substation a series of carrier current
impuilses are transmitted by way of the trans-
mission line conductor (68 to the receiver 145.
Here again, the response of the apparatus illus-
trated in Fig. 7 will best be understood by briefly
summarizing what happens when carrier cur-
rent impulses are delivered to the receiver 245 on

a call incoming to the aufomatic exchange illus-

trated in Pigs. 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 {o the receiver 2435, this
receiver functions to close the operating circuit
for the relay R268, which relay, upon operating,
interrupts the circuit over which R350 is being
held energized. The relay R350, 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 745 causes the impulsing relay
embodied in the two-way repeater 125 to inter-
rupt the loop circuit extending through to the
operated connector switch Ti{5. The connector
switch responds to the repeated impulses of the
first series of received impulses by elevating its
wipers to a position opposite the level of bank
contacts terminating the group of lines includ-
ing the desired called line 728. During the sec-
ond series of impulses received by the connector
switch 715, the wipers of this switch are rotated
into engagement with the set of contacts termi-
nating the called line 700.

The connector switch 715, like the switch 315,
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-
fled 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. 700 is-idle and the called subscriber answers,
the desired conversational connection is com-
pleted, it being pointed out that the transmitter
740 and the receiver 745, as interconnected by
the transmission line conductor 186, provide one

~carrier channel for transmitting voice frequency

currents from the substation B to the substation
A, while the transmitter 248 and the receiver 145,
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 manner
just described, is entirely under the control of
the caliing 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 enfire switch train is
held operated. When the calling subscriber
hangs up, however, the loop circuit extending to
the repeater 218 is interrupted, causing the relays
R235, R230, R226 and R21i0 to restore in the order
named. During the appreciable time interval be-
tween the restoration of R235 and the restora-
tion of R218, the above-traced alternative circuit
for energizing R288 is completed at RA238. The
resulting operation of R260 causes the carrier
output of the transmitter 240 to be interrupted
The manner in
which-the receiver 145 and the associated oper-
ated switch train comprising the repeater 128
and the two switches Ti8 and 715, respond to this
long interrupted carrier impulse can hest 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 Pigs. 2 and 3. In this regard, it will
be recalled that on this type of call, the relay
R38% is restored and the four relays R340, R250,
R368 and R370 are operated. When the carrier
input to the receiver 245 is interrupted, the relay
R260 is caused to operate to interrupt, at RA2E{,
the circuit over which R380 is being held ener-
gized, causing the last-mentioned relay to re-
store to initiate the sequential restoration of
R380 and R348 in the order named. When R340
restores, it opens at RA34! and RCS843 a further
point in the operating circuit for R340 and repre-
pares, at RA34{ and RC342, the operating circuit
for R280. 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 R260.
When R388 operates, it interrupts, at RAS38I,
a point in the holding circuit for R378, causing
this latter relay to restore, and opens, at RA382,
a point in the operating circuit for R348. “When
the impulsing relay R35% restores at- the begin-
ning of the pulse, it interrupts, at RA3E{, a point
in the loop extending to the operated switch train,
thereby to initiate the release of the automatic
connecticn. Similar
operations cccur in the apparatus iliustrated in
Tig. 7 in response to the interrupted carrier pulse
caused by the reoperation of R2§8.  Briefly. to
summarize, when the carrier output of the trans-
mitter 249 is interrupted, the three relays in-
cluded in the repeater 7206 and corresponding to
the relays R38), R3E2 and R348, 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 R370. When
the impulsing relay embodied in the repeater
720 and corresponding to R358 restores, the loop
cireuit extending by way of the line 725, the line
circuit 730 and operated finder switch 710 to the
connector switch 715 is interrupfed 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 in Pigs. 2 and 3, it is indicated
above that the interrupted carrier pulse is termi-
nated by the restoration of the relay R218 follow-
ing the restoration of R220. The relay R210,

upon resboring, pericrms the functions previously

set forth in detail; that is, it interrupts the oper-
ating circuit for R288, opens the alternative cir-
cuit for eénsrgizing R288, and removes ground
from the control conductor C324. The removal of
ground.from the control conductor noted serves
to initiate the release of the operated switch
train comprising the switches 315 and &18. Also,
when. ground is removed from C3824, battery is
applied thereto through the resistor 286 to mark
the link line 324 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
autematic switching equipment in this exchange,
the repeater 720, the carrier current equipment
illustrated in Pig. 7, the transmission line con-
ductor 188, the carrier current equipment illus-
trated in Fig. 2, the repeater 320, and the auto-
maptic 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 manner in which such a connec-
tion is released when the calling subscriber hangs
up is alsc similar to the mode of releasing the
connection described in detail immediately above.
No further - explanation is, therefore, deemed
necessary to an understanding of the operation
of the apparatus on & call routed by way of the
exchange illusirated in Fig, 7 and the exchange
illustrated in Figs. 2 and 3 o 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 transinission
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 1o indicate corresponding
elements in Figs. 9 and 2.  In Pig. 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
noted 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 R958 and
R85 and by certain changes in fthe circuit con-
nections, The Fig. & 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 (62, shown in PFig. 1.
The telepheone substation circuit of ¥ig, 8 is of
the local battery automatic type and comprises a
ringer or signal device, a receiver, and a trans-
mitter, all not shown but connected to the line
conductor C347 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 PFigs. 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 {82 on a call
initiated at the substation A. If, for example, the
link comprising the finder switch 318 and the
connector switch 3(5 is used to forward the con-
nection to the repeater 320, when the link line
321 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 R958 and at RA237 com-
pletes the circuit for energizing R2230. thereby
to cause the sequential operation of R230, R220
and R2/8 in the order named. When the relay
R210 operates it first completes at RA2{6 the
above-~traced alternative circuit for holding R380
energized and then completes at RA214 an ob-
vious path for short-circuiting the winding of
R225. At its armatures RA212 and RA2I3 the
relay R219 opens the normally closed operating
circuit for R388 and further prepares a talking
loop to the desired called substation.

At RA2IT, the relay R2i0 completes a circuit
for energizing R855, this circuit extending from
ground at RA22T by way of RA2i7 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( hy
way of the simplex cirenit including the two op-
erated armatures RA2(2 and RA213. RA95T and
the winding of R255 to battery. At RA958, the
relay R9%5 prepares the operating circuit for
RS50. this operating circuit now being held open
at the operated armature RA236.

At RAZ2!5, the relay R2i0 applies multinle
ground to the contrel conductor C224. thereby
to maintain the link Jine 321 marked as busv
and to hold operated the connector switch 345
by way of which the call was routed. At RA2II.
the relay R210 completes 2 cirenit for energizing
the relay R200, this circuit extending from bat-
tery by way of RA2728. RA?2I1 and the winding nf
R200 to ground. 'The period durine which this
circuit is completed is limited, however, since
shortly following the operation of 210 the slow-
to-release relay R225 restores to interrupt the
circuit just traced at its armature RA226. Dur-
ing the interval when R200 is energized, this
relay opens at RA201 the shunt acress the two
terminals 206’ and 2067’, 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 transmitter 240 and
this transmitter resumes its normait operation to
impress its output carrier on the transmission
line conductor 180 in the manner described pre-
viously.

When the carrier output of the transmitter 240
is interrupted, the receiver 245 responds by com-
pleting the circuit for energizing R869 in a man-
ner which will be apparent from the preceding
description. When the relay RS868 operates it
completes at RA8G! and RA862 a path for pro-
jecting ringing current over the line 3398, which
current traverses the winding 814 ¢f the repeater
coil 803 and causes an induced voltage to be de-

veloped in the coupled repeater winding 8185, ;

This voltage serves to energize the ringer or sig-
nal device bridged across the line conductor
C847 and C848 at the called substation 848. 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 R208, the transmitter again impresses an out-
put carrier voltage on the transmission line con-

ductor 180 and the receiver 825 responds to this ¢

voltage by interrupting the operating circuit for
the relay R868. The last-menticned relay is thus
caused to restore to open the ringing current
path and further to prepare the talking loon he-
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 RA2f1 are alone used, the
calling subscriber cannot re-ring the called sub-

station 846 except by hanging up and initiating :

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 R209 is held open at RA226
for the duration of the call. Thus, it will be seen
that the two relays R850 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
RA211 of the relay R210 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 278 is opened and, hence, the relay
R238 is caused to follow the impulses. With
R955 operated, a circuit is completed, at RA236,
for energizing R958 the first time R235 restores.
The relay R39508, upon operating, completes, at
RAY5! an alternative circuit for energizing R290,
this circuit extending from battery by way of
the resistor 238, RAS5I, RA2i{ and the winding
of R208 to ground. Ubpon operating, the relay
R200 causes the carrier output of the transmitter
248 to be interrupted in the manner pointed out
above and the receiver 845 responds by complet-
ing the operating circuit for R260. The ringing
relay R860, upon operating, again completes a
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path for projecting ringing current over the line
838 and through the repeater 383 to energize the
ringer at the called substation. During succeed-
ing impulses of the additicnal digit, the relay
R958, due to -its slow-to-release characteristic,
remains operated. For the same reason, the
slow-to-release relay R230 is held operated to
maintain the three relays R220, R216 and R855
energized. At the end of the additional impulse,
the calling subseriber’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 RA2386, the oper-
ating circuit for R853. The last-mentioned relay
restores, after an interval, to interrupt, at RA95I,
the alternative operating circuit for R209, which
latter relay, upon restoring, reconditions the
transmitter 240 to transmit a carrier output by
way of the transmission line conductor 180 to
the receiver 845. Obviously, the calling sub-
seriber 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 848, 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 hetween 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 ecradle 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
substation 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 inferrupted and
the relay R235 restores. - Upon restoring, the
last-mentioned relay interrupts, at RA237, the
operating ecircuit for R238 and completes,. at
RA236, the circuit for energizing the . slow-to-
releasze relay R958. At this point, it is noted that,
if the dotted line wiring illustrated in Fig. 9 is
tised in combination with the wiring shown in
solid lines, the operation of R850 following the
restoration. of R235 during the release of the

-connection results in the reoperation of the relay-

R268 for a short time interval. As a consequence
of the reoperation of R2080, the carrier output
from the transmitter 240 is interrupted and the
receiver 45 operates to complete the operating
circuit for R860, so that ringing current is again
projected over the line 809 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 sinece 2 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 R850 and R855 is advantageous in that it
permits a calling party repeatedly to ring the
substation 846, it is open to the cbjection that
ringing current is projected over the called line
888 during the release of the connection. When
the soiid line wiring arrangement is alone used,
however, the last-mentioned objectionable fea-
ture is obviated, since the relay R223 remains
operated to hold the circuit for energizing the

- ‘15

relay R208 open until after the relay R218 has
restored further to open this circuit at RAZII.
‘Following the resteration of R235, the fhree
relays R232, R220 and R218 restore in the order
named and in an obvious manner. ‘The last-
mentioned relay, upon restoring, interrupts, at
RAZ14, the path short-circuiting the winding -of
R225, permitting this relay to reoperate. Al
RA212 and RA213, the relay R219 opens a point
in the simplex holding circuit for R855, causing
this latter relay to restore to interrupt, at RASST,
a further point in its holding circuit and to open,
at RAS38, a point in the operating circuit for
R238. The relay R§58, upon restoring, opens, at
RAS851, a point in the dotted line porticn of the
circuit for energizing R280, causing the last-
mentioned relay to restore. When R298 restores
it causes the transmitter 248 to again impress
its carrier output on the transmission line con-
ductor 109 and the receiver 8§45 responds to the
received carrvier by causing the resteraticn of
RE860, whereby the ringing cperation is arrested.
At RAZE2 and RA213 and their respective asso-
ciated upper contacts, the relay R2i8 recom-
pletes the circuit for normally energizing the
relay R338 and, at RA2{C; the relay R210 cpens
a pcint in the alternative circuit for maintaining
R382 energized for the duration of the call just
described. At RAZ17; the relay R2i9 opens a
point in the operating circuit for RHES and, atb

‘RA218, it removes ground from the control con-

ductor C324, thereby to initiate the release of
the operated switches 3415 and 3i{f in a manner
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which will be apparent from the foregoing de-

seription. When ground is removed from the
contrel conductor noted, battery is applied there-
te through the resistor 2886 to mark the link line
421 as idle in the bank contacts of the connector
switches to which this line extends. ’

The manner in which a call initiated st the
substation 846 is routed by way of the carrier
current equipment transmission line conductor
188, the repeater 320 and the automatic switching
equipment of the distant automatic exchange

to a substation, such, for examaple 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 appsaratus illustrated
in Figs. 1 to 3, inclusive, to establish a connection

ketween the operator’s staticn 122 and the sub-"

station A on a call initiated at the operator’s
station. Tt is peinted out that a call is initiated

et the substation 846 by actuation of the calling

key comprising the springs 822 to the off-normal

position to complete an ohvious circuit for ener-:

gizing R818, which relay corresponds to the relay
R0 illustrated in Fig. 1. Following the oper-
ation of the relay R818, the circuit elements illus-
trated in IMigs. 8, 9 and 3 gperate in the exact

manner-and in the same seguence as described’

above for the corresponding elements shown in
Tigs. 1, 2 and 3. In view of thig fact, it is deemed
unnecessary further to explain the manner in
which the apparatus operates to extend a con-

nection from the substation 84§ to one of the’

automatic - subscribers’ subsiations. Alse, the
manner in which a connection established to one
of the automatic exchange lines on & call initiated
at the substation 84§, is released at the end of
the conversation is the same as that set forth
above with reference to Figs. 1, 2 and 2 and need
not be repeated.

Referring now to Fig. 10, there is illustrated
5 modified circuit arrangement which may be
substituted for the arrangement of Fig. 8 in the
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system formed by combining the apparatus
shown 'in Pigs. 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 R819, RS20,
R825, R830, and R835 located at the substation
proper. This substation may be remoteiy 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 fer energizing
the enumerated relays may be rather expensive.
In the Fig. 10 arrangement, on the other hand,
the contrel relays and the carrier current equip-
ment ave 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.
19 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 1889, The somewhat different
arrangement of the control relay circuit con-
nections alters slightly the mode of operation
of these relays on a call initiated at the substa-
tion terminating the line 1009. The relay equip-
ment provided at the substation terminating the
line {089 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 (049 to cause a switch seizing pulse
to be delivered over one of the carrier channels
to the repeater 220, 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 carrier cutput of the
transmitter 1040 to be interrupted during the re-
lease of the connection for the purpose of initiat-
ing the release of the repeater 329 and the op-
erated switch train by way of which the con-
nection is routed. All three of the enumerated
functions are performed by the relay equipment
shown in Fig. 10. Thus, when the calling key
comprising the springs (822 is closed, a simplex
circuit including the line 1008 is completed for
energizing the relay R{€18, which relay, upon
operating, causes the sequential operation of the
three relays Rifl5, RI028 and RI838 in an ob-
vicus manner. When the relay R1839 operates,
it completes, at RA1832, an obvious path for
short-circuiting the winding of Ri825 and, at
RAI031, a circuit extending from ground at
RA{026 for energizing RI856. The resulting op-
eration of R{05D causes the carrier output of the
transmitier 1048 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 RIi6258, which restores
shortly following the operation of R1828. Thus,
the first function as pointed out ahove is dis-
charged.

It will be noted that the impulsing springs
of the impulsing device {087 are included in the
simplex circuit over which the relay RI1014 is held
energized. Hence, during operation of the im-
pulsing device {887, the relay RI#{8 follows the
impulses. During the open circuit period of cach
impulse the relay RI019 restores to complete an
alternative circuit for energizing Ri084, this cir-
cuit extending from ground at RA{0{2 by way
of RAIS3!{ and the winding of Ri858 to hattery.
Thus, R1250 is caused to operate for a portion
of each impulsing cycle and, upon operating,
causes the carrier output of the transmitter 1040
to be interrupted. Hence, it will be zcen that
the dialed impulses are converted infto carrier
current impulses through the operation of the
relay R{358 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 springs {022 is
restored to its normal position, the operating cir-
cuit for Ri981§ is interrupted, causing this relay

to restore to complete, at RAI012, the above- ¢

traced alternative circuit for energizing R{1050
and to interrupt, at RA{8!!, the operating circuit
for the slow-to-release relay RI815. The result-
ing operation of R{%58 causes the carrier output

of the transmitter {848 to be interrupted so thal «

2 switch release pulse is transmitted by way of
one carrier channel to the operated repeater
328. The duration of the switch release pulse
is determined by the combined restoring periods
of the two slow-to-release relays RI815 and
R{020 and the relay RI19820, which three relays
restore in the order named following the res-
toration of R10{8. Thus, when RI0628 falls back,
it interrupts, at RAI(G24, the operating circuit
for Ri030 which immediately restoress to open,
at RA{031, the above-traced alternative circuit
for energizing R{852. The last-mentioned re-
lay, upon restoring, causes the transmitter $040
to again impress its carrier ouiput on the trans-
mission lihe conductor
switch release pulse transmitted to the repeater
320 in the distant automatic exchange. When
R1930 restores, it also interrupts, at RA1022, a
point in the path short-circuiting the winding of
R1025, permitting this latter relay to be ener-
gized over an obvious circuit including the re-
sistor 1037. Following the operation of RI025,
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 inferrupted carrier impulses
and the switch release pulse, all transmitted by
way of one of the carrier channels, is exactly
the same . as the responss of the apparatus
shown in Figs. 2 and 3 to the similar pulses
transmitted from the operator’s telephone sta-
tion 182, 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 R608.

188, thus ending the ;
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. operating, the relay R150 causes the carrier out-

and R610 illustrated in Fig., 6 in combination
with the other relay -equipment associated with
the operator’s telephone station 102 is to prevent
a ringing operation from being performed after

a call to the operator’s station has heen an--

swered. In this regard, it is pointed out that
the two relays R600 and RG6i0 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 329, the car-
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rier current equipment, and the transmission
line conductor i20 to the operator’s station i02
will readily be apparent from the preceding de-
scription. If, after the relay RI189 operates to
project ringing current over the line {88 and
cause the operation of the drop 108, the operator
fails to answer the call within a reasonable
time 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 R9%8 op-
erates-at the beginning of this additional digit,
it completes the above-noted alternative circuit
for energizing R208. When the last-mentioned
relay operates, it causes the carrier output of
the transmitter 248 to be interrupted. The re-
sulting response of the receiver- {45 causes the
relay RI166 to operate to again project ringing
current over the line {88. This ringing current
manifests itself by causing the drop 106 to buzz
in a conventional manner, thereby. audibly fo
signal the operator. Instances may occur when
the operator inserts the plug terminating her
telephone set into the answer jack 105 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 objectionahle buzz
for the duration -of the ringing operation. To
obviate this difficulty, the two relays R860 and
RE10 are arranged to function as ring cutcff ap-
paratus. More particularly, when the operator

. inserts the plug terminating her telephone set in

the answer jack 185, ground as extended through
the cord circuit is impressed on the sleeve con-
tact of the jack 105 to complete a circuit extend-
ing by way of the dotted line conductor C§03 for
energizing R600. The relay R680 is provided
with an armature RA802 which strikes a weight-
ed contact spring RC662’ immediately the wind-
ing of R600 is energized. The spring RC602’
starts vibrating when struck by the armature
RAG02 and only settles into constant -engage-
ment with RA692 a predetermined interval there-
after. During the period of its vibration, the
armature RC602’ intermittently engages RAS02,
thereby intermittently to complete the operating
circuit for the slow-to-operate relay RE16, Due
to the slow-to-operate characteristic of the last-
mentioned relay, it does not operate until RC6062’
settles into constant engagement with RA602.

- Immediately R500 is energized, a circuit is com-

pleted at RAG01 for energizing R180, this circuit
extending from battery by way of the resistor
{32, €604, RAS0I, RASG!I, C605, the simplex
circuit comprising the two conductors of the line

. 109 and the winding of RI50 to ground. . Upon
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put of the transmitter 140 to be interrupted.
On the type of call here being considered, that
is, a call incoming to the operator’s station 102,
the relay R216 and the relay R955 are operated
at the time the carrier is interrupted in response
to the operation of Ri1538. The receiver 248 re<
sponds to the interruption of the carrier output
of the transmitter (48 by completing the op-
erating circuit for R260, which relay, upon op-
erating, interrupts, at RA261, the above~traced
holding . circuit for R955. When R955 restores,
it opens, at RA85T, a further point in its holding
circuit and, at RA858, a point in the circuit for
energizing R980. Thus, the relay R950 is caused
to restore to interrupt, at RASH1, the circuit for
energizing R288, which latter relay, upon restor-
ing, reconditions the transmitter 249 to trans-
mit its carrier output to the receiver (45. The
receiver 145 respends to the received carrier by
opening the operating circuit for R{68. Thus,
the ringing operation is interrupted almost im-
mediately after the operator plugs into the an-
swer Jjack i0d to answer the incoming  call.
Shortly following the restoration of Ri606 in the
manner just described, the vibrating contact

10

15.

20

25

spring RC802’ of the relay R600 settles into en- ‘

gagement with RAB02 and the slow-to-operate
relay R610 operates.  Upon operating, the relay
RG10 interrupts, at RAG1{, a point in the above-

traced circuit for energizing Ri58, causing the’

30

last-mentioned relay to restore to recondition -

the transmitter 149 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 RA261, the holding circuit for R955.
It will be noted, however, that the holding cir-
cuit for R85%5 is now open at RAS5T and the
operating circuit for this relay is open at the
armature RAS27. 'Thus, R955 is prevented from
reoperating to reprepare the operating circuit
for R858. When R950 restores, the operating
circuit for R2006 is held open at RAS51 and,
hence, the apparatus is prevented from project-
ing ringing current over the line 189 during the
release of the connection and when the calling
stbscriber hahgs up. It will be noted that the
relay R800 functions to cause the restoration of
RS55 in any case when the operator answers a
call incoming to the station 182. ‘Thus, there is
precluded the possibility of a ringing operation
being performed when the operator’s telephone
set is still connected to the line 189, 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 R8088 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-
tant 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:

1. 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 transmifters 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-
phecne line coupled to the transmitter and re-
ceiver a2t one of said points, an automatic ex-
change, a plurality of lines extending fo said ex-
change, means including an impulse responsive
automatic switch for setfing up connections be-
tween said lines, means responsive to the initia-
tion of a call on said telephone line for arresting
for 2 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
completing a connection to said automatic switch,
means responsive to swifch confrol impulses
transmitted over said telephone line for corre-
spondingly arresting the carrier output of the
transmitter at said one point, whersby 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, & source of commercial frequency current
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
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, means including an impulse responsive
automatic switch for setting up connections be-
tween said lines, means responsive 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 cne 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,
means responsive to switch control impulses
transmitted over said ielephone 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 cther 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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switeh 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
transmitter 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
lccated 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
switeh for sefting 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 cut-
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 te switch control pulses transmitied
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,
means controlled in acccrdance 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, mesans 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 time interval longer
than said first-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 transmitter at said one point for releasing
said automatic switch.

5. 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 transmifting
audio frequency energy between said points in
the respective two directions of transmission, &
telephone line coupled to the transmitter and
receiver at one of said points, an automatic ex-

5 change, 2 plurality of lines extending to said ex-

change, means including an impulse responsive
switch for setting up connections befween said
lines, a repeater coupled to the transmifter and
receiver at the other of said points and including
g link line having access to said switch, means re-
sponsive to the initiation of a call on said tele-
phone line for arresting for & 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 conditioning said repeater
for audio frequency energy transmission and for
causing said switch to be assigned fo 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 impulses to said

switch thereby to cause said switch to select a
called cne 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 repeater and said automatic switch.

8. 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 ornly 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 transmitier 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 cther point, an automatic ex-
change, 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,
rheans controlled in accordance with the response
of the receiver at said other point to the arrested
carrier output of the fransmitter 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-
sizned to the use of said Ilink line, means respon-
sive to impulses transmitted by way of said tele-
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phone line for correspondingly arresting the car- B}

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 daccordance 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 freguency energy transmission.

7. 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 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-
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put carrier frequency different from the cutput -

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 fo the transmifter and
receiver at said one point; a link line adapted to
be coupled to the transmitter and receiver atb
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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automatic switching equipment being accessible
to said link line and having access to each of said
plurality 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 assighed 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

30 tone, busy tone and ring-back tone signals, pro-
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duced as an incident of the operation of said
switehing 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 commercial frequency current
connected to said line, carrier current transmit-
ters and receivers coupled to said line and lo-
cated al two separated points, the transmifters
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 peint 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 audic frequency energy transmission, means
operative when the calling conditicn on said tele-
phione line is terminated for again arresting the
carrier output of the transmitter at said one
roint, and means 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-
ters and receivers coupled to said line and lo-
cated at two separated points, the transmitiers
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 heing 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
transmitier 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 fransmitter at said one point,
means controlled in accordance with the response
of the receiver at said other point to the ar-
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 curren
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 channeis 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 ones of sald 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 fo the trans-
mitter and receiver at the other of said points,
8- second automatic exchange including 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 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 fransmitter

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
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impulses transmitfed 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 peint, means
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-
spactive two directions of transmission, means
operative when the calling condition of said
telephone line iz terminated for asgain arresting
the carrier output of the transmitter at said one
poini, 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 second automatic switch. :

11, In g 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 keing operative
and the transmitter at one of said points having
an. output carrier frequency different from the
cutput carrier frequency of the transmitter at
the cther of said points, the receiver at said one
point being responsive only to the output car-
rier of the transmitfer 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, s plurality of
lines extending to said second exchange and
accessible to said second automatic switch, said
Grst automatic switch being controllable by way
of a calling one of the lines extending to said
first-named exchsnge to seize said telephone line,
means responsive to the seizure of said telephone
line by said first switch for momentarily arrest-
ing the carrier cutput 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 transmitier
at said one point for operatively coupling said
link line to the transmitter and receiver at said
cther peint 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 outpuib of the transmitter at- said

one point in accerdance 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-
mitters and receivers coupled to.said lire and
located at two separated roints, 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-named exchange to seize said telephone line,
means responsive to the seizure of said telephone
line by said first switchh for momentarily arrest-
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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 switeh 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 ftransmitter 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-
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 freguency 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 transmitfer and
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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 fransmitter 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 comimercial 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 he
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 {ransmis-
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, means 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 peoint to
transmit a 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, & power transmis-
sion line, a source of commereial 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 transmitiers and said

receivers for providing two independent carrier

channels of different carrier freguencies for
transmitting audio frequency energy hetween said
points in the respective two directions ¢f trans-
mission, a telephone line coupied 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-
matic 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 line to the transmitier
and receiver at said other point and for caus-

ing the transmitter at s2id other point to fransmit -

2 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 con-
trol. means for causing the transmitfer at said
other point to transmit a secend control pulse by
way of said one carrier channel, whereby said
jast-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 freguency . cur-
rent connected to said line, carrier current trans~
mitters and receivers coupled to said line and lo~
eated at two sepafated points, means including
asid line, said transmitters and said receivers for
providing two independent carrier channels of
different carrier frequencies for transmitting

audio frequency energy between said peints in-

the respective two directions of transmission, a
telephone line coupled to the transmitber and
receiver. at one of said points, a telephone sta-
tion including a signal device conunected to be
energized by way of said telephone line, a link
Jine adapted to be coupled to the {transmitier and
receiver at the other of said points, an automatic
exchange, 2 plurality of lines extending te said
exchange, automatic switching eguipment for
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setting ‘up connections between said lines and
including sn 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
linie to the transmitter and receiver at said other
point and for causing the transmitter at said
cther 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, means controllable by way of said
zalling line for c¢ausing the transmitter ab said

“other point to transmit a second control pulse by

way of said one carrier channel, wherehy 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 means for causing the transmitter at said
other point to transmit an additional centrol
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 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 = 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,
means for causing said automatic switch to seize
said link tine, control means responsive to the
geizure 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 éne of said carrier chan-
nels, means responsive to said control pulse for
projecting ringing current over saild telephone
line to energize said signal device, said control
means heing conditioned, following the seizure of
aaid 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 cne point to transmit a contrel pulse
by way of the other of said carrier chanuels, and
means responsive to said last-named 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,
5 source of commercial frequency current con-
nected to said line, carrier current transmitters
and receivers coupled to said line and located
at two separated peints, means including said
line, said transmitters and sald receivers for pro-

viding two independent carrier channels of dif-

ferent carrier frequencies for transmitting audio
frequency energy betwsen said points in the re-
spective two directions of transmission, a tele-
phone line coupled to the transmitter and re-
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ceiver at cne 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-
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 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 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 transmitters
and receivers coupled to said line and loeated 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 pecints, a telephone station
including a sigral device connected to be ener-
gized by way of said telephone line, a second
telephone line adapted to ke 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 receiv-
er at said other point and for causing the trans-
mitter at said other point to transmit a con-

4p trol pulse by way of one of said carrier chanrels,
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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 cperative 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 g 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 trensmitters 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 over said first-named telephone line to
energize said signal device, means controllahle
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 itransmitter 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 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 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 and for causing the
transmitter at said other point to transmit a
centrol 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 g 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 carrisr 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 he 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 transmitter at said other point to
transmit a control pulse by way of one of said
channels, means 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 transmititer at said one point to
transmit a control pulse by way of the other of
said channels, meahs 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 cal ed one of said
plurality of lines.

95. 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 o 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, & plurality of lines exiending fo 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 operstively 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
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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, 2 transmission line,
a source of commercial freguency 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-

25
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-
nels, means responsive to said control pulse for
projecting ringing current over said first-named
telephone lime 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-named telephone line, means op-
erative when the call is answered at said tele-
phone station for causing the transmitter at said
one point to transmif 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 1o 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-
mstic 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 momentarily arresting the carrier cutput
of the transmitter at said other point, means con-
troiled in accordance with the response of the
receiver at said ene 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
transmitted by way of said calling line for again
momentarily arresting the carrier output of the
transmitier at said other point, and means con-
trolied 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 prOJectmg 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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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 sighal de-
vice, means operative when the call is answered at
sald 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 enei-
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 conneeted to said line, carrier current trans-
mitters and receivers coupled to said line and
located at two separated peints, 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 he 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 ;

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
switeh for operatively coupling said Iink 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 oberative 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 ecarrier channels of ~different
carrier frequencies for ftransmitting 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-
ochone 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 transmitier 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 cutrent 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 peint
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 heing condi-

27
tioned, following the seizure of said link line
by said switch; to again momentarily arrest the

carrier cutput 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

10
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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 tc 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, catrier 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-
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ing two independent carrier channels of differ-’

ent carrier frequencies for fransmitting 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 {elephone 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 cnupling 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 transmitter and
veceiver at the other of said points, an automatic
exchange, a plurality of lines exfending 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

2,198,973

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 cut-
put of the transmitter at said other point for
projecting ringing current over said ftelephone
line to energize said signal device, and means op-
erative during the release of said control means
for again momentarily arresting the carrier out-
putb of the transmitter at said other point, where-
by said last-hamed means is operated to cause
ringing current to again be projected over said
teiephone line.

CLARENCE ERNEST LOMAX.
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