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The present invention relates to telephone sys-
tems, and more particularly to improved auto-
matic line-switching equipment which is con-
. trollable in a simple and reliable manner over
lines of different types, such, for example, as
full metallic lines of both the loop and simplex
types, and ground return lines, to provide differ-
ent classes of service to subscribers paying dif-
ferent rates. The present application is a divi-
sion of copending application Serial No. 354,824,
filed November 8, 1940.

It is an object of the invention to provide in
a system of the character described, an improved
and exceedingly simple arrangement whereby the
regular line-terminating equipment, individual to
the lines of the system, is utilized to sighal the
automatic switching apparatus as to the type or
class of the calling lines over which the appara-
tus is seized.

According to another object of the invention,
the line-class signaling circuits are so arranged
that extra control paths extending through the
outlet contacts of the automatic switches are not
required for the transmission of the signals.

It is another object of the invention to provide
in a telephone system of the character describeg,
an arrangement whereby the station selective op-
eration of the ringing control equipment pro-
vided in the connector switches of the system is
in part controlled from the line circuits termi-
nating the calling lines over which the connector
switches are seized. '

It is another object of the invention to provide
in a telephone system of the character described,
an arrangement wherein the station selective op-
eraticn of the ringing control equipment pro-
vided in the connector switches of the system is
in part controlled from the line circuits termi-~
nating called lines seized by the connector
switches. '

In accordance with g further object of the in-
vention, an improved arrangement is provided
whereby the line circuits terminating multiparty
subscriber lines of the ground return type are ar-
ranged to control the ringing control equipment
of the connector switches in a manner such that
ringing current transmission over the ground
return side of a selected line of this type is
positively prevented.

It is another object of the invention to provide
in a telephone system of the character described,
automatic switching equipment which is so ar-
ranged that one type of ring cut-off is provided
for terminating the transmission of ringing cur-
rent over certain called lines of the system, aqnd,
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a different type of ring cut-off is utilized in ter-
minating the transmission of ringing current over
other called lines of the system.

According to a further ebject of the invention,
the type of ring cut-off utilized in terminating
the transmission of ringing current over a seized
line is automatically determined during seizure
of the line. :

It is a further object of the invention to pro-
vide in a line-selecting switch, an improved cir-
cuit arrangement whereby the back-bridge relay
of the switch functions both as g supervisory sig-
nal control relay and as a ringing control relay.

In the illustrated embodiment of the invention
there is provided a system which comprises a
plurality of subsecriber lines, certain of which are
of the multiparty type individually having a plu-
rality of substations associated therewith, and -
automatic switching apparatus in the form of
finder-connector links for setfing up connections
between the lines of the system. 'The connector
switches of the links also have access to one or
more-groups of trunks which are provided to serve
only the substations arranged for unrestricted
service and may extend, for example, to one or
more distant suburban or central exchanges.
Timing equipment common to the links is pro-
vided for conversation timing and for forecibly
releasing links held over lines having permanent
calling conditions thereon.

The subscriber lines of the system are of sev-
eral different types and include lines arranged
for loop circuit control of the automatic switch-
ing equipment, simplex circuit control of the au-
tomatic switching equipment, and also lines of the
ground return type. These lines are individually
terminated in line circuits which conventionally
comprise line, cut-off and lockout relays., In ac-
cordance with one feature of the present inven-
tion, the cut-off and lockout relays provided in
the line circuits terminating lines of the simplex
and ground return types, are arranged to trans-
mif-a control pulse over the positive talking con-
ductors of the respective associated lines when
calls are initiated on these lines.” A control pulse
of this character, when transmitted to a link as-
signed to the use of a calling simplex or ground
return line, is utilized to condition the relay
equipment of the link to be controlled over the
metallic side of a ground return line or the two
sides of a simplex line in parallel. These line
circuit relays, when operated in response to
seizure of the associated line through one of the
connector switches of the system, function to
transmit a control pulse back to the connector
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switch which serves to control the setting of the
ringing control equipment provided in the switch
in a manner such that the transmission of ring-
ing current over the ground return side or posi-
tive talking lead of the associated line is positively
prevented. Further in accordance with this fea-
ture of the invention, the circuit arrangement of
the finder-connector links is such that the ring-

ing control equipment of an assigned link is, in .

setting up a reverting call connection involving
a line of the ground return type, so controlled
from the line circuit terminating the calling line
that the possibility of ringing current transmis-
sion over the positive or ground return side of
the line is precluded.

In accordance with another “feature of the
present invention, the cut-off and ‘lockout re-
lays embodied in the line circuits terminating
the subscriber lines are also arranged to control
the ringing control equipment of the links in a
manner .such that one mode of ring cut-off, i. e,
instantaneous ring cut-off, is provided for ter-
minating the transmission of ringing current
over a called line of the full metallic loop type;
and another mode of ring cut-off, i. e., silent
period cut-off, is utilized to terminate the trans-
mission of ringing current over a called line of
the simplex or ground return type. More spe-
cifically, the circuit arrangement of the finder-
connector links is such that when the cut-off and
lockout relays of the line circuit terminating a
called line operate to transmit a control pulse over
theé positive talking conductor of the associated
line in response to seizure of this line, the hack-
bridge relay of the link cccupied with the call
is ‘conditioned to function as a ringing control
relay before the call is answered, and to func-
tion as a supervisory control relay after the call
is answered at the called substation.

The novel features believed o be character-
istic of the invention are set forth with particu-
larity in the appended claims. The invention,
both as to its organization and method of opera-
tion, together with further objects and advan-
tages thereof, will best be understood by refer-
ence to the specification taken in connection with
the accompanying drawings, in which Figures
‘1 to 10, inclusive, when combined in the man-
ner illustrated in Fig. 11, illustrate an automatic
telephone system having embodied therein the
features of the invention briefly outlined above.
More specifically, Fig. 1 illustrates the line
equipment serving two of the subscriber lines of
the system, the link distributor, and, in diagram-
matic form, one of the finder switches at which
the illustrated lines terminate; Fig. 2 illusrtates
‘a relay network which is utilized for controlling
the restricted service and timing relays of the
links; Figs. 3 to 6, inclusive, and 10 illustrate
the connector end of the link comprising the
finder shown in Fig. 1; Figs. 7 and 8 illustrate
the repeater terminating one of the inter-office
trunks of the system; and Fig. 9 illustrates, in
partially schematic form, the timing and tone
equipment common to the link circuits.

Referring now more particularly to the draw-
ings, the telephone lines and automatic switch-
ing equipment there illustrated may comprise,
for example, a small exchange, commonly known
as a community automatic exchange or C. A. X,
which is designed to serve a suburban area of
limited population and is geographically adjacent
a larger city or town served by a central ex-
change. More specifically, the exchange Is illus-
trated as being connected with a distant central

2,340,555

sutomatic exchange 35 by means of a group of
trunks including the trunk 38. This trunk is
terminated in the C. A. X exchange in a repeater
28. 'The subscriber substations served by the
automatic switching apparatus illustrated may
be arranged for three different classes of service.
Tor example, the line 9, which extends only to
the substation A and terminates in the exchange
in a line circuit 10, may be arranged for un-
limited central exchange trunk service, and also
for local -calls of unlimited duration. The other
illustrated subscriber line I8, which terminates

" in_ the exchange in the line circuit 29, is of the
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multiparty type, this line being arranged to serve
the two substations B and C. These two sub-
stations may be arranged for either semi-re-
stricted or fully restricted service. For example,
the substations B and C may be arranged so that
central office trunk calls over the restricted
trunks are prohibited, but local connections es-
tablished through the automatic switching equip-
ment of the C. A, X may be held for unlimited
periods. Alternatively, the subscribers at the
stbstations B and C may be prohibited both from
routing -calls over the restricted central office
trunks, and also from holding local call connec-
tions for unlimited periods. The particular type
of service provided for the various substations is
determined by the wiring arrangement of the
line circuits individual to the lines with which
the substations are associated. More specifically,
if all of the substations associated with a par-
ticular line are to be denied central office trunk
service, the line circuit terminating this line is
provided with an E. C. marking path extending
to the finder E. C. contact bank and having re-~
sistance battery potential applied thereto through
the winding of one of the relays provided in the
restricted service and time blocking relay net-
work 25. If the subscribers served by the line i6
are not to be restricted as to the duration of
local call connections, the E. C. marking path
just mentioned is arranged to have ground
pulses intermittently applied thereto through
operation of the relays in the relay network 25.

The subscriber lines terminating at the ex-
change may be of several different types. For
example, the line 9 and the substation equipment;
connected to this line may be arranged for either
simplex or loop circuit control of the automatic
switching equipment, and may be either an ex-
tremely long line or a relatively short line. Fur-
ther, the substation apparatus provided at the
substation A may be of the conventional common
battery type or of the conventional local battery
type. Similarly, the line {8 may he of the full
metallic type employing two line conductors, or
may be of the ground return type utilizing a con-
ductor as one side of the line and ground as the
veturn side of the line. In the illustrated ar-
rangement, the line 9 is shown as being of the
full metallic type, and the line 16 as being of the
ground return type. In order to adapt the auto-
matic switching equipment for control over the
lines of different types, different wiring arrange-
ments are utilized in the line circuits, the par-
ticular type of wiring of each circuit being deter-
mined by the particular character of the associ-
ated line. These line circuits are substantially
conventional insofar as the relay equipment em-
bodied therein is concerned. Thus, the line cir-
cuit 10 comprises the usual line, cut-off and lock-
out relays indicated at R138, R120 and RIIE, re-
spectively. Similarly, the line circuit 20 termi-
nating the line 16 is provided with a line relay
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R110, a cut-off relay R180; and a .slaw-to-operate
lockcut relay R150.

' The automatic switching apparatus provided in
the exchange for setting up connections between

the various lines and trunks. terminating thereat, :

comprises a plurality of finder-connector links
each having a contact bank capacity of one hun-
dred lines. The illustrated link is shown as com-
prising a finder switch {1 and a connector switch
43. For the purpose of assigning these links to
the use of calling lines in. a definite order, there
is provided a distributor 22, preferably of the
preselective type, which is arranged to. initiate
the operation of the finder portion of a preselect-
ed link to search for a calling line in response to
the application of ground potential to the dig-
tributor start lead 17. Since the finder switch
il and the distributor 22 may be of conventional
construction and wiring arrangement, these
switching units have been only schematically il-
lustrated in the drawings. The connector switch
40 ig illustrated in Figs. 3, 4, 5, 6 and 9 of the
drawings as being of the well-known Strowger
type, employing a Strowger switching mechanism
having its contact field divided into four banks
each including ten levels or rows of bank con-
tacts. Preferably, the lowermost levels are re-
served for the fermination of subscriber lines,
branch exchange trunks and one or more cen-
tral exchange trunk lines extending c a tol] oper-
ator switchboard in the distant central exchange.
The uppermost levels of the connector switch
are used to terminate the resular or restricted
central exchange trunks over which the sub-

scribers having unrestricted service may route 3

connections to the central office subscribers with-
out the inbervention of a toll cperator. For ex-
ample, the tenth level of bark contacts in the
connector switch 49 may be reserved for the ter-
mination of trunks of the last-mentioned group.

Referring now in greater detail to the connector
switch 49, the Strowger switching mechanism of
this switch comprises the above-mentioned con-
tact field at which the conduectors of the lines ex-
tending to the C. A. X are terminated; a set of
wipers 680 to 683, inclusive, and the usual ver-
tical and rotary magnets 408 and 409, respec-
tively, which are cperative in conjunction with
their associated ratchet and pawl! mechanisms,
not shown, to impart vertical and rotary move-
ment to the wiper carriage structure. This
mechanism is also equipped with vertical off-nor-
mai springs 814, 415, 415 and 468, which perform
various circuit control operations described with
particularity hereinafter.
nism further comprises: s release magnet 491
which, when energized, permits the wipers of the
switch o be returned to vertical and rotary nor-
mal in the usual manner; and normal " post
spritigs 448 and #68’, which are arranged to he
moved off normal from the normal positions
shown in the drawings in response to elevation
of the wipers 668 to 663, inclusive, to one or more
predetermined vertical off-normal positions and
perform additional circuit. control operations de-
scribed with particularity hereinafter. .The
equipment for controlling the vertical, rotary and
release magnets of the switching mechanism, and
for performing the auxiliary control operations
required incident to the setting up cof the various

types of connections referred to above, includes

a pair of line relays R360 and R&48 which are
normally connected to be energized. in series over
the two talking conductors of the trunk 328 in-
coming to the connector switch £9. 'This equip-

The switching mecha- 3
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ment. further comprises a.: slow-acting hold relay
R310, a.slow-acting hold slave relay R330, a re-
verting call relay R314, a slow-acting contro] re-
lay:- R320, a link release relay R340, a switch-
through relay R358 of the two-step type, a call-
ing simplex relay R418, a battery reversing relay
R420, a lock-pulse relay R438, a digit transfer
relay R458, a pair of slow-acting pulse controlled
relays R460 and RA410, and a combined ringing
and trunk-hunting contro] relay R480. Addi-
tional control relays embodied in the connector
switch and shown in Figs. 5 and 6 of the drawings
include a second digit transfer relay R508, a
slow-to-operate, slow-to-release ring cut-off re-
lay R520, a busy test relay R536, a ring pickup
relay R840, a restricted service control relay R559,
an alternating current ringing control relay
RE68, a pair of back-bridge relays RE10 and R619,
a. called simplex relay R529, an idle test relay
R639, a slow-to—operate conversation timing re-
lay RE40, and a slow-to-operate line-switching
relay RG0. Selection of the ringing code which
is to be utilized in signaling over a called multi-
party line is accomplished through the provision
of a minor switch 45, which also functions as a
conversation timing switch after the ringing
period is ended and a talking circuit is established
through the connector. This switch also func-
tions to determine the side of a selected line over
which ringing current is to be projected in sig-
naling over a called multiparty line arranged for
divided ringing. More specifically, this. switch
is of the eleven-point type and includes three
wipers 1080, (004, 1002, the usual operating and
release magnets 1004 and 1887, respectively, and
off-normal springs 1885 and 1006. '
The inter-office frunks connecting the exchange
illustrated with the distant automatic exXchange
85 are of the two-way type arranged to handle
calls routed in either direction thereover, and
each thereof is terminated in the C. A. X in a
two-way repeater. Thus, the trunk 38, which
terminates in the repeater 38, has access to the
links of the C. A. X over a link line 24 which ter-
minates in a line circuit 3!. Briefly described, .
the repeater 30 comprises a pair of line relays
R120 and R85, a slow-acting hold-relay R829, a
slow-to-release hold slave relay R82%, and a
group of control relays R840, R818 and R868, the
first two of which are of the slow-~to-operate type,
and the last of which is of the slow-acting type.
The relay equipment of the repsater further in-
cludes a battery reversing relay R7i8, a calling
simplex relay R738, s slow-acting pulse con-
trelled relay R74%, an electro-polarized back-
bridge relay RT59, a ling-switching relay Rr8as,
and three lock-pulse relays R188, R178 and R8I0
which are provided for impulse correcting pur-
Dboses. - The various enumerated relays are inter-
connected by control circuits which are de-
scribed with particularity hereinafter. _
The equipment common to the finder-connec-
tor links provided in the exchange. includes the
usual ringing current generator and a ringing in-
terrupter for interrupting the alternating ring-
ing current in accordance with the various ring-
ing codes. The common equipment also inchides
tick-tone generating equipment §2, gial and busy-
tone generators 68, a conversation timer 53 snd a
permanent timer §i. These four units may be of
conventional arrangement and, accordingly, have
been only schematically illustrated in the draiv-
ings. The control circuits for these units' are,
however, novel in character and, accordingly, the
details thereof have been shown. ' More specifi-
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-cally, the control circuit for the permanent timer
51 and the tone generator 60 comprises a relay

‘R910 which is so connected and arranged that a
single control lead C496 is utilized for the pur-

pose of initiating the operation of the timer 51 .

and for the purpose of transmitting timing pulses
to the various links. Similarly, the control cir-
cuit for the tone generating equipment 52 and
‘the conversation timer 53 comprises a slow-to-re-
lease start relay R920 and a pulsing relay R330,
these relays being so connected and arranged
that a single lead C87T9 is used for initiating the
operation of these two units and for the purpose
of transmitting timing pulses to the link circuits.

The equipment common to the links and line
circuits further includes the restricted service and
time blocking relay network 25. Briefly de-
scribed, this network includes a pulrality of line
‘relays R240, R250 and R268, which are individual
to the lines with respect to which restricted serv-
ice or time blocking is required, and a plurality of
slow-acting relays R21{8, R220 and R228, which
are common to the lines with respect to which
such service restrictions are imposed.

Locar CaLLs

Referring now more particularly to the opera-
tion of the apparatus fo set up-a lecal call con-
nection between two of the substations terminat-
ing at the C. A. X, it may be assuined, for ex-
ample, that a call intended for the substation C
is initiated at the substation A. In order to ini-
tiate the call, the calling subscriber removes the
receiver provided at the substation A from its
supporting hook or cradle, thereby to complete a
circuit for energizing the line relay R{3§ in the
usual manner. The circuit over which this line
relay is energized is different, depending upon the
wiring arrangement utilized in the line circuit 10.
Thus, if the substation equipment provided at the
substation A is wired for simplex control of the
autcmatic switching equipment provided in the
exchange, the terminals 145 and {47 are connect-
ed together, and the terminsls 144 and {45 are
connected together. If the line 9 is of the loop
or ground return type, or is of the simplex type
and the loop resistance thereof is less than 3529
ohms, the relay R{3) is equipped with windings
each having a resistance of 200 ohms.  If the
line is of the simplex type and the loop resistance
thereof exceeds 3500 ohms, the relay R{38 is
equipped with windings each having a resistance
of 1200 ohms. When the above-described wiring
arrangement is used, one branch of the operat-
ing circuit for the relay Ri20 extends from
ground through the springs of the hock switch
provided at the substation A by way cf the posi-
tive line conductor $b, the contacts (22, the
strapped terminals i45 and {44, the lower wind-
- ing of RI30 and the strapped terminals {47 and
146 to battery. The other branch of this cir-
cuit extends from ground through the springs of
the hook switch provided at the substation A by
way of the negative line conductor 9¢, the con-
tacts 121 and the upper winding of Ri38 to bat-
tery. On the other hand, if the equipment pro-
vided at the substation A is arranged for loop
control of the automatic switching apparatus
provided in the community exchange, the termi-
nals 143 and i44 are strapped and the terminals
147 and (48 are strapped. With this wiring ar-
rangement, the operating circuit for the. line
relay RI3C may be fraced as extending from
ground by way of the strapped terminals {43 and
144, the lower winding of R{38, the strapped ter-
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‘minals {47 and 148, the contacts 122, the cori-

ductor 9b, the bridge across the conductors 9b
and 9¢ at the substation A, the conductor 9a, the
contacts 121 and the upper winding of R130 to
battery.  In order more completely to describe
the different wiring arrangements of the line cir-
cuits, it is pointed out that if the line i6 is of the
simplex type or is a relatively short ground re-
turn line, the line circuit 20 is wired in the man-
ner described above with reference to the line
circuit 18 in considering simplex control of the
line relay R130. More specifically, in this case
the terminals 188 and 181 are strapped, the ter-
minals 198 and {81 are strapped, and the termi-
nals (86 and 187 are strapped. On the other
hand, if the substations served by the line i6 are
arranged for loop circuit control of the auto-
matic switching equipment, the terminals 120 and
{81 are strapped, the terminals 184 and {86 are
strapped, and the terminals 188 and 188 are
strapped. As a further alternative, if the line I8
is of the ground return type, a wiring arrange-
ment is utilized which comprises the strapping
of the terminals (80 and 182, 183 and 188, {86
and i87, and 199 and 19!, respectively. With
this wiring arrangement, the relay RI0 is en-
ergized over a circuit including the grounded con-
ductor #8a, the contacts 161 and the two wind-
ings of RIT8 in series when a call is initiated at
one cf the substations B and C. .
Continuing now with the operation of the line
circuit 18, when the line relay RI39% is energized
over any one of the circuits traced above, it op-
erates to complete, at its contacts 131, an obvious
cireuit for impressing ground potential upon-the
private conductor 8¢, thereby to mark the line 9
a5 busy in the bank contacts of the connector
switches. At its contacts 132, the relay R130
opens the circuit for energizing the cut-off relay

R128 when the line 9 is seized through the con-

nector end of one of the links. At its contacts
133, the relay RI130 completes a path including
the winding of the relay R120 and the contacts
i12 for impressing negative battery potential
upon the marking conductor 9d, thereby to iden-
tify the line 9 as a calling line in the bank con-
tacts of the finder switches having access thereto.
At its contacts 134, the relay Ri30 completes a
path including the contacts {{4 for impressing
ground potential upon the distributor start lead
{1. When this lead is grounded, the control
equipment of the distributor 22 operates in a
well-known manner to cause the finder portion
of a previously assigned link to seize the calling
line 9. Assuming that the link illustrated,
namely, that comprising the finder switch {1 and
the connector switch 40, has previously been se-
lected for use by the distributor 22, the wipers of

‘the finder switch I{ are first elevated to a posi-

tion opposite the level of contacts terminating the
line 9 and are then rotated to engage the coniacts
terminating the conductors 9a, 9b and §d. When
the line 9 is found in this manner by the finder
switch tf, the control equipment of the finder
switch operates to extend the calling circuit
through to the connector portion of the link and
to ‘connect the marking lead 8d to the control
conductor 326¢ of the trunk 32§ incoming to the
connector switch 406. In response to this cut-
through operation of the finder switch i1, both
of the line relays R360 and R440 are energized.
Assuming that the line 8 is arranged for loop
circuit contro! of the automatic switching equip-
ment, the relays R4480 and R360 are energized in
series over a circuit which extends from ground
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by way of the winding of R448, the contacts 413
and 428, the repeating ¢oil winding 483, C65, the
contacts 354 ang 312, the trunk conductor 326b,

the positive line wiper of the finder switch (i,

tors of the line § at the substation A, the con-

uctor 8¢, the negative wiper of the finder switch
i, the conductor 326a, the contacts 31 and 352,
CB3, the repeating coij winding 431, the contacts
421, C84 and the winding of R360 to battery.
‘When energized over this circuit, both of the line

relays operate. In the event the line 9 is gr-

tor §a, the negative line wiper of the finder switch
fi, the conductor 326q, the contacts 311 and 352,
C83, the repeating coil winding 401, the contacis
421, Co8 and the winding of R366 to battery.
The other line relay R449 is energized in parallel
with the positive side of the line 9 and in series
with the lower winding of the line relay Ri38 over
& circuit which extends from groung by way of
the winding of R440, the contacts 413 and 323,
the winding 403, C65, the contacts 354 and 3§ 2,
the conductor 32 65, the positive line wiper of the
finder switch 11, the contacts 122, the strapped
terminals (44 angd 145, the lower winding of Ri30
and the strapped terminals 147 ang 148 to bat-
tery. It will further be noted that in the event
the calling line is of the ground return type, the
relay R449 is energized in series with the lower
winding of the line relay RI38 over the circuit
Jjust traced.

The relay R449,in operating, closes its conttacts
441 to prepare the cperating circuit for the digit
transfer reiay R450. At its contacts 443, the re-
i 8 locking cireunit for itself

circuit for the calling simplex relay R449. The
line relay R380 upon operating, closes its con-

cpnta:cts 363, the relay R360 pbrepares a holding

At its contacts
Obens a peint in g priming
cireuit for itself,

The lock-pulse relay R439, upon operating,
locks to ground over g, bath including C178, the
contacts 364, c9¢ » the contacts 433 and the re-
sistor 428. At its contacts 431, the relay R4&30
opens a point in the common portion of the cir-
cuits over which the vertical mmagnet 488, the

cuit extending
tacts 342, C81,

the contacts 432, C23 ang the
winding of R370

to battery,

The relay R379, upon operating; closes its con-< -

tacts 271, to complete the operating circuit for
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the digit transfer relay R450, this elrcuit exténds:
Ing from ground by way of the contacts 382-ana
311, €11, the contacts 441 , thé ()ﬁ';'nbrmal Springs.
488 and the winding of RE58 to Battery, ‘At its-
contacts 3%, the relay R3To 8150 Prepates the
operating dirciit for the line switching Téldy
RE50 and additional operating and lockinig ciix
cuits deseribed more fully Tiéreinafier. At 8-
contacts 812, the relay R87H cornpletds a ‘path
including the contadts 342 for impressitig groting
potential upon thé relesse conduétor 326e, theves:
by t0 Prepare certain loeking and operating ¢ir-
cuits substquentiy Teiérred t0 in GetaiL When-
ground potentisl is applied to this -€onitiuctor, a.
holding circuit is provided for tHe eut-through
rélay of the finder SWiteh 44, fue slow-g¢titg
conirol relay R320 ‘is encigized over an obyi is
circuit, -and the cub-ofr Telay Ri20 is énergizeg
OVer a circuit iheluding this conduetor, the ‘test.
wiper of the findet switch and the contacts 133
and 12, At its eontacts 318, the relay R3TH
turther prepares the above-mentioned priimihg
circuit for the line relay R368. At its contacts
314, the relay R3Tg Prepares an OPErating ‘eircyit
for the idle test relay RB88. At its contacts 315,
the relay R370 completes an -6bvioys eirctit for
energizing the slow-acting hold-slave relay R330.
At its coniacts §78, the reiay 310 opens 4 point
In a path traced hereinatter; over which-ground
tes Pe impressed upon the positive ling"
wiper 661 of the conneetor Switehing mechanism.

The digit transfer reisy R450; Uipon operating,
locks to ground over a path including the off-
hormal sprinigs 468, the contacts 45 n
the contacts 371 ‘and 342, - At its contacts 454,
the relay R459 prepares an alternative locking
circuit for itself. At ity contacts 451 and 458,
the relay R456 prepares the above-mentioned eir=
cult for energizing the vertical magnet-§88-and
the pulse controlled relay R4TY
its contacts 452, thi i

3, €Tt and

trolled relay R478. At its contacts 455, the relay-
R&58 opens a point in one of thep’;it;ra’bihg‘(:ii‘;
cuits for the pulse comnbrolled relay R486. - Ab its-
contacts 457, the relay R450 brepares one of the
operating circuits for the trink-hunting relay
RA8D. At its contacts 459, the relay R48D opens-
a point in the common portiolt of the operating
circuits for the rotary Magnet 489 and the op--
erating magnet (294 of the minor switch £5; At
its contaicts 457’, the relay R45§ prepares a eirs .
cuit for energizing the calling simplex relay B, ]
At its contacts 458, the relay R450 opens 4~
point in the cireuit for transmitting busy and:
tick-tone currents over the calling end of the-
connection. At its ¢ontacis 459, the relay R450
completes # circuit '

by way of C468, the cor 2
445, the contacts 267, g2

winding §g3, _This cuttent is,

st’a’;rtédé; o
The- hold
cOI@pléj;e;s é U

Bon- operatitis,
essing ground -
tor 3266, this -
816 and 335,
opens ‘g point-
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in the operating circuit for the reverting call

relay R310. At its contacts 331, the relay R330.

prepares the above-mentioned path for impress-
ing ground potential upon the positive line wiper
661 of the connector switching mechanism. At
its contacts 383, the relay R330 prepares a path
for short-circuiting the conversation timing re-
lay R640 and the lower winding of the link re-
lease relay R348, and prepares another operating
circuit for the busy test relay R986. At its con-
tacts 336, the relay R330 prepares a locking cir-
cuit for the link release relay R340. At its con-
tacts 332, the relay R330 completes a circuit for
energizing the upper winding of the link release
relay R340 in series with the upper winding of
the permanent
cuit extending from ground through the upper.
winding of R910 by way of the combined time
pulse and start jead C295, the contacts 425, C89,
the contacts 332 and the upper winding of R340
to battery. Due to the high resistance of the
upper winding of the relay R§18, the relay R340
does not operate when this circuit is completed.
The relay R919, however, operates to complete
an obvious path for grounding the permanent
timer start lead 55, thereby to initiate the op-
eration of the permanent timer 51 in the usual
manner. At its contacts §i3, the relay R910
completes an obvious path for grounding the
start lead 56, whereby operation of the dial and
busy tone generating equipment 63 is initiated.

The slow-acting control relay R3Z8, upon op-
erating, closes its contacts 322 to prepare the
above-mentioned operating circuit for the revert-
ing call relay R310. At its contacts 321, the
relay R320 prepares one of the circuits for ener-
gizing the idle test relay R39. A% iis contacts
323, the relay R320 further prepares the pre-
viously mentioned priming circuit for the line

relay R350, and completes a locking circuit for .

the hold relay R3176. The last-mentioned circuit
extends by way of the grounded hold conductor

" C81, the contacts 323, 366 and 363, and the wind-

ing of R3170 to battery. At its contacts 324, the
relay R320 opens a point in the common portion
of the operating circuits for the release magnets
407 and 1007. Atits contacts 328, the relay R320
interrupts the previously traced operating _circuit
for the lock-pulse relay R430. Following the
operation of the relays R360, R440, R430, R45D,
R310, R338 and R3206 in the manner just ex-
plained, no further operation of the link circuit
equipment occurs uniil the dialing operation is
started at the calling substation or the link is

forcibly released under the control of the per-

manent timer 5i.

When the cut-off relay RI20 is energized, it

Jocks to the grounded release conductor 326¢ over
a path including the contacts 124 and the test
wiper of the finder switch 1. At its contacts
125, the relay R120 completes an obvious circuit
for energizing the slow-to-operate lockout relay
RIi10. At its contacts {21 and 122, the relay Ri20
disconnects the windings of the line relay R130
from the conductors of the line 9, thereby to clear
the line of the impedance represented by these
windings. At its contacts {22, the relay Ri20
also interrupts the previously traced operating
circuit for the line relay RA44D, assuming the line
9 to be of the simplex or ground return type.
‘When the line relay R130 is thus deenergized, it
restores to interrupt, at its contacts (31, the
initially completed path for grounding the pri-

vate conductor 9c of the line 9. At its contacts

132, the relay R130 completes an alternative path

timer start relay R810, this cir-
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for impressing ground potential upon this pri-
vate conductor, which path extends through the
contacts 124 to the grounded test wiper of the
finder switch 1. At its contacts 133, the relay
R 136 interrupts the operating circuit for the cut-
off relay R!20. At its contacts 134, the relay
R130 disconnects the distributor start lead 11
from ground and opens a point in the locking
circuit for the lockout relay R110. .

 In the event the line 9 is of the ground return
or simplex type, a path including the make con-
tacts 123 of the cut-ofl relay RI120, and the break
contacts i1 of the lockout relay RrRI110, is pro-
vided for transmitting a control pulse over the
positive talking conductor 9b and the positive
side of the trunk 326. ‘This control pulse is uti-
lized to short-circuit the line relay R440. On the
other hand, if the line 9 is arranged for loop con-
trol of the automatic switching equipment, this
pulsing path, controlled by the cut-off and lock-
out relays individual to the line 8, is omitted from
the line circuit 16. When the illustrated circuit
wiring is provided, the short-circuiting path just
menticned is completed at the contacts 123 when
the cut-off relay Ri2B operates. This path may
be traced as extending from ground by way of
the contacts f1! ang 123, the positive wiper of
the finder switch i1, the trunk conductor 3260,
the contacts 312 and 354, C65, the winding 403,
the contacts 423 and 413, and the winding of
RA446 back to ground. When thus short-circuited,
the relay R440 is deenergized and restores. In
releasing, the relay RA440 opens its contacts 443

. to interrupt its locking circuit as traced above,
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. extending from ground by

and opens its contacts 841 to interrupt the previ-
ously traced operating circuit for the digit trans-
fer relay RA453. At its contacts 444, the relay
R446 completes the prepared operating circuit
for the calling simplex relay R419, this circuit
way of the contacts
457" and 464, the lower winding of R410 and the
off-normal springs 414 to battery. When thus
energized, the calling simplex relay R410 operates
and locks to the grounded release conductor 326¢
over a path including its preliminary make con-
tacts 412. At its contacts 413, the relay R410
interrupts a point in the common portion of the
above-traced operating circuit and short-circuit-
ing path for the relay RA46. At its contacts 4il,
the relay R4&t9 completes the second branch of
the circuit for energizing the line relay R360 over
the two sides of the line 9i1 in parallel, in the
event this line is of the simplex type. More spe-
cifically, this second branch may be traced as
extending from ground at the substation A by
way of the line conductor 8b, the positive line
wiper of the finder switch i1, the trunk conductor
326D, the contacts 3i2 and 354, C63, the winding
402, the contacts 423 and 411, C84 and the wind-
ing of R360 to battery. Thus, the resistance of
the calling circuit over which the line relay R360
is energized is materially. reduced in response to
operation oi the calling simplex relay R&f0.

Shortly following the operation of the calling
simplex relay R&18 in the manner pointed out
above, the slow-to-operate lockout relay RI10
operates and opens its contacts 111 to interrupt
the above-traced path short-circuiting the line
relay R448. At ifs contacts ii2, the relay RII0
opens a further point in the operating circuit for
the cut-off relay R128. At its contacts (i3, the
relay RI16 prepares a locking circuit for itself.
At its contacts 114, the relay R110 opens another
point in the path for connecting the distributor
start lead 11 to ground. '
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‘Upon receiving the dial tone signal in the man-

ner pointed out above, the calling subscriber may
proceed to dial the three-digits of the directory
number designating the desired substation C.
The first two of these digits are utilized to direct
the wipers of the connector switch 48 into engage-
ment with the contacts terminating the conduc-
tors of the called line {86, and the third digit is
utilized to direct the wipers of the code selecting
and conversation timing switch 45 to the position
corresponding to the code designating the desired
substation C. The line relay R258 and the lock-
pulse relay R439 follow the impulses of the three
digits and function to repeat the impulses of the
first digit to the vertical magnet 468 and the relay
R4T8 in parallel over the above-mentioned pulsing
circuit. More specifically, the relay R368, upon
restoring at the beginning of each impulse, opens
its contacts 381 to interrupt the previously traced
locking circuit for the lock-pulse relay R430,
causing the latter relay to restore. A$ its con-
tacts 362, the reiay R368 completes the previously
mentioned priming cireuit for itself, this circuit
extending by way of the grounded hold lead C8l,
the contacts 8§23, 855, 862 and 373, the resistor
$T1, C81, the contacts 421, C§6 and the winding
of RE60 to battery. This priming circuit is uti-
lized to render the relay R368 exceedingly fast
to operate when the calling loop, simplex oy single
wire circuit is recompleted at the calling substa-
tion at the end of the open-circuit period of the
impulse. At its contacts.363, the relay R350 opens
the locking circuit for the hold relay R3190.

The lock-pulse relay R430, upon restoring at

the beginning of each impulse, opens it3 contacts .

432 to interrupt the operating circuit for the hold
relay R310. Due to its slow-to-release character—
istic, the last-mentioned relay remains operated
during impulsing. At its contacts 433, the relay
R438 opens anoctner point in its locking. circuit.
At its contacts 431, the relay R438 completes the
circuit for energizing the vertical magnet 468 and
the pulse controlled relay R479, in parallel. This
circuit extends by way of the grounded hold con-
ductor C8i, the contacts 328 and 855, C716 and the
contacts 431 to the contacts 458 where it divides,
one branch extending through the winding of
the magnet 488 to battery, and the other branch
of the circuit extending through the contacts 851
and the winding of R470 to battery. When first
energized over this circuit, the relay R470 oper-
ates to complete, at its contacts 412, an alterna-
tive locking circuit for the relay R459, this al-
ternative circuit extending by way of the ground-
ed hold lead C8l, the contacts 37i, Cil, the con-
tacts 635, C2885, the contacts 472 and 454, and the
winding of R450 to battery. At its contacts 471 .
the relay R470 opens a point in one of the operat-
ing circuits for the relay R&6§. At its contacts
413, the relay R470 opens a point in the common
portion of the operating circuits for the busy test
relay R830 and the idle test relay R639. At its
contacts 471, the relay R479 completes an cbvious
path for short-circuiting the winding 481 of the
repeating coil, thereby to reduce the resistance
of the pulsing circuit over which the line relay
R358 is energized under the control of the calling
device provided at the calling substation A. Due
to .ifs slow-to-release characteristic, the relay
R478 remains operated during each digit and re-
stores shortly after the digit. is ended.

The vertical magnet 468, upon operating, ele-
vates the wipers 680 to 683, inclusive, to the first
vertical off-normal position and closes its con-
tacts 448’, to prepare an-alternative operating cir-
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euit for the lock-pulse relay R438. In response
to this movement of the switch wipers; the off-
normal springs 414 are opened further to inter-
rupt the operating circuit for the calling simplex
reiay R&10, the off-normal springs 645 are closed
to prepare or complete a path including the con-
tacts 426 and 442 for short-circuiting the winding
of the line relay R440, and the off-normal springs
468 are opened to interrupt the operating ecircuit
and the initially completed holding circuit for the
digit -transfer relay R450. At the -off-normal
springs 417, the previously traced locking circuit
for the line relay R444 is interrupted, causing this
relay to restore, if operated. At the off-normal
springs 4138, the operating circuit for the release
magnet 437 is prepared. In restoring, the relay
RA440 cpens its contacts 443, further to interrupt
its locking circuit, and closes its contacts 442 to
complete the short-circuiting path desecribed
above. When this short-circuiting path is com-
pleted; the winding of the relay R446 is excluded
from the calling Ioop circuit over which the other
line relay R300 is energized, thereby to decrease
the resistance of the circuit for energizing the
latter relay. At its contacts 441, the relay R340

’ opens anocther point.in the operating circuit for

the digit transier relay R456. At its contacts 464,
the relay R448 reprepares the coperating circuit
for the calling simplex relay RA4{8. ¥From the
above ezplanation it will be apparent that if the
line 8 is arranged for loop circuit control of the
automatic switching equipment, the line relay
R448 is caused to restore and the winding of this
relay is excluded from the calling loop circuit in
response to the dialing of the first impulse of the
first digit of the directory number designating the.
desired substation. .

At the end of the open-circuit period of each
impulse of the first digit, the line relay R368 re-
operates to complete the above-mentioned alter-
native operating circuit for the lock-pulge relay
R438, this circuit extending from ground by way
of the contacts 408’, C8i, the contacts 36i, CT5
and the winding of R43% to battery. At its con-
tacts 362, the relay R360 opens the above-de-
scribed priming circuit for itself. At its contacts
388, the relay R368 recompletes the holding cir-
cuit for the hoid relay R2876. The lock-pulse relay
R4306, upon recperating, opens its contacts 43 to

5o deenergize the vertical magnet 488 and the pulse

controlled relay R4%8, closes its contacts 432 to
recomplete the operating circuit for the hold re-
iay R378, and closes its contacts 433 to recoinpiete
its own locking circuit. ¥rom the above explana-
tion it will be understood that the line relay R36G,
the lock-pulse relay R420 and the vertical magnet
408 interact in the exact manner just described
during each impulse of the first digit. It will fur-
ther be understood that each time the vertical

. magnet §88 is energized, the wipers 860 to 683 are

elevated one step. Accordingly, at the end of the
first digit, these wipers are left standing opposite
the level of bank coutacts in which the conductors
of the called line {§ are terminated.

During the inter-digit pause between the first
and second digits, the line relay R368 and the
lock-pulse relay R433 are held operated for a
time interval in excess of the release periced of
the slow-acting. pulse controlled relay R470. Ac-
cordingly, the relay R870 is caused to restore.
In releasing, this relay opens its contacts 471 to
interrupt the path short-circuiting the winding
401 of the repeating coil, and closes its contacts
471" to reprepare one of the operating circuits
for the pulse controlled relay R460. At itg con~
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tacts 413, the relay R410 reprepares the operating
circuits for the busy test relay R530 and the idle
test relay R630. At its contacts 472, the relay

RA4T06 opens the above-traced alternative holding.

circuit for the digit transfer relay R450, causing
the latter relay to restore.

- In releasing, the relay R456 closes its contacts
452 to prepare an alternative operating circuit
tor the pulse controlled relay R4T0. At its con-
tacts 451, the relay R450 opens another point in
the initially completed operating circuit for the
relay R4T0. At its contacts 453, the relay R450
opens another point in its initially completed
holding ecircuit. At its contacts 454, the relay
R450 opens another point in its alternative hold-
ing .circuit as traced above. At its contacts 455,
the relay R450 prepared one of the operating cir-
cuits for the pulse controlled relay R460. At its
contacts 458, the relay R450 opens another point
in the above-traced circuit for energizing the ver-
tical magnet 408 and the relay R470 in parallel.
At its contacts 859, the relay R450 prepares a
circuit for energizing the relays R460 and RA4T0
in paraliel with the rotary magnet 409. At its
contacts 457, the relay R450 opens another point
in the incomplete operating circuit for the calling
simplex relay R410. At its contacts 458’, the re-
lay R450 prepares the previously mentioned cir-
cuit for transmitting busy and tick-tone currents
over the calling end of the connection. At its
contacts 459’, the relay R450 interrupts the pre-
viously traced circuit traversed by the dial tone
signal current, thereby to terminate the dial tone
signal being reproduced by the receiver provided
at the calling substation A. Following the release
of the relay R450, the link circuit equipment is
conditioned to respond to the impulses of the sec-~
ond digit.

During the dialing of the second digit, the line
relay R360 and the lock-pulse relay R438 cooper-
ate to repeat the dial pulses to the relays R460
and R476, and the rotary magnet 409 in parallel.
More specifically, the circuit over which current
pulses are transmitted to these control elements
extends by way of the grounded hold lead C81,
the contacts 323 and 355, C16, the contacts 431
and 459, C494, the contacts 634, C670 and the
contacts 532 and 5{7 to CA4§3 where it divides,
one branch extending through the winding of the
maghet 409 to battery, and a second branch ex-
tending through the contacts 471’ and the wind-
ing of RA460 to battery. A third branch of this
circuit extends from the conductor C870 by way
of the contacts 531, C89, the contacts 492 and the
winding of R470 to battery. When this circuit is
initially completed at the beginning of the open-
circuit period of the first impulse of the second
digit, the relays R&50 and R4T0 both operate.
Upon operating, the relay R470 closes its contacts
411 to recomplete the path for short-circuiting
the repeating coil winding 491, opens its contacts
471’ to interrupt the initially. completed operat-
ing circuit for the relay R480, and closes its con-
tacts 472 to complete an alternative circuit for
energizing the last-mentioned relay. This alter-
native circuit. extends by way of the grounded
hold -conductor C8{, the contacts 31i, CI{, the
contacts 635, C495, the contacts 472 and 485, and
the winding of R489 to batiery. At its countacts
473, the relay R470 again opens a point in the
operating circuits for the busy and idle test re-
lays. . .

The relay R480, upon operating, closes its con-
tacts 461 to complete a path for short-circuiting
the winding of the digit transfer relay R510, this
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path extending by way of the grounded hold con-
ductor C81, the contacts 371, CT{, the contacts
635, C495, the contacts 472, 455 and 461, C48I,
the contacts 5i9’, the winding of RG10 and the
contacts 529 to the grounded release conductor
326c. At its contacts 463, the relay R466 pre-
pares a circuit for energizing the upper winding
of the two-step switching-through relay R350.
At its contacts 464, the relay R460 prepares the
operating circuit for the busy test relay R530. At
its contacts 465, the relay R460 opens a point in
the holding circuit for the busy test relay R530.
At its contacts 466, the relay R460 opens a point
in the operating circuit for the idle test relay
R630. At its contacts 467, the relay R&§0 opens
a point in the path for transmitting signal cur-
rents over the calling end of the connection. Due
to the slow-to-release characteristics thereof, the
relays R410 and R460 remain operated through-
out. the second series of impulses transmitted to
the link.

- Each time the rotary magnet 409 is energized,
it operates to rotate the wipers 660 to 663, in-
clusive, one step, and closes its contacts 409’
to prepare an alternative operating circuit for
the lock-pulse relay R438. This alternative cir-
cuit is completed in response to the recperation
of the line relay R360 at the end of the open-
circuit period of each impulse. Specifically, this
circuit extends from ground by way of the con-
tacts 409’, C81, the contacts 861, CT5 and the
winding of R430 to battery. Each time the lock-
pulse relay RA43D reoperates, it recompletes its
holding circuit in the manner previcusly ex-
plained.

From the above explanation, it will be under-
stood that in response to the impulses of the
second digit, the wipers 660 to 663, inclusive, are
rotated step by step until at the end of the digit
they stand in engagement with the contacts ter-
minating the conductors of the called line 16.
During the inter-digit pause between the second
and third digits, the line relay R360 and the lock-
pulse relay R430 remain operated for an interval
in excess of the combined release periods of the
relays R470 and R460. Upon restoring, the relay
RA470 opens its contacts 412 to interrupt the lock-
ing circuit for the relay R460, and closes its
contacts 471" to reprepare the operating circuit
for the relay R460. At its contacts 4713, the
relay RA410 reprepares the operating circuit for
the busy test relay R530. At its contacts 472,
the relay RA470 also interrupts the above-traced
path short-circuiting the winding of the digit
transfer relay RS510, permitting  the last-men-
tioned relay to be energized in series with the
relay R460 over a circuit which extends by way
of the grounded release conductor 326¢, the con-
tacts 528, the winding of R&10, the contacts
518, C491, the contacts 461 and the winding of
R460 to battery. When thus energized, the relay
R510 operates and locks up in a circuit including
the grounded release conductor 326¢, the con-
tacts 512 and the resistor 519. After this locking
circuit is completed, the relay R8I0 opens its
contacts 519’ to interrupt its operating circuit
and thus deenergize the relay R460, causing the
latter relay to restore. At its contacts 511, the
relay R5i0 prepares the operating circuit for the
ring pickup relay R540. At its contacts 514, the
relay R510 opens a point in the common portion
of the paths for short-circuiting the timing relay
R640 and the lower winding of the link release
relay R340. At its contacts 515, the relay R610
prepares an alternative circuit for energizing the
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busy test relay R530, this circuit only being uti-
lized in providing the restricted service facilities
described more fully hereinafter. At its contacts
516, the relay R519 prepares the operating cir-
cuit for the restricted service relay R550.
its. confacts 5171, the relay R5{0 opens a point
in the common portion of the above-traced
branch circuits for energizing the relay R460 in
parallel with the rotary magnet 408. At its con-
tacts 518, the relay R510 prepares a circuit for
transmitting impulses to the operating magnet
1084 of the code selecting and conversation tim-
ing switch 45. The release of the pulse . con-
trolled relay R468 in response to operation of
the digit transfer relay R510 is without effect at
this time.

The impulses of the third digit dialed at the

At
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calling substation are repeated by the line relay -

R360 and the lock-pulse relay RA430 to the
pulse controlled relay RATD and”the operating
magnet 1094 of the switch 45 in parallel. In
this case, the pulsing circuit extends from the
grounded held conductor C8{ by way of the con-
tacts 823 and 355, C16, the contacts 421 and
459, C494 and the contacts 632 to C§T8 where
it divides, one branch extending by way of the
contacts 631, C89, the contacts 452 and the wind-
ing of R4TD to battery, and the other branch
extending by way of the contacts 532 and 518,

C871 and the winding of the magnet. (884 to.

‘battery. - When thus energized at the beginning
- -of the first impulse of the third digit, the relay
RAT0 again completes the previously traced cir-
cult for energizing the relay R460. ‘The two
Telays R468 and R4T0 remain operated -until
shortly following the end of the digit. Fach
time the operating magnet 1004 i energized over
the pulsing “circuit just traced, it operates to
step the wipers 1000, {80f and 1002 one step,
and closes its .contacts 1003 to prepare ancther
-operating -circuit for the lock-pulse relay R439.
When the enumerated wipers of the switch 45
are moved- off normal, the off-normal ‘springs
1005 are disengaged to open a point in the oper-
ating circuit for the release magnet 207, and the
off-normal springs 1808 are moved into engage-
ment further to prepare the circuit for energiz-
ing the release magnet 1007. In the . present
-case, the lock-pulse relay R420 is energized in
response to each reoperation of the line relay
R360 over a circuit which extends from ground
by way of the . contacts (003, C81, the contacts
881, CT5 and the winding of R433 to battery.
‘Thisrelay in reoperating, locks to ground through
‘the contacts 433 and the resistor 428, and opens
its contacts 431 to interrupt the pulsing circuit
extending to the magnet {984 and the relay
RI1070. Thus, the magnet 1694 i enhergized once
in response to each impulse transmitted to the
‘link over the calling line. Accordingly, the wip-
ers of the switch 45 are, at the end of the digit,
‘1eft in the off-normal position corresponding to
the code “designation of ‘the desired substation.

Busy test

At the end of the third digit, the pulse con-
“trolled relays RAT0 and R460 restore in the order
named. The operations which-occur in response
“to the sequential release of these relays depend
upon the idle or busy condition of the called line
I8. In this regard it will be noted that if this
line is idle, the line, cut-off and lockout relays
-of the line circuit 29 are at normal 30 that the
private conductor i8¢ of ‘the line {6 is marked
with - negative battery -potential through the
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winding .of the cut-off relay Ri60.. On the other.
hand, if the:line .16 is occupied with a call, the
private conductor .16¢ is marked with ground po-
tential over a path including the grounded test.
conductor - 16d and .the engaged make contacts
164.0f the operated cut-off relay R160;

" Assuming that the called line 16 is busy at the
time it is-selected in the manner explained above,
the relay R470, upon restoring at the end.of the
third digit; completes the prepared operating
circuit for the busy test relay R530. .This circuit
extends by way.of the grounded private conduc-.
tor l6e, the private wiper 662, C580, the ‘wiper
1061, C89 or C62{ and the contacts 6317, depending
upon. the..off-normal position cccupied by the
wipers of+the switch 45, €89, the contacts. 413 and
£64, C684-and the upper winding of R530 to bat-
tery.. When. thus enérgized, the relay R530 oper-
ates-and closes its contacts 587 to prepare a lock-
ing circuit: for. itself. At its contacts 53!, the
relay R530 opens another point in the operating
circuit for the relay- R470. At its contacts 532,
the relay R530 opens a point in the common por-
tion of the operating circuits for the rotary mag-
net 409 and the operating magnet 1804 ~Thus;
following-operation of the busy test relay R530,
the magnets 498, 409 and 1804, and the relays
R460 and R4T0 are prevented from responding to
further- operation of the calling' device provided
at-the calling substation. At its contacts 533, the
relay R330 opens the prepared operating circuit
for the restricted service relay R558. At its cons -
tacts §84, the relay R538 further prepares the .
operating. circuit for the-trunk-hunting relay
RAB0. A% its contacts 535, the relay R530 opens
a point in-the operating circuit for the idle test
relay R630. At its contacts 538, the relay R530
prepares a locking circuit for the switching-
through relay R358 and a path for connecting the
release conductor 326¢ to the test wiper 663, At
its contacts 38, the relay R530 opens a point in
another of the locking circuits for the switching-
through relay R350.. At its contacts 53T, the
relay R530 prepares the circuit for transmiting
busy tone current over the calling end of the
conneetion. - At its contacts 538’, the relay R530
opens a point in the circuits for transmitting ring-
ing current and tick-tone current over the ¢all-
ing end of the connection. . At its contacts 5§97,
the relay R530 prepares an alternative locking
circuit for the leck-pulse relay R430, which cir-
cuit is utilized only in the event further impulses
are inadvertently dialed at.the calling substation.
Thus, if an additional digit is dialed at the callinig
substation after the three digits of the directory
number designating the desired substation are
dialed, the line reldy R380, upon restoring at the
beginning of the open-circuit period of each imi-
pulse, opens the locking circuit for the lock-pulse

Telay RA30, causing the latter relay to restore. -

Thereafter, and when the line relay R360 reoper-
ates, the lock-pulse relay R430 is enérgized over
a circuit extending by way of the grounded éon-
ductor -C81, the contacts 323 and 355, C16, the
contacts 431 and 459, C494, the contacts 634,
C610- the contacts 538°, CO81, the contacts 36f
and C75 and the winding of R£38 to battery.
‘When thus energized, the relay R430 locks to
ground through its make contacts 433 and the
resistor 428, and then opens its contacts 431 to
interrupt the alternative operating circuit just
traced. . :
- Bhortly following the operation of the busy
test relay R530 in the manner pointed out above,
the -slow-acting pulse controlled relay R460 re-
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stores.” At its contacts 465; the relay R460 com-
pletes the prepared locking circuit for the. busy
test -relay RS830, this circuit extending by way
of ‘the ‘grounded rel€ase conductor 326c, the con-
tacts 5371, C585, the contacts 465, ‘C584 and the
upper winding of RS89 to battery. At its con-
tacts 867, the relay 1460 completes the prepared
cifcuit for transmitting busy tone current over
the calling end of the connection. This circuit
parallels that traverséd by the dial tone current
as traced above, but is derived from the busy tone
current source over a path including the conduc-
tor ‘€549, the contacts 537’, C587 and the con-
tacts 458°. The reproduction of this signal cur-
rent by the receiver provided at the calling sub-
station A serves to inform the calling subscriber
that the desired line is busy.: The manner in
which the operated switching equipment is re-
leased when' the call is abandoned at the called
substation is described with particularity here-
Inafter. ‘

L Idle test ;

In the event the ¢alled line: I8 is idle at the:
time it i selected, no éircuit is provided for en-
ergizing the busy test relay R530 when the pulse--
controlled relay RATD restores, the upper wind-
ing of the busy test relay being short-circuited.
in series with the winding of the cut-off relay’
RI66 when the relay RAT0 restores. Shortly
thereafter, and when the pulse-controlled relay
RA60 restores, a circuit is- completed for ener-
gizing the lower winding of the idle test relay

RE30 in series with the cut-off relay Ri60, this:-

R
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circuit’ extending by way of the grounded hold.:

conductor C8l, the eontacts 374, C82, the lower
winding of R838, €613, the contacts 535, C583,

the contacts 466 and 473, C80 alone or C80 and -
the contacts 637 arid €881, the wiper {001, CG80,

the test wiper 663, the private conductor. {6c, the:
contacts 172 and the winding of R160 to bat-
tery. When thus energized, the relay R630 closes:

its- preliminary make contacts 638’ to complete

a locking circuit for itself. This locking circuit
extends by way of the grounded hold conductor,
81, the contacts 371, CTi, the contacts 638’, C89,
the contacts 321, C10 and the upper winding off
RE30 to battery. At its contacts 635, the relay
R630 opens another point in the previously traced
operating circuit for the pulse-controlled. relay
RA60. At its contacts 634, the relay R630 opens
-a point in the common portion of the previously
traced operating circuits for the relays RA68 and
RA10, the rotary magnet 409 and the operating
magnet 1804 of the switch 5. At its contacts
633, the relay R630 opens a point in the operat-
ing “circuit for the trunk-hunting: relay “R480.
At its contacts 637, the relay R630 opens one of
the above-traced branches of the series operai-
ing circuit for itself-and the cut-off relay RI60.
At its contacts 631, the relay R630 prepares the
operating circuit for the called simplex relay

R620. - At its contacts 632, the relay RE30 com- .
pletes the operating circuit for the slow-to-op-

_erate line-switching relay R850, this circuit-ex-
‘tending by way of the grounded hold conductor
C81, the contacts 37(, CTi, the contacts 632 and
the.winding of R85 to battery. At its contacts
638, the relay R630 completes a path for im-
-préssing ground potential directly upon the pri-
vate conductor 16¢ of the called line 16, this path
extending from ground as applied to the hold
conductor C8{ by way of the’ contacts 638 and
the test wiper 663 to the conductor i6c. When
-this path is completed, the cut-off relay RI§0
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provided in the line circuit 20 is fully energized
.and ‘operates, and the called line 16 is marked
-against seizure by another of  the connector
switches. At jts contacts 639, the relay R630
-prepares a multiple locking circuit for the ring
cut-off relay R520, and completes a multiple

“holding circuit for the hold slave relay R330.

The tatter circuit- extends from ground by way
.of the contacts 639, C86 and the winding of R330
1o battery. - At its-contacts 639’; the relay RE30
shunts the contacts 539’ of the busy test relay
R520, so that in the event any further impulses
are dialed at the calling substation they-are ak-
sorbed in the manner-explained above. :

At its ‘contacts 636, the relay R630 prepares
or completes one of the operating circuits. for
the ‘trunk-hunting relay R480, depending upon
the setting of the code-selecting and conversa-
tion timing switch 45. The last-mentioned re-
lay, during the ringing period, serves to deter-
mine the side 6f a selected called line of the loop
type over which ringing current is o be trans-
mitted,: and is selectively controlled ‘in accord-
ance with the odd or even character of the third
digit dialed at the calling substation.” Thus, if
the ringer provided at a called substation is:con-
nected between the negative side of the asso-
ciated line and ground, g third digit comprising
an even number of impulses is dialed at the cali-
ing substation. In this case, the operating cir-

~cuit for the relay R48D is completed in response

o operation of the idle test relay R630, this cir-
cuit extending by way of the grounded hold con-

" ductor C81, the contacts 638, C689, the wiper 1001
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bridging ever-numbered contacts of its associ-
ated contact bank, C681, the contacts 636, Ccs8l,
the upper winding of R480, C498, the contacts
526, C499, the lower winding of R480 and the
contacts 474 to battery. It will be observed from
the wiring arrangement of the contact bank as-
sociated with the wiper 180(, that if a ringing
digit is dialed at the calling substation which
comprises an odd number of impulses, the cir-
cuit just traced is not completed through the
contact bank of the switch 45 and, accordingly,

“the trunk-hunting relay R480 remains in ifs re-

stored position. With the relay R480 in its re-
stored position, the ringing current transmission
circuits are prepared at the contacts 482 and 483
for the transmission of ringing current over the
positive side of the selected called line. With the
relay R486 operated on the other hand, these
circuits are opened at the contacts 482 and 483,
and circuits are prepared at the contacts 481 and
484 for the transmission of ringing current over
the negative side of the called line, all in .the
manner -more fully explained hereinafter.

The line-switching relay R650, upon operating,

“closes its contacts 651 and 653 to prepare the ring-

ing current transmission circuits, and opens-its

"contacts 652 to interrupt the prepared or com-

pleted operating circuit for - the -called simplex
relay R620. At its contacts 654, the relay R658
prepares a circuit for energizing the back-bridge
relay R§10 over the called end of an established
connection. . At its contacts 655, the relay R650
prepares & circuit for energizing the ring pickup
relay R540 in accordance with the ground pulses
conventionally applied to the pickup lead 658 by
the ringing interrupter at the beginning of each
code cycle. ‘At its contacts 656, the relay RG89
opens a point in the common portion of the op-
erating and test circuits controlled over the E. C.
wiper 662. : : Lo
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-Classifying the:called.line
As indicated in the introductory portion-of ‘the
“specification, provisions are -maide in the line-and
link circuits for distinguishing between lines-of

the simplex and ground return ‘type on the one.

hand, -and linss of the loop type on the -other
‘hand, thereby to control the ‘setting of the ring-
ing control equipment and to-select the type of
ring cut-off to be -utilized -in “terminating the
transmission of ringing current over ‘the asso-
‘ciated line. In signdling over ‘a*loop ‘line, either
side ‘of ‘the line may be used for ringing current
transmission, and the ringing control-equipment
is automatically conditioned to provide instan-
taneous ring cut-off. ‘Moreover, the:arrangement
is such that the code-selecting-and conversation
timing switch 45 determines the code of ‘the ring-
ing current ‘to ‘be -utilized in signaling over -a
“called line and also determines, in - accordance
‘with the odd or.even number. of impulses trans-
‘mitted thereto, the side of ‘the line ‘over “which
the ringing current is to be transmitted. In sig-
mnaling over a simplex or ‘ground return line, on
“the other hand, the ringing ‘contrél-equipment is
controlled “from the line circuit ‘assocciated” with
‘thecalled line to restrict.the transmission of ring-
ing current to the negative .side:of the line, re-
gardless of ‘the setting ‘of .the code-selecting and
-conversation timing switch 45, and is also condi-
tioned to provide silent period cut-off:cf the ring-
ing current transmission. 'To this end the mark-
ing paths described :above and controlled by the
cut-off ‘and lockout rélays -of the line wcircuits
-are utilized to:control the setting of the called

simplex relay R§28 of the link illustrated, and the 3

-corresponding ‘relays of the other :links: Thus,
‘in the .case under :consideration, wherein :the
called line {8 .is of the-ground return type, the
cut-off relay R150 operates:substantially concur-
rently with the idle test:relay R630 and prior to
-the operation -of the line-switching relay R§50;
Upon operating, the relay R 160 completes the.op-
‘erating circuit for the called simplex relay R620,
this circuit .extending :from -ground by :way of
the contacts 151.and 163, the positive talking con-
ductor 18d, the positive line wiper 661, the con-
tacts 652 and 8231, and the upper winding of R520
to battery. It will be understood that in the

event the line-i8 is of the loop.type, the mark- .
ing path including the contacts (51 and $63 is

omitted from the line circuit 20, so that.the relay
R620 is not energized in response to the opera-
tion of the idle test relay R8630 and the cut-off
relay RI69. L
In operating, the called simplex relay R629
first locks to the.grounded release conductor 326¢
over a path including ‘its preliminary make con-
“tacts 625. At its contacts 628, the Telay R620
opens a point in the above-traced operating cir-
cuit .for the trunk-hunting relay RA8. At its
contacts 621, the relay R620 prepares the op-
‘erating circuit for the alternating current ring-
ing contrel_relay R568. At its contacts 622, the
relay R620 prepares.a circuit. for energizing .the
upper winding of the hack-bridge relay R578 over
one:side of a called line.of the loop-type. At its
contacts 824, the relay R820 cpens a. point in one
of the cperating circuits for.the back-bridge relay

RE&10. At its contacts 621, the relay R&2) pre--

pares a circuit for.energizing the .relay R576: At
its contacts 628, the relay R628 opens a point
in the common portion .0f the ringing current
transmission :circuits utilized in -signaling over
lines of the lcoptype. : o

5

- .relay RI68,

10

11

-Shertly following the operation :of  the .relay
‘R620, the line-switching relay R656 operates to
‘open its .contacts 652 and thus interrupt the op-
erating circuit for the relay R828. - This circuit
4s further opened at the contacts {5{ of the slow-
to-operate lock-out relay Ri58 when this relay
operates in response to operation of the cut-off
More specifically, the relay RI68,
‘upon ‘eperating, closes its contacts 185 to com-
‘plete an obvious circuit for energizing the lockout
relay RI50, closes its contacts (64 to connect
the test lead 16d to the grounded private con-

--ductor -16¢, and opens.its contacts 161 and i62 to
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‘disconnect the windings of the line relay RI78
from :the talking conductors i6a and 16b of the
line .18, thereby to clear the line of the -shunt
-impedance represented by these windings,

‘Ringing the-called substation——‘Gvbundad or-sim-
plex lines

Ringing current transmission over the selected
called line 1§ is initiated.in. response to operation
of the ring pickup relay R540, which occurs 10l
lowing the operation of the line-switching relay
R850.. .More specifically, when the ringing inter-
rupter operates to impress a ground pulse upon
the pickup lead 858 at the beginning of the code ;
cycle-nexi following operation of the line switch-
ing relay:.R659, the pickup relay R540 is ener-
-gized .over a .circuit including. this lead, the con-
tacts 855,-C596, the contacts 542 and 511, and the
Winding of R548 to battery. When -thus ener-
gized, the relay -R540 locks to ground over g path
ineluding the contacts 511 and 541, CTt, the con-
tacts 371 and the grounded hold conductor C&i.
-After this.locking circuit is completed, the relay
R340 operates .its contacts 542 to Ainterrupt its
operating-circuit and disconnect the pickup:lead
658 from ground. At its contacts 544, the relay
‘R540 opens a:point . in the operating circuit .for
the battery .reversing relay RA&20. At its ‘con~
tacts.543, the relay RE549 prepares one of the op-~
erating circuits for the back-bridge relay R§!0.
-At its contacts. 545, the relay R840 opens. the- path
short-circuiting the winding of the alternating
current -relay R560. At its contacts 548, the re-
lay RE4D opens.a point.in the circuit.over which
tick-tone signal current may be impressed upon
the calling .end of the .connection. - At its con-
tacts 547, the relay R549 prepares a path for
transmitting. ringing current over the calling end
of the . connection for the purpose of signaling
the calling subscriber that the called substation
is being rung. At its contacts 548, the relay R540 .
-completes a circuit for energizing the alternating -
=gUrrent.ringing control relay: R586 in-accordance
with the particular.code of the ringing voltage
-impressed .upon -the .selected code lead. Thus,
“if the wipers-of the code-selecting and conversa-
tion -timing switch 45 .occupy their ‘respective
Ffourth off-normal positions, ringing current -is
transmitted through the winding of the ‘relay
-RB860.over. a rcircuit which extends from the un-
-grounded terminal of the ringing current gen-
-erator by -way af the code 8 ringing current lead,
-the ‘wiper 1006, -C877, the resistor 549, the con- -
tacts 348, the winding of R359, C874, the contacts
627, 646 -and-645, C687 and the wiper (882 to the
igrounded terminal-of the ringing current.source.
:It will ‘be noted. that if the wipers of the switch
*45 occupy -their ninth or tenth off-normal posi-

tions, the portion: of this circuit -extending from .-

the contacts §27 to the grounded terminal of. the
-Tinging ‘current generator .is-slightly. different.
“Thus, if -these -wipers .engage their:respective .as-
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- sociated ninth contacts, the. circuit extends from
the contacts 6§21 by way of the contacts 646, 6§45
and. 544, C686, the wiper 1662, C683, the contacts
648’ and C682 to the grounded terminal of tne

- ringing current generator. If the wipers of the
switch 45 engage their respective associated tenth
contacts, the indicated portion of the operating
circuit for the relay R560 extends from the con-
tacts 621 by way of the contacts 648, C§85, the
wiper 1692, €684, the contacts §49-and C682 to
the grounded terminal of the ringing current
generator. It will also be noted that a portion
of the ringing cwrrent transmitted over the se-
lected code lead is caused fo traverse a circuit
including the wiper 1080, C877, the resistor 548,
the contacts 546, the condenser 5719, the contacts
541 and 538, C587, the contacts 458’, the con-
denser 445, the contacts 467, C82, and the repeat-
ing coil winding 482. The current traversing the
last-mentioned circuit is, by induction, repeated
to the calling end of the connection and is re-
produced by the receiver provided at the calling
substation to indicate that the called substation
is being rung.

The ringing relay R589, upon operating, closes
"its contacts 561 to complete an obvious circuit
" for energizing the back-bridge relay RE70. The
relay R570 now operates and closes its contacts
513 to complete the prepared circuit for ener-

gizing the lower winding of the back-bridge relay ‘30

R610, this circuit extending from ground by way
of the contacts 513 and 543, C559 and the lower
winding of R618 to battery. At its contacts 571,
the relay R510 opens a point in the prepared op-
erating circuit for the ring cut-off relay R520.
At its contacts 572, the relay R570 completes the
prepared circuit for transmitting ringing current

o over the negative side of the selected line 1§ to

energize the ringers bridged between this side of
the line and ground. More specifically, the cir-
- euit traversed by the ringing current extends
from the ungrounded terminal of the ringing
current generator by way of the selected code
lead, the wiper 1808, C8T1, the resistor 549, the
contacts 546, 572 and 52I C588, the contacts
651, the wiper 669, the negative talking conductor
{6a, and through the parallel connected ringers
bridged between this conductor and ground to
the grounded terminal of the ringing current
generator.
the negative side of the line {6and ground operate
when energized by the current traversing this
circuit. o
The relay R610, upon operating, closes its con-
tacts 612 to prepare a drain circuit for discharg-
ing, at the end of the ringing period, the energy
stored in the distributed capacitance of the line
. and in the ringing condensers connected in-se-
ries with the station ringers. At its contacts 613

the relay R610 cpens anocther point in the op--

erating circuit for the ring cut-off relay R520.
At its contacts 614, the relay R61{0 prepares the
operating circuit for the restricted service relay
R550. At its contacts 818’, the relay R818 com-
pletes a path including the conductors C592 and
C593 and the contacts 32§ for short-circuiting
its upper winding, thereby to render itself slow
to release. At its contacts 6i5 the relay RS18
connects the test conductor C88 to the test wiper

present time. At its contacts 611, the relay R610
prepares a path for impressing ground potent1al
upon the positive line wiper G61.

The three relays R568, R570 and Rolﬂ remain
- operated during the ringing interval.

All of the ringers bridged between:

At the end -
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of this interval the selected code lead is discon-
nected from the ungrounded terminal of the ring-
ing generator by the ringing interrupter, so that
_the relays RS60, R570 and RE10 restore in the
5 order named and in an cbvious manner. Due to
the short-circuited condition of the upper wind-
ing of the relay R618, a short interval occurs be-~
tween the release of the relay .R570 and the re-
storation of the relay R6i0. During this interval

‘10 the above-mentioned resistance drain path is

completed, this path extending from the negative
talking. conductor 16a by way of the wiper 660,
the contacts 65f, C588, the contacts 521 and §71,
C589, the contacts 612, the resistor 605 and the

15 contacts 639 to ground. The completion of this

. path permits the accumulated energy on the line
{§ to be dissipated, before the relay R610 re-
stores ‘to reprepare the operating circuit for the
ring cut-off relay R§28. Thus the energy accu-

20 mulated on the line /18 during the ringing in-

terval is not discharged through the operating
winding of the ring cut-off relay R520, and pre-
mature operation of this relay is positively pre-
cluded. It will be noted that the resistance drain

25 path just described is interrupted at the contacts

642 in response to the release of the relay R610.

The relays R580, R510 and R618 operate and
restore at the beginning and expiration of each
additional ringing period in the exact manner
just described.

The desired conversational circuit between the
calling and called substations is completed at the
peginning of the first silent or spacing interval
' following the answering of the call at the called

35 gubstation. ~In this regard it will be noted that

with the relays R570 and R610 operated, the op-
erating circuit for the ring cut-off relay B520 is
held open at the contacts 571 and 613. Accord-
ingly, this relay cannot operate until the ringing

40 period in progress is terminated. When, how-

. ever, the two relays R570 and R610 restore after
the call is answered at the called substation, the
‘operating circuit for the relay R520 is completed,

45 this circuit extending, in the case of a line of

the grounded return type, from ground by way
‘of the negative or metallic talking conductor of
the line, the wiper 660, the contacts §51, ‘C588,
the contacts 521 and 57I C589, the contacts 613,

50 CS8, the contacts 482, C98, and the upper wind-

ing of R520 to battery. In the event the called
line 16 is of the simplex type, a parallel branch
of the circuit just traced extends from ground
by way of the positive talking conductor of the

55 line, the wiper 861, the contacts 653, C588, the

_contacts 523, C§9, the contacts 483, CBH95, the
contacts 62! and 613, C85, the contacts 482,
€88 and the upper winding of R520 to battery.
When its upper winding is energized over either

6o or both of these circuifs, the relay R520 closes

its preliminary make contacts 527 to complete a
“"locking circuit for itself, this circuit extending
“from ground by way of the contacts 375, C38, the
contacts 521 and the lower winding of R520 to

65 battery. After this locking circuit is completed,

the relay R520 opens its contacts 521 and 523 to
interrupt both branches of its operating cireuit
as traced above, and to open the above-traced
ringing current transmission circuit, thus te;-

. 663, this operation being without effect at the 70 - minating the transmission of ringing current over

the called line. At its contacts 528, the relay
R520 opens a point in the above-traced path for
short-circuiting the upper winding of the back-
bridge relay R§18. At its contacts 525, the relay

715 R520 prepares a circuit for energizing the upper
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winding of the relay R840 in series with the-upper

winding of the relay-R5Td and the two sides-of g
selected called line of the loop type. At its con-
tacts 822 and 524, the relay R520 connects the
wipers 668 and 681 to the line terminals of the
repeating coil windings 402 and 404 and in S0
doing completes' a circuit for energizing the up-
per winding of the back-bridge relay R570. In
the event the called line is of the ground return

type the last-mentioned circuit Lias only one
branch, this' branch extending  from ground
through the substation equipment provided at
the called substation by way of the: negative or’

10

metallic side of the called line, the wiper 563, the -

contacts 851, C§88, the contacts 522, C82, the

repeating coil winding 402, C83 and the upper
winding of R578 to battery. In the event the
called line is of the simplex type a paraliel
branch of the circuit just ‘traced is also com-
Pleted when the ring cut-oil relay R520 operates,
this branch extending from ground through the
substation equipment at the called substation by
way of the bositive side of the called line, the
wiper 85i, the contacts 653, C588, the contacts
524, C81, the repeating coil winding 484, C94, the
contacts 622, C83 and the upper winding of R5T0
to battery.

At its contacts 528, the relay R520 completes
the operating circuit for the timing relay R6486,
this circuit being subsequently described with
reference to the conversation timing facilities
provided in the link. At its contacts 529, the
relay R528 interrupts the established locking cir-

20.

25:

30

cuit for the digit transfer relay R51 8, causing the .

latter relay to restore. Af its contacts §28’, the

35

relay R520 opens a point in the operating circuit .

for the release magnet 487. At its contacts 529’,

the relay R520 completes the prepared operating

eircuit for the release magnet 1967 of the code.
selecting and timing switch 45. This circuit
extends from ground by way of the contacts
528, C676, the contacts 649’, C90, the off-nor-
mal springs 1086 and the winding of ‘the magnet

12887 to battery. When thus energized the mag--

net' 1997 attracts its holding. pawl in the usual

manner, permitting. the. wipers 1800, {90{ and

1062 to be returned to normal. When these
wipers. are restored to normal the off-normal
springs 1836 are opened to deenergize the release
magnet 1097, and the off-normal springs 1085
are.closed, further to prepare the -operating cir-
cuit for the release magnet 407,

The digit transfer relay R§10, upon restoring,
opens its contacts 516 further to interrupt the

operating circuit for the restricted service relay -
R35580, opens its contacts 515 further to interrupt

an incomplete alternative operating circuit for

the busy test relay R930; opens its contacts 512

further to interrupt its own locking circuit, closes
its contacts 5i$’ to reprepare its own operating
circuit, closes its contacts 514 to complete the

operating circuit for the timing relay R§49; and.
opens its contacts 511 to interrupt the established -
- holding circuit for the pickup relay R585. At iis:

contacts 517, the relay R510 reprepares the oper-
ating circuit for the relay R468 and the rotary
magnet 409. At its contacts 518, the relay R510
opens another point. in the previously traced op-~

erating -circuit -for the operating magnet 1084

of the switch 45. .

40

45

55+

60-

65

70"

The back-bridge relay R%70, upon operating, :

closes its contacts 673 to prepare the operating’

circuit for-the batiery reversing relay R4206; At
its- contacts §71 and 572, the relay R510 rear-

5

. ductors 326a and 3265,

ranges- the: ringing current transmission- and-
ring cut-off’ circuits, but without effect; at -this-
time. The relay-R540, upon restoring; opens - its”
contacts 543~ further- to interrupt the above-

* traced operating circuit for the- back-bridge re~

lay-R610, and- closes its‘contacts 542-to reprepare
its' own operating cireuit. At its: contacts: 54§,
the relay R540" opens another point in its lock-
ing circuit as traced above, At its contacts 544;

‘the relay R548-completes; the prepared gperating

circuit for the battery reversing relay R420, this

circuit extending firom ground by way of. the.con- .
tacts 5713 and 544, C582. and the winding of R420™
to battery. At its contacts 545, the. relay R540.

- reprepares the path for short-circuiting, the -

windirig of the alternating current relay R560.
At its contacts 546, the relay R546 opens. another
boint, in the ringing ‘current transmission cir-
cuits traced above, At its contacts 546 and 547,
the relay R548 opens two points:in.the above--
traced path-for transmitting ringing current ov
the calling end of the connection, thus, terminat=-"
ing the ringback ‘tone signal; “At its contacts
548, the relay R540 prepares the above-men-
tioned "path. for transmitting tick-tone. signal

current over the calling end of the. connection,
The battery. reversing relay RA420, upon oper-.

ating, opens.its contacts 425 to interrupt the pre-

vipusly-traced circuit for energizing the.lihk re-

lease relay R840.and the timer. start relay R90.

in.seties: At its contacts, 427, the. relay, R420.
opens.a. point in the. locKing: circuit.for. the, link
release relay R340, causing. the. latter. relay to.
restore. if operated. At its contacts 428 the.
relay RA26 opens & point.in the previously traced
path for short-circuiting. the winding of the-line:
relay. R448. When this path. is opened: the’ relay
R44Y is_energized in. series. with the-relay- R860 .
and. reoperates.in. the.event the calling. line is of
the loop. type. = At its: contacts. 42i. to 424, i
clusive, the relay R420. reverses.the diréction .
current flow over the calling circuit-in the event.

the. calling life .is-of the loop. type. - This; cur-.

Tent. reversal is: utilized, for. supervisory: purposes..

in handling t¥unk calls of the character described.
hereinafter. If -the.calling line.is of the simplex .
or ground. return. type, the operation. of the -
contacts.42i to 424, inclusive, is. without effect,..
As indicated. above, the link-release relay R340;"
is. deenergized. and restores. in response. to - the.
operation -of. the - battery reversing: relay R420,.
This. relay, upon restoring; opens- its- contacts.
343 to interrupt the. connection between the time -
cyt-oif lead C344 and the. hold- conductor €81, ..
and-closes its: contacts. 342 to -impress groungd -
Potential directly. upon the: held conductor C8i; ..
At its contacts 341; the relay R340 opens. a: fups .
ther. point in its locking circuit. as traced -above,
- Following the relay operations. just. deseribed
the- desired - conversational circuit. between . the:
calling and called substations is-fuily: established.. -
The calling.end -of . this: circuit comprises the two
talking: conductors 9a and $b, the two. trunk con~
- the repeating: coil . wind~
Ings 431 and 483, and the condenser. 405, Assums
ing. that tie line 9 is.of the loop type, talking..
battery. is supplied to the. transmitter provided,
at the calling substation A through.the wind-.
ings of the. line relays R360 and. R440, In the’
event the line 8 is of the simplex. type, talking.
battery. may be supplied to the transmitter pro-
vided' at. the substation A'over the two sides
of the.ling in parallel or may be furnished locally -
e substation.. The called end’ of the: voice:’
current transmission’ cireuit includes the line *
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conductors 16a and 16b, the condenser. 192, the

ground return side of the line; the trunk.con-

ductors C588 and €598, C92 and .C§1, the re-
peatmg coil windings 402 and 404, and the con-
denser 406. Current for energizing the trans-
mitter provided at the called substation C may

be. supplied through the upper winding of the

back- bridge - relay RS5T0 or locally ab the sub-
sta,tlon (o} as requlred ‘

. Ringing the called. substatzons—Loop lmes -

As pointed out above, if a selected called line
is of the loop type, the transmission of ringing
current ‘over the called line to signa]l the de-
sired “substation is accomplished in a manner

slightly ‘different from that just described. In’

this regard it" will be recalled that when a line

10

15

of the loop type is selected, the called simplex -

relay is not energized. Accordmgly the operat-

ing circuit for the alternating current relay ’20

R560 is held open ' at the contacts 621 during
the ringing period. ~With the relay R620-in its

restored pos1t10n the pickup relay R540, upon .
operating, transmits ringing current directly to-
In this re-’
gard it will be recalled that if the ringer pro-.

the ‘selected side of the called line.

vided at the desired subststion is connected be-
tween the negative side of the called line and
ground, a ringing digit is dialed at the calling
substation which comprises an even number of
impulses,; so that the trunk hunting relay R480
is operated during:the ringing period. With' this
relay operated, the ringing current transmission
circuit -may be traced as extending from one

" of -the even-numbered ‘code leads by way of the
wiper 1009, C671,- the resistor 549, the contacts -

546, -C591, the contacts 623, C595, the contacts
481, °C95, the -contacts 613, C583, the contacts

511 and 521 C588, the contacts 6§51 and the wiper -

~After 40..
7 C611, the resistor 549, the contacts 548, C891, the

660 to the negatlve side of the called line.-
traversing the negative talking conductor-of the

25

30

35 -

called line;-the ringing current traverses the

windings of ‘the -ringer provided at the called -
substation-and follows the ground return path-
‘45
‘From the preceding-explanation it

to the grounded terminal of the-ringing current
generator.
wil] be recalled ‘that if the ringer provided at
the-called substation-is connected between ‘the

positive side of the- associated line and ground, -

the ringing-digit dialed -at the calling substation
will ‘necessarily comprise an odd number of im-

pulses; such- that- the operating circuit for the -

trunk hunting relay ‘R480 is -not completed
through the contact bank associated with-the
wiper 1001. --Accordingly, the relay R480 re-

mains in its restored -position.- With this relay-

deenergized the ringing current fransmission

circuit may be traced.as extending from an odd~

numbered code lead by way of the wiper 1000,
C611, the resistor 549, the contacts 546, C591,

the-contacts- 623;C585, the contacts 583 C396, -

the contacts 523 C590; the contacts 653 and the

wiper 661 :fo:the positive side of the called line. -

After traversing the positive talking conductor
of the called line, the ringing current is trans-
mitted through the windings of the ringer pro-
vided at the called substation and follows the

ground return path to the grounded termmal of’

the ringing current generator.
In the event the ringer provided at the desired

50

60,

65

substation is bridged across. the two conductors -

of the associated’ lme, the ringing current may.

traverse the loop ~ circuit “including’ the two

metallic sides of the line in either. of two direc-
tlons, dependlng upon the settmg of the trunk

5
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hunting relay R483. If this relay is operated
during the ringing period the ringing current is
transmitted to the negative talking conductor
of the called line over the circuit traced above,
and is returned to the grounded terminal of
the generator over a path including the positive
talking conductor of the called.line, the wiper
661, the contacts 6853, €590, the contacts
523, C96, the contacts 484, C98, the wupper
winding of R520 and the exchange battery.
On the other hand if the trunk hunting re-
lay R480 occupies its restored position dur- -
ing the ringing period, such that ringing cur-
rent is projected over the positive side of
the. called line, the return path extending to
the grounded termmal of the ringing current
generator extends by way of the negative talk-
ing conductor of the called line, the wiper 660,
the contacts 651, C588, the contacts 521 and 87I,
C589, the contacts 613, C95, the contacts 482
C98, the upper winding of REZO and the ex-
change battery.

It will be understood that the ringing current
projected over either side of a selectéd called
line not only traverses the windings of the ringer
provided at the called substation, but also the
windings of the ringers provided at other substa-
tions and connected in parallel therewith, = The
coded character of the signals produced through
cperation of these ringers serves to indicate the
particular substation which is being called.

“When the call is answered at the called sub-
station the upper winding of the ring cut-off relay
R520 is instantly energized over one of two paths,
depending upon the setting of the trunk hunting
relay R480. If this relay is operated the circuit
for-energizing the ring cut-off relay R520 may
be traced as extending from ground through
the ringing current generator by way of the se-
lected even-numbered code lead, the wiper 1000,

contacts 523, C595, the contacts 484, C8%, the
contacts 613, €589,  the contacts 571 and 52I,
C588; the contacts 65, the wiper 660, the nega—
tive talking conductor of the called line, the
bridge established across the talking conductors
of the called line when the call is answered, the
positive side of the called line, the wiper 661, the
contacts 653, C590, the contacts 523, C96, the
contacts 484, C28 and the upper winding of R520 -
to battery. - In the event the trunk hunting relay
RA480 occupies its restored position at the time
the call is answered, the operating circuit for the
ring cut-off relay R528 may be traced as extend-

-ing ‘from ground through the ringing current

generator by way of the selected odd-numbered
code lead, the wiper 1009, C6T1, the resistor 549,
the contacts 546, C891 the contacts 623, C595,
the contacts 483, C96, the contacts 523, C599, the

. contacts 653, the wiper 6§61, the positive talking

conductor of the called line, the bridge estab-
lished across the talking conductors of the called
line at.the called:substation, the negative talking .
conductor of the called line, the wiper 660, the
contacts ‘654, C588, the contacts 521 and 571,
C589, the contacts 613 C95, the contacts 482, C98 .
and the upper winding of R520 to battery.

When energized over elther of these circuits
the ring cut off relay R520 operates to perform
the functions described above, among which is
the completion of the operating circuit for. the
back-bridge relay RBT8. In the present ‘case
wherein the called line is of the loop type, this
operating circiiit includes the upper winding of
the back-bridge relay R610. More specifically,
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this. cireuit extends. from. ground: by . way. .of -the:
contacts: 654, the: upper winding. of R610, C593; .
the: contacts 526, C594, the contacts. 624, Cs4,
the repeating coil winding 464; C91, the contacts:
524, C590, the contacts. 653, the wiper: 661, the: 5:
positive talking conductor of the. called line, the -
bridge established between the talking con-
ductors. of the called line at.the. called substa-
tion, the negative talking conductor of the called
line, the. wiper 660, the contacts 651, C588, the 10
contacts 522, C92, the:repeating.coil winding 402,
C93 and the upper winding of ‘R5I8 to battery.
Current. for energizing the transmitter provided
at.the called substation is.supplied. over this cir-.
cuit. When'thus energized-the two relays R578- 15
and-R610 both operate. The. relay R5T0, upon
operating, causes-the operation-of the battery re-
versing relay R428, followed by the release of the
link release relay-R340:in-the exact -manner de-
scribed above. The operation of the back-bridge 20
relay RE18 is without effect. Following ‘the oper-
ation of the relays R520;: RET6, R§10, and R428, -
and the release of.the-relays R5i0, R546 and-
R346-in the manner breviously- explained, no
further operation of the link circuit apparatus - 25
occurs until- the- connection -is released at-one or -
both of the- calling and-called substations, ~ - - --

Release....

The normal release.of the- link circuit equip- 380.
ment. is under the. control of the calling sub-
scriber at the substation:A: Thus, if the con-
nection is abandoned at-the called substation C
before it is released at the calling substation, the
back-bridge relay RS70:is deenergized and re-
stores. Ii-the called line is of the loop type the
back-bridge relay R640 is.also- deenergized when
the called party restores the- receiver provided-
at the:called- substation- to -its supporting hook:
or cradle.  The release of the rela,
. outeffect. The relay R570; upon restoring, opens

its contacts 573-to interrupt the-operating circuit
for-the- battéry reversing relay R429. The-relay-
RA420, upon restoring,- reverses the direction of
current flow over the calling end of the connec- 45
tion, assuming the:calling line to be of the loop -
type, and recompletes the circuit for energizing
the upper winding of-the-link release relay R348
in-series with-the upper-winding of the timer start
relay R910: Thus, the link-release relay R340 is 00
again conditioned to ‘be controlled by the per-
manent timer-5i. - -

When the connection is released at the calling -
end thereof the line- relay R36§ is deenergized
and restores. If operated, the relay R448 is also-55-
deenergized when- the receiver provided at the -
calling - substation is restored to its supporting: .
hook or-cradle. - The release of the relay R840 is - .
without effect. - The relay R380, upon restoring,

35.

opens  its- contacts 361 -to interrupt the holding 60:

circuit- for ‘the-lockpulse relay R439, and opens

its contacts 383 to interrupt the holding circuit
for: the hold-relay R310- The relay R430, upon
restoring, opens-its- contacts 432--to interrupt
the operating circuit for-the hold-relay R370 and 67
thus cause the release of the-latter relay. The
relay R376, upon restoring; opens-its contacts 372
to.interrupt one-of the paths-over which ground
potential is impressed: upon- the release con-
ductor. 326c. At its contacts 371 the relay R370 70
opens the locking circuit for. the idle test relay
‘RE30, and the operating circuit for- the line -
switching relay R§50; causing both of these relays

to, restore. . At its contacts 375, the relay-R370--
interrupts the operating circuit for.the hold:slave:-75:

y R0 is with- *40.

“t0- normal.
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relay R236° and one of the holding: cireuits: for-
tne ring. cut-off relay: R520: :
The relay R630, upon restoring, opens: its con--
tacts. 639 to interrupt the holding- circuits for
the hold slave. relay R338 and the ring cut-off
relay RE28." Af its contacts 638, the relay RE30D:
disconnects the test wiper 663-from ground, therex
by to initiate the release of the line circuit 20 in:
the manner described hereinafter. The relay:
R330, in releasing, opens its contacts 332 and 336"
to interrupt the operating and locking circuits-for
the link release relay R34D. At.its contacts 335;
the relay R828 disconnects the release conductor
325¢ from ground. When this conductor is: dis-
connected from ground the operated ones.of tHe-
four relays R320, R418, R480. and RS20 are: de--
energized and restore. The relays-R358, upon re-
storing, also completes the brepared - operating-
circuit for the release magnet 1007, this circuit’
extending. from . ground- by way: of the contacts-

324 'and 359, C90, the -off-normal springs: 1006"

and.the winding of the magnet {887 to battery:
When' thus energized the magnet 007 attracts
its. holding: pawl, permitting - the wipers- +0060;
100§ and 1692 o be returned to normal. Dir--
ing the-release of. the switch 45; the off-normal--
springs 1606 are disengaged to deenergize the re-
lease magnet 1067, and the off-normal - springs -
1885 are moved. into engagement to-complete the
prepared operating circuit for the:release ‘mag-
net 4087, The  last-mentioned- circuit extends™
from the grounded conductor C99: by way of the-
off-normal springs 1805, 0818, the -contacts 528, -
C386, the off-normaj springs 416 -and the wind-
ing of the release magnet-407:to-battery. When
thus energized the magnet 487 attracts its holding
pawl; permitting the wipers-§60 to 863, inclusive;-
to be returned to rotary and vertical normal in-
the - usual manner. When these wipers- are-re-"
stored. to norinaj the off-normal springs 4{6-are-
disengaged to'deenergize the release magnet 407
and the off-normal springs-4i7 are moved into
engagement to reprepare: the holding cireuit for-
the line'relay R448.  In addition, the off-normal
springs 414 and 488 -are respectively moved into
engagement and the off-normal springs 415 are-
disengaged, whereby the contrel circuits for the -
calling simplex relay R&{0, the- line relay R440:
and the digit transfer relay R458, are ail restored
' Following the- operations just de-
scribed the connector portion of the link is fully -
released. :

When ground- petential is removed from the-
test-wiper 883 the cut-off andlockout relays Ri60-
and RIE3 of the line circuit 20 are deenergized °
and sequentially restore in- an obvious manner;
The substitution  of negative ‘battery potential:
as' derived through the winding of the cut-off
relay- RI60 for ground potential on the private
conductor 8¢, serves to identify the line 1§ as )
idie" in - the- bank -contacts of the connector
switches.

When: the release conductor 328c¢ is discon-
hected from ground in the manhner just described,
the finder switch i1 is released in a manner well
understood in the art, and the link llustrated is
marked as idle in the link'selecting circuits of the
distributor 22. The removal of ground potential
from the ‘release conductor -326¢ also results-in-
the deenergization and sequential release- of the:
cut-cff and -lockout relays R!20 and RI 10, rez
spectively,- When -these’ relays restore the ‘line-
cifeuit: 19 is-fully released and negative battery-
botential is impressed upon the private conductor”
Ge-of* the-line'8;-thereby-to ‘mark this-line as-idle-
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in the bank contacts of the connector switches.

In the event the connection is released at the
calling substation A prior to its release at the
called substation C, the line circuit 10, the finder
switeh {1 and the connector switch 40 are re-
stored to normal in the exact manner described
above.- It is noted, however, that in such case
the back-bridge relays R570 and R610 are de-
energized and restore to cause the release of the
battery reversing relay R420, in response .to.the
release of the line switching relay R658. It is
further noted that when the cut-off relay R160
restores in response to the removal of ground
potential from the private conductor 16c, the
windings of the line relay RIT0 are again con-
nected to the conductors of the line 16. Since
a calling condition still persists on this line, the
line relay RIT0 operates to complete the pre-
pared locking circuit for the lockout relay R150,
this circuit extending from ground by way of the
contacts 174 and 153, and the winding of Ri50
to battery. Thus the line relay RIT) and the
lockout relay RI50 are held operated until the
called subscriber restores the receiver provided
at the called substation to ifs supporting hook
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or cradle, to terminate the calling condition pres- .

ent on the line 18. With these two relays oper-
ated, ground potential is impressed upon the pri-
vate conductor I8¢ to guard the line 16 against
seizure, and the path for impressing ground po-
tential upon the distributor start lead 17 is held
open at the contacts 154. Obviously, the line
relay RIT8 and the lockout relay RI150 are de-

energized in sequence when the call is abandoned. .

at the called substation C.
The manner in which the link comprising -the

30!
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finder switch 11 and the connector switch 40 is

released, following selection of a busy called line, -

is substantially similar to the release of the link
as described above. In this regard it will be re-
called from the preceding explanation that fol-
lowmg the selection of a busy called line the re-
lays R360, R330, R320, R370, R430, R5{0, R530,

and possibly the relays R340, Rdlﬁ and R440, are .

operated in the connector switch 40 following the
selection of a busy called line. When the con-
nection is cleared out at the calling substation
the relays R360, R440 if operated, R430, R310,
R330, R348 and R320 are released in sequence and
in the exact manner described above. The relays
R330 and R370, upon restoring, disconnect the
release conductor 326c from ground, thereby to
cause the release of the finder switch 11 and the
line circuit 1§ in the manner explained above.
The relay R328, upon restoring, also completes
the operating circuit for the release magnet 1087,
whereby the cede selecting and conversation tim-
ing switch 45 and the Strowger switching mecha-

40-

50

nism of the switch 40 are sequentially restored to

normal.” The digit transfer relay R5(8 and the

busy test relay R530 are deenergized and restore

-60

when the release conductor 326¢ is disconnected

from ground. Thus the link circuit equipment
is fully restored to normal.

Conversation timing

As indicated above, the slow-to-operate timing
relay R640 functions to.time local call connec-

tions resulting from calis originating at fully re--

stricted substations. In the event the link illus-
trated is seized over a calling line serving substa-
tions of this character, and the desired called line

70"
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when the ¢all is dnsweied. This relay, in operat-
ing, opens its contacts 529 to interrupt the lock-
ing circuit for the digit transfer relay R510, caus-
ing the latter relay. to restore. At its contacts
528 the relay R520 completes the operating cir-
cuit for the timing relay R640. This circuit ex~
tends from ground by way of the winding of.
R640, C598, the contacts 528, C12 and the resistor .
845 to battery. - In operating, the relay R640 opens
its contacts 641 to interrupt one of the parallel -
branches of the circuit for energizing the control
relay R320. At its contacts 642, the relay R640 .
prepares & circuit for transmitting timed impulses .
to the operating magnet 1004 of the switch 465.
At its contacts 643 and 647’, the relay R640 fur- .
ther prepares the previously mentioned .circuit .
for transmitting tick-tone current over the con-
nection. At its contacts 644, 645, 649 and 648’,
the relay R640 opens points in the previously .
traced ground return paths utilized for ringing.
current transmission during the ringing period. .
At its contacts 646, the relay R640 also opens a
point in the previously traced operating circuit .
for the ringing control relay R560. At its con-

- tacts 647 and 648, the relay R640 prepares one of

the operating circuits for the reverting-call relay
R310. At its contacts 649’, the relay R640 opens
a point in the operating circuit for the release
magnet 1007, as traced above.

Following the operation of the relay R640 at
the start of the conversation period, the pulsing
relay R930 responds to operation of the conversa-
tion timer 53, to transmit timed ground pulses
over a path including the contacts 931, C679, the

. contacts 642 and C671, to the opera.tmg magnet

{804 of the switch 45,Vcausing this switch to oper-
ate as a time measuring device. At the expira-
tion of a predetermined time interval the wipers
of this switch are advanced to the ninth off- .
normal position, wherein the previously men- :
tioned circuit is completed for impressing tick- .
tone signal voltage upon the established connec-

tion. This circuit may partially be traced as ex- -
tending from the high potential terminal of the

- tick-tone sighal current source by way of the con-

ductor C651, the contacts 643, C686, the wiper
1002 bridging its associated ninth contacts, C683,
the contacts 641’, C615, the contacts 548 and 538,
C581, the contacts 458’, the condenser 445, the

‘contacts 467 and C92 to the negative side of the

circuit extending to the called substation. From
this point the tick-tone signal current is trans-
mitted directly through the receiver provided at
the called substation and is by induction repeated.

through the repeating coil of the connector to the

calling end of the connection, to be reproduced
by the receiver provided at the calling substation.
The reproduction of this signal current by the re-
ceivers at the calling and called substations serves
to inform the parties conversing over the estab- .
lished connection that the connection will shortly
be released.

In the event the connection is immediately
cleared out at the calling substation, the link cir- -

.cuit equipment is released in the exact manner

described above, it being noted that the timing
relay RE40 is deenergized and restores in response
to the release of the ring cut-off relay R528. On
the other hand, if the connection is held from the
calling substation for a substantial time interval
after the tick-tone signal is received, the wipers

" of the switch 45 are advanced to the tenth off-

is idle, the ring cut-off relay R520 operates in the _

manner explained above to terminate the trans-

mission of ringing current over the. called line-

75

normal position, wherein the prepared operat-
ing circuit for the reverting-call relay R310 is

completed. This circuit extends by way of the
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grounded hold conductor C8i, the contacts 648;
C684, the wiper 1002 bridging its associated tenth
contacts, C§85, the contacts 647, C85 and the
winding of R810 to battery. Upon operating, the
relay R310 opens its contacts. 811 and 312 to in-
terrupt the operating circuit for the line relays
R360 and R440. At its contacts 315, the relay
R310 opens the operating circuit for the control
relay R320. At its contacts 316, the relay R310
opens one of the paths over which ground poten-
tial is impressed upon the release conductor 326c.
At its contacts 317, the relay R3i0 locks to the
grounded hold conductor C&I and completes a
multiple locking circuit for the hold relay R379,
this circuit including the grounded conductor
C85 and the contacts 317, 355 and 883: At its
contacts 813, the relay R310 completes an operat-
ing circuit for the called simplex relay R620 in
the event the calling simplex relay R4{8 is op-
erated. The resulting operation of the . called
simplex relay R820 is without effect. at this time.
At its contacts 318, the relay R310 completes one
of the operating circuits for the idle test relay
RE30C, but the resulting operation of the latter
relay is also of no effect at this time. S

The line relay R366, upon restoring, causes the
release of the relay R430 in the manner brevious-
ly explained. When these relays restore, the link
circuit equipment. is released in the exact man-
ner explained above. The control relay R320;in
restoring, completes the previously traced operat-
ing circuit for the release magnet 1087 and opens
the locking circuits for the reverting call’ relay
R310, the idle test relay R630 and the line switch~
ing relay R858. Thus, the relays RS30, RE58 and
R356 are deenergized and release. During the
release of this equipment, the called simplex re-
lay R623 is deenergized and restores in response
to the removal of ground potentisl from the re-
Iease conductor 32§c; the timing relay RG4D is
deenergized and restores in response to the re-
lease of the ring cut-off rélay R520, and the re-
verting-call relay R310 is deenergized and re-
stores in response to the release of the timing
relay R846. During the release of the link cir=
cuit equipment, and when ground botential is
removed from the release conductor 326¢ and the
test wiper 663, the line circuits terminating the
calling and called line assume their line lock-
out settings, wherein the line and lockout relays
thereof are operated. This is accomplished in
the manner explained above with reference to
the operation of the line circuit 20 terminating
the line 6. So long as these line circuits occupy
their line lockout settings the respectively asso-
clated lines are guarded against seizure, and the
start circuits extending to the distributor 22 are
held open. These two line circuits are restored
to normal when the call is abandoned at the call-
ing and called substations, respectively.

In the event the link illustrated is seized over
a calling line serving substations arranged for
semi-restricted or non-restricted service, the op-
eration of the conversation timing equipment is
blocked so that a connection set up to a desired
called line through the link may be held for a
period of unlimited duration. Assuming that the
calling line is connected to serve substations ar-
ranged for semi-restricted service, the E. C. con-
tact of the contact set in each finder- switch to
which the conductors of the calling line extend,
Is connected to one of the line relays included in
the restricted service and time blocking relay net-
work 23. As explained hereinafter, the arrange-
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ment of this network is such that when one of the
line relays included therein is operated, ground
pulses are periodically transmitted over the E. C.
marking path associated with the -operatedline
relay under the control of one or-more of the com-
mon relays R210; R220 and R234:° The spacing
Interval between each pair of ground pulses thus
transmitted is less- than- the time interval re--
quired for the wipers of the switch 45 to be. op~
erated to their tenth off-normal positions. These
ground pulses are utilized to bloek the operation
of the timing equipment. Thus, if:the link il-
lustrated is- seized .over--a-calling line having: a
marking path of the character just described as-
sociated therewith; periodic- ground pulses -are
transmitted from the relay network 25 over the
finder- E. C. wiper and the-E. C. conductor i326¢
of the trunk $26 after a connection is fully estah-
lished through the link.' -Each time this -conduc-

20 tor is connected to ground, the timing relay R640

is short-circuited over g path- extending by way
of-the grounded-conductor 326e, the contacts 314
and 333, C73, the contacts 514 ang 528,:C598 and
the winding of R840 back to ground. ~“When thus

25 short-circuited; the relay R640 restores t0 com-

plete at-its contacts 649’ the initially traced: op-
erating circuit for the release magnet-1007.. This
magnet, in operating; permits the wipers: of. the
switch 45 to be returned to normal, at which time

80 the-off-normal springs {606 are diserigaged -to

deenergize -the release magnet: Thusa: second
timing operation-of the-switch 45 -is ‘initiated.
The timing operation of the ‘switeh 45.continues;
but in-each case the wipers-of this switch:are re=

35 stored to normal under the control of the timing

relay R846, before reaching the tenth off-normal”

position. Thus the timing equipment is rendéred

Ineffective to release thelink,: " - - - -.
-In the event the link-is seized over & calling

40 line serving substations arranged for non=restrict-

45

50

55

60

65

70

75

ed service, the timing relay R640 is short-cir-
cuited for the duration of the ¢all, thus Ppreventing
any: operation on the -part -of the cade :selecting
and conversation timing switch 45, More specifi-
cally, the line circuits’ terminating lines 6f this
type “are edch provided .with g ‘marking " path
which extends directly from ground to.the E: C.
contact of the contact set in: each findey switeH
where the conductors of ‘the associated line. are.
terminated. -~ With this wiring “arfangerent,
ground poteritial is maintained upon the E [of
conductor 326e of the trunk-326 for the dutation
of a call routed through thé link illustrated from
a line of the non-réstricted type. - 'THus, ‘the

timing relay R848 is shoft-circiiited for the du =
tion of the call and operation of the codé Select-
ing and conversation timing Switch 45 is. pre-
vented. e RSSO R B
o ' REVERTING CALL: -~ . <

. The arrangement of the connector switch 25 ig
such that in setting.up reverting-call connections
hetween substations served by the same lines the
selective signaling of called substations is accom-
plished by directory Jumber- dialing. - More par-

ticularly, if a call originating' at the substation B
Is intended for another Substation; suich; for €x-
ample; as the substation G also cconnected to’ the
line 16, the calling subscriber, aftef initiating the
call in the manner ~previously “described; dials
the directory frumber of the ~desired - substation
C.. The first two digits of this ditectory niinber
designate or identify the line16; Whilé the thirg
digit-is utilized to_seledt ringing current of the
particular-code designating the called substation:
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If the link illustrated is utilized in handling the
call, the connector switch 40 thereof responds
to the three digits of the directory number in
the exact manner described above with reference
to the call routed to the substation C from the
¢alling substation A. In this case, since the line
selected, namely the line i6, is marked as busy,
due to the operated condition of the cut-off and
lockout relays in the line circuit 20, the usual
busy tone signal is transmitted to the calling
substation B shortly following the end of the digit.
Upon receiving the busy signal, the calling sub~
seriber must hang up in order to inifiate the
ringing operation necessary to signal the called
substation. In response to this release operation
performed at the substation B, the calling circuit
is interrupted to cause the release of one.or both
of the line relays R360 and R440. The relay
R360, upon restoring, initiates the sequential re-
lease of the relays R430, R310 and R330, in the
manner pointed out above. In this case, since
the calling substation and the called substation
are.served by the same line, the test wiper 663
of the connector switch is connected to the pri-
vate conductor i6¢ of the line 16. From this
private conductor a connection extends through
the contacts 172 and 164, and the test wiper of
the .finder switch I to the release conductor
326c of the trunk 326. The hold relay R3T0,
upon restoring, completes an alternative path
for impressing ground potential upon the con-
nected private and release conductors i6¢c and
326¢, respectively. This path extends by way of
the grounded conductor C81, the contacts 316,
C88, the closed make contacts 536 of the busy
test relay R530, C583, the contacts 466 and 413
to the conductor C80. From this point the path
may follow one of two branches, depending upon
the .setting of the switch 45. If the wipers of
this switch stand in engagement with odd-num-
bered contacts in:the associated contact banks,
the path branches through the wiper.100 |.and the
bridged contacts engaged thereby to the conduc-
tor C680 which is now connected through the
test wiper 663 to the private conductor léc of
the line 16. - On the other hand, if the wipers of
the switch .45 stand in engagement with even-
numbered contacts of their associated contact
banks, the path under consideration extends from
the conductor C80 by way of the contacts 631,
C681, the wiper 1081, C680 and the test wiper
663 to the private conductor .l6c. The comple-
tion of this path serves to prevent the deenergiza~
tion and release of the relays R160, RI50, R320,
R510 and R530, and the relays R4106 and RA480,
if operated. ) )

When the hold slave relay R330 restores shortly
following the release of the hold relay R310, it
opens its contacts 332 and 336 to interrupt the
control circuits for the link release relay R840,
causing the latter relay to restore, if operated.
At its contacts 335, the relay R330 opens one of
the initially completed paths for grounding the
release of conductor 328c. At its contacts 334,
the relay R330 completes the prepared operating
circuit for the reverting-call relay R310, this cir-
cuit extending by way of the grounded release
conductor .326¢, the contacts 834 and 322, C81,
the contacts 539, C85 and the winding of R310 to
battery. The relay R310, in operating, opens its
contacts 315 to interrupt one of the branches of
the operating circuit for the relay R320. At its
contacts 314, the relay R310 opens a point in the
previously traced path for short-circuiting the
timing relay R640 and a point.in a path traced
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hereinafter for short-circuiting the lower wind-
ing of the link release relay R340. At its contacts
216, the relay R818 opens another point in one
of the paths for connecting the release conductor
326c to ground. At its contacts 311 and 312, the
relay R310 opens two additional points in the
operating circuits for the line relays R360 and
RA40. At its contacts 317, the relay R3i0 com-
pletes a locking circuit for itself, this locking cir-
cuit extending by way of the grounded hold con-
ductor C81, the contacts 323, 317 and the winding
of R340 to battery. In completing this holding
circuit, the relay R316 also completes a muitiple
path over which ground potential is impressed
upon the connected release and private conduc-
tors 328¢ and 15¢, respectively, this path extend-
ing from the grounded hold conductor C81 by
way of the contacts 828 and 317, C85, the contacts
539, C87 and the contacts 322 and 334 to the re-
lease conductor 326c. At its contacts 313, the
relay R3{0 completes an alternative circuit for
energizing the called simplex relay R629, in the
event the line 16 is of the simplex or ground
return type. . This circuit extends from the
grounded release conductor 326c by way of the
contacts 412, C68, the contacts 313, C§1 and the
lower winding of RE28 to battery. It will be
noted that this circuit is only completed if the
calling simplex relay R410 is operated to iden-
tify the line 16 as a line of the simplex or ground
return type. When energized over the circuit
just traced, the called simplex relay R820 locks
to the grounded release conductor 328¢ through
its preliminary make contacts 625 and prepares
the ringing current transmission circuits for the
transmission of ringing current over the nega-
tive side of the line {8 in the manner explained
above with reference to the call originated at the
substation A. At its contacts 318, the relay R310
completes an alternative operating circuit for the
idle test relay R630, this circuit extending by way
of the grounded hold conductor C81, the contacts
318 and 321, C70, and the upper winding of R630
to battery. The idle test relay R630, upon oper-
ating, initiates the ringing operation in the exact
manner described above; the particular code of
the ringing current and the side of the line over
which this current is projected being determined
by the setting of the switch 45 and the position
of the relay R480, in the event the line occupied
with the call is of the loop type; and the code
of the ringing current transmitted over the neg-
ative side of the line being determined by the
setting of the switch 45, in the event the line is
of the simplex or ground return type. In this
regard it will be recalled that the pickup relay
Rb40 operates to initiate the ringing operation in
signaling over lines of the loop type, whereas the
three relays R560, R578 and RE(8 cooperate to
control the transmission of ringing current over
lines of the simplex or ground return type.
When the call is answered at the called sub-
station the operating circuit for the ring cut-off
relay RE20 is completed, in the manner pre-
viously explained. - This relay, in cperating, locks
to ground over a path including its preliminary
make contacts 527, C86 and the contacts 639;
closes its contacts 528 to complete the previously
traced operating circuit for the timing relay
R640; and interrupts the locking circuit for the
digit transfer relay R510. The relay R640, upon
operating, opens its contacts €41 to interrupt the
circuit for energizing the control relay R326. The
relay R320 now restores. At its contacts 321, the
relay R320 interrupts the above-traced alterna-
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live operating circuit for the idle test relay RE30
and the operating circuit for the relay-R650. At
its contacts 823, the relay R3208 interrupts the
holding circuit for the relay R23i8 and the mul-
tiple path over which ground potential is im-
pressed upen the release conductor 326c. At its
contacts 324, the relay R320 completes the pre-
viously fraced circuit for energizing the release
magnets 1007 and 487 in sequence, whereby the
code selecting and conversation timing switch 45
and the Strowger switching mechanism are suc-
cessively released. The idle test relay R630, upon
restoring, opens its contacts 639 to interrupt the
operating and locking circuits for the relays R336
and RS20, causing both of these relays to restore,
When the wiper 1801 of the switch 45 is restored
to normal, the above-traced. path over which
‘ground potential is impressed upon the private
conductor 16c, and the release conductor 326c, is
interrupted. The removal of ground potential
from these two conductors results in the deener-
gization and release of the relays R168 and R530,
and the relays R418 and R628 if operated. In
-addition, the finder switch 11 is"caused to restore
when ground potential is reémoved from the two
indicated conductors. When the cut-off relay
RI66 restores, the line circuit 29 assumes its line
lockout setting in ‘the manner previously ex-
plained. ‘

The busy test relay R520, upon restoring, opens
its contacts 538 to deenergize the reverting-call
relay ‘RE13. -Thus the link is fully restored to
normal.

TRUNK CALL—TW0-DIGIT TRUNK SELECTION ON
_ -SwrrcHING-THROUGH LEVELS

The connector switch &8 is arranged to have
access to groups of trunks which may be selected
in response to one-digit, two-digit or three-digit
calling operations at the various substations.
The trunks which are selected in response to two
series  of impulses ‘transmitted to the cohnector
switch are usually grouped in groups of less than
ten, and the unused contact sets of the connector
switch.. contact levels -terminating such trunks
may be utilized for -subscriber line termination.
For the purpose of providing automatic selec-
tion of idle trunks in these groups, each trunk of
each group is terminated in the contuct field of
the connector switching mechanism in-a set of
contacts comprising the usuai private contact
and an extra control contact. These private and
extra. control contacts of each contact set, except
that terminating the last trunk of the group, are
arranged to be connected togsther in the repeat-
ers terminating the respective associated trunks
when the trunks are seized.

In order to select an. idle trunk of g desired
group arranged for two-digit selection, a-calling
subscriber, such, for. example, as- a subscriber at
the substation A, dials a first digit which desig-
nates the level of contacts at which the trunks
of the desired group are terminated, and a sec-
ond digit which designates the first trunk of the
group. The manner in which the control appa-
ratus of the connector switch 48 responds to
these two digits is exactly the same as described
previously with reference to the local call origi~
nating at the substation A.

.. During the vertical movement of the wipers
660 to 663, inclusive, to a position opposite a level
of contacts terminating the desired group of
trunks, the normal post springs-4{9 are operated
into engagement to complete g circuit for ener-
-gizing the upper winding .of .R358, :ahd the nor-
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mal post springs 617 are moved into engagement
to compléete an obvious circuit for energizing the
lower winding of the back-bridge relay "R610.
The circuit for energizing the switch-through re-
lay R350 extends by way of the grounded release
conductor 326c, the contacts 53, the normal post
springs 418, CT9 and the upper winding of R35%
to battery. When thus energized the relay R350,
which is of the two-step type, operates 'to close
its preliminary make contacts 356 and 358 only.
At these contacts a path is completed for short-
circuiting the lower winding of the relay:R350,
this path extending from the grounded release
conductor 328¢ by way of the contacts 483, the
normal post springs 49, C18, the lower winding
of R350, the contacts 356 and 358, C84 and the
contacts 538 back to the grounded release con-
ductor 326c. The relay RE!8, upon operating,
closes its contacts 615 to prepare a trunk test
circuit which extends from the test wiper -663
through the upper winding of the busy test relay
R530. At its contacts 614, the relay RE10 pre-
bares a circuit for energizing the restricted serv-
ice relay R550. The remaining circuit control-
ling operations performed by the back-bridge re-
lay R610 are without effect at this time.

At the end of the second digit, the wipers 660
to 663, inclusive, are positioned. in engagement
with the contacts terminating the first trunk of
the group. Shortly following the end of this
digit, the relay R418 restores and closes its con-
tacts 471’ to prepare an alternative circuit for en-
ergizing the relay R468. At its contacts 473,.the
relay R470 completes the above-mentioned trunk
test circuit. If the first trunk of the selected
group is busy, ground potential is present upon
the private contact thereof. Ground potential
is also present upon the extra control contact
thereof, due to the established connection be-
tween the private and extra control contacts in-
dividual to this trunk. With the private wiper
663 connected to ground, the trunk test circuit
may be traced as extending from thig wiber by
way of the contacts 6i5, C80, the contacts 473
and 464, C584 and the upper winding of R522 to
battery. When thus energized the relay ‘R530
operates to complete a test circuit over which the
‘trunk hunting relay R488 is energized, this test
circuit extending by way of the grounded E. C.
wiper 662, the contacts $88, C572, the contacts
534, C491, the contacts 487 and 482, the lower
winding of R480 and the contacts 274 to battery.
At its contacts 538, the relay R530 cpens the
above-traced path short-circuiting the  lower
winding of the switch-through relay R350. 'In
operating, the relay R486 first closes its prelimi-
nary make contacts 4288 to complete a locking
circuit for itself which extends by way -of ‘the
grounded release conductor 326c, the coniacts
463, 483 and 462, the lower winding of R480 and

‘the contacts 474 to battery. - At its contacts 486,

the relay R488 completes the prepared circuit for
energizing the pulse-controlled relay R488, in
parallel with the rotary magnet 489, this circuit
extending by way of the grounded hold conduc-
tor C81, the contacts 37!, CTi , the contacts 623,
C492 and the contacts 456 to the contacts £86
where it divides, one branch extending through
the winding of the rotary magnet 488 to battery,
and the other branch extending through the con-
tacts 471’ and the winding of R489 to battery.
The current flow over this circuit serves to pre-
vent the release of the slow-to-release pulse-con-
trolied relay R488. When energized gver the cir-
cuit just traced, the:magnet 409 rotates:the wip-
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ers 660 to 663, inclusive, into engagement with
the contacts terminating the conductors of the
second trunk in the selected group, and opens its
contacts 414 to interrupt the above-traced cir-
cuit for energizing the lower winding of the re-
lay R488. The relay R480, upon restoring, opens
its contacts 488 further to interrupt its locking
circuit, reprepares its operating circuit at its
contacts 487, and opens its contacts 488 to inter-
rupt the above-traced circuit for energizing - the
relay R46@ and rotary magnet 469 In parallel.
Tn the event the second trunk is also busy, and is
not the last trunk of the group, ground potential
is maintained upon the E. C. and private wipers
662 and 663, respectively, so that the rotary mag-
_net 409, upon restoring, recompletes the above~
traced circuit for energizing the trunk hunting
relay R&80. This relay, upon operating again,
completes the circuit for energizing the relay
R460 in parallel with the rotary magnet 409,
whereby the wipers 660 to 663 are rotated an-
other step to engage the contacts terminating the
conductors of the third trunk in the selected
group.

The interreiated operation of the trunk hunting
relay R486 and the rotary magnet 409 continues
until an idle trunk is found, or until all of the
trunks of the selected group have been tested and
found to be busy. In this regard it will be recalled
from the preceding explanation that the private
and E. C. contacts of the contact set terminating
the last trunk of the group, are not connected
together. More specifically, the E. C. contact of
this contact set is either left unwired or is con-
nected to the negative terminal of the exchange
battery through a resistance, depending upon the
restricted or non-restricted character of the
trunk. With either arrangement, the circuit for
energizing the trunk hunting relay R480 is held
open when the last trunk of the group is selected.
Accordingly, the relay R480 does not recperate
to recomplete the circuit for energizing the relay
RAE60 in parailel with the rotary magnet 409.
Thus, the stepping operation of the wipers 660
to 663, inclusive, is terminated. Shortly follow-
ing the selection of the last trunk of the group,
the relay R480 restores. Ab its contacts 463, the
relay R480 interrupts the above-traced circuit
for energizing the upper winding of the switch-
sthrough relay R358, causing the latter relay. to
restore. At its contacts 485, the relay RE60§ com~
pletes the previously traced locking circuit for
the busy test relay R533. t its contacts 461,
the relay RA88 completes the previously traced
circuit for transmitting busy tone current over
the calling end of the connection. The reproduc-
tion of this current by the receiver provided at
the calling substation serves to inform the calling
party that the desired connection cannot be ob-
tained. The manner in which the connection is
released when the call is abandoned at the calling
substation is exactly the same as described pre-
yiously. L

Idle trunks of the selected group are identified
by the presence of negative battery potential
upon the private conductors thereof and the ab-
sence of ground potential from the E. C. conduc-
tors thereof. When the test wiper 663 is dis-
connected from ground in response to the selec-
tion of an idie trunk, the busy test relay R530
is deenergized and restores. In releasing this
relay opens its contacts 534 further to interrupt
the above-traced circuit for energizing the trunk
hunting relay R489, and closes its contacts 538
to recomplete the above-traced path for short-
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circuiting the lower winding of the switch-
through relay R350. At its contacts 533, the relay
RE530 prepares or completes the operating circuif
for the restricted service relay RE650, depending
upon the character of the trunk selected. At its
contacts 5377, the relay R530 opens a point in
the previously traced circuit for transmitting busy
tone current over the calling end of the connec-
tion. ‘At its contacts 531, the relay R530 opens
a point in its locking circuit as traced above.
Shortly following the release of the busy test
relay R530, the pulse-controlled relay RA460 re-
stores. At its contacts 463, the relay R460 opens
the above-traced path short-circuiting the lower
winding of the switch-through relay R350, per-
mitting the two windings of this relay to be ener-
gized in series over a circuit which extends by
way of the grounded release conductor 328c, the
contacts 538, C84, the contacts 358 and 356 and
the two windings of R350 to battery. The switch-
through relay R350 now completes its operation.
At its contacts 357, the relay R350 completes a
path- for impressing ground potential upon the
test wiper 663 and, incident thereto, the test
conductor of the selected trunk, thereby to mark
this trunk against seizure. This path extends
by way of the grounded release conductor 326c,
the contacts 538, C84, the contacts 358 and 3517,
C80 and the contacts 615 to the wiper 663. At
its contacts 359, the relay R350 opens a point
in the incomplete circuits for energizing the re-
lease magnets 1007 and 407. At its contacts 351
to 354, inclusive, the relay R350 switches the
calling eircuit through to the repeater associated
with the selected trunk. Incident to this line
switching operation, the relay R350 opens its
contacts 352 and 354 to interrupt the previously
traced eircuits for energizing the line relays R369
and R840, At its contacts 355, the relay R350
interrupts the previously traced locking circuit
for the hold relay R3710 and a point in the previ-
ously traced pulsing circuits over which current
pulses are transmitted to the magnets 408, 409
and 1004, and the relays R460 and R4T0.
Shortly following the operation of the switch-
through relay R350, the line relay R360 restores.
In releasing, this relay opens its contacts 361 to
interrupt the locking circuit for the lock-pulse
relay R430, whereby the relays R430, R310 and
R330 are released in sequence. The relay R3170,
upon restoring, closes its contacts 376 to prepare
or complete the previously mentioned path for
impressing ground potential upon the positive
line wiper 661, depending upon the position of
the calling simplex relay R410, as determined by
the character of the calling line. If the calling
simplex relay R410 is operated, the path just
mentioned is completed, this path extending by
way of the grounded holding conductor C81, the
contacts 376 and 331, C69, the contacts 411’, C60’,
the contacts 531’, C61’ and the contacts 611 to
the positive line wiper 661. It will be noted that
this path is held open at the contacts 411’ in the
event the calling simplex relay R410 occupies its

.restored position, indicating that a loop line is

calling. This path, if completed, is interrupted
at the contacts 331 in response to the release of
the hold slave relay R330. Thus it will be under-
stood that the two relays R370 and R330 cooper-
ate to transmit a ground pulse over the positive
talking conductor of the selected trunk for the
purpose of informing the repeater associated with
this trunk as to the character of the calling line.
:I‘he two hold relays R310 and R330, upon restor-
ing, also disconnect the release conductor 826c
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from. ground in the connector switch 40. Prior
to-the release of these relays, however, the. con-
trol equipment of the repeater associated with
the seized trunk functions to connect the test
wiper 663 to ground. This wiper is now con-
nected over a path including the contacts 615,
C80, the contacts 357 and 358, C84, and the con-
tacts 538 to the release conductor 326c. Thus,
the relays R320, R350, R510 and R610, and the
relays R410 and R550, if operated, are prevented
from releasing. These relays are held operated
until the connection is released. It will be noted
that with the switch-through relay R350 oper-
ated, an uninterrupted metallic cireuit is estab-
lished through the connector switch 48, over
which. dial pulses and supervisory pulses may be
transmitted to the repeater associated with the
seized trunk. The manner in which the connector
switch 49 and the finder switch {1 are released
under the control of the calling party is described
with particularity hereinafter.

TRUNK CALL—ONE-DIGIT TRUNK SELECTION oOF
SWITCHING-THROUGH LEVELS

In order to provide for one-digit automatic
trunk selection on switching-through levels, the
normal post springs 419, 61T and 468’ are ar-
ranged to operate in response to the elevation
of the Wwipers 660 to 663, inclusive, to a position
opposite a level of bank contacts terminating the
trunk groups arranged for this type of selection.
Preferably, the trunks arranged for one-digit
selection are terminated in the uppbermost levels
of the connector contact bank, whereby the nor-
mal post springs 468’ are only moved off normal
‘when g trunk in one of these groups is to be se-
lected.

With this arrangement, if a call originating at
the substation A, for example, is routed by way
of the finder switch 11 to the connector switch
40, and the calling subscriber dials a single digit,
designating one of the groups of trunks arranged
for one-digit selection, the enumerated normal
‘post springs are respectively moved into engage~

ment immediately the wipers of the connector

switch are elevated to the position opposite the
‘contact level in which the desired group of trunks
are terminated. When the normal post springs
419 and 617 are moved to their closed circuit posi-
tion, the relay R610 is energized and operates to
perform the functions described above, and the
-cireuit for energizing the upper winding of the
switch-through relay R359 is prepared. At the
hormal post springs 468’ an alternative operat-

ing circuit for the relay RA80 is completed, this .

circuit extending by way of the grounded hold
‘conductor C81, the contacts 271 , CT{, the con-
tacts 633, C4292, the contacts 457, the normal pest
springs 468’, the lower winding of RA8D and the
contacts: 474 to battery. * When thus energized
the relay R489 closes its preliminary make con-
tacts 488 to prepare one of its locking ecircuits,
and closes its contacts 485 to complete another of
Its locking circuits, the latter circuit extending
by way of the ground release conductor 326¢, the
contacts 315 and 641 in parallel, C14, the contacts
‘485, the normal post, springs 483’, the lower wind-
ing 'of R480 and the contacts 474 to battery. At
its'contacts 486, the relay R488 prepares a circuit
for energizing the rotary magnet 409 in parallel
‘with the pulse-controlled relays R480 and RAT0,

Shortly after the end of the single digit diaied
at the calling substation A, the relay R470 re-
stores. - At its contacts 472, the relay R410 opens
.-the locking circuit for the digit transfer relay
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‘R486, causing this relay to restore.
‘ing, the relay R480 opens -its contacts 488 to
deenergize the relays R460 and R470 and the

21
R450. The relay R450. now restores and. closes
its-contacts 456 to complete the prepared operat-
ing circuit for the relays R460 and R4710 and the
rotary magnet 409. 'This circuit extends by way
of the grounded hold conductor C81, the contacts
371, CT1, the contacts 633, C492 and the contacts
456 to the contacts 486, where it divides, one
branch extending through the winding of the
rotary magnet 489 to battery, a second branch
extending through the contacts 471’ and the
winding of R480 to battery, and the third branch
extending by way of C493, the contacts 511, 532
and 5§31, C99, the contacts 452 and the winding
of RAT0 to battery. At its contacts 457, the relay
RA450 opens the operating circuit for the relay
RA480. The relay R419, upon operating, closes
its contacts 472 to complete the previously traced
locking circuit for the relay R460, and opens its
contacts 471’ to interrupt the operating circuit
for the relay R460. At its contacts 473, the relay
R470 opens & point in the operating circuit for
the busy test relay R530. The relay R460, in
operating, closes its contacts 461 to short-circuit
the digit transfer relay R5I8, closes its contacts
462 and 463 to complete ah obvious multiple hold-
ing circuit for the relay R488, opens its contacts
485 further to interrupt the incomplete holding
circuit for the busy test relay R530, and closes
its contacts 464 to prepare the operating circuit
for the busy test relay R530. At its contacts
467, the relay R460 opens a point in the previous-
Iy traced circuit for transmitting busy tone cur-
rent over the calling end of the connection. At
its contacts 462, the relay R460 also prepares the
previously traced trunk test circuit, including the
E. C. wiper 662 and the lower winding of the trunk
hunting relay R480. At its contacts 463, the

relay RA60 also completes the previously traced

circuit for energizing the upper winding of the

-switch-through relay R350, whereby the latter

relay partially operates to close its preliminary
make -contacts 356 and 858. At these contacts

‘the previously traced path is completed for short-

circuiting the lower winding of the relay R359.
The rotary magnet 409, upon operating, functions
to rotate the wipers 660 .to 663, inclusive, into
engagement with the contacts of the first con-

-tact set of the selected level, whereby the first

trunk of the group is selected. At its contacts
474, the magnet 409 interrupts the locking and
operating circuits for the trunk hunting relay
Upon restor-

rotary magnet 499, - At its contacts 485 and 488,
the relay R480 further interrupts its two locking
circuits. -Shortly following the release of the re~
lay RA480, the pulse-controlled relay R470 restores..

At its contacts -47{’, the relay R4T0 reprepares

the operating circuit for the relay R460. At its
contacts- 472, the relay R470.interrupts the lock-
ing circuit for-the relay R468 and the path short-
circuiting $he winding. of the digit transfer relay

‘RE18. ‘The relay R5!0 is now energized in series

with the relay R460.  In operating, . the relay
R518 locks up in a circuit including the grounded
Telease conductor 326¢c, the contacts 529 and 512
angd the resistor 518, After this locking circuit
is. completed, the relay RE510 opens its contacts
§48’ to deenergize the relay R460. At its con~
tacts 547, the relay R510 opens another point in
tl’ze-l ;-bove-traced circuit for energizing the relay
RA4T8.

“"The relay R4170, in restoring, also closes its con-
tacts-473 to complete the above-traced trunk test
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circuit including the upper winding of the busy
‘test relay R530. In the event the first trunk of
the selected group is pusy. the busy test relay
R530 operates to initiate the trunk hunting op-
-eration of the connector switch in the manner
‘previously explained. This frunk hunting opera-
‘tion continues until an idle trunk in the selected
group is found, or until all of the trunks in the
‘group have been tested and found to be busy.
‘If all of the trunks are busy, the busy signal is
returned to the calling subscriber. On the other
hand if an idle trunk of the selected group is
found, the switch-through relay R350 operates
to extend the calling circuit to the repeater as-
sociated with the idle trunk and the trunk is
marked against seizure by the other connector
switches. All of these operations are accom-
plished in the exact manner described above with
reference to two-digit trunk selection.

The release of a connection routed through
the link comprising the finder switch {l and the
connector switch 40 fo an inter-office trunk is
under the control of the calling party. Thus
when the calling party disconnects, the control
equipment of the repeater associated with the
inter-office trunk in use functions in the manner
subsequently explained to disconnect the test
wiper 663, and incident thereto the release con-
ductor 326¢ from ground. When ground poten-
tial is removed from -this conductor, the finder
‘switch (1 and the line circuit 10 are restored to
‘normal in the manner previously described. - The
removal of ground potential from the ground con-~
ductor 326¢ also results in the deenergization and
release of the relays R320, R350 and R510, and
the relay R410 if operated. The relay R350, upon
restoring, closes its contacts 359 to complete the
operating circuit for the release magnet 467,
whereby the Strowger switching mechanism is
restored to normal. During the release of this
mechanism, the normal post springs 419, 468’ and
617 are respectively disengaged; the vertical ofi-
normal springs 414, 417 and 468 are respectively
moved into engagement; and the off-normal
springs 415 and 416 are moved out of engagement.
At the normal post springs 617, the circuit for
energizing the relay R610 is interrupted. Fol-
lowing the release of this relay, the link circuit
equipment is fully restored to normal.

TRUNK CALL—THREE-DIGIT TRUNK SELECTION

The trunks in the group or groups which are
‘selected in response to three series of impulses
transmitted to the connector switch 40 may com-

prise, for example, ring-down trunks extending ¢

o one or more manual exchanges. For the pur-
‘pose of providing automatic selection of idle
trunks of these groups, each trunk of each group
is terminated in the contact field of the con-
‘nector switching mechanism at a set of contacts
comprising the usual private ‘contact and an ex-
‘tra control or E. C. contact, and these private
and extra control contacts of each contact set,
except that terminating the last trunk of the
'group, are strapped together.

In order to -select an idle trunk of a desired
‘group arranged for three-digit selection, & call-
ing subscriber, such, for example, as a subscriber
at the substation A, dials a first digit which
‘desighates the level of contacts at which the
trunks of the desired group are terminated, a
second digit which designates the first trunk of
the group, and a ringing digit. The manner in
which the control apparatus of the connector

‘switoh responds to these three digits is exactly
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the same as described previously with reference
to the local call originating at the substation
A. A} the end of the second digit the wipers
660 to 663, inclusive, are positioned in engage-
ment with the contacts terminating the first
trunk of the group. If this trunk is busy at the
time it is thus selected, ground potential is pres-
ent upon the private contact thereof, and, due
to the strapping between this contact and the
extra conftrol contact, is also present upon the
extra control wiper 652. .

The third or ringing digit is utilized in the
manner pointed out above to step the wipers of
the minor switch 45 to one of its off-normal
positions. Shortly following the end of the third
digit, the relay R410 restores to open the holding
circuit for the relay R480 and to complete at
its contacts 273 the previously traced operating
circuit for the busy test relay R530. Assuming
that the first trunk of the selected group is busy,
the relay R530 now operates to prepare the pre-
viously traced circuit for transmitting busy tone
current over the calling end of the connection
and to prepare its locking circuit. At its con-
tacts 534, the relay R530 completes a circuit
for energizing the trunk hunting relay R480, this
circuit .extending by way of the grounded E. C.
wiper 662, the contacts 6566, C812, the contacts
534, C497, the contacts 487 and 462, the lower
winding of R480 and the contacts 474 to bat-
tery. Obviously this circuit and the operating
circuit for the busy test relay R530 are not ener-
gized if the first trunk of the selected group: is
idle, such that negative battery potential is im-
pressed upon the private and extra control wipers
863 and 662, respectively. When energized over
the test- circuit traced above, the relay R480
operates and locks to the grounded release con-
ductor 326¢, in the manner previously explained.
At its contacts 486, the relay -R480 completes
g, circuit for.energizing the pulse-controlled re-
lay RA460 and the rotary magnet 409 in parallel,
this circuit- extending by way of the grounded
conductor C81; the contacts 871, CT1, the con-
tacts 638, C492, and the contacts 45§ to the con-
tacts 486, where it divides, one branch extending
through the winding of the magnet 409 to bat-
tery and the second branch extending by way
of the contacts 471’ and the winding of RA80
to battery. When thus energized the rotary mag-
net 499 operates to step the wipers 660 to 663,
inclusive, one step in the rotary direction, thereby
to select the second trunk of the selected group.
At its contacts 474 the magnet 409 interrupts
the above-traced operating and holding circuits
for the relay R480. The relay R480 now restores
to open its holding circuit and the circuit for
energizing the relay R460 and the magnet 409
in parallel. The magnet 409, in releasing, re-
completes the test circuit which extends through
the lower winding of the trunk hunting relay
R480. Assuming that the second trunk of the
selected group is also busy, ground potential is
held on the private and extra control wipers
863 and 652, respectively, so that the energiza-
tion of the relay R530 is maintained and. the
relay R480 is again energized. The relay RA80,
in reoperating, performs the functions described
above. The interrelated operation of this relay
and the rotary magnet 408 continues until an
idle trunk of the selected group is found, or
until all of the trunks of the selected group have
been tested and found to be in a busy condi-
tion. During this trunk hunting operation, the
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relay R469, due to-its slow-to-release character-
istic, remains operated. . .

Assuming that an. idle trunk in. the selected
Sroup is available, the. wipers 660 to 663, inclu-
sive, are operated step by step until the contacts
terminating the idle trunk are engaged thereby.
As indicated above, an.idle trunk of this type is
identified by the presence. of negative battery
potential upon the private and extra conirol con-
tacts in the contact set at which it is termindted.
Accordingly, when an idle trunk is selected, the
lower winding of the relay R486 is short-circuited
and does not reoperate. Due to the presence of
battery potential upon the private wiper 663, the
upper winding. of the busy test relay B530 is also
deenergized when the idle trunk of the selected
group is found. Accordingly, the relay R530
immediately restores to reprepars the operating
eircuit for the idle test relay R630. Shortly fol-
lowing the release of the relay R530, the relay
RA480 also restores to ‘complete’ the previotisly
traced operating &ircuit for the idle test relay
R53). From this point on. the manner in which
ringing current of the selected code is transmit-
ted over the selected. idle trunk, to signal the
operator attending the switchboard at which the
distant end of this trunk is terminated, is ex-
actly the same as described previously with ref-
erence to the local call originating at the sub-
station A. Moreover, the operation of the con-
nector switch 40 incident to the. answering of the
cail af the called end of the connection, and in-
cident to the release of the connection at the
calling substation, are the same as described
dbeve with reference to the setting - up and ve-
ledsing of a local call connection.

It- will be understood from the foregoing ex-

planation that if the first' trunk of the selected
group is-idle, the rélays R480 and R53¢ are not
caused to operate. In such case the relay R460
is deenergized and restores to’ complete the oper-
ating circuit for the idle test relay R639 shortly
following the end of the third digit. The relay
R630, in operating, initiates the ringing opera-
tion, in the manner previously explained,

If all of the trunks of the selected group are
busy, the wipers 660 to 663, inclusive, are, through
the interrelated operation. of the relay RA8T and
the rotary magnet 409, operated into engagement

with the contacts of the contact set terminating

the last trunk in the group. In this coritact set
the extra control contact is not wired.  Hencde,
the extra control wiper 662 is openi-circuited
when the last trunk of the. group is selected. ~Ac-
cordingly, the relay R480 rémains in its restored
position and the trunk hunting éperation of the
connector switch is arrested. Since ground po-
tential is, under the conditions stated, present. on
the private wiper 668, the busy test relay R530 is
not deenergized and remains.in its operated posi-
Hon.. Shortly following the selection of the last
trurnk, the relay R480 restores to complete the
previgusly traced holding circuit for the busy test
relay RB30 and to complete: the previously traced
circuit for transmitting busy tone current over
the calling end of the connection. to signal the
calling subscriber that the desired connection
cannot be obtained. It will be noted that at this
time the condition of the connector switch is
exactly the same as previously describsd with
reference to the selection of a busy subscriber
line. Accordingly, the manner in which this con-
nector switch, the preceding finder switch tt, and
the line circuit terminating the calling line are
released, when the call is abandoned at the call-
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i'xi'g"Substation; will'be clearly apparent firom the
previous explangation: - :

RESTRICTIVE SERVICE

As pointed out. previously, provisions are made
in _the system for providing restricted service,
which excludes free central office trunk calls, to
certain subscribers of the system who pay a low
flat fee for service, and for providing unrestricted
central office trunk service to other subscribers
who pay a high flat fee for the service rendered.
To this end, the restricted service relay R550 is
controlled over the marking paths individual to
the trunks to determine whether or not a selected
trunk is ‘restricted, and the busy test relay R530
is controlled: by the restricted service relay R550
and over the marking paths individual to the
subscriber lines serving the substations arranged
for restricted service, In this regard it will be
recalled from the preceding explanation that
when the- digit transfer relay R5(% operates, in-
cident to the dialing of the second digit-of a
directory number or incident to an automatic
cut-in operation on the part of the connector
switch, it closes its contacts 515 to connect the
lower winding of the busy test relay R533% for
energization over a circuit including the E. C.
wiver of the finder switch if. Tt will also be
recalled that the back-bridge relay RG1¥ is ener-
gized and operates incident to the operation of
the connector switch wipers to a position opposite
a level of hank contacts terminating. a group of
trunks arranged for one digit selection. This
relay, in operating, closes its contacts 6{4 to pre-
bare a trunk test circuit which extends through

- the lower winding of the restricted service relay
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5 Mains in its” restored position.

R550. With the circuits in this condition, i. e.
with the relays. R510 and R$!8 operated, if a
trunk hunting operation on the part of the con-
nector switch 40 is injtiated, the test circuit
through the lower winding of the restricted serv-
ice relay R550 is held open at the contacts 533
until an idle trunk in the selected group is found.
When an idle trunk is located, the busy test relay
R538 restores and closes its contacts 538 to short-
cireuit the lower winding of the switch-through
relay R250, in the manner previously explained.
At its contacts 533, the relay R530 completes the
trunk test circuit extending through the lower
winding of the restricted service relay RE59, ' If
the selected trunk is non-restricted, the E, C.
contact of the contact set terminating the con-
ductors thereof will be open-circuited, with the
result that the restricted service relay R550 re- -
In this case,
therefore, regardless of the restricted or non-
restricted character of the calling line, the con-
nector switch 48 operates to set Uup a counnection
between the calling line and the repeater asso-
ciated with. the' selected trunk. On the other
hand, if the selected trunk- is of the restricted
type, the E. C. contact individual-thereto in the
contact field of the connector-switch 48 is marked
with negative battery potential through a resist.
ance of approximately 500 ohms. Accordingly,
the lower winding of the relay R559 is energized
over the test civcuit. This circuit may be traced
as extending from ground by way of the contacts
614, C587, the contacts 551, the lower winding of
RE58, the contacts 516 and 838, C812, the contacts
838, the E. C. wiper 62 and the marking resistor
individual to the selected trunk to battery. When
thus energized the relay R550 first locks to ground
over a path including its preliminary make con-
tacts 553 and the release conductor 326c. After
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this locking circuit is completed, the relay R550
opens its contacts 551 to interrupt the test circuit
extending through its lower winding and the E. C.
wiper 662. At its contacts 532, the relay R550
prepares or completes the test circuit extending
through the lower winding of the busy test relay
R530 and including the marking path individual
to the calling line. Assuming that the line i6,
for example, is occupied with the call, this test
cireuit may be traced as extending from ground
by way of the contacts 614, C581, the contacts
552, the lower winding of R530, the contacts 515,
C18, the contacts 333 and 314, the conductor
326e, the E. C. wiper of the finder switch {1, the
conductor 16e, and the winding of R248 to bat-
tery. Obviously, this test cireuit is not com-
pleted in the absence of negative bhattery potential
upon the test wiper of the finder switch, indi-
cating that the calling line is non-restricted and,
hence, is entitled to free central ofiice trunk serv-
ice. When the test circuit just traced is com-
pleted, the busy test relay R530 reoperates. At
its contacts 538, the relay R530 opens 2 point in
the previously fraced circuit for energizing the
two windings of the switch-through relay R350
in series, thereby to prevent this relay from oper-
ating in response to the subsequent release of the
relay RA60. Thus the connection is prevented
from being extended to the selected frunk. Af
its contacts 537/, the relay RE30 reprepares the
previously traced circuit for transmitting busy
tone current over the calling end of the connec-
tion, this circuit being completed in response to
the subsequent release of the relay R483. The
relay RA466, upon restoring, shortly following the
reoperation of the busy test relay R5838, also func-
tions to complete the above-traced locking cir-
cuit for the latter relay. Thus, following the
release of the relay R460, the link circuit is in
substantially the condition which prevails when
a call is routed through the link to a busy sub-
scriber line. The busy signal transmitted to the
calling substation serves to inform the calling
subscriber that the desired connection cannot be
obtained. The manner in which the connection
is released when the calling subscriber discon-
nects is exactly the same as set forth above, it
being noted that the restricted service relay R550
is released in response to the removal of ground
potential from the release conductor 326c.

RELEASE ON PERMANENTS
As indicated previously, provisions are made in

the connector switch 48 for forcibly releasing

this switch and the preceding finder switch fi,
in the event the link is seized over a line having
a permanent calling condition thereon, or over
a line having a call initiated thereon, and the
calling subscriber fails to complete dialing; fails
to receive an answer from the called substation
and to abandon the call; fails to release the con-
nection after the called subscriber has discon-
nected; fails to abandon the connection after re-
ceiving a busy tone signal; and in the case of a
reverting call, fails to receive an answer within
a specified period, or to release the connection
by establishing an answering circuit over the line
involved. The arrangement for this purpose in-
cludes the permanent timer 5f, which is common
to the selected links, and the link release relay
R340. More specifically, the timer 5 is arranged
to be started in operation in response to the ap-
plication of ground potential to the timer start
lead 55. This apparatus functions periodically to
impress ground pulses upon the time-pulse lead
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54, and normally maintains ground potential
upon the time cut-off lead C344. A predeter-
mined time interval after each ground pulse is
applied to the time-pulse lead 55, the timer func-
tions in a well-known manner to disconnect the
time cut-off lead C344 from ground for a prede-
termined period, which is in excess of that re-
quired for any operated connector switch fully
to release.

In considering the operation of the permanent
timer 51 forcibly to release the link illustrated,
it will be recalled from the preceding explana-
tion that when the finder switch {1 and the con-
nector switch 40 are seized over a calling line,
the hold slave relay R330 operates and closes its
contacts 332 to energize the upper winding of
the link release relay R340 in series with the high
resistance upper winding of the timer start re-
lay R9i6. Due to the relatively high resistance
of the latter winding, the relay R340 does not
operate when its upper winding is energized in
this circuit. The relay R810, however, operates
and closes its contacts 912 to impress ground po-
tential upon the start lead 55 and thus initiate
the operation of the permanent timer 5. If the
desired connection is fully established between
the calling substation and the called substation
befare a ground pulse is transmitted through the
contacts 811 and the low resistance lower wind-
ing of the relay R819 to the time-pulse lead C496,
the battery reversing relay R420 is energized and
operates to open the operating and holding cir-
cuits for the link-release relay R340. Accord-
ingly, the link release relay is rendered ineffective
forecibly to release the connection. Moreover, if
the connector switch 40 is seized over a calling
line, such, for example, as the line 9, which is
arranged for unrestricted service, the link re-
lease relay R348 is rendered ineffective forcibly
to release the operated switch train. In this
case, the permanent timer 51, upon operating
to impress ground potential upon the time pulse
lead C496, completes a low resistance circuit in-
cluding the contacts 425, C89 and the contacts
332 for energizing the upper winding of the link
release relay R340. 'This relay, in operating,
completes a path for short-circuiting its lower
winding, which path extends from ground by way
of the contacts 336, C18, the contacts 427, C11,
the contacts 341, the lower winding of R340, C12,
the contacts 514, C13, the contacts 333 and 314,
the conductor 326e and the E. C. wiper of the
finder switch [l to the grounded E. C. contact
engaged by this wiper. In this regard it will be
recalled from the above explanation that the .
finder E. C. contacts which are individual to lines
of the non-restricted type are connected directly
to ground. At its contacts 342 and 343, the relay
R340 provides a substitute holding ground on the
hold conductor C81, which substitute ground is
derived from the grounded time cut-off lead C344.
When, however, the ground pulse impressed on
the time pulse lead CA496 is terminated, the link
release relay R340 is deenergized and restores
due to the short-circuited condition of its lower
winding. Accordingly, ground as derived through
the break contacts 342 is again connected to the
hold conductor C8f in lieu of the ground connec-
tion to the time cut-off lead C344. Thus, when
the connector switch 40 is seized over a line ar-
ranged for unrestricted service, the link release
relay R340 periodically operates, but its operation
is without effect.

In the event the connector switch 40 is seized
over a calling line serving substations arranged
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for semirestricted service, the relay network 25
operates, in the manner subsequentiy explained,
periodically to impress ground potential upon the
E, C. wiper of the finder switch Ii. The periodic-
ity of these ground pulses is such that the lower
winding of the link release relay R340 is, in each
case, short-circuited over the short-circuiting
bath traced above prior to the expiration of each
timing interval when ‘ground botential is re-
moved from the time cut-off lead by the perma-
nent timer 5. Accordingly, when the connector
switch 40 is seized over a liné arranged for semi-
restricted service, the link release relay ‘R340
periedically operates, but its operation is without
effect. It will be noted that in each of the two
- cases last considered, the link releases relay R34e
is rendered ineffective forcibly to release the link,
due to the completion of a path for short-circuit-
ing its lower winding. This path extends
through the break contacts 518 controlled by the
digit transfer relay R5i9, which means, of course,
that when the digit transfer relay R518 operates
at the end of the second digit dialed at a calling
substation, the link release relay R340 is again
rendered effective forcibly to release the link, re~
gardless of the character of the calling line.

In the event the connector switch 48 iz seized
over a line arranged for restricted service, or is
seized over a line arranged for restricted or semi-
restricted service and the digit transfer relay
R510 is operated, the link release relay R340 is
free to operate under the control of the timer
5i. When energized by a pulse transmitted over

~the lead C486, the relay R340 locks t6 grouund
over a path including the resistor 345, the con-
" tacts 341, CT1, the contacts 421, C18 and the
contacts 838. At its contacts 342 and 343, the
- relay R348 connects the hold conductor C8i to
‘ground over a path including the time cut-off
lead C844 and opens the direct ground path nor-
mally extending to this conductor. In the event
the battery reversing relay R428, which is ‘ener-
gized in response to the answering of a call
routed through the link, opeérates before the
time cut-off lead C344 is disconnected from
ground following Operation -of the link release
relay R348, the link release relay is caused to re-
store and the connéction is not released. More
specifically, the relay R420, in operating, opens
its contacts 426 and 427 to interrupt the operat-
ing and locking circuits for the link release re-
lay, causing the latter relay to restore and-again

“connect the holding conductor C8i to ground

through the contacts 342,
Assuming that the link release relay is held
operated for the predetermined time interval
. which elapses between the transmission of a
~ground pulse over the time pulse lead C498 and
the removal of ground potential from the time
cut-off lead C344, the operated switch train com-
prising the finder switch {1 and the connector
switch 48 is released. More specifically, When the
time cut-offi lead C344 is disconnected from
- ground, ground potential is removed from the re-
lease conductor 326e and the test conductor in-
dividual to the calling line, causing the finder
switch {1 to release in the manner pointed out
“above. In response to the removal of ground po-
tential from the tést conductor individual to the

calling line, the cut-off relay embodied in the line

circuit terminating this line is deenergized ‘and
restores to again coninect the windings of the ‘as-
sociated line relay to the conducters of the call-
ing_line, whereby -the line-telay is again ener-

‘gized over the established ‘calling circuit. The
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lihe relay associated ‘with the calling line H6W ¥e-

operates to complete the holding circuit for its
associated line lockout relay. With thé - liné and

lockout relays-of the liné circuit terminatifig the
‘calling lifie operated, the line is marked against

selzure and the distributor start cireuit individual
thereto is held open. During the rélease of the
finder switeh {;-the cut-through relay conven=
lently embodied therein restores to open the op-
erating circuits for the line relay; "R360 and R440,
causing these two relays to restors, _‘The relay
R368, upon restoring, initiates the release of the
connector portion of the link, il the exact man=
ner described above. Diring the release ‘of the
control equipment embodied in the connector
switch the link reledsé relay R340 is ‘deenergized
and restores in response to the release of the hold
slave relay R330. ) :
It will be appbarent from the above explanation
that if a connection is established by way of the
finder switch i {'and the conhector switch ‘40, the
link release relay is rendered ‘inactive s6 long as
the connection is not reléased at the called end
thereof, due to the fact that the’ battery réevérsing
relay R420 is operatéd. When, howéver, the calléd
subscriber hangs up t6-calise’the deenergization
and release of the battery reversiiig relay R420,
the operating and locking éifcuits for-the link re-
lefise relay R346 &vé again brépared. ‘Henge, ‘it
the calling subscriber fails to disconnect within
& reasonable time irtérval, the link release relay,

"In ‘cooperation with ‘the &ssoéiated perinanent

timer 81, functions to initiate the release of the
operated switches I I and 40'and to causé the call-
ing line to-be lockéd out of Service, all in the
manner explained above. .
From the fofegoing explanation with refererice
to reverting calls routed by way of the connector
switch 49, it will be recalled that, when this‘con-
nector switch is engaged in perferming a revert-
ing call signalirig operation, the rélay R336 is de-
energized in response’ to the operation of ‘the
reverting call relay R318 and is‘caused to réoper-
ate when the callihg subscriber. hangs up te ih-
itiate -the . ringihg -operdtion. The ‘relay: R330,
upon restoring in response.to the operation of the

‘reverting call relay R310, opens the opérating and

locking circuits for the link release relay R348,
causing this relay to Testoré if-operated. _“Upon
reoperating, however, the:hold “slave relay “R330

‘Teprepares the operating and Iocking cireuits: for

the link release relay R340, whereby a second tim-
ing interval is initiated. Thits, thé permanént
timer 51, operating in"conjunction with the Jink

-Telease relay R348, functions to' tite the ringing

" beriods useéd in reverting call signaling and forci-
" bly to release the lik inany cage where the:sig-
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‘lease relay R

haling period is excessive. It will'be noted that-
In this case the reverting call rélay R310 and the
digit transiér relay R516 are operated. . Accord-
ingly, the previsusly traced bath for'shert<circuit-
ing the-lower winding of “the-link release relay
R340 is held open at the contacts 314 ahd:§14;:50
that the timhing operation Pproceeds regardless of
the character of the calling line, ) »

It will be apparent from the foregbiiig explana-
tion that in those cases whate the-conversation

timing' facilities are active, ‘the -“¢onvergation pe-

riod is timed {fom the instant when the ring cut-
Off relay R328 ‘operates. . If the called ‘paity dis-
connects before the'eonversation timing ‘périsd
é&piiei “butthe “calling’ party: fails to-disconnedt,
the 6perating and lotking circuits fo¥ the link re-

5e rel 360-are feprépared at the bisak con-
tacts™426 and 8271, Tespectively, wheh the battery
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_yeversing relay R420 restores. In this case the
connection may he released either by the perma-
nent timer 51 cooperating with the link release
relay R340, or by the conversation timer 53 co-
operating with the reverting call relay R319, de-
pending upon which set of apparatus is first to
complete its timing operation.

. INTER-OFFICE TRUNK CALLS

In routing calls from the non-restricted sub-
scriber lines terminating at the C. A. X to the
“subscriber lines terminating at the distant auto-
matic exchange 35, any one of the restricted
_trunks in the group including the trunk 36 may
" be utilized. Thus, if a call intended for a sub-
seriber served by the automatic exchange 35
- and initiated at the substation A, for example,
is routed to the connector switch 40 through the
finder switch 11, the calling subscriber may dial
. the single digit designating the group of trunks
“in which the trunk 36 is included. In response
to the dialing of this digit, the connector switch
40 operates in the manner previously explained,
to select an idle frunk in this group. Assuming
“that the trunk 386 is the first available idle trunk
of the group, the connector switch 48, upon test-
ing this trunk and finding it idle, extends the
_calling circuit to the repeater 30 associated there-
with. When the calling circuit is thus extended
- to the repeater 30, one or both of the line relays
R7120 and R850 may be energized. If the calling
line is of the loop type, these relays are ener-
gized over the calling loop circuit which has now
been extended to include the contacts Tit, T14,
132 and 811, and the repeating coil windings
701 and 193. In the event the calling line is of
."the simplex type, only the relay R856 is ener-
gized, this relay being energized over a circuit
_including the contacts 871, CT16, the winding
10f, the contacts Ti1 and the negative side of
the calling simplex circuit. In this case, the
. relay R120 is short-circuited over a path includ-
-ing the contacts 132, the repeating coil winding
103, the contacts Ti4 and the positive side of
the. calling simplex circuit. In the evenit the
_calling line is of the ground return type, the
.relay R120 .is open-circuited - and, accordingly,
_does not operate.

Assuming that the calling line is of the loop
type, the relay R120 is enecrgized and operates to
open, at its contacts 121, a point in the operat-

.ing circuit for the calling simplex relay RT30.
The relay R854, in operating, closes its contacts
851 to complete a circuit including the contacts
813 and CT84 for energizing the pulsing relay
R180. At its contacts 852, the relay R850 pre-
pares the operating circuit for the calling sim-

_plex relay R130.

The pulsing relay R180, upon operating, closes
its contacts 782 to complete a circuit including

_the contacts 825 and C104 for energizing the
upper winding of the lock-pulse relay R160. At
its contacts 181, the relay R180 opens a point in

_its own booster circuit. 'The relay R160, upon
operating, - closes its contacts 161 to prepare a

. cireuit for energizing its lower winding. At ifs
contacts 166, the relay R 160 locks fo ground over
a path including the contacts 182 and the resistor

_154. At its contacts

_a point in the operating cireuit for the pulse-

_controlled relay R140. At its contacts 164, the
relay R160 opens a point in the operating circuit

_for the relay R110. At ifs contacts 765, the relay

_R160 opens a point in the operating circuit for

_the relay R8I0,

162, the relay R160 opens

At its contacts 163, the relay:
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~R160 completes a circuit including the contacts
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834 and the conductors C196 and C791 for ener-
gizing the slow-acting hold relay R820.

The relay R820, upon operating, closes its con-
tacts 824 to complete an obvious circuit for en-
ergizing the relays R830 and R860 in parallel.
At its contacts 823, the relay R820 prepares the
operating circuits for the relays R& {9 and RT170,
prepares a locking circuit for the relay R130,
and completes a multiple holding circuit for the
relay R168, the latter circuit extending from
ground by way of the contacts 823, C198, the re-
sistor 752 and the upper winding of R760 to bat-
tery. At its contacts 825, the relay R820 opens
the operating circuit for the relay R168. At its
contacts 823, the relay R823 also completes a
circuit including the conductor C798, the resistor
155, the contacts 772 and C703 for energizing the
upper winding of the lock-pulse relay R818. The
current supplied to this winding over the circuit
just traced is insufficient to cause the operation
of the relay R810, but renders this relay exceed-
ingly fast to operate. At its contacts 822, the
relay R820 prepares the above-mentioned booster
circuit for the pulsing relay RI180. At its con-
tacts 821, the relay R820 prepares a loop circuit
extending by way of the conductors of the trunk
36 to the automatic switching equipment pro-
vided in the distant exchange 35. At its contacts
823, the relay R820 also completes a circuit for
energizing the right winding of the electropolar-
ized back-bridge relay R750, this circuit extend-
ing from ground by way of the contacts 823, C198
and the right winding of RI50 to battery. It
will be noted that a branch of this circuit ex-
tends through the resistor 708 and the lower or
restoring winding of the differentially wound
lock-pulse relay R160. The energization of the
upper winding of the-relay R760 still predom-
inates, however, so that this relay remains in its
operated position. The relay R150 does not op-

erate when this circuit is completed.

45
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The relay R830, in operating, closes its con-
tacts 832 to complete an obvious path for im-
pressing ground potential upon the test conductor
C181, thereby to complete the previously men-
tioned locking circuits for the operated relays in
the connector switch 40 and the finder switch
{1, and to maintain the busy marking of the
trunk 34. At its contacts 831, the relay R830

_ opens an incomplete alternative path for ground-~
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ing the test conductor C191. At its contacts 833,
the relay R830 prepares the operating circuit for
the pulse-controlled relay R748. At its contacts
835, the relay R830 completes a locking circuit
for the hold relay R820, this circuit extending
from ground by way of the contacts 824 and 835,
C196, the contacts 763, Ci87 and the winding of
R820 to battery. - At its contacts 834, the relay
RB830 interrupts the operating circuit for the
hold relay R820. At its contacts 838, the relay
RE§30 completes an obvious circuit for energizing
the line-switching relay R880.

The relay R880, in operating, opens its con-
tacts 882 and 883 to disconnect the conductors
of the trunk 36 from the line circuit 3. At its
contacts 881 and 884, the relay R880 completes
a calling loop circuit which extends from the re-
peating coil 183 to the repeater terminating the
trunk 3§ in the distant automatic exchange 35.
This loop circuit may partially be traced as ex-
tending by way of the contacts 881, C183, the re-

_ peating coil winding 702, the left winding of the
" back-bridge relay R150, the repeating coil wind-

75

ing 704, C785. and the contacts 811, 821 and 884,
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" The direction of current flow 6ver this circuit is
“stch that the polarized back-bridge relay R150
- does not operate. When this loop circuit is com-
bleted, the automatic switching equipment pro-
vided in the exchange 35 is conditioned in a well-
known manner to respond to impulses trans-
mitted over the trunk 3§ and dial tone is re-
turned to the calling subscriber. At its contacts
885, the relay R880 opens g point in one of the
operating circuits for the battery reversing relay
RTI0. A} its contacts 886, the relay R880 pre-
pares the operating circuit for the control relay
R849. :
Grounded or simplex line test

"~ The relay R360 operates shortly following the
operation of the relay R880, and closes its con-
tacts 861 to complete the prepared operating cir-
cuit for the control relay R84Q. At its contacts
862, the relay RE60 opens a point in the cperat-
ing circuit. for the control relay R818. The relay
RBED operates after an interval and opens its
‘contacts 843 to interrupt the path over which
negative battery potentia] is normally impressed
upon the E. C, conductor C792. More specifically,
this ¢onductor is normally connected to the nega-
tive terminal of the exchange battery over a path
including the contacts 843 and the resistor 848,
this marking path serving to identify the trunk
28 as a restricted trunk and to provide a circuit
for energizing the restricted service relay RE50 of
the connéctor switch 49 in the manner previcusly
explained. At its contacts 842, the relay R840
completes a path for impressing ground poten-
tial upon the E. C. conductor C793, This ground
path is utilized in the manner Previously described
to control the trunk-hurting operation of the
other connector switches in searching for an idle
trunk in the group including the trunk $§§, and
extends from ground by way of the contacts 832
and 842 to the conductor C78§2. In this regard it
is pointed out that if the trunk 38 is the last
trunk of the group, the strap 888 connecting the
terminals 837 and 839 is omitted from the re-
peater circuit wiring so that the bath just traced
is mot completed.
serves to prevent further searching of a connector
switeh occupied with a trunk call intended for
one of the restricted trunks when the last trunk

‘of the group is selected. Thus, with the E. C, P
conductor ‘C792 disconnected from ground, the

breviously traced trunk test circuit over which
the trunk-hunting relay R480 is energized is held
‘open when the trunk 35 is selected. i
At its contacts 841, the relay RB848 prepares
the ‘above-mentioned alternative path for im-
bressing ground potential upon the test and E. C.
conductors Ci31 and C792. At its contacts 844,
the relay R840 locks to ground over a path in-
cluding the contacts 886, At its contacts 845, the
relay R840 prepares the operating circuit for the
“slow-~to-operate control relay R81D.- - At its con-
tacts 848, the relay R840 interrupts the operating
circuit for the relay R860. At its contacts 8417, the
Telay R840 prepares or completes the operating
c¢ircuit for the calling simplex relay R730, de-
‘pending upon the position of the line relay R729.
This circuit extends from ground by way of the
contacts 875, 852 and 847, C181, the contacts 721
and the winding of R730 to battery, and is com-

bleted in response to operation of the relay R840 -

- in the event the line relay R720 occupies its re-
stored -position. On the other hand, if this line
relay is operated-and the calling line is of the

- simplex or ground return type, the relays R610
‘and ‘R380. cooperate to. transmit a ground pulse

The omission of this strap’
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" over the positive wiper 861 which serves to short-
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eircuit the line relay R720. When thus deener-
gized, the relay R726 restores to complete the
brepared operating circuit for the relay R730.

The relay R738, upon operating, locks to
ground over a path including the contacts 133,
C798 and the contacts 823. At its contacts 732,
the relay R730 disconnects the winding of the
line relay R720 from the positive line wiper 661.
At its contacts 181, the relay R730 connects the
positive line wiper 66{ to the conductor CT16 -
to complete a multiple circuit for energizing
the line relay R880, assuming that the calling
line is of the simplex type. In the'event the call-
ing line is of the ground return type, the opera-
tion of the relay R7T2§ is without effect to in-
crease the energization of the line relay R850.

The relay R38% restores shortly following the
operation of the relay R840, and opens its con-
tacts 861 to interrupt the operating circuit for
the relay R848. At itg contacts 882, the relay
R860 completes the brepared operating circuit
for the slow-to-operate control relay R879, this
circuit extending from ground by way of the
contacts 824, 863 and 862, and the winding of
The relay R870 now operates
and opens its contacts 875 4o interrupt the above-
traced operating circuit for the calling simplex
relay R180. At its contacts 874, the relay R870
completes a path including the resistor 746, the
conductors C788 and C188, and the contacts 874
and 7416 over which the line relay R720 is partially
shiort-circuited, thereby to decrease the resist-
ance of the calling circuit if the calling line is
of the loop type. At it preliminary make con-
tacts 812, the relay R87g includes the winding
of the pulsing relay R788 in the calling .circuit.
At its contacts 8§73, the relay -R8Td interrupts
the initially completeq operating circuit for the
bulsing relay R188. At its contacts 871, the re-
lay R8T excludes the winding of the line relay
R850 from the calling circuit, thereby to cause
the deenergization and release of the latter re-
lay. In restoring, the relay R850 opens its con-
tacts 851 to interrupt the operating circuit for
the pulsing relay R782, and opens itg contacts
882 further to interrupt the operating circuit for
the calling simplex relay R133. Following the
release of the line relay R85, the control equip-
ment of the repeater 38 is conditioned to respond
to the impulses of the additional digits designat-
ing the desired substation served by the distant
automatic exchange 35. From the above ex-
blanation, it will be noted that if the calling line
is of the grounded or simplex type, the relays
R780, R820, R830, R849, R8T9, R8BI, RT60 and
R188 are operated following seizure of the re-
peater 88 and prior to the transmission of im-
bulses to this repeater. In this case, the nega-
tive terminal of the exchange battery is con-
nected to both sides of the calling circuit through
the winding of the pulsing relay R786. On the
other hand, if a loop line is calling, the relays
RT8), R828, R830, ‘R840, R8T0, RE8Y, R756 and
R120 are operated following seizure of the re-
peater 38, and the exchange battery is connected
between the two sides of the calling loop circuit
in series with the windings of the relays R7120
and R7188.  Talking battery may be supplied to
the transmitter provideg at the calling substa-
tion over this battery feed circuit,

Repeating dial vulses to the distant erchange
When a.link in the distant automatic exchange

~38.is seized  through. the. repeater terminating
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- the trunk 86 in this exchange, the control equip-
ment thereof functions in the usual manner to
transmit dial tone signal current back over the
trunk 86 and the calling line, thereby to signal

the calling subscriber that the dialing operation -

may be continued. During the dialing of further
digits at the calling substation, the pulsing re-
lay R180, operating in conjunction with the lock-
pulse relays R760, R110 and R810 functions to
repeat the pulses to the seized switching equip-
‘ment in the exchange 35. More specifically,
when the pulsing relay R180 restores at the be-
ginning of the first impulse transmitted to the
. repeater 30, it opens its contacts 182 to inter-
rupt the branch
pulse relay R160 which includes the resistor 154.
When this circuit is opened, the energization ot
the. lower winding of the differentially wound
relay R160 predominates, with the result that
this relay is restored electrically. At its con-
tacts 181, the relay RT80 completes the above-
mentioned booster circuit for itself, this circuit
extending from ground by way of the contacts
181, C181, the resistor 811, the contacts 822,

184 and the winding of R180 to battery. The

current flow over this circuit is insufficient to
cause the reoperation of the pulsing relay R180,
but renders this relay exceedingly fast-to-operate
when the calling circuit is recompleted at the end
of the open-circuit period of the impulse. In
restoring, the relay R160 opens its contacts 161
to interrupt the previously traced circuit for
energizing its lower winding. At its contacts
162, the relay RT60 completes the prepared
operating circuit for the pulse-controlled relay
R140, this circuit extending from ground by way
_of the contacts 824 and 835, CT196, the contacts
162, C195; the contacts 833, C7194 and the wind-
ing of R148 to battery. At its contacts 163, the
relay RT180 opens the operating circuit for the
hold relay R828. At its contacts 164, the relay
R160 prepares a circuit for energizing the upper
winding of the lock-pulse relay RT110. At its
contacts 766, the relay R160 opens another point
in its own locking circuit. Af its contacts 169,
the relay R160 completes a circuit for fully
energizing the upper winding of the lock-pulse
relay R8198, this circuit extending from ground
by way of the contacts 823, C798, the contacts
185 and 112, C103 and the upper winding of
R8I0 to battery.

The relay R&46, upon operating, closes its con-
tacts 8i4 to compiete an obvious path for short-
cireuiting its lower winding, thereby to render
itself siow-io-release. At its contacts 812, the
relay R85 completes an obvious holding circuit

_for the hold relay R&260. At its contacts 813, the
relay R810 completes the above-mentioned cir-
cuit for energizing the upper winding of the
slow-to-operate lock-pulse relay RTT0, this cir-
cuit extending from ground by way of the con-
tacts 628, C1988, the contacts 165, C162, the con-
tacts 6§13, C789, the contacts 764 and the upper
winding of R178 to battery.

The lock-pulse relay RI78 operates after an
interval and opens its contacts 113 to interrupt
the path normally short-circuiting its lower
winding. At its contacts 111, the relay RI170
completes an obvious multiple circuit for ener-
gizing its upper winding, At its contacts 112,
the relay R1I8 interrupts the above-traced op-
erating circuit for. the lock-pulse relay R810,
causing the latter relay to restore after an in-
terval. At its contacts 111 ‘and 114, the relay

- RT110 completes. an alternative path

holding circuit for the lock--

for short-"

-2,840,655

-circuiting its lower winding, this path extending

_lock-pulse relay R169.
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from-ground by way of the resistor 7153, the con-
tacts. 174, the lower winding of R1T10, the con~
tacts 164 and 111, C198 and the contacts 823 back
to ground. At its contacts 115, the relay RT10
prepares an alternative operating circuit for the
Shortly following the op-
eration of the relay R110, the relay R810 restores
and opens its contacts 814 to interrupt the path
short-circuiting its lower winding. At its con-
tacts 813, the relay R810 opens the above-traced
operating circuit for the relay RIT110. At its con-
tact 812, the relay R810 opens the holding circuit
for the relay R820. When the pulsing relay
R180 reoperates at the end of the open-circuit
period of the first impulse, it closes its contacts
182 to complete the above-mentioned alternative
operating circuit for the relay R160, this circuif
extending from ground by way of the contacts
115 and 182, and the upper winding of R160 to
battery. At its contacts 181, the relay R180 opens
its booster circuit as traced above. The relay
R160 now reoperates to perform the functions
described above. At its contacts 164, the relay
R160 interrupts the above-traced path short-
circuiting the lower winding of the relay RI110,
and opens the circuit for energizing the upper
winding of the latter relay. When the short-
circuiting path just mentioned is interrupted,
the lower winding of the relay R710 is energized
over a circuit including the resistors 709 and
153, and the contacts 774, This relay is differen-
tially wound. Accordingly, the energization of
its lower winding in the manner just explained
causes this relay rapidly to restore. In releasing,
the relay RT10 opens its contacts 114 to interrupt
the path for energizing its lower winding, opens
its contacts T15 to interrupt the operating circuit
for the relay R160, closes its contacts 113 to
short-circuit its lower winding, and closes its
contacts 112 to reprepare the operating circuit
for the relay R818. Following the release of this
relay, the pulse regenerating relays R189, R160,
RI110 and R819 are prepared to respond to an-
other impulse. ‘The manner in which these four
relays coact in response to additional impulses
transmitted to the repeater 30 is exactly the

“same as just explained.
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As indicated above, the relay R140 is energized
and operates in response to the release of the
relay R160 at the beginning of the open-circuit
period of the first impulse, In operating, the
relay R740 closes its contacts 144 to prepare a
locking circuit for the battery reversing relay
R110, and closes its contacts 143 to shunt the
resistor 107 across the operating winding of the
pack-bridge relay R156, thereby to reduce the re~
sistance of the pulsing circuit which extends by
way of the trunk 36 to the distant exchange 35.
At its contacts 742, the relay R7140 completes a

. path including the resistor 146 for short-circuit-

65.

ing the winding of the relay RI120, thereby to
reduce the resistance of the calling circuit in the
event the calling line is of the loop type. -At its
contacts 141, the relay R140 completes an obvious

_ path for short-circuiting the repeating coil wind-

ing 7101, thereby further to reduce the resistance
of the calling circuit over which the impulses are

transmitted to the relay R188 from the calling

70

station. Due to the slow-to-release characteris-~

_tics thereof, the relays R748 and R820 remain

75

operated during each series of impulses trans-
mitted to the repeater 30. The relay R140, how-
ever, restores during the inter-digit pause be-
tween each series of impulses, and remains in its
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restored position after the calling operation is’

terminated.

Each time the relay R8I0 restores in response
to the release of the pulsing relay R180, it opens
its contacts 811 to interrupt the established loop
circuit extending to the seized automatic switch-
ing equipment in the exchange 35, This loop
circuit is obviously recompleted each time the
relay R8I0 restores in response to operation of
the lock-pulse relay R170. Thus, the relay R810
functions to repeat the corrected impulses to the
loop circuit extending from the repeating coil
108 to the automatic switching equipment of the
distant exchange 25, This automatic switching
equipment responds to the repeated dial pulses
by operating to select the desired called line in
the usual manner, After this line is selected it
is tested to determine the idle or busy condition
thereof and, if busy, the usual busy tone signal
is returned over the connection to signal the
calling subscriber that the desired connection
cannot be obtained. On the other hand, if the
called line is idle, ringing current is transmitted
thereover for the purpose of signaling the called
subscriber, and the usual ring-back tone sighal
is transmitted back over the connection to signal
the calling subscriber that the called substation
is being rung.

When the call is answered a} the called sub-
station, the desired conversational circuit be-
tween the calling and called substations is fully
completed, and the transmission of ringing cur-
rent over the called line and the trunk 3§ is ar-
rested. In addition, the control equipment of
the switching apparatus in use at the exchange
35 operates to reverse the direction of current
flow over the trunk 36 and through the left-hand
winding of the back-bridge relay R7158. As g re-
sulf, the electro-polarized back-bridge relay
R7150 operates to complete, at its contacts 751,
an obvious circuit for energizing the battery re-
versing relay RT{8. At its contacts 711 to 714,
inclusive, the relay RT10, in operating, reverses
the direction of current flow over the calling cir-
cuit in the event the calling line i§ of the loop
type. At its contacts 71§, the relay RT10 pre-
pares a locking circuit for itself. At its contacts
118, the relay R7I8 opens a point in the above-
traced path for short-cireuiting the winding of
the line relay R729. At its contacts 111, the
relay RTi0 completes an obvious multiple path

for impressing guarding ground potential upon -

the connected test and E. C. conductors C79{

and C792, respectively. At its contacts 718, the

relay R1{0 completes g multiple holding circuit
for the relay R840, this circuit extending from
ground by way of the contacts 118, C183 and the
winding of R840 to battery.

In the event further impulses are dialed at the
calling station after the call is answered, the four
relays R789, R168, R718 and R818 cooperate in
the manner explained above to repeat these im-
pulses over the trunk 26 to the distant exchange
35. At the beginning of such dialing, the relay
R740 is energized and operates to complete the
prepared holding circuit for the relay RT10, this
circuit extending from ground by way of the
contacts 744 and 715, and the winding of R7T{
to battery. This locking cireuit is obviously in-
terrupted at the contacts 744 at the end of each
series of impulses. Each time the loop circuit
including this trunk is opened at the contacts
811, the back-bridge relay RI53 restores and
opens its contacts 151 to interrupt the operating
circuit for the battery reversing relay RTi6. The
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latter relay RT10 is, however, held energized over
its locking circuit as traced above.
It will be apparent from the above explang-
tion that the back-bridge relay R759 responds to
5 switchhook operation at the called substation by
opening and closing the operating circuit for the
battery reversing relay RT18. Thus, each time
the called subscriber hangs up, the control equip=
ment of the automatic switching apparatus oc-
10 cupied with the call in the exchange 35 operates
to reverse the direction of current flow through
the winding of the back-bridge relay R150, and .
this relay restores to interrupt the operating cur-
rent for the battery reversing relay RT10. These:
15 two relays. are obviously reoperated in the order
named each time the called subscriber removes
the receiver provided at the called substation
from its supporting hook or cradle prior to the -
release of the connection. ‘Fach time the battery
20 reversing relay R710 restores, it reverses the di~
rection of current flow over the calling circuit,
assuming the calling line to be of the loop type;
closes its contacts 716 to reprepare the path for
short-circuiting the winding of the line relay .
25 R120; opens its contacts 717 to interrupt the
multiple path for impressing ground potential
upon the connected test and E. C. conductors
C141 and C792, respectively, and opens its con-
tacts 718 to interrupt the established locking cir-
30 cuit for the control relay R840, :

Release

In the event the call is cleared out at the call-
ing substation prior to its release at the called
385 substation, the relays RI50 and R7i0 are caused
sequentially to restore in the manner just ex-
plained. Thereafter, and when the calling sub-
scriber disconnects, the bulsing relay R160 and
the relay R120, if operated, are deenergized and
40 restore. In response to the release of the relay
R780, the relay R160 restores, the relay R810 op-
erates, the relay R119 operates, and the relay
R8I0 restores, in the sequence named and in the
exact manner described above. With. the relays
"RY160 and R819 in their restored positions, the
operating and locking circuits for the hold relay
RE29 are held open at the contacts 763 and 812,
respectively. The relay R§20 restores after an -
. interval and opens its contacts 823 to interrupt
50" the operating and locking circuits for the relays
R7T70 and R7380. At its contacts 824, the relay
R828 opens the operating and locking circuits
for the relays R830, R866, REI0 and R740. Thus;
.. the five relays R730, R148, RT78, R939 and R8T0
55 are caused to restore. The relay R830, in re- .
leasing, opens the operating circuit for the relay
R888, thereby to cause the sequential release of
the latter relay and the relay R849. Following
__the release of the two last-mentioned relays, the
60" repeater 39 is fully restored to normal. The re-
lays R836 and R840, in restoring, open the two
available paths over which ground potential may
be impressed upon the test and E. C. conductors
C712{ and C192, respectively. At its contacts 843,
the relay R840 recompletes the path for impress-
ing negative battery potential upon the E. C.
conductor C792 for the burpose of indicating the
restricted. character of the trunk 36. When
ground potential is removed from the test con-
ducter CI81, the preceding switches 49 and (I,
and the line circuit 10, are released in the man-
ner previously described.
In the event the connection is cleared out at
the calling substation prior to its release at.the
" called substation served by the distant automatic

70
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excharige 35, the back-bridge relay R150 and the -
battery reversing relay RTI0 are held operated
until the hold relay R829 releases in the manner
just explained. When the hold relay restores,
the loop circuit extending by way of the trunk 36
to the distant automatic exchange is opened at
the contacts 821, causing the back-bridge and
battery reversing relays sequentially to restore.
In. this case, the relay R888, upon restoring,
closes ‘its contacts 882 and 8383 to connect the
cohductors of the trunk 36 to the talking con-
ductors of the trunk 34, thus establishing a loop
circuit between the line circuit 3f and the re-
peater terminating the trunk 36 in the distant
exchange 35. When this loop circuit is com-
pleted, the line circuit 31 operates to seize an as-
signed one of the idle finder-connector links pro-
vided in the C. A. X, thereby to cause the finder
portion of the assigned link to seize the trunk 36
over the link line 34, and to impress ground po-
tential upon the private conductor 34c. When
the conductor 34c is connected to ground, the
battery reversing relay RT10 is energized over a
circuit including this conductor, the contacts 885
and the conductor C790. In operating, the relay
R1i0 closes its contacts 717 to impress ground
potential upon the test conductor C181, thereby
to mark the trunk 3§ as busy in the bank con-
tacts of the connector switches. At its contacts
118, the relay R110 completes & circuit extend~
ing by way of the conductor ©193, for energizing
the control relay R840.. The relay R840 now op-
erates and opens its contacts 843 to disconnect
the E. C. conductor C192 from the negative ter-
minal of the exchange battery. At its contacts
842, the relay R840 connects the E. C. conductor
C192 to the grounded test conductor CT81 for
the purpose of controlling the trunk-hunting op-
eration of the conmector -switches. - When the
connection is cleared out at the called substation,
the loop circuit extending hetween the line eir-
cuit 31 and the repeater terminating the trunk
36 in the exchange 35 is interrupted by the con-
trol equipment of this repeater. As a result, the
line circuit 31 and the seized link in the C. A X
are released. During the release of the line cir-
cuit 31, the private conductor 34c is disconnected
from ground to deenergize the battery reversing
relay R110. Thus, the relays RTI0 and R840 are
caused sequentially to restore, whereby the test
and E. C. conductors Ci81 and C192, respectively,
are disconnected from ground, and the E. C.
conductor is connected to the negative terminal
of the exchange battery through the resistor 848.

When a call intended for a subscriber served
by the C. A. X is routed through the automatic
switching equipment of the exchange 35 and over
the trunk 36 to the line circuit 31, the line relay
of this line circuit operates to impress ground
potential upon the private conductor 34c in the
mariner described in the preceding paragraph.
When this conductor is connected to ground, the
relays R110 and R840 operate to perform the func-
tions described above. The line circuit 31, in op-
erating, also functions to seize an idle one of the
links in the C. A. X in the exact manner de-
scribed previously with reference fo the call orig-
inating at the substation A. The manner in
which such a call is routed to the desired substa~
tion and the connection is released when no
longer desired is also the same as described above
and will be clearly apparent from the preceding
exXplanation.
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OPERATION OF THE RESTRICTED SERVICE AND TIME-"
BLOCKING NETWORK 25 ’ ¢

As pointed out previously, the relay network 25
is provided for the purpose of controlling the op-
eration of the link release relay R340, the re-
stricted service relay R559 and the timing relay
R$40 of the link illustrated, and the correspond-
ing relays provided in the other links of the
C. A. X. 'This network includes the relays R240,
R250 and R250, individual to the lines upon which
service restrictions are imposed, and having
windings which are utilized as resistance marking
paths over which negative battery potential is
impressed upon the E. C. contacts of the finder
contact sets terminating the respective associated .
lines. In this regard, it will be recalled that the
resistance battery marking paths, including the.
windings of the relays R240, R250, R280, etc., are
utilized to prevent the respective associated lines.
from obtaining access to certain of the central
office trunks through the links. The additional
relays R230, R220 and R2i0 are controlled by
the pulsing element 263 to transmit ground pulses
over the E. C. conductors individual to the semi-
restricted lines for the purpose of rendering the
link release relay R340 and the timing relay R640
of the link illustrated, and the corresponding re-
lays of the other links, ineffective forcibly to re-
lease connections routed through the links.

In considering the operation of the network
25, it may be assumed that a call intended for one
of the restricted trunks is initiated at a semi-
restricted substation, such, for example, as the
substation C served by the line 16. It may fur-
ther be assumed that the link illustrated is uti-
lized in handling the call. ‘During the operation
of the connector switch to select an idle one of
the . restricted trunks, the digit transfer relay
R510 is.caused to operate.  Thereafter, and when -
an idle trunk is selected, the restricted service re-
lay R550 is energized over the trunk test circuit
previously described, and operates to complete
5 circuit for energizing the lower winding of-the .
busy test relay-R520 in series with the relay R2492
individual to the line 16, this circuit extending
from ground by way of the contacts 614, C591,
the contacts 552, the lower winding of R530, the-

‘contacts 515, C13, the contacts 333 and 314, the

. C. conductor 326e, the E. C. wiper of the finder
switch 11, the E. C. conductor 16e, and the wind-
ing of R246 to battery. When energized over this
circuit, the relay R240 operates and closes its
contacts 242 to prepare a pulsing circuit to the
slow-acting relay R230. With the relay R240 op-
erated, the continuously driven pulsing element
263 operates periodically to transmit ground
pulses through the contacts 242 to the relay R230.
Each time the relay R230 operates, it closes its
contacts 231 to complete an obvious operating
circuit for the slave relay R220. The relay R220,
in operating, closes its contacts 221 to complete
an obvious locking circuit for the relay R248, and
impresses ground potential upon the E. C. con-
ductor i5e. Each time the relay R230 restores,
it deenergizes its slave relay R220, and the latter
relay restores to disconnect the conductor 1Ge
from ground. Thus, ground pulses are period-
ically transmitted over the E. C. conductor f6e,
which are utilized in the manner previously de-
seribed to control the timing relay R646 and the
link release relay R340. If the calling line is ar-
ranged to provide fully restricted service to the
subscriber or subscribers served thereby, the
ground pulsing path just described, which is in~
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dividual to the line and extends. to the E. C. con-
ductor 18e; is omitted from the wiring- of the net-
work 25. In the absence of this path, ground
pulses are not transmitted over the E. C. con-
ductor (8e to cause the periodic release of the

relays R349 and RE40, if operated. Thus, the.

timing operation of these relays-is not interfered
with. It will be noted that the pulsing circuit ex-
tending to the relay R238 from the pulsing ele-
ment 263 may be completed by any one of the
line relays provided in the network 25. It will
also be noted that each of the line relays; in
operating, functions to prepare tha pulsing circuit
to its asscciated E. C. conductor. In this regard,
it is pointed out that if only a small number of
the lines terminating at the exchange are re-
stricted, the slave relays R22% and R218, and the
circuits confrcllied thereby, may be omitted, the
ground pulsing circuits being directly controlled
by the relay R288. These slave relays are pro-
vided solely for the purpose of enabling the nes-
work 25 to serve a relatively large number of
lines.

OPERATION OF THE TIMER START CIRCUIT 50

As pointed out in the introductory portion of
the specification, the arrangement of the timer
start circuit 58 is such that a single lead connect-
ing each link with the start relay individual to
each timing unit is utilized. for the dual purpose
of controlling the energization of the associated
start relay and the transmission of the control
pulses to the link. Thus, it is peinted out aboeve
that when negative battery potential is impressed
Upon the time pulse lead C488 through operation
of the hold slave relay R338 provided in the link
illustrated, the upper winding of the timer start
relay R818 is energized, causing this relay to.cp-
erate. In operating, the relay R2{9 closes its
contacts 812 to impress ground potential upon the
permanent timer start lead 5% and thus initiates
the operation of the permanent timer 5. At its
contacts 913, the relay R9!92 also impresses
ground potential upon the start lead 8§ for the
purpose of initiating the operation of the dial
and busy tone generators 68 The permsanent
timer 81, in operating, functions periodically to
impress ground pulses upon the time pulse lead
54, which is now connected through the lower
winding of the relay R2I0 to the time pulse lead
C486. When the time pulse lead 54 is connacted
to ground, the high resistance upper winding of
the relay R810 is effectively short-circuited over a
path including the low resistance lower winding
of this relay and the contacts. §4{. The current
flow through this lower winding, and the upver
winding of the link release relay R24%, however,
serves to prevent the relay R9{9 from releasing.
Moreover, the low resistance path through the
lower winding of the relay R840 does not mate-
rially restrict the energization of the upper wind-
ing of the link release relay R348, Thus, the lead
C4986 is utilized both for the purpose of contrel-
ling the energization of the relay R9{8 and for
the purpose of transmitting control pulses to the
link illustrated. Obviously, the relay R3i8 is de-
energized and restores when the time pulse lead
C4985§ is disconnected from the negative terminal
of the exchange battery.

In a similar manner, the start relay R920 may
be energized in series with the winding of the
magnet 19884 in response to operation of the
timing relay R640.
from ground through the winding of R920.by way
of the contacts 832, CE19, the contacts 642, C611

This series circuit extends.
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and the winding of the magnet 1804 to battery.
Due to the relatively high resistance of the wind- .
ing of the relay R928, the magnet 10848 is insuffi- -
ciently energized to operate when this circuit

. is completed. The relay R924, however, operates -

and closes ifs contacts 92! to complete an obvi-
ous path for impressing ground potential upon
the start conductor 51 extending to the tick-tone -
generating equipment. 52. At its contacts 923,
the relay R928 completes an obvious. path for im-
pressing  ground potential upon the timer start
lead 58. When the two leads 57 and 58 are thus
connected to ground, operation of the tick-tone
generating equipment 52 and the conversation
timer 53 is inifiated. At its contacts 922, the
relay R920 prepares a circuit including the puls-
ing lead 59 over which ground pulses may be
transmitted to the pulsing relay R830 under the
control of the timer §3. Following the opera-
tion of the relay R920, the pulsing relay R238 as
controlled over the pulsing lead 5% by the con-
53 periodically operates. and
restores. Each time this relay operates, it opens
its contacts 982 to interrupt the operating cir- -
cuit for the relay R929, closes its contacts 933 to
complete an obvious holding circuit for the relay
RO820, and closes its contacts 831 to complete
an cbvious path for impressing ground potential
directly upon the combined start and pulse lead
C678. Each time the relay R%88 restores, it dis-
connects the lead C679 from ground to terminate
the pulse, cioses its contacts 932 to recomplete
the coperating circuit for the relay R828, and
opens its contacts 9383 to interrupt the holding
circuit for the relay R922. Obviously, when the
lead C&78 is disconnected from the negative ter-
minal of the exchange battery in response to the
release of the timing relay RS48, the relay R920
is. deenergized and restores. In releasing, the
relay R928 disconnects the two start leads 57
and 58 from ground to arrest the operation of the
tick-tone generating equipment %2 and the con- -
versation timer §3, and opens ifs contacts 922 to
interrupt the- pulsing  circuit extending to the
pulsing relay R930.

‘While there has been descnbed what is at pres-
ent considered to be the preferred emhodiment

-of the invention, it will be understooed that vari-

ous modifications may be made therein, and it is
contemplated 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 line, a line cir-
cuit terminating said line and including a cut-off
relay, a link including an automatic switch hav- -
ing access to said line and means responsive
to the application of a pulse of predetermined
potential to one: of the talking conductors of said
line for conditioning certain of the conirol equip-
ment of said link to be controlled over said line,
and means controlled by said relay for ftrans-
mitting a current pulse over said one talking con-
ductor during operation of said switch to seize
said line. :

2. In a telephone system, a line, a link in-
cluding an automatic switch having access to said
line and means responsive to the application of a
pulse of predetermined potential to one of the
taiking conductors of said line for conditioning
certain of the control equipment of said link
to be controlled over said line, a line circuit ter=
minating said line and including a pair of relays
sequentially operative in. response to operation
of said switch to select said line, means respon-:
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sive to the operation of one of said relays for
applying said predetermined potential to said one
talking conductor, and means responsive to the
subsequent operation of the other of said relays
for removing said predetermined potential from
said one talking conductor.

3. In a telephone system, & line, a line circuit
terminating said line and including a cut-off relay
operative in response to seizure of said line by a
connecting link, and means controlled by said
relay for transmitting a control pulse over one
of the talking conductors of said line.

4. In a telephone system, a line, a line circuit
terminating said line and including a cut-off
relay operative in response to seizure of said line
by a connecting link, and means responsive to
operation of said relay for transmitiing a con-
trol pulse over one of the talking conductors of
said line to the control equipment of said link.

5. In a telephone system, a line, a link includ-
ing an automatic switch having access to said line
and control equipment normally controllable over
the two sides of a line in series, means responsive
to a control pulse transmitted over one of the
talking conductors of said line for conditioning
said control equipment to be controlled over the
two sides of said line in parallel, and means oper-
ative during operation of said switch to seize
said line for transmitting g control pulse over
said one talking conductor.

6. In a telephone system, a line having a wire
side and a ground return side, a link including an
automatic switch having access to said line and
control equipment normally controllable over the
two sides of a two-wire line in series, means re-
sponsive to a control pulse transmitted over one
of the sides of said line for conditioning said
control equipment to be controlled over the wire
side of said line, and means operative during op-
eration of said switch to seize said line for trans-
mitting a control pulse over said one side of said
line.

7. In a telephone system, a line, a link in-
cluding an automatic switch having access to said
line and control equipment normally controllable
over the two sides of a line in series, means re-
sponsive to a control pulse transmitted over one
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of the talking conductors of said line for condi- -

tioning said control equipment to be controlled
over the two sides of said line in parallel, a line
circuit terminating said line and including cut-
off and lockout relays sequentially operative in
response to operation of said switch to seize said
line, and means responsive to operation of said

relays for transmitting a control pulse over said’

one side of said line.

8. In a telephone system, a line having a wire
side and a ground return side, a link including an
automatic switch having access to said line and
control equipment normally controllable over the
two sides of a two-wire line in series, means re-
sponsive to a control pulse transmitted over one

of the sides of said line for conditioning said con- -

trol equipment to be controlled over the wire side
of said line, a line circuit terminating said line
and including cut-off and lockout relays sequen-

tially operative in response to operation of said -
switch to seize said line, and means responsive

to operation of said relays for transmitting a con-
trol pulse over said one side of said line.

9. In a telephone system, a line, a connecior
switch having access to said line and including
ringing control equipment, means responsive to a
control pulse transmitted over one of -the con-
ductors of said line for controlling said ringing
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control equipment, and means operative during
operation of said switch to seize said line for
transmitting a control pulse over said one con-
ductor.

10. In a telephone system, a line, a connector
switch having access to sald line and including
ringing control equipment, means responsive to
a control pulse transmitted over one of the talk-
ing conductors of said line for controlling said
ringing control equipment, and means operative
during operation of said switch to seize said line
for transmitting a control pulse over said one
talking conductor.

11, In a telephone system, a line, a connector
switch having access to said line and including
ringing control equipment having different set-
tings individually corresponding to different
modes of ringing, means responsive to a control
pulse transmitted over one of the conductors of
said line for causing said ringing control equip-
ment to assume a predetermined - setting, and
means operative during operation of said switch
to seize said line for transmitting a control pulse
over said one talking conductor.

12, In a telephone system, a line, a connector
switch having access to said line and including
ringing confrol equipment having different set-
tings individually corresponding to different
modes of ringing, means responsive to a control
pulse transmitted over one of the talking con-
ductors of said line for causing said ringing con-
trol equipment to assume a predetermined setting,
and means operative during operation of said
switch to seize said line for transmitting a con-
trol pulse over said one talking conductor.

13. In a telephone system, a line, a connector
switch having access to said line and including
ringing control equipment, means responsive to
a control pulse transmitted over one of the con-
ductors of said line for controlling said ringing
control equipment, a line circuit terminating said
line and including cut-off and lockout relays se-
quentially operative in response to seizure of said
line by said switch, and means responsive to oper-
ation of said relays for transmitting a control
pulse over said one conductor.

14, In a telephone system, a line, a connector
switch having access to said line and including
ringing control equipment having different set-
individually corresponding to different
modes of ringing, means responsive to a control
pulse transmitted over one of the talking con-
ductors of said line for causing said ringing con-
trol equipment to assume a predetermined set-
ting, a line circuit terminating said line and in-
cluding cui-off and lockout relays sequentiglly
operative in response to seizure of said line by
said switch, and means responsive to operation
of said relays for transmitting a control pulse

“over said one conductor.

15. In a tfelephone system, lines of different
types requiring different modes of . ringing for‘
signaling thereover, a connector switch having
access to said lines and including ringing control
equipment hdving different settings for provid-
ing said different modes of ringing, line circuits
individually terminating said lines, and means
controlled from said line circuits over paths in-
cluding the outlet contacts of said switch for
determining the sett;ing of said ringing control
means.

"16. In a telephone system, lines of different
tybes requiring different modes of ringing for

signaling therecver, a connector switch having
‘access to said lines and- including ringing control
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equipment having different settings for providing -
said different modes of ringing, line circuits in-

dividually ferminating said lines and -each in-

cluding cut-off and lockout relays, and means-

controlled by said line and lockout relays ‘over
paths including the outlet contacts of said switch
for determining the setting of said ringing con-
trol equipment.

17, In a telephone system, a line, a connector

switch having access to said line and including-

means responsive to the transmission of a con-
trol pulse over one of the talking conductors of
said line for conditioning certain of the control
equipment of said switch to be controlled over
said line, a line circuit terminating said line
and including a pair of relays sequentially oper-
ative in response to operation of said switch to
seize said line, and means responsive to the oper-
ation of said relays for transmitting a control
pulse over said one talking conductor.

18. In a telephone system, a line, 5 connector
switch having access to said line and including
means responsive to-the transmission of a control
pulse over one of the talking conductors of said
line for conditioning certain of the control equip-
ment of said switch to be controlled over said
line, a line circuit terminating said line and in-
cluding cut-off and lockout relays operative in
response to operation of said switch to séize said
line, and means controlled by said relays for
transmitting a control pulse over said one talking
conductor.

19. In g telephone system, multiparty lines of
the metallic and ground return types, certain of
said lines being arranged for divided ringing in
signaling thereover, a connector switch having
access to said lines and including ringing con-
trol equipment controllable from a calling sta-
tion to select either side of a line for ringing
current transmission, and means controlled over
one side of a selected line of the ground return
type for preventing the ground return’ side of
the selected line from being used for ringihg
current transmission. ’

20.In g telephone system, multiparty lines of

the metallic and ground. return. types, certain of

said lines being arranged for divided ringing in

signaling thereover, a connector switch having
access to said lines and including ringing control

equipment controllable from a calling station to
select. either side of a line for ringing current
transmission; means responsive to the transmis-
sion -of -a" control pulse over one side of & se~
lected line of the ground return type for pre-
venting ‘the ground :return- side of the selected
line from being used for ringing current trans-
Inission, angd means operative. during the opera-
tion of said-switch-to seize ‘said selected line for
transmitting a control ‘pulse over said one side
of said line. - ‘

21, In a telephone system, multiparty -lines of
the metallic and ground return types, certain of
said lines being arranged for divided ringing in
signaling -thereover, a. connector switch ‘having
access to said lines and including ringing control
equipment controllable from a calling station to
select either side of & line for ringing: current
transmission, line- circuits individually terminat-

ing saiq lines, .and -means-controlled from the
line circuit terminating a selected line of the

ground return .type for preventing the -ground
return side of the selected line from -being used
for ringing .current.transmission.

122, In a telephone system, multiparty lines of
the:metallic and ground return types; certain-of
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said lines being arranged.for divided ringing in
signaling thereover, & .connector switch having
access. to said lines-and including ringing control
equipment controllable from g calling station to
select either side of a line for ringing current
transmission, line circuits individually terminat-
ing said lines and each including a cut-off relay
operative -in response to the operation of said
switch to seize the associated line, and means
controlled by the cut-off relay of a line circuit
terminating a selected line.of the ground return
type.for preventing the ground return side of the
selected line from being used for ringing current
transmission. .

.23. In a telephone system, multiparty lines of
the metallic and ground return types, certain of
said lines being arranged for divided ringing in
signaling thereover, a connector switch having
access to said lines and including ringing control
equipment  controllable from a calling station
to select either side.of a line for ringing current
transmission, and means individual to the lines
of the ground return type for preventing the
ground return side of the .associated line from
being -used for ringing current transmission re-
gardless of the setting of said ringing control
equipment. .

24. In a telephone system, lines of different
types requiring different modes of ringing for
signaling thereover, a connector switch having
access to said lines and including ringing control
equipment having different gettings for providing
said different modes of ringing, and means indi-
vidual to one of said lines for determining the
setting of said ringing control equipment inci-
dent to the operation of said switch to seize said
one line.

25. In a telephone system, lines of different
types requiring different modes of ringing - for
signaling thereover, & connector switch having
access to said lines and including ringing control
equipment having different settings for providing
said different modes of ringing, line. circuits indi-
vidually terminating said lines and each includ-

- ing a cut-off relay operative in response to seizure

of the associated line by said switch, and means
controlled by said cut-off relays for determining
the setting of said ringing control equipment.
26. A line selecting switch including a ringing
current transmission circuit, and a back-bridge
relay having contacts included in said circuit,
27. A line selecting switch including g ringing
current transmission circuit, and a back-bridge
relay having contacts operative to complete said
circuit. ’ :
28. A line selecting switch including 2 ringing
current transmission circuit, a back-bridge relay
having contacts included in said cireuit, an oper-
ating circuit for said back-bridge relay, an alter-
nating current relay energized by -current trav-

-ersing a portion of said: circuit, and -means con-

trolled by said alternating current relay for com-
pleting said -operating circuit, :

28, A line selecting switch including a ringing
current.transmission circuit, a back-bridge relay
operative to -control said -circuit -before a call
routed . through said switch is answered, and a
supervisory relay controlled by said back-bridge
relay .after said call is answered, '

30. A connector switch having access to lines
of two different types and-including a ringing cur-.
rent transmission circuit having three branches,
impulse controlled means for selectively condi-
tioning. ‘two.of said branches -for-ringing .eurrent
transmission; and‘means responsive o6 operation
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of said switch to select a line of one type for
opening said two branches and for conditioning
the third branch of said c1rcu1t for ringing cur-
rent transmission.

- 31; A" connector switch having access to lines
of two different types and including a ringing cur-

rent transmission circuit having three branches, -
impulse controlled means for selectively condi-

tioning two of said branches for ringing current
transmission, “‘means responsive to operation of
said switch to select a line of one type for opening
said two branches and for conditioning the third
branch of said circuit for ringing current trans-
mission, a back-bridge relay operative to com-
plete said third branch before g call routed
through said switch is answered, and & super-
visory relay controlled by said back-bridge relay
after said call is answered. -

32. In a telephone system, & plurality of lines,
a connector switch having access fo said lines and
including means for transmitting pulses of ring-
ing current over a selected one of said lines,
means responsive to the answering of a call
routed -through said ‘switch to one of said lines
for -instantaneously cutting off the transmission
of ringing current over the selected line, and
means responsive to the answering of a call
routed through said switch to another of said
lines for cutting off the transmission of ringing
current over the selected line during a spacing
interval which follows the transmlssmn of a pulse
of ringing current,

33. In a telephone system, lines of different
types, a connector switch having access to said
lines - and including ringing conftrol equipment
having different settings for providing both in-
stantaneous ring cut-off and silent period ring
cut-off, and means controlled in accordance with
the type of line selected by said switch for de-
termining “the settlng of sald ringing control
equipment. - -

34. In a telephone system, lines of different
types, a connector switch having access to said
lines and including ringing “control egquipment

having a normal setting for providing instanta-

neous ring cut-off and operative to another set-
ting to prov1de silent” period ring cut-off, and
means responsive to the operation of said sw1tch
to select a line of a predetermined type for caus-
ing said ringing control equipment to assume said
other setting.

35. In a telephone system lines of different
types, a connector switch having access to said
lines and including ringing control equipment
for providing both instantaneous ring cut-off and
silent period ring cut-off, and means controlled
in accordance with the fype of line selected by
said switch- for conditioning said ringing control

equipment to provide instantaneous ring cut-off.

when a line of one type is selected by said switch
and for conditioning said ringing control equip-

ment to provide silent period ring cut-off when

a line of a different type is selected by said switch.

36, In g telephone system, full metallic lines
and ground return lines, a connector switch hav-
ing access to said lines and including ringing con-
trol equipment for providing both instantaneous
ring cut-off and silent period ring cut-off, and
means controlled in accordance with the type of
line selected by said switch for conditioning said
ringing control equipment to provide instanta-
neous ring cut-off when a metallic line is select-
ed by said switch and for conditioning said ring-
ing control equipment to- provide silent period
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ring cut-off when a ground return is selected by
said switch.
37.-In a telephone system, s1mp1ex lines and
loop lines;- a connector- switch having access’ to
5 said liﬁes- -and - including ringing control equip-
ment for providing both instantaneous ring cut-
off and silent period- ring cut-off, and means
controlled in accordance with the type of
line - selected by said switch for condition-
ing said ringing control -equipment’ to provide
instantaneous ring cut-off when a loop line is
selected and for conditioning said ringing control
equipment to provide silent period ring- cut-off
when a simplex line is selected.

38. In a telephone system, & connector swltch
having access to lines of two different types and
comprising a ring cut-off relay normally con-
nected to be energized in series with the two sides
of a selected line when a call routed through the
20 switch to the selected line is answered, and means-
responsive to the operation of said switch to se-
lect a line of a particular type for connecting said
ring cut-off relay to be energized over both suies
of the-selected line in parallel.

39. In a telephone system, a connector switch
having access to lines of two different classes and
comprising a ring cut-off relay adapted to be en-
ergized over a called one of said lines, ringing
control equipment operative to transmit ringing.
30 current over a called one of said lines during

ringing intervals which are separated by spacing

intervals, means for connecting said ring cut-off
relay to be energized over a called line of one
class during both the ringing and spacing in-
35 tervals, and means for connecting said ring cut-
off relay to be energized over a called line of the
other class only during the spacing intervals sep-
arating the ringing intervals,
40. In a telephone system, a.connector switch
40 having access to lines of two different classes and
comprising a ring cut-off relay adapted to be en-
ergized over a called one of said lines, ringing
control equipment operative to transmit ringing
current over a called one of said lines during ring-
ing intervals which are separated by spacing in-
tervals, means for connecting said ring cut-off re-
lay to be energized over a called line of one class
during both the ringingand spacing intervals, and
means responsive to the operation of said switch
to select a called line of the other class for con-
necting said ring cut-off relay to be energized over
the called line only during the spacmg mtervals
separa.tmg the ringing intervals.

41. In a telephone system, a connector switch
having access to lines of two different types and
comprising a ring cut-off relay adapted to be en-
ergized over a called one of. said lines, rmgmg con-
trol equipment operative to transmn; ringing cur-
rent over & called one of said lines during ringing
intervals. which are separated by spacing inter-
vals, means for connecting said ring cut-off relay
to be energized over the two sides-of a called line
of one type in.series during both the ringing and
spacing intervals, and means responsive to the
operation. of said switch to select a -line: of the
other type for connecting said ring cut-off relay
to be energized over the two sides of the called
line in parallel only during the spacing mtervals
separating the ringing intervals. :

42. In a connector switch, a ring cut-off 1e]ay,
a back-bridge relay, operating circuits for said
relays, contacts controlled by said back-bridge
relay and included in the operating circuit for
75 Said ring cut-off relay, and contacts controlled
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by said ring cut-off relay and included in the
operating circuit for said back-bridge relay.

43. In a connector switch, a ring cut-off relay,
a back-bridge relay operative to control the ener-
gization of said cut-off relay before a call routed
through said switch is answered, and an operat-
ing circuit for said back-bridge relay controlled
by said cut-off relay after a call routed through
said switch is answered.

44. In a telephone system, multiparty lines of
different types requiring different modes of ring-
ing for signaling thereover, a connector switch
operative to seize one of said lines in setting up
a reverting call connection and including ringing
control equipment having different settings for
providing said different modes of ringing, means
operative to extend a connection from said ‘one
line to said switch, and means responsive to the
extension of said connection to said switch for
determining the setting of said ringing control
equipment.

45. In a telephone system, multiparty lines of
different types requiring different modes of ring-
ing for signaling thereover, g connector switch
operative to seize one of said lines in setting up
a reverting call connection and including ring-
ing control equipment having different settings
for providing said different modes of ringing, a
test relay controlled in accordance with the char-
acter of said one line, a reverting call relay oper-
ative during seizure of said one line by said switch,
and means jointly controlled by said relays for
determining the setting of said ringing control
equipment.

46. In a telephone system, multiparty lines of
the metallic and ground return types, a con-
nector switch operative to seize one of said lines
of the ground return type in setting up a re-
verting call connection and including ringing
control equipment for transmitting ringing cur-
rent over either side of a line selected by said
switech, means operative to extend a connection
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from said one line to said switch, and means re~
sponsive to the extension of said connection to
said switch for preventing ringing current from
being transmitied over the ground return side of
said one line. )

47, In a telephone system, multiparty lines of
the metallic and ground return types, a connector
switch operative to seize one of said lines of the
ground return type in setting up a reverting call
conhection and including ringing control equip-
ment for transmitting ringing current over either
side of a line selected by said switch, means oper-
ative to extend a connection from said one line
to said switch, a test relay operative in response
to the extension of said connection to said switch,
a reverting call relay operative during seizure of
said one line by said switch, and means jointly
controlled by said relays for determing the set-
ting of said ringing control equipment.

48. In a ftelephone system, lines of different
types requiring different modes of ringing for
signaling thereover, line circuits individually ter-
minating said lines, a connector switch having
access to said lines and including ringing control
equipment having different settings for provid-
ing said different modes of ringing, and means
controlled from the line circuit terminating a
calling one of said lines for determining the set-
ting of said ringing control equipment.

49. In a telephone system, lines of different
types requiring different modes of ringing for
signaling thereover, line circuits individually ter-
minating said lines and each including a cut-off
relay, a connector switch having access to said
lines and including ringing control equipment
having different settings for providing said dif-
ferent modes of ringing, and means controlled by
the cut-off relay of a line circuit terminating a
calling one of said lines for determining the set-
ting of said ringing control equipment.
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