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The present invention relates to telephone sys-
tems and more particularly to improvements in
multiexchange telephone systems comprising a
plurality of interconnected small automatic ex-
changes and one or more central exchanges.

. In a system of the character mentioned, toll
operators’ positions are usually provided in one
or more of the interconnected exchanges for the
purpose of routing or establishing toll connec-
tions between the various lines of the.system.
Usually the toll operators’ positions are’ located
in one of the central exchanges of the system al-
though, under certain circumstances, it is ad-
vantageous to provide an operator’s position in.
one of the smaller exchanges of the network for
handling certain of the toll calls which are to
be routed only through the small automatic ex-
changes. - The toll traffic which may advanta-
geouisly and economically be handled at an oper-
ator’s position located in one of the smaller ex-
changes usually occurs-during the day -and early
evening, the night toll traffic at such a toll oper-
ator’s position being relatively light and insuffi--
cient to occupy an operator’s full time. It is.de-
sirable, therefore, to provide, in a situation where
such traffic conditions exist, a system arrange-
ment such that certain toll calls are routed to the
operator’s position in the smaller exchange during
the hours of heavy traffic. and are routed to an
operator’s position in one of the central exchanges
during the periods of light toll traffic. It is also
desirable that such transfer of toll call super-
vision - from. an operator’s position in one ex--
change to another operator’s position in a second
exchange be effected without changing the call
designation or directory number representing an
operator’s position. More particularly, it is de-
sirable that any subscriber having a line included
in the system be able to obtain a connection to a
toll operator’s position by dialing the same direc-
tory number at any and all times. k

Tt is an object of the present invention to pro-
vide, in a telephone system of the character de--
scribed and including two exchanges each having
an operator’s position fherein, an improved ar-
rangement whereby the operators’ positions- are
at all times designated by one and the same di-
rectory number at all of the automatic substa-~
tions of the system and wherein the calls nor-
mally routed to the operator’s position in one of
the exchanges may be routed to the operator’s
position in the other exchange. }

. Tt is another object of the invention to provide
in an automatic telephone system of the char-
acter described an arrangement whereby connec-
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tions between the operators’ positions in the two
exchanges may be established ‘in an improved
manner over either of two routes, one of which
comprises the automatic switching apparatus
provided in two or more of the exchanges ar-
ranged in tandem. ) :
It is an additional object of the invention to
provide in a telephone system of the character
described an improved alternating current im-
pulse repeater chain adapted for:use in con-
trolling the automatic switching apparatus em-
bodied .in one exchange over a line terminating
at another automatic exchange and wherein step-
ping switches are provided for controlling and

:5; responding to the control and supervisory pulses

of alternating current transmitted between the
repeaters in a positive and reliable manner.

It is a further object of the invention to pro-
vide a telephone system of the character de-
scribed wherein the automatic switching appa-
ratus provided in the automatic exchanges is ar-
ranged in an improved manner such that reverse
battery control is utilized in the supervision of
toll calls initiated at the toll operators’ positions

). without providing battery reversals on sub-

scribers’ lines extending to the automatic sub-
scribers’ substations. .

It is a further object of the invention to pro-
vide . an alternating current impulse repeater
adapted for use in a telephone system of the
character described and wherein the control of
the seizing, release and supervisory operations is
realized in an improved and exceedingly reliable

. manner. :

It is a further object of the invention to pro-

vide in a telephone system of the character de-
scribed an improved line selecting switch which
is so arranged that the home position of the
switch may be utilized to terminate one of the
lines accessible to the switch without interfering
with the line selecting and line testing opera-
tions of the switch.
- It is a still further object of the invention to
provide in .2 telephone system of the character
described an improved and simple trunk circuit
arrangement which may selectively be condi-
tioned to operate in-establishing connections on
a manual to-manual exchange basis between two
operators’ positions when the distant end of the
associated trunk line is terminated at an oper-
ator’s position or as a-control circuit for an al-
ternating current repeatet when the distant end
of the associated trunk line is terminated at an-
alfernating current repeater: . :




P

The invention is illustrated as being embodied
in a telephone system comprising a plurality of
exchanges interconnected by trunk lines to form
a loop network., Two of the exchanges have pro-

vided therein an operator’s position and one of
the trunk lines interconnecting the exchanges

extends directly between the two operators’ po-
sitions, whereby calls may be directly routed be-
tween the operators’ positions over this one trunk
line. Af least a portion of the exchanges are of
the automatic type, automatic switching ap-
paratus being provided therein for the purpose
of completing local connections between the sub-
scribers’ lines extending to the corresponding
exchanges and for the further purpose of rout-
ing toll calls to the respective operators’ posi-
tions. In accordance with one feature of the
present invention, apparatus is provided whereby
the automatic switching apparatus located in two
or more tandem connected exchanges is con-
trollable from either of the two operators’ posi-
tions to establish a connection to the other oper-
ator’s position independently of the one trunk
line mentioned above. Also, transfer switching
apparatus is provided at the operators’ positions
for converting one of the two exchanges includ-
ing an operator’s position into a remotely con-
trolled automatic tandem exchange on calls orig-
inating at or routed by way of the other oper-
ator’s position and intended for a subscriber’s
line extending to another of the exchanges. This
transfer switching apparatus is also arranged in
an improved manner such that all calls intended
for the operator’s position in one of the two ex-
changes including an operator’s position may
be routed to the operator‘s position in the other
exchange when the operator in the first-men-
tioned exchange is not on duty. In accordance
with a further feature of the invention the auto-
matic switching apparatus respectively provided
in the interconnected automatic exchanges is so
connected and arranged that the same prede-
termined operation of the calling devices re-
spectively provided at the automatic substations
of the system causes connections to be forwarded
to one or the other of the operators’ positions.
In other words, any automatic subscriber having
a line included in the system may obtain the as-
sistance of a toll operator by dialing a toll oper-
ator’s directory number which is the same as
regards all of the substations.

The automatic switching apparatus provided
ab the respective exchanges also includes control
apparatus which is operative to provide reverse
battery control of the supervisory signals pro-
vided at the operators’ positions. The automatic
switching apparatus is, however, so arranged that
this control apparatus is ineffective to cause bat-
tery reversals over a subscriber’s line extending
to a calling one of the substations. The purpose
of eliminating the reverse battery operation on
calls of a local character is to permit the proper
functioning of the line circuits individually as-
sociated with certain of the multiparty subscrib-
ers’ lines.

The trunk lines which interconnect the various
automatic exchanges of the system are individu-
ally terminated at alternating current repeaters
at each end thereof. Each of these repeaters
comprises a stepping switch arranged in an im-
proved manner to control the operation of the
associated repeater in transmitting and respond-
ing to the various control and supervisory pulses
of alternating current which are transmitted to
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and from the repeater when the associated trunk
line is being used. More particularly and con-
sidering the two repeaters terminating the re-
spective ends of an interoffice trunk line as first
and second repeaters, respectively, when the first
repeater is seized by the automatic switching
apparatus provided in the same exchange, certain
of the control relays embodied therein operate
to cause a seizing pulse of alternating current
to be transmitted over the associated trunk line
to the second repeater. The control apparatus
of the second repeater responds to the alternat-
ing current seizing pulse by initiating the opera-
tion of the stepping switch embodied in the sec-
ond repeater and by seizing the impulse re-
sponsive numerical switch associated with the
second repeater. During impulsing, the first re-
peater functions to convert the direct current im-
pulses which are transmitfed thereto into cor-
responding alternating current pulses which are
reconverted into direct current impulses and
transmitted to the seized numerical switch by the
control apparatus of the second repeater. In ac-
cordance with one feature of the present inven-
tion, means are provided in the second repeater,
operative in response to the operation of the step-
ping switch included therein to a predetermined
off-normal position for releasing the second re-
peater in the event at least one pulse of alternat~
ing current, following the alternating current
seizing pulse, is not transmitted to the second
repeater before the stepping switch embodied in
the second repeater is operated to a predeter-
mined off-normal position. Means are also pro-
vided for arresting the operation of the stepping
switch embodied in the second repeater and for
causing this switch to be returned to its normal
position in response to the first impulse of the
first series of alternating current pulses trans-
mitted to the second repeater over the associated
trunk line. When the call as routed through the
two repeaters in tandem is answered at a selected
called substation the control apparatus embodied
in the second repeater operates in response to the
usual battery reversal over the trunk outgoing
therefrom by operating to cause a supervisory
pulse of alternating current to be transmitted
over the trunk line interconnecting the first and
second repeaters to the first repeater. The con~
trol relays of the last-mentioned repeater in turn
operate to cause the exchange battery to be re-
versely connected to the conductors of the trunk
line incoming to the first repeater. Also, the
control apparatus embodied in the two repeaters
is jointly operative, following the completion of
the connection, to cause battery reversing opera-
tion to be performed, with respect to the trunk
line incoming to the first repeater, each time
the connection is broken or recompleted at the
called telephone station. By virtue of this ar-
rangement, control of the supervisory signal
lamps located at a calling toll operator’s position
is effected.

In accordance with a further feature of the
invention, the arrangement of the repeaters is
such that two or more tandem-connected ones
thereof are operative, in cooperation with the
other automatic switches of an established switch
train and under the control of an operator lo-
cated at one of the toll operators’ positions, to
offer a toll call to the subscribers conversing
over a busy called line. More particularly, the
toll offering connection to the busy line is ob-
tained in the usual manner by unbalancing one
side of the trunk line incoming to the numerical
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switch having access to the called subscriber’s’

line, the unbalancing of the trunk line being
effected by impressing ground potential upon one
of the trunk line conductors for a short time
interval. To this end, the arrangement is such
that, when the trunk line incoming to the first
repeater of the two tandem-connected repeaters
embodied in an automatic switch train is unbal-
anced, the control apparatus embodied in fhis
first repeater operates to cause a supervisory
puise of alternating current to be transmitted
- over the associated trunk line to the distant
second repeater and also to initiate the opera-
tion of the stepping switch embodied in the first
repeater. The duration of the pulse is under
the - control of the Ilast-mentioned stepping
switch, the pulse being terminated when this
stepping switch is operated to a predetermined
off-normal position. The length of the pulse is
somewhat greater than the duration of the al-
ternating current seizing pulse mentioned above
and the control apparatus embodied in the sec-
ond repeater responds to the supervisory pulse
by operating at the end of the pulse momen-
tarily to impress ground potential upon one of
the line conductors of the trunk line incoming
to the numerical switch having access to the
busy called subscriber’s line. The resulting op-
eration of this numerical switch causes the de-
sired connection to be established to the called
line.

In accordance with a further feature of the
invention, the stepping switches respectively em-~
bodied in the two tandem-connected repeaters
of an automatic switch train are arranged jointly
to control the release of the associated repeaters.
More specifically, when a conhnection as routed
by way of the first and second repeaters men-
tioned above is released at the calling end there-
of the control apparatus embodied in the first
repeater operates to cause a release pulse of
alternating current to be transmitted over the
associated trunk line to the distant second re-
peater and to again initiate the operation of the
stepping switch embodied in the first repeater.
The duration of this release pulse is substan-
tially greater than the duration of the super-
visory pulse mentioned above and is under the
control of the stepping switch embodied in the
first repeater, means being provided in this re-
peater operative in response to the operation of
the indicated stepping switch to a predeter-
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mined off-normal position for terminating the

alternating current release pulse and for initiat-
ing the release of the first repeater. The relay
equipment embodied in the second repeater re-
sponds at the beginning of the alternating cur-
rent release pulse by initiating the operation of
the stepping switch embodied in the second re-
peater, means being provided in the second re-
peater operative in response to the operation of
the last-mentioned stepping swifch to a prede-
termined off-normal position for causing the re-
lease of the second repeater and for causing the
indicated stepping switch to be returned to its
normal position.

As indicated above, one of the trunk lines in-
terconnecting the two exchanges having toll op-
erators’ positions therein extends directly be-
tween trunk circuit apparatus provided at the
operators’ positions respectively located in the
two exchanges. In the main or central exchange
this trunk-line is permanently connected to one
set of trunk circuit apparatus. In the other
exchange the transfer means, mentioned above,
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is arranged selectively fo- connect the {runk:
line to the trunk -circuit apparatus provided at
the operator’s position in this other exchange
or to one of the alternating current repeaters
briefly - described in the preceding. paragraph.
In accordance with a further feature of the in-
vention, means are provided in the trunk ecir-
cuit apparatus terminating the end of the trunk
line extending to the central exchange for se=
lectively ‘conditioning this apparafus to be
utilized in establishing connections to the op-
erator’s position in the other exchange when
the trunk line is connected to the trunk circuit
apparatus provided at the operator’s position in
the other exchange, and to be utilized in routing
connections through the alternating current re-
peater when the trunk line is connected to this
repeater in the other exchange. More particu-
larly, means are included in the trunk circuit
apparatus terminating the trunk line in the
central exchange for conditioning this appara-
tus to be utilized in establishing connections on
a manual to manual exchange basis when the
trunk line is connected to the trunk circuit ap-
paratus provided at the operator’s position in
the distant exchange and Ior alternatively con-
ditioning the first-mentioned trunk circuit' ap-
paratus to be utilized in established connections
on an automatic to automatic exchange basis
when the distant end of the trunk line is con-
nected through the transfer means to the al-
ternating current repeater provided in the dis-
tant exchange.

Further features of the invention perta,m to
the particular arrangement of the automatic
switching apparatus whereby the above and ad-
ditional operating features of the system are at-
tained.

The novel features believed to be characteris-
tic of the invention are set forth with particu-
larity in the appended claims. The invention,
both as to its organization and method of oper-
ation, 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
and 2 schematically illustrate a system having
the features of the present invention embodied
therein; Fig. 3 illustrates the manner of assem-
bling the remaining figures of the drawings to
form a unified system in which the details of the
system schematically shown in Figs. 1 and 2 are
illustrated; -and Figs. 4 to 35, inclusive, illustrate
the details' of the system schematlcally shown
in Figs. 1 and 2.

SECTION 1——GENERAL DESCRIPTION OF THE SYSTEM
AND ITS OPERATION

) Re_ferring now more particularly to Figs. 1 and
2 of the drawings the system there shown com-
prises a plurality of exchanges A, B, C, D, E and
F' of which the exchange A is a main or central
exchange of the manual type and the remaining
exchanges are subexchanges of the automatic
type. For the purpose of handling toll calls
routed to the exchange A, there is provided in
this exchange an operator’s position 10 having
two sets of trunk circuit apparatus 10, and 19
located thereat. -As indicated above, the arrange-
ment of the system is such that certain of the
toll calls are handled, under certain conditions,
by an operator located in one of the smaller auto-
matic exchanges. To this end there is provided
in the exchange B an operator s position 14 which
includes an operators télephone station 15 and
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is arranged to be connected for service through
the provision of transfer means in the form of a
transfer switch 880 of the locking type. More
particularly, this transfer switch is of the char-
acter such that when operated to one of its two
operating positions, it remains in the operated
position until manually actuated to its other op-
erating position. The various enumerated ex-
changes are inferconnected by trunk lines, in the
manner illustrated, to provide g multiexchange
network. More particularly, the exchanges A and
B are connected by a group of trunk lines includ-
ing the trunk line indicated at 12; the exchanges
B and F are connected by a group of trunk lines
including the line indicated at 42; the exchanges
B and E are connected by a group of trunk lines
including the line indicated at 3{’; the exchanges
B and C are connected by a group of trunk lines
including the line indicated at 37; the exchanges
C and D are connected by a single trunk line
65; and the -exchanges A and D are connected
by a group of trunk lines including the line indi-
cated at 13. It will be observed that the trunk
lines 12, 13, 3T and 65 serve to interconnect the
exchanges A, B, C and D to form a loop exchange
network. -In the exchange A the trunk line (2
terminates in the trunk circuit apparatus 18s.
The other end of the trunk line {2 is arranged
selectively to be connected, through operation of
the transfer switch 830, to trunk circuit appa-
ratus provided at the operator’s position 14 or to
a trunk line 28 extending to a two-way alternat-
ing current repeater 6.

Each of the enumerated exchanges has extend-
ing thereto a plurality of subscribers’ lines having
one or more substations individually associated
therewith, and, with the exception of the ex-
change A, includes automatic switching appa-
ratus for setting up connections between the va-
rious lines of the system and also between the
subscribers’ substations and the operators’ posi-
tions 10 and 14. The subscribers’ lines extending
to the five automatic exchanges B, C, D, E and
F include lines of the single and multiparty types.
More particularly, these lines are of three differ-
ent types, a part thereof being of the single party
type having only one substation connected there-
to, another portion thereof being of the well
known duplex type having two substations indi-
vidually associated therewith, and the remaining
lines being of the well known multiplex type hav-
ing more than two substations and automatic
station selecting apparatus individually associ-
ated therewith., Only two of the lines which
extend to the exchange B are illustrated in the
drawings, these two lines being indicated at 33
and 34, respectively. As shown, the line 23 is of
the single party type having a single substation
T3 associated therewith while the line 34 is of
the duplex type having two substations Ti and
T2 associated therewith. The lines 33 and 34 in
the exchange B terminate in line circuits 27 and
22, respectively. The lines extending to the ex-
change C include two lines 59 and 68 terminat-
ing in line eircuits 55 and 58, respectively. The
line 89 is shown as being of the single party type
having a substation T4 associated therewith while
the line €0 is of the duplex type and extends to
two substations indicated at Ts and Ts. The
plurality of subscribers’ lines extending to the
exchange D includes two single party lines 14
anhd 18, respectively extending to the substations
indicated at T7 and Ts. These two lines respec-
tively terminate in line circuits 7! and 68, re-
spectively. Finally, the subscribers’ lines extend-
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ing to the exchange E include the two single party
lines 76 and 7171 having respectively associated
therewith the substations Ts and Tiw. These two
last  mentioned lines are terminated in the ex-
change E in line circuits 78 and 18, respectively.
The enumerated substations T:1 to T, inclusive,
are all of the automatic type each including a
calling or impulsing device of conventional de-
sign for transmitting switch control impulses over
the associated line to the automatic switching
apparatus provided in the exchange terminating
the associated line.

For the purpose of establishing local connec-
tions between the subscribers’ lines terminating
at the exchange B and for the additional purpose
of routing connections to cne of the two opera-
tors’ positions 18 and 13 from calling ones of
the substations associated with lines terminating .
at the exchange B, there is provided in this ex-
change a plurality of local finder-connector links
including the link. indicated at 25. These links
have cominonly associated therewith a distributor
%3 which is operative to assign idle ones of the
links to calling ones of the lines terminating at
the exchange B in a predetermined order. Each
I the local finder-connector links includes a
finder switch having access to each of the sub-
seribers’ lines terminating at the exchange B and
alsc to each of the repeaters individually asso-
ciated with the trunk lines extending between the
exchanges B and C. Similarly, the connector
portion of each of the local finder-connector
links has access to each of the subscribers’ lines
extending to the exchange B and also to one or
more trunk lines, such, for example, as the line
38, extending to trunk circuit apparatus pro-
vided at the operator’s position 4. The con-
nector switches of the local finder~connector links
provided in the exchange B also have access to
one or more repeaters individually associated
with two-way trunk lines extending to the auto-
matic switching apparatus provided in the ex-
change E. Thus, the connector portion of the
link 25 is indicated as having access to a trunk
line 38 terminating at a two-way repeater 20
which terminates one end of the interoffice trunk
line 3{’ extending between the exchanges B and
E. The connector switches respectively em-
bodied in the local finder-connector links of the
exchange B Ifurther have access to repeaters in-
dividually associated with trunk lines which are
adapted to be connected by way of the transfer
switch 880 {o associated trunk lines extending to
the exchange ¥. For example, the connector por-
tion of the link 28 has access to a trunk line 37’
extending to a repeater {8 terminating a trunk
line 8¢ which is adapted to be connected through
the springs of the transfer switch 800 to the trunk
line 42 extending to the exchange F. By virtue
of this arrangement and as explained in detail
hereinafter, calls initiated on lines terminating at
the exchange B and intended for lines terminat-
ing at the exchange P or the exchange E may
be completed on an automatic to automatic sub-
station basis without the intervention or as-
sistance of either of the operators attending the
operators’ positions 1§ and (4.

For the purrose of routing connections from
the operator’s position {0 in the exchange A
through the exchange B to a subscriber’s line
terminating at one of the exchanges B, C, E and
F or of routing. connections from the operator’s
position {£ in the exchange B to one of the indi-
cated subscribers’ lines, there is provided in the
exchange B a plurality of incoming connector
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switches, such, for example, as the switch 7,
individually having incoming trunk lines termi-
nating at the contact springs of the transfer
switch 888. More particularly, the incoming con-
nector switch 1T has incoming thereto a trunk
line 80 which is adapted selectively to be con-
nected through the contact springs of the trans-
fer switch 800 to trunk circuit apparatus pro-
vided at the operator’s position 14 or to a trunk
line 29 extending to the alternating current re-
peater 16. The incoming connector switch T
and the other switches of similar character have
access to each of the subscribers’ lines terminat-
ing at the exchange B. In addition, these
switches have access to the trunk line 31’ by way
of which connections may be routed through the
repeater 20 to the automatic switching apparatus
provided in the exchange E. The incoming con-
nector switch 17 further has access to a trunk
line 35 by way of which conections may be routed
through the repeater 18 and over the trunk lines
4t and 42 to the automatic switching apparatus
provided in the exchange F. Finally, the incom-
ing connector switch 1T has access to a trunk
line 32 extending to a two-way alternating cur-
rent repeater 24 terminating one end of the trunk
line 37 interconnecting the exchanges B and C.
As explained in detail hereinafter, calls incoming
to the exchange B from the two exchanges C and
E are routed through the local finder-connector
- links provided in the exchange B. To this end
the repeater 24 has extending thereto an outgoing
trunk line 45 which terminates in g line circuit 23
and is connected to a link line 46 terminating
in the bank contacts of the finder switches re-
spectively embodied in the local finder-connector
links provided in the exchange B. Similarly, the
two-way repeater 20 associated with the trunk
line 31’ extending to the exchange E terminates a
trunk line extending to a line circuit 21. The
line circuit 21 also terminates a link line 47 ex-
tending to the bank contacts of the finder
switches respectively embodied in the local finder-
connector links provided in the exchange B.
Normally, calls incoming to the exchange B from
the exchange P are routed directly to the opera-
tor’s position 14 located in the exchange B.
When, however, the operator’s position {4 is un-
attended such calls may be routed through the
repeater 18 to a trunk selecting circuit 19, and
from this trunk selecting circuit through the
alternating current repeater 16, or another re-
‘peater identical therewith, to the operator’s posi-
tion 18 in the exchange A. More particularly and
if the trunk lines 42 and 41 are utilized in for-
warding the call to the operator’s position in the
exchange A, the repeater 8 functions to extend
the connection over a trunk line 43 to the trunk
circuit apparatus 19. The indicated frunk cir-
cuit is provided for the purpose of automatically
selecting an idle one of two alternating current
repeaters individually associated with trunk lines
extending to the operator’s position 10 - in the
exchange A. To this end the trunk circuit 19 is
arranged to have access to a trunk line 44 ex-
tending to the repeater 6 and also to a trunk
line 44’ which is indicated- as extending to a
second repeater identical with the repeater 16.
Referring now more particularly to the auto-
matic switching apparatus provided in the ex-
.change C, the trunk line 37 extending between
this exchange and the exchange B terminates at
a two-way alternating current repeater 30 hav-
ing extending thereto the conductors of a trunk
line 61 incoming to an incoming connector switch
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53 individually associated with the repeater 50.
The incoming connector switch 53 has access to
all of the subscribers’ lines terminating at the
exchange C and also to a repeater 5T terminat-
ing one end of the trunk line 65 extending to the
exchange D. In a similar manner each of the
other trunk lines extending between the ex-
changes B and C terminates at a two-way re-
peater identical with the repeater 50 and having
associated therewith an incoming connector
switch terminating the subscribers’ lines extend-
ing to the exchange C. Calls routed through the
automatic switching apparatus provided in the
exchange D and over the trunk line 65 to the two-
way repeater 57 located in the exchange C may
further be extended to a subscriber’s line ter-
minating at the exchange C or to the automatic
switching apparatus provided in the exchange B
through the provision of an incoming connector
switch 58 which is individually associated with
the repeater 51. More particularly, the incom-
ing connector switch 56 has access to each of
the subscribers’ lines terminating at the ex-
change C and also to a trunk line 62 by way of
which connections are routed through the two-
way repeater 50 and over the trunk line 37 to
the automatic switching apparatus provided in
the exchange B. For the purpose of setting up
local connections between the subscribers’ lines
terminating at the exchange C there is also pro-
vided in this exchange a plurality of switching
selector repeater links and a plurality of local
connector switches. One of the switching selec-
tor repeaters is indicated at 81 as having access
to g local connector switch 54 which terminates
only the subscribers’ lines extending to the ex-
change C.. Tt will be understood that a plurality
of additional switching selector repeaters and

‘local connector switches are provided in the ex-

change C in order that a number of calls may
be handled at the same time. The switching
selector repeater links have commonly associated
therewith a distributor $2 which is operative in
the usual manner to assign idle ones of the
links for use in a predetermined order. The
selector switches respectively embodied in the
switching selector repeater links not only have
access to the local connector switches through

‘which local connections are set up between the

substation lines terminating at the exchange C,
but in addition have access to each of the two-
way repeaters individually associated with the
trunk lines extending to the exchange B. Thus,
the switching selector repeater 81 is illustrated
as having access to a trunk line 63 extending to
the two-way repeater 58.

The automatic switching apparatus provided
in the exchange D eomprises a two-way alternat-
ing current repeater 66 terminating the trunk
Jine 65 and a similar two-way alternating cur-
rent repeater 12 terminating the trunk line 13
extending to the trunk circuit apparatus 10v
located at the operator’s position 10 in the ex-
change A. Each of the other trunk lines extend-
ing between the exchanges A and D terminates
in a two-way repeater identical with fhe re-
peater 12 in the last mentioned exchange. The
various two-way repeaters provided in the ex-
change D have individually associated therewith
incoming connector switches by way of which
connections may be routed to the subscribers’
lines terminating at the exchange D. More par-
ticularly, the repeater 6% has associated there-
with ‘an incoming connector switch €9 having
access to each of the subscribers’ lines extending
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to the exchange D and also to a trunk line by
way of which connections may be routed through
the repeater 72 and over the trunk line 13 to the
operator’s position 18 in the exchange A. This
incoming connector switch also has access to
trunk lines individually extending to the other
two~way repeaters through which connections
may be routed to and from the exchange A.
Similarly, the two-way repeater 72 has in-
dividually associated therewith an incoming con-
nector switch 67 having access to the subscribers’
lines extending to the exchange D and also fo
a trunk line over which connections may be
routed through the repsater §8 and by way of the
trunk line 65 to the automatic switching ap-
paratus provided in the exchange C. For the
purpose of setting up local connections between
the subscribers’ lines extending to the exchange
D, the automatic switching apparatus provided
in this exchange also includes a plurality of local
finder-connector links one of which is indicated
at 78. 'These links have commonly associated
therewith g distributor 13 which is operative to
assign idle ones of the links to calling ones of
the subscribers’ lines in a predetermined order.
The conneetor switches respectively embodied in
the local finder-connector links provided in the
exchange D not only have access to the sub-
scribers’ lines extending to the exchange D buf,
in addition, have access to each of the repeaters
individually associated with the trunk lines ex-
tending to the exchange A, whereby connecticns
may be routed from the subscribers’ lines ter-
minating at the exchange D to an operator’s
position located in the exchange A.

The automatic switching apnaratus provided
in the exchange E is substantially similar to that
embodied in the exchange C and described pre-
viously. More particularly, this apparatus com-
prises a plurality of incoming connector switches
individually associated with the trunk lines ex-
tending between the exchanges B and E and
each having access to the subscribers’ lines ter-
minating at the exchange E. Thus, the inter-
office trunk line 3!’ extends to an incoming con-
nector switch 84 having access to all of the sub-
scribers’ lines terminating in the exchange E.
The automatic switching apparatus provided in

the exchange E further comprises a plurality of ,

switching selector repeater links and a plurality
of local connector switches which are ufilized in
establishing local connections between the sub-
seribers’ lines extending to this exchange. Thus,
there is provided a switching selector repeater
80 which includes a finder switch at which all
of the lines extending to the exchange E ter-
minate and a selector switch having access to
the local connector switches corresponding to
and including the local connector switch 82.
The selector portion of the switching selector
repeater 89 also has access to trunk lines indi-
vidually extending to the repeaters respectively
associated with the interoffice trunk lines ex-

tending to the exchange B. For example, the -

switching selector repeater 88 has access to a
trunk line 83 by way of which connections are
routed through the incoming connector switch
g4 and over the trunk line 31’ to the automatic
switching apparatus provided in the exchange B.
In order to assign idle ones of the switching se~
lector repeaters to the use of calling ones of
the subscribers’ lines extending to the exchange
E, there is provided a distributor 8! which is
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lector repeater links for use in a predetermined
order.

The automatic switching apparatus provided
in the exchange F for establishing local connec-
tions between the subscribers’ lines extending to
this exchange may, if desired, be substantially
similar to that embodied in the exchange D and
described above. In this case, however, the con-
nector switches provided in the exchange F and
having access to the trunk lines exfending to
the exchange B are arranged in a well known
manner to project ringing current over a selected
one of the trunk lines, such, for example, as
the line 42, for the purpose of initiating the
operation of the trunk circuit apparatus 19 or
the trunk circuit apparatus normally terminat-
ing the selected line at the operator’s position 14,

Neglecting for the present the detailed circuit
arrangement of the automatic switching appa-
ratus briefly referred to above, and considering
the operation of the system generally, it will
be apparent that two types of calls, namely local
and toll calls, are necessarily involved in a com-
plete consideration of the manner in which the
switching apparatus of the system operates.
Considering first the mode of completing a con-
nection between two substations associated with
lines terminating at the exchahge B and assum-
ing that a call intended for the substation Ti
is initiated at the substation T3, the operation
of the automatic switching equipment provided
in the exchange B to set up the desired con-
nection is started when the calling subscriber
at the substation T3 removes his receiver from
its hook to complete a loop circuit extending
to the line circuit 27. The line circuit 27 re-
sponds to the completion of the calling loop cir-
cuit by operating to impress ground potential
upon the start conductor of the distributor 28.
The distributor 28 now operates to cause the
finder portion of the assighed local finder-con-
nector link to seize the calling line and to switch
the calling loop circuit thrcugh to the control
apparatus embodied in the link.  Following the
operation of the finder switch embodied in the
assigned link to seize the calling line, the con-
trol apparatus of the link is conditioned to re-
spond to the impulses of the first digit dialed
at the calling substation and dial tone is returned
to. the calling subscriber. When the first digit
is dialed at the calling substation the connector
portion of the operated link functions to select
the particular group of lines including the called
line 34. Thereafter, and when the second digit
is dialed at the calling substation, the connector
portion of the operated link functions to select
the particular called line from the selected group
of lines. If this called line is busy at the time
the connector switch of the operated link se-
lects - the same, the control apparatus of the
operated link functions to refurn busy tone to
the calling subscriber in the usual manner. On
the other hand, if the called line is idle at the
time it is selected, ringing current is projected
thereover to energize the sighal device provided
at the called substation and the usual ring-back
tone signal is returned over the calling loop cir-
cuit to the calling subscriber. Finally, the de-
sired talking circuit between the calling and
called substaticns is fully completed when the
call is answered at the called substation, the
control apparatus embodied in the operated
link being responsive to this operation to ar-
rest the ringing operation and to-complete the
desired talking connection. The arrangement
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of the local finder-connector links is such that
the release of a local connection established in
the manner just described is entirely under the
control of the calling party. More particularly,
when the calling subscriber at the substation
T3 hangs up, the loop circuit extending to the
operated local finder-connector link is inter-
rupted so that the: relay apparatus provided
therein operates to release the link and to ini-

tiate the release of the line circuit 27, whereby -

the calling line is - marked as idle and is ren-
dered accessible to the connector switches. The
distributor 26 associated with the local finder-
connector links provided in the exchange B is
arranged to select an. idle link for use imme-
diately the finder portion of a previously as-
signed link operates to seize a calling one of
the lines extending to the exchange B. Thus,
when the calling loop circuit extending the sub-
station T3 is switched through to the connector
portion of a local finder-connector link assigned
to the use of the line 33, the line circuit 27 oper-
ates to open the path over which ground po-
tential is impressed upon the distributor start
conductor and the control apparatus embodied
in the assigned link operates to mark the link
as busy in the distributor 26 At this time the
distributor is caused to operate to select the next
available idle one of the links for assignment
to the use of the next calling line. - Thus, the
local finder-connector links are assigned to the
use of successive calling lines in a predetermined
order. )

If the call as initiated at the substation Tz in
the manner explained in the ‘preceding para-
graph is intended for a substation associated with
a line terminating at the exchange E, the desired
connection may alsc be completed without the
intervention of an operator. Thus, if the appro-
priate line selecting digits are dialed at the call-
ing substation, the connector portion of the op-
erated link, as, for example, the link 25, may
be caused to operate to select an idle one of the
repeaters, as, for example, the repeater 28, asso-

ciated with a frunk line extending fo the ex- ‘4

change E. On a trunk call of this character, the
connector portion of the assigned link is ar-
ranged for switching through operation. More
particularly, when the connector switch em-

bodied in the link 25 seizes the trunk line 38, :

for example, extending to the repeater 28, the
ealling loop circuit is switched through to this
repeater with the result that fthe repeater op-
erates to establish a loop circuif extending by
way of the trunk line 3!’ to the incoming con-
nector switch 84. The incoming connector
switch 84 responds to the completion of the last-
mentioned loop circuit by conditioning itself to
perform the desired line selécting operations in
response to further digits dialed at the calling
substation. The impulses of these additional
digits are repeated by the:control apparatus of
the repeater 20 over the trunk line 31’ to the
control apparatus embodied in thé incoming con-
nector switch 84 and the last-mentioned appara-
tus responds thereto by selecting the desired sub-
seriber’s line. More particularly, the incoming
connector switch 84 responds to the first series
of impulses transmitted thereto by selecting the
particular group of lines including the called
line. Foliowing the selection of this line group,
the incoming connector switch 84 responds to the
second series of impulses transmitted thereto by
 selecting the called line from the selected group
of lines. Here again if the called line is busy at
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the time it is selected, the usual busy tone signal
is transmitted back over the trunk line 3I’
through the repeater 20 and the local finder-
connector link 25 and over the calling line 33 to
indicate to the calling subscriber that the desired
connection can not be obtained. On the other
hand, if the called line is idle at the time it is
'selected, ringing current is projected thereover to
energize the signal device provided at the called
substation and the usual ring-back tone signal .
is returned to the calling subscriber to indicate
that the called substation is being rung. -Finally,

the desired conversational circuit is completed

and the ringing operation is arrested when the
call is answered at the called substation. The re-
lease of a connection as routed from the substa-
tion Tz through the incoming connector switch
84 to o substation line terminating at the ex-
change E is also under the control of the calling
subscriber. Thus, when the calling loop circuit
it interrupted at the calling substation, the re-

_peater 20 is released. During its release this re-
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peater functions to remove holding ground po-
tential from the control conductor of the trunk
line 38 thereby to initiate the release of the local
finder-connector link 25. "Also, during its release
the repeater 20 opens the loop circuit extending
to the incoming connector switch 84 whereby this
incoming connector switch is caused to restore
to normal in the usual manner.

As indicated previously, the manner in which
a connection may be routed from a calling sub-
scriber’s line terminating at the exchange B o a
called subscriber’s line terminating at the ex-
change F depends upon the position of the trans-
fer switch 880. Thus, if the operator’s position
4 in the exchange B is attended, a desired con-
nection of the character indicated can only be
completed with the assistance of the operator at
this operator’s position and in the manner ex-
plained subsequently. On the other hand, if the
operator’s position 14 is not attended and the
transfer switch 8090 occupies the position illus-
trated in the drawings, the connection may be
forwarded to the desired called substation with-
out the -intervention of an operator. For ex-
ample, if the call as initiated at the substation T3

-and routed by way of the local finder-connector

link 25 is intended for a subscriber’s line termi-

nating at the exchange F and is initiated at a

time when no operator is on duty at the opera-
tor’s position. 14, the calling subscriber may, by
dialing the appropriate digits, cause the con-
nector portion of the operated link 25 to seize
the trunk line 37’ extending to the two-way re-
peater 8. Here again, the local finder-con-
nector link 25 operates to switch the calling loop
circuit through to the indicated repeater imme-
diately the trunk line 37" is selected and the con-
trol apparatus embodied in the repeater operates
to place holding ground potential upon the con-
trol conductor of the trunk line 37/, thereby to
maintain the local finder-connector link oper-
ated. When the calling loop circuit is switched

5 through to the repeater 18, this repeater also

operates to complete a loop circuit extending by
way of the trunk lines 41 and 42 to the auto-
matic switching apparatus terminating the dis-
tant end of the trunk line 42 in the exchange F.
‘When this last-mentioned lcop circuit is com-
pleted, the seized switching apparatus provided
in the exchange F is condifioned to respond to
the impulses making up further digits dialed at
the calling substation. From this point on, the
manner in which the desired connection is com-
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pleted and released is exactly the same as de-
scribed above with reference to the call initiated
at the substation T3 and routed to a substation
line terminating at the exchange E.

If the call as initiated at the substation T3 and
routed by way of the local finder-connector link
28, for example, is a toll call requiring the as-
sistance of an operator, the calling subscriber
may cause the connection to be forwarded to the
cperator’s position 14 in the exchange-B or to
the operator’s position 18 in the exchange A
by dialing the digits of the directory number
representing an operator’s telephone sfation.
The arrangement of the local finder-connector
link 28 and of the other similar links is such
that a trunk hunting operation on the part of
the connector portion of the link is initiated for
the purpose of selecting an idle trunk line ex-
tending to the operator’s position (4 when the
directory number designating an operator’s tele-
phone station is dialed. More particularly, the
arrangement of the links is such that any seized
one thereof responds to the impulses of the di-
rectory number 01 o select an idle one of the
trunk lines extending to the operator’s pesifion
{4 providing all of these trunk lines are not busy.
Thus, if the trunk line 3% is the first available
idle trunk line of the group when the digits 0
and 1 are dialed at the calling substation T3, the
connector portion of the link 25 operates to seize
the line 3§ and to switch the calling loop circuit
through thereto. The one of the two operators’
positions {4 and 18 to which the connection is
routed depends upon the pesition of the fransfer
switch 889. More particularly, if the operator’s
position 4 in the exchange B is attended, the
call. is forwarded to this operator’s position.
Thus, when the trunk line 38 is seized and the
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calling loop circuit is switched through, the .

trunk circuit apparatus terminating this trunk
line at the operator’s position #4 operates to im-
press holding ground upon the control conductor
of the trunk line 36, thereby to hold the link 25
operated, and also to signal the operator that an
incoming call on the trunk line 2§ awaits atten-
tion. - The operator may utilize the telephone
substation equipment indicated at {5 to answer
the call and to ascertain the particular connec-
tion or service desired by the calling subscriber.
The manner in which the connection may be fur-
ther extended from the operator’s position (4
to a substation line terminating at one of the
other exchanges in the system is explained here-
inafter. In the case, just described, of a con-
nection routed from the substation T3 to the
operator’s position {4 in the exchange B, the re-
lease of the operated switch train is under the
control of the calling subscriber. Thus, when
the calling loop circuit is interrupted at the call-
ing substation, the trunk circuit apparatus ter-
minating the trunk line 26 at the operator’s posi-
tion {4 operates to give the operator a disconnect
signal and to remove holding ground potential
from the control conductor of the line 35. When
ground potential is removed from this control
conductor, the operated local finder-connector
switch 28, as utilized in establishing the connec-
tion, is released.

As indicated above, when the operator nor-
mally handling calls at the operator’s position 14
in the exchange B goes off duty or leaves her
post, she operates the transfer switch 820 to
the position illustrated in the drawings such
that the trunk line 36 is connected through the
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ing to the two-way repeater {6. Hence, if the
toll call originating at the substation T3 is ini-
tiated at a time when the operator’s position 14
is not attended, the two-way repeater 16 is seized
when the local finder-connector link 25 utilized
in establishing the connection operates to switch
the calling loop circuit through to the trunk
line 3. When this repeater is seized, it oper-
ates to apply holding ground to the control con-
ductor of the trunk line 36 and to transmit a
relatively short seizing pulse of alternating cur-
rent by way of the trunk lines 28 and {2 to the
trunk circuit apparatus 10s. terminating the line
12 at the operator’s position 10 in the exchange
A. This trunk circuit apparatus responds to the
alternating current seizing pulse by operating to
energize a line signal lamp individual to the
line 12, thus indicating to the operator on duty
at the operator’s position 18 that an incoming
call on the line 12 should be answered. The op-
erator attending the operator’s position 18 in the
exchange A may now answer the call in the usual
manner and converse with the calling subscriber
over the established talking circuit to ascertain
the particular service or substation desired by
the calling subscriber. The manner in which the
connection may further be extended from the
operator’s position 10 to a desired called sub-
station associated with a line terminating at one
of the other exchanges is explained hereinafter.
The release of the connection as routed from the
calling substation T3 to the local finder-connector
link 2§ and the two-way repeater 18 to the oper-
ator’s position 18 in the exchange A is vartially
under the control of the calling subscriber and
partially under the control of the operator at-
tending the operator’s position 19. - More partic-
ularly, when the calling loop circuit from the
substation T3 to the repeater 18 is interrupted,
the repeater 16 is released and certain of the
control relays embodied therein operate to cause
a supervisory pulse of alternating current to be
transmitted by way of the trunk lines 28 and 12
to the trunk circuit apparatus {8.. This trunk
circuit apparatus responds to the supervisory
bulse of alternating current by operating to en-
ergize a supervisory lamp embodied therein
which is also individual to the line 12, thus in-
dicating to the operator that the established con-
nection is ready to be released. When the loop
circuit extending through to the two-way re-
peater (6 is interrupted in response to the re-
lease of the connection at the calling substation
T3, the control relays embodied therein also op-
erate to remove holding ground potential from
the trunk line 48, thereby to initiate the release
of the local finder-connector link 25 and the line
circuit 27, The release of the trunk circuit appa-
ratus 10 is effected only when the operator at
the position 18 disconnects her cord circuit from
the trunk circuit apparatus 18.. More partic-
ularly, when the operator clears out the connec-
tion the trunk circuit apparatus (0. is released
and during its release operates to transmit a
relatively long release pulse of alternating cur-
rent hack over the trunk line {6 to the repeater
16.  The control apparatus of the repeater (6
responds to this alternating current pulse by op-
erating fo establish a loop circuit to the incom-
ing connector switch 17, whereby this switch is
seized, and by initiating the operation of the ap-
paratus for forcibly releasing the repeater 3.
Thereafter, the last-mentioned apparatus oper-
ates to release the repeater 16 and to open the
loop circuit extending to the incoming connector
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switch 11, whereby. the switch 17 is restored’ to‘

normal,
The manner in-which local connectlons ‘are set’
up-between the subscribers’ lines:terminating at:

the exchange D is substantially similar. to the:

‘mode of establishing local .connections between

subscribers” lines terminating . at. the: exchange:

B and described above.  Thus, if.it be assumed,

for example; that the local finder-connector link:
18 is utilized in establishing a.connection between:

the-lines.14-and .15 in response:to a:callinitiated:
at-the substation T7, the operation of:the distrib=
utor: 713:to cause the .finder portion.of the.link:
10 to.seize the calling.line is initiated in response.
to: the: operation. of: the line: circuit: 74 . resulfing:
when:the calling. subscriber removes.the receiver.

provided at'the substation-T7 from’its:supporting:

hook .orcradle. More: particularly, when:a:call--
ing:loop -circuit is established to: the line circuit:
14; ground potential is impressed upon:the. dis-:
tnbb.tor start! conductor, ‘whereby the: distrib--
utor-13:cooperates with the finder switch.of. the:
link: 19 to cause this:switch to seize thelcalling:
line 14; Wheri the calling line is seized,-the call--
ing loep circuit is switched through-to:the: cor-
nector: portion-of the link, ‘dial toneis returned
to. the: calling: subscriber, the line circuit. 71- op~
erates to remove ground:potential from the: dis-
tributor: start conductor and :the control appa-
ratus. of - the ‘link: operates tomark the:link: as
pusy-ifi the distributor 13. The distributor new-
operates-to select the’ next-available idle one-of:
tHe:local:finder-connector links. for use-in° com-
pleting:a-second connection -on-theé next. incom~
ing call, When the calling:-loop circuit is switched
through to the connector portion of the link 719;

the control apparatus- embodied in the link is
conditioned to-respond. to the operation:of the
calling device provided in the calling- substation’
T+ During the first series of -impulses-dialed at:
this-substation; the connector portion of the link:
10: operates to'select the particular: group -of. lines
including: the called line 73: When the second
digit:is dialed at the calling-substation, the-con-

nector portion:of the link- 78- cperates to-select

the called: line T5§-from- the previously selected
group-of: lines- in which - this - called line-is in-
cluded. - Pollowing the selection of- the called
line, the cortrol- apparatus .embodied ‘therein op-
eratea to ‘test the line for the purpese of- deter-
mining:the idle or busy condition thereof; to-re-
turn' the usual busy: tone signal®to- the calling
subscriber if the called line is busy; and'to.pro-
ject: ringing-.current. cut over the:called-line for
the:purpose of energizing:the signal’ device: pro-
vided at.the called substation: in the event-the
called line is:idle.. This control: apparatus- fur-
ther operates to return-the ususl ring-back tone
signal. to the:calling subseriber in the event the
selected called line is idle and ringing current’is
projected: thereover., The ringing- ‘operation . is
arrested:and the desired conversational circuit-is
completed between the calling and called sub-
stations-when the call is answered at the:sub-
station. Ts. - The Treléase of . the connection: as
established in the manner-just:described is-under
the control-of the subseriber ‘at: the calling-sub-
station.. More-particularly, when the:calling-sub-
seriber.Kangs up -to-open the calling loep circuit;
the local-findeér-conneetor link is-restored to nor-
mal, this- link is marked as:idle‘in-the- distrib-
utors switch 12, and-the calling-and-called- lihes
are:marked. as-idle in‘the bank contacts of-the
connector: switches -having- aecess thereto. -Dur-
ing: the release of the: .connection: and when
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_switches - respectively: embodied:

. sired: by the subscriber:

guarding: ground potential is:removed from-the- -
control:conductor of the-line 14, the line circuit: .

1i-is restored-to mormal-in the-usual -manner:
All:toll:calls initiated at substations: associated:

. with- lines- terminating. at- the exchange D:are:

routed to the toll:operator’s position. |18 provided:
in-the exchange-A, the trunk line 63 not being:
accessible to the local finder-connector:links pro-
vided: in the: exchange and: hence-is not.avail-.
able: for. use in' completing-connections: between:

tHe. subscribers’ lines” terminating at. the: ex-
chrange: and: thie: operator’s: position: in the ex-:
change: B: Thus,.if* the:call: originating at’ the’
substation -Tr:and routed to thelocal finder-con-

- nector- link 78.is.intended for a toll operator’s:

position;. the: ca.lhng subscriber. dials the: two
digits of .tHe:directory number designating a.toll
operator’s: telephone: station.  Here: again, the:
bank: wiring  arrangement. of -the connector:
in. the local
finder-eonnector.links ;provided -in the: exchange:
D is: such.that: when: a:subseriber. having :a-sub-
statibmiassociated.with azline terminating: atithe.
exchange D. dials the -directory number compris-

_ ings thie. digits: Oc and 1 the. connection.is: for=

warded: over: a: trunk: line. to a: toll. operator’s:
position in the exchangez A:. Also, the.connector’
switches of: the: respective:-local. finder-connector:
liriks .are: arranged: for: trunk hunting, thereby
sutomatically- to-selectian:idle onerof the trunks
inthe group.extending to the exchange A ifi.re~
spomse:to:the dialing of: the: toll:operator’s. direc~
tory: number. at. the. callm”g substation.. - Thus,
when: the. calling: subscrilber at’ the.substation Tq
dials‘the digits 0 and:1¢in:the order named, the
connector. portion -of: the local finder~connector:
link. 10 automatically operates: to: select: a. re-
peater: associated: with-an idle one of:the trunk
lines-extending. to: the-exchange ' A: Assuming,
fors examplé, that:the repeater: T2-is seized by tne
connector portien: of: the link: 79, when- this re-
peater- i selected: the' calling loop. circuit: is
switéhed through thereto-and:the control-appa-
ratiss -embodied in the.repeater operates:to-im-
press: Holding ground ‘upen the control ‘conductor-
of: the- trunk’ line: extending thereto from: the
link-T0; thereby to: hold:the -indicated link: oper-
ated,. The repeater: T2’ also fumnctions to trans-
mit a-seizing pulse of! alternating current. over

tHe trunk-lihe: 13 to the-trunk- circuit- apparatus

18 terminating the line-13 at-thé operatoris posi--
tion- 10.° This ‘trunk: circuit- apparatus responds-
to the:aiternating: current seizing- pulse-by-ener-
gizing: the line signal lamp included therein and
individiially- associated with the-trunk line 13,
thus- indiegting- to° the operator at: the position
{9~ that! an' ineoming- call on the trunk- line 13
sHould be answered WHhen. the call is answered
by tHe- operator attending the operator’s- posi-

tion 16; the 'desired talking cifcuit is fully com-
pleted’ between the operator’s telephone set and

tHe calling substation: Tv, whereby the-operator
may- converss- with' the- calling subseriber and
aseertain-the particular service or connection -de=
The manner in which
the-connection may-be: further extended to-a-de-
sired called substation asscciated with a line ter-
minating at ‘cne of the- other exchanges is-de=
seribed subsequently.

- The-release- of:the- connectlon as routed" from
the-substation T7to the-operator’s position 10 in
the exchange-A-is partially-under the control of
the calling: subscriber and  partially under the
control-of the- operator-attending: the operator’s
position’ {8 More particularly, when-the calling
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subscriber hangs up to open.the loop circuit ex-
tending through the local finder-connector link
10 to the repeater 12, the control apparatus em-
bodied in this repeater operates to cause a rela-
tively long pulse of alternating current to be
transmitted over the trunk line {3 to the trunk
circuit apparatus {8». 'This control apparatus
also functions to remove ground potential from
the control conductor of the trunk line incoming
thereto from the connector portion of the local
finder-connector link 70. . Thus, the release of this
link and of the line circuit 71 is initiated. 'The
trunk circuit apparatus 10» responds to the alter-
nating current pulse transmitted thereto from the
repeater 72 by operating to energize the. super-
visory lamp included in this apparatus and indi-
vidual to the trunk line 13, thus indicating to the
operator on duty at the position ¢ that the con-
nection routed by way of the trunk line (3 is
ready to be released. When the operator discon-
nects her cord circuit from the trunk circuit ap-
paratus 18, this apparatus is released and during
its release operates to transmit a relatively long
pulse of alternating current back over the trunk
line {3 to the repeater 72. 'This last-mentioned
pulse of zlternating current is in the nature of a
seizing pulse in so far as the repeater 72 is con-
cerned, the control apparatus of the repeater re-
sponding thereto by operating to establish a loop
circuit to the associated incoming connector
switch 67, whereby this switch is seized. The ap-
paratus embodied in the repeater 72 for forcibly
releasing this repeater is also started into opera-
tion when the last-mentioned pulse of alternating
current is transmitted to the repeater over the
trunk line 13. After a predetermined time inter-
val this apparatus functions to cause the release
of the repeater and to open the loop circuit ex-
tending to the seized incoming connector switeh
817, thereby to initiate the release of the connector
switch. Thus, the connection is entirely released.

Referring now more particularly to the opera~
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exchanges B and C, the selector portion of the
switching selector repeater 51 operatesto seize the
trunk line 83 extending to the repeater 50. When
the repeater 50 is seized in this manner, the con-
trol apparatus embodied therein operates to
transmit a seizing pulse of alternating current
over thetrunkline2Ttotherepeater 24 terminating
the distant end of this trunk line in the exchange
B. The repeater 24, in turn, responds to the
seizing pulse of alternating current transmitted
thereto by operating to complete a loop circuit ex-
tending by way of the link line 45 to the line
circuit 23 individually associated with the trunk
line 31. The line circuit 23 now operates to mark

~ the link line 46 as a calling line in the bank con-

tacts of the finder switches respectively embod-
ied in the local finder-connector links provided
in the exchange B. 'This line circuit also oper-
ates to impress ground potential upon the start
conductor extending to the distributor 26, where-

” by the operation of the finder switch embodied in
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a previously assigned one of the local finder-con-
nector links is initiated. When the wipers of this
finder switch encounter the contacts terminating
the conductor of the link line 46, the operation
of the finder switch is arrested and the loop cir-
cuit extending from the repeater 24 and by way of
the link line 45, the line circuit 23 and the link
line 46 is switched through to the connector por-
tion of the link. Also, the line circuit 23 oper-

* ates at this time to remove ground potential from
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tion of the automatic switching apparatus pro- -

vided in the exchange C to establish a local con-
nection between two subscribers’linesterminating

at this exchange, and assuming, for example, that

a call intended for the substation Ts originates at
the substation T4, the operation of the apparatus
to establish the connection is initiated in the
usual manner when the calling subscriber re-
moves the receiver provided at the substation Ts
from its supporting hook or cradle., More partic-
ularly, when the last-mentioned operation is per-
formed, a calling Ioop circuit is completed to the
line circuit §5 whereby this line circuit operates
to mark the calling line in the bank contacts of
the finder switches respectively embodied in the
switching selector repeaters and also to impress
ground potential upon the start conductor ex-
tending to the distributor 52. This distributor
now operates to cause the finder portion of the
previously assigned switching selector repeater to
search for the calling line, Thus, if the switching
selector repeater link 51 is the link assigned to the
use of the calling line, the operation of the finder
switch embodied in this link is initiated when
ground potential is impressed upon the start con-
ductor extending to the distributor 52. Also,
when this switching selector repeater is seized,
the selector portion therecf operates automatical-
ly to select and seize a repeater associated with
an idle one of the trunk lines extending between
the exchanges B and C. For example, if the
trunk line 87 is the first available idle trunk line
in the group of trunk lines interconnecting the

the start conductor extending tothedistributor 26
and the control apparatus of the seized local find-
er-connector link operates to mark the line as
busy in the bank contacts of the distributor
switch 26. Following the extension of the loop
circuit from the repeater 24 to the operated
local finder-connector link in the manner just
described, no further operation of this equip-
ment occurs until the dialing operation is started
at the calling substation T:. As indicated above,
during the interval when the selector portion of
the switching selector repeater §i is operating to
select an idle one of the trunk lines extending to
the exchange B, the finder portion of the link

" operates to search for the calling line 59. When
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this calling line is found, the operation of the
finder switch is arrested and the calling loop cir-
cuit is switched through to the control apparatus
of the link. Pollowing this switching through op-
eration; the line circuit 55 operates to remove
ground potential from the distributor start con-
ductor, and the control apparatus of the switch-
ing selector repeater 5i operates to mark this
switching unit as busy in the distributor 52. The

" digtributor 52 now operates to select the next
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available idle switching selector repeater for use
in completing a connection on the next call. The
control apparatus of the switching selector re-
peater 51 responds to the impulses of the first
digit dialed at the calling substation T: by oper-
ating to determine whether the call is of a local
character or is a toll call intended for one of the
toll operators’ position. This control apparatus
also functions to repeat the impulses of the first
digit over the trunk line 63 to the repeater 50
associated with the trunk line 37. The control
apparatus embodied in this repeater operates to
convert the received direct current “impulses
transmitted thereto over the trunk line 63 into
corresponding pulses of alternating current which
are transmitted by way of the trunk line 37 to the
distant repeater 24. The control apparatus of
the last-mentioned repeater, in turn, operates to
reconvert the received pulses of alternating cur-
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:rent into corresponding direct :current.impulses
"which are transmitted over-the.loop :circuit com-
-prising the link:lines 45 and 46 to the connector
portion of the operated:locdl finder-connector.link
located in the exchange B. .As:aresult,:the con-
nector switch of the -operated local finder-con-
-nector link operates :to.select a particular group
of lines in response-to the-impulses of ithe first
digit dialed:at the-calling-substation T4. In the
cresent case wherein the call is. intended ifor the
substation Ts associated with the.line:60, the op-
.eration of the -operated local finder-connector
switch provided in the-exchange B-is without ef-
fect since the response-of -the .control apparatus

.embodied in the switching selector repeater-51 in- -

dicates that the call-is of :a lecal character., More
-particularly, at the end of-the-first series of im-
pulses, the control .apparatus embedied in the
switching -selector . repeater 51 -operates to-open

the loop circuit -extending -by way of .the .trunk .
line §3 to the two-way -repeater .50, thereby fo-

‘initiate the -release of .this :repeater, the trunk
“line 87, the repeater .24, .the line circuit 23 and
the.operated local finder-connector link provided

in the exchange B, all .in the.manner explained .

subsequently. 'The control apparatus embodied
in thelink 51 also functions, at the end of the first
series of impulses, to cause.the selector portion of
‘the link automatically to.s€lect an idle one of the
local connector switches provided in the exchange
‘C. Assuming, for example, thdt the local con-
nector switch 54 ‘is‘the first available idle switch
of this character, when this switch.is selected by
-the selector: portion of the link'§1, a.loop circuit

is established thereto and the control .apparatus .

therecf is conditioned to respond to-the impulses
of further digits dialed at’the calling substation
T4, The impulses of these further digits arere-
‘peated by the control apparatus-of the switching
selector repeater 5t over-the established loop cir-
cuit-extending to the local connector switch 54.
This connector switch responds to the impulses
-of the first series transmitted ‘thereto by oper-
ating to select the particular -group-of lines in-

cluding the called'line-69. ‘Finally, the local con- .
‘nector switch-84 responds to the-impulses of the ~

second series of impulses transmitted:theretorand
representing the third digit dialed dt the calling
substation by operating o select the called-line 63
from the previously selected group of lines.

trol apparatus of the local connector switchib4 to
determine the:idle .or busy condition thereof:and
if :found busy, theusual busy tone signal is re-

turned to .the.calling -subscriber. .On the other .
hand, if the line is idle, ringing current is.pro- -

jected thereover to energize the signal device pro-
vided at the-called substation:.and:the -usual ring-
back tone signal is.returned-.to.the calling:sub-
scriber. ‘Tinally, the desired talking circuit be-
tween the substations Te and Ts:is fully -com-
pleted when the call is answered :at the called
substation, the control apparatus.embodied in the
local connectorswitch$4beingarrangedtorespond

to this operation by operating toarresttheringing .

operaticnand by performing thefinallineswitching
operation incident to the.completion .of -the de-
-sired-talking circuit. ‘The-release-of the:operated
‘switch train-extending between 'the calling -sub-

station T: and. the.called substation Ts is en- 7

tirely under the control. of the.calling subscriber.
More particularly, when the.connection is cleared
out at the called substation T, .the leop -circuit
extending to the switching selector repeater:51.is
interrupted and this :link resteres :to normal.

‘When
-the called line is-selected,-it is tested by the con-
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-During. its. release, the switching:selector repeater

51 cperates to open the:loop circuit extending to
the :local. connector switch 84 :and to remove

-guarding ground potential from the control con-
.ductor of the calling line 59. Also, during its re-

lease the switching selector repeater is-marked as
idle in the distributor 2. ‘When ground poten-

tial is remeved from the control conductor of the

line -59 the line circuit 55 is restored to normal

_and the callingline is:marked as idle in the bank

contacts of the connector switches having -access
thereto. 'When the loop circuit extending to the
local connector switch .84 is interrupted, this con-

‘nector switch is restored to normal in the usual

manner. During its release the connector switch
54 operates to remove guarding ground potential
from the control conductor-of the called line 60,
whereby this line is also marked as idle in-the

bank contacts of the connector switches having

access thereto and the line circuit 58 is restored
to normal, )

Toll calls initisted at substations -associated
with lines terminating at the exchaunge C are
routed over the trunk lines exfending between
this exchange and the exchange B and through

‘the aitomatic switching apparatus provided in

the last-mentioned exchange tc the toll oper-
ator’s position I4 or to the toll operator’s posi-
tion £8 located in the exchange A. Thus, the
switching selector repeater link 51 and the other

‘links corresponding thereto only have access to

the repeaters which are associated with the trunk
lines extending to the exchange B and .the local
connector switches provided in the .exchange C
are only used in completing local calls. Hence,
it will be apparent that the trunk line-§5 extend-
ing between the exchanges C and.D cannct be
taken for use by the automatic swilching appa-

‘ratus provided in the-exchange 'C on-a call orig-

inating at a substation associated with a.line ter-
minating at this exchange. As pointed out above,
the arrangement of the apparatus is -such
that each time a call is initiated on.one.of the
lines terminating at the exchange C a connection
is ‘estabiished over one of the interoffice trunk
lines connecting this exchange with.the exchange
B to a'local finder-connector link provided in the
last-mentioned exchange. Thus and . considering
again the call as initiated .at the substation Tq,
if ‘this call is a toll.call .reguiring the assistance
of one of the toll operators for. completion, -the
calling "subscriber dials the two digits of -the

a

-above-mentioned directory number 01 designat-

ing ‘a toll operator’s telephone station. The im-

“pulses of the first digit are transmitied through
the repeater chain comprising the two.alternat-

ing current repeaters 53 and 24 to the seized local
finder-connector link located in.the exchange B.
Assuming, for example, that the link 25 is as-

-signed to the use of the call by the distributor

28, -the connector portion ¢f this link operates
in response to the impulses of .the first digit by
selecting the group of trunk lines including the
ling 28 extending to the operator’s position (4 lo-

-catedin the exchange B. “In this case the num-

ber of -impulses of the first digit is such that the
control apparatus emboedied in the switching

:selector repeater §i does not operate, at the end

of -the digit, to open the loop circuit extending
to the repeater 58. -Also, the character of the
digit is such that the control apparatus emboedied
in-the switching-sélector repeater 5! does not op-

‘erate to:select an idle one ef the local connector
.switchesprovided‘in the exchange C. - When the
-gecond :digit comprising g single impulse iy dialed
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at the calling substation Ts, the two-way re-
peater 90 operates to transmit a corresponding
pulse of alternating current over the trunk line
37 to the repeater 24. The last-mentioned re-
peater, in turn, operates to transmit a corre-
sponding direct current impulse to the connector
portion of the operated finder-connector link 25.
The connector switch of the link 25, in turn, re-
sponds to the received impulse by operating to
select an idle one of the trunk lines as, for ex-
ample, the line 38 extending to the operator’s
position i4 located in the exchange B. From the
preceding description it will be apparent that if
the call under consideration is initiated at a time
when the operator in the exchange B is on duty,
the operation of the connector switch embodied
in the link 25 to seize the frunk line 3§ and to
switch the loop circuit through to this trunk line
results in the energization of the line signal lamp
individual to this trunk line and provided at the
operator’s position (4. Thus, the operator on
duty at the position 14 is informed that an in-
coming call on the line 3§ should be answered.
Upon answering the call the desired conversa-
tional circuit between the operator’s telephone
station and the calling substation Ts is fully es-
tablished. Thus, the operator may converse with
the calling subscriber to determine the particular
service or connection desired. If the toll call
originating at the substation T is initiated at a
time when the operator’s position {4 is not at-
tended, the connection is forwarded over the
trunk lines 36 and 40 through the repeater {8 and
over the trunk lines 28 and {2 to the operator’s
position 10 in the exchange A. Thus, in the last-
mentioned case the transfer switch 880 is op-
erated to a position such that the trunk line 36 is
connected to the trunk line 40 and the trunk line
12 is connected to the trunk line 28. Hence, when
the connector portion of the local finder-con-
nector link 25 operates to switch the loop circuit
extending from the repeater 24 through o the
trunk line 36, the repeater 16 is seized and op-
erates to transmit a seizing pulse of alternating
current by way of the trunk lines 23 and 12 to
the trunk circuit apparatus $8. in the manner
explained previously. The trunk circuit appa-
ratus 18. responds to the alternating current seiz-
ing pulse by energizing the line signal lamp indi-
vidual to the line {2, thus indicating to the op-
erator on duty at the position 18 that an incom-
ing call on the trunk line (2 should be an-
swered. The operator attending the position 18
may now answer the call and converse with the
calling subscriber to determine the particular
service or connection desired. If the toll call
originating at the substation T: is routed to the
operator’s position 14 in the exchange B, the re-
lease of the operated switch train is primarily
under the control of the calling subscriber. More
particularly, when the connection is cleared out
at the calling substation, the loop circuit extend-
ing to the switching selector repeater 5i is in-
terrupted and this repeater is caused to restore.
During its release, the switching selector repsater
51 removes guarding ground potential from the
control conductor of the calling line 58, thersby
to cause the release of the line circuit 55 and to
mark the calling line 59 as idle. Also, during its
release, the switching selector repeater 51 oper-
ates to mark itself as idle in the distributor 52
and to interrupt the loop circuit extending by
way of the trunk line 63 to the operated repeater
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terrupted, the control apparatus embhodied in
the repeater 59 operates to release this repeater
and to transmit a relatively long pulse of alter-
nating current over the trunk line 37 to the re-
peater 24 terminating the distant end of this
trunk line., The repeater 24 responds to the rela-
tively long pulse of alternating current trans-
mitted thereto by restoring to normal. During
the release of this repeater, the loop circuit which
extends by way of the line 48, the line circuit 23,
the line 45, the local finder-connector link 25
and the trunk line 36 to the trunk circuit appa-
ratus terminating the last-mentioned trunk line
at the operator’s position, is interrupted. The
trunk circuit apparatus terminating the trunk
line %6 at the operator’s position {4 now op-
erates 1o energize the supervisory lamp included
therein and individual to the line 3%, thus indi-
cating to the operator on duty at the position
14 that the connection routed by way of this
trunk line is ready to be released. Also, when the
loop circuit extending by way of the trunk line
38 to the trunk circuit apparatus terminating
this line is interrupted, this trunk circuit appa-

5 ratus operates to remove holding ground po-

tential from the control conductor of the trunk
line 38, thereby to initiate the release of the local
finder-connector link 25. During the release of
the link 25 the line c¢ircuit 23 is restored to nor-
mal and the cperated link is marked as idle in the
distributor switch 28. Thus, the toll connection
as routed to the operator’s position 14 from the
substation Ts is completely released. On the
other hand, if the toll call initiated at the sub-
station T4 is routed to the operator’s position 13
in the exchange A, the releass of the operated
repeater 16 and and of the trunk circuit appara-
tus 0. provided at the cperator’s position 18 is
under the control of the operator on duty at this
position in the exchange A. More particularly,
when the calling loop circuit extending from the
substation Ts to the switching selector repeater
5! is inferrupted, this repeater, the line circuit
55, the repeater 59 and the repeater 24 are all
released in the manner just explained. During
the release of the repeater 24, the loop circuit
extending through the operated local finder-con-
nector link 28 to the two-way repeater 1§ is in-
terrupted. The control apparatus in the last-
mentioned repeater now operates to remove hold-
ing ground potential from the control conductor
of the trunk line 48, whereby the operated local
finder-connector link 25 and the line cir-
cuit 23 are caused to restore. Also, when this
loop circuit is interrupted, the control appara-
tus embodied in the two-way repeater 16 operates
to cause a relalively long pulse of alternating
current to be transmitted by way of the trunk
lines 28 and {2 to the trunk circuit apparatus (8a
located at the operator’s position 16. This trunk
circuit apparatus now operates, in the manner
previously explained, to energize the supervisory
lamp provided at the operator’s position (9 and
individually associated with the trunk line 2,
thus indicating to the operator attending this
operator’s position that the connection routed by
way of the trunk line 12 is ready to be released.
As previously described, the repeater 16 is effec-
tively released when the loop circuit extending

~thereto from the repeater 24 and through the

local finder-connector link 25 is interrupted.
When, however, the operator on duty at the op-
erator’s position {8 clears out the connection at
this position to initiate the release of the trunk
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circuit apparatus: 10a; this apparatus operates to

transmit a: retatively, long: pulse: of alternating

current: over. the: frunk lines {2: and: 28/ to, the
repeater 18; thereby  effectively: to- reseize: this
repeater: The - repeater 1§ responds: to-the-last-
mentioned: alternating current. pulse by operat-=
ing to- compléete g loop: circuit extending: by’ way
of the'trunk lines 28 'andi38-to the incoming:con=
nector switch. i1, whereby: this® incoming' con=

nector. switch: is seized:: The: controli apparatus

embodied:in the:repeater: 16:-and provided for-the
purpose-of: forcibly releasing: tiiis:répeateris also
started: into: operation: in: response: tof the: lasi~
mentioned! pulse: of alterrating: current: trans-
mitted to- the: repeater 16i over’ the: trunk: liries
12'and:28.. A:predstermined -time interval.theres
after-the:apparatus:for forcibly reteasing:the re-
peater 16: operates: to release: this: repeaterand
to-open-the:loopscircuit extending tothe:dincoming
connector:switch: §7;. causing: this-iticoming: con-
nector:switch to be:released: Thus; the:toll'con-

nection as establishied: between: tHe substation: T4

and’ the:operator’s position: 1 0:located! in the-ex-
change A.is fully: released.-
ThHe: manner in which' lccalrconrwctlons are es-

20

tablisted: between: subseriberst lines: terminating -

at the: exehange. E'ig-substantially: similar o tHe
niods: oft completing: Iceal” conneetions- between
the:subseribers® lines-extending: to:the: exeHange
Crag-deseribed above: THus; considering & cail
originating at the substation:Ts assoeiated!with
the line 76 and intended for the syBstation: To;
by way: of’ example, the-operation off the' guto-
matic: switching apparatus-provided in-the ex-
change: E”to° complete the désired' connection: i§
initiated: when-the ecailling suliseriber at the sub-
station Ty removes the reeeiver provided-at this
substation- fiomr its- associated’ supporting hook
oricradlé: Nore partleu}arly, when thie receiver
at-the: substation- T is-remeoved ' from: its- hook,
a:10ep ‘circuit s compléted: to the line- circuit 18;
causing this-line-circuit’ to-operate-to mark  the
calling: line in the finder switches respectively
embedied’in:the:switching: selector repeater links
and to:impress ground potentizl’ upon the start
conductor extending to- the-distributor 8¢, As-
‘suming that the switching-selector repegter -80%is
assigned- by tHe distributor- 8% to the use of the
callihg ‘line; the' operation of the finder switch
embedied’ in- this- repeater is* initiated  when
ground potentialisimpressed upon the distributor
start-condlictor, When-tie wibers of this finder
switch-are® operated iftto engagement with the
contacty terminating the conductor of the line
78, the operation thereof is arrested and the call-
ing toop circuit-is:switched through tothe selector
portion of the repeater. Diring. the interval
whermr the finder switch .of 'the seized selector re-
bester-is aperating to search for the calling line,
the selector portion. of this repeater. operates to
seléct an idle one of:the.trunk. lines- extending
from the exchange. E: to tHe. exchange B.. As-
sumihg for example,.that- the. trunk- line 247 is
tHe fitst available idle .line. extending- to the. ex-
cliange. B] the operation.-of. the: selector. portion
of.the:switching: selector. repeater-8¢ is arrested
when.the wipers: of the selector switeh -emhbodied
in. this repeater. are operated.into. engagement
with-the:contacts-terminating- the trunk: line-83.
This trunk. line is; when- idle, connected:to:the
trunk line 3!’ through the contaet springs-of one
of -the switching:relays- embodied: in-the iticom-
ing:connector. switeh. 84, Algo, the-trunk line: 34
iz, then.idle, connected by  way of the-contact
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springs of one. cof the relays embodied in: the re-
peater 20 through to the line circuit 21. Hence,
when: the switching selector repeater 88 operates
to. select the link line 83 and to complete a loop
circuit extending by way of this link line, the
line circuit 21 is caused to operate to mark the
link line 47 as a calling line in the bank contacts
of the finder switches respectively embodied in
the local finder-connector links provided in' the

- exchange B. The line-circuit 21, upon operating,

also functions to impress ground-potential upon
the start conductor extending to the. distributor
28, whereby the finder portion of a previously as-
signed- finder-connector link, such, for example,

- as- the link 25, is caused to operate to seize the

marked cailing line 47. Thus, when the switch-
ing selector repeater 88 operates to seize the
trunk line:- 83, a connection is automatically
routed as far as one of the local findsr~connector
links provided in the exchange B and the seized
link.in this exchange is conditioned to respond to
operation: of: the: calling  device provided at the
calling. substation.. Here again, the character of
the-first.digit dialed at the calling substation de-
termines whether the connection will be routed
to-a local connector switch provided in the ex-
change E or to a toll operator’s position in one
of the éxchanges A and B. During the impulses
of this first digit, the control apparatus em=-
bodied in the switching selector repeater 8% op-
erates to'repeat the impulses over the established
loop circuit. comprising the trunk lines 83 and 31’
to: the operated local finder-connector link.lo-
cated in the exchange B. For example, if the
link 25.is. assigned to-the use of the caliing line
41, the impulses of the first: digit are repeated to
thn connector.portion of: this link so tHat the con=-
nector. switeh of the link: operates to select one of
the groups-of:lines: terminatitig- thiereat. In the
present case- wherein~ the connection: is. to° be
routed- to the - subscriber’s: line- 77, the - control
apparatus- embodied- in. the; switehing: selector
repeater 80 operates-at.the end of the first digit
dialed, at the calling'substation: automatically to

- select:an-idle onterof-the:16cal contiector switches

provided: in- the- exchange E ard having access
to the:called line-17.. This contrcl apparatus fur-
ther funictions- to: interrupt” the complsted: Icop
circuit. extending by way: of. the" trunk:line 83 to
the operated-local findér-connector link located
in the exchange:B; thereby. toinitiate the release
oi-this-link-in"the:manner ‘explained. subsequent-
Iys - Assumiing- that the local connector switeh
82 is-thefirst-availableidle loeal connector switeh,
when- the: seléctor portion  of. the' switching
seleetor. repeater- 80: operates: to-seize the trunk
line incoming:to this switch, the control appara-
tus of the local conmector switch 82 is condi-

tioned to respond-to:the impulses of further digits

dialed at-the-callingisubstation. During the dial-
ing:of the-second digit at the calling substation
Tg, the confrol:apparatus.of the switching selec-
tor' repeater: 80 -operates to ‘repeat the im-
pulses to the: local cornector switch 82, which
connector: swifely,. in: turn, respends to the re-
peatedumpulées by selécting the particular group
of lines imcluding the called:line T1. Thereafter
and when:the third digit is dialed at the calling
substation Ty; the loeal connector switch 82 op-
eratesto:select thie-called lihe 77 from the selected
group off lines. Folowing the selection of the
called line; the.control apparatus embodied in the
local:’ connector” switcH 827 operates to test the
called line.to:determine the idie or busy condition
thereaf and, to return: busy tone to the calling
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subsecriber in the event the line is busy. If the
called line is idle at the time it is selected by the
connector switch 82, ringing current is projected
thereover to energize the signal device provided
at the called substation and the usual ring-back
tone signal is returned over the line 16 to the
calling subseriber. Finally, the ringing opera-
tion is arrested and the desired talking circuit is
completed when the call is answered at. the called
substation Tiw. The release of the connection as
established between the two substations T and
Tyo is entirely under the confrol of the calling
subscriber. Thus, when the connection is cleared
out at the calling substation Ty, the calling locp
circuit extending to the switching selector re-
peater 83 is interrupted and this repeater resiores
to open the loop circuit extending to the local
connector switch 82, During its release the
switching selector repeater 88 also marks itself
as idle in the distributor &1 and removes guarding
ground potential from the confrol conductor of
the calling line 78, whereby the line circuit 78 is
restored to normal and the line is marked as idle.
When the loop circuit extending from the switch-
ing selector repeater 89 to the local connecior
switch 82 is interrupted, the last-mentioned
switch restores and removes ground potential
from the control conductor of the cailed line 77,
whereby the line circuit 79 is released and the line
71 is marked as idle. Thus, the connection is
entirely released and the calling and called lines
76 and 77, respectively, are both marked as idle
in the bank contacts of the connsctor switches
having access thereto.

If the call as initiated at the substation T is
a toll call, the calling subscriber dials the two
digits of the directory number designating an
operator’s telephone station. More particularly,
the calling subscriber dials the directory num-
ber comprising the digits 0 and 1 so that ten im-
pulses are delivered to the connector switch of
the operated local finder-connector link 25 with
the result that this connector switch operates
to select the group of trunk lines including the
line 38 extending to the operator’s position 14
in the exchange B. When the first digit 0 is
dialed, the control apparatus embodied in the
switching selector repeater 80 does not gperate
to release the operated switch train including
the finder-connector link 25 located in the ex-
change B. Moreover, when this particular digit
is dialed, the switching selector repeater does
not operate at the end thercof to select an idle
one of the local connector switches provided in
the exchange E. When thereafter the second
digit comprising a single impulse is dialed at the
calling substation, the swilching selector re-
peater 80 operates to repeat the impulse over the
trunk lines 83, 31’ and 47 to the connector switch
of the operated local finder-connector link 23.
The connector switch of this link now operates
to select an idle cne of the trunk lines as, for
example, the line 38 extending to the operator’s
position (4 located in the exchange B. From
this point on the manner in which a connection
is completed to the operator’s position 4 in the
exchange B or to the operator’s position 10 in
tha exchange A is exactly the same as described
previously with reference to the toll call initi-
ated at the substation T4 Here again, the re-
lease of the switch train extending as far as the
operated local finder-connector link 25 is under
the control of the calling subscriber located at
the substation Ts. More particularly, when the
connection is released at this substation, the
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loop circuit extending to the switching selector
repeater 88 is interrupted causing this repeater
to restore to open the loop circuit extending by
way of the trunk lines 83, 31’ and 47 and through
the operated local finder-connecior link 25 to
the trunk circuit apparatus terminating the
trunk line 36 or to the repeater 18 terminating
the trunk line 43. In either case, when this loop
circuit is interrupted, holding ground potential
is removed from the conftrol conductor of the
trunk line 38, thereby to initiate the release of
the local finder-connector link 25. During ifs
release this local finder-connector link operates
to remove guarding ground potential from the
control conductor of the trunk line 47, whereby
the line cireuit 21 restores to normal to mark the
repeater 20 as idle in the bank contacts of the
connector switches having access thereto. Dur-
ing the release of the switching selector repeater
80, ground potential is removed from the con-
trol conductor of the trunk line 83, whereby the
trunk line 31’ is marked as idle in the bank con-
tacts of the switching selector repeaters having
access to this trunk line. During its release,
the switching selector repeater 80 also functions

. to mark itself as idle in the distributor switch 81

and to remove guarding ground potential from
the conftrol conductor of the line 16, thereby to
initiate the release of the line circuit 78. Thus,
the switch train extending from the substation
Ty through the local finder-connector link 25 is
fully released.

As pointed out previously, when an operator
is cn duty at the operator’s position {4 in the
exchange B, the transfer switch €00 is operated
to a position such that the ftrunk line 42 ex-
tending to the exchange F is terminated at
trunk circuit apparatus located at the operator’s
position 14. Henece, toll calls originating on lines
terminating at the exchange F are normally
routed over one of the trunk lines in the group
including the line 42 to the operator’s position
i4 in the exchange B, from which position the
calls may be forwarded to any desired substation
of the system under the supervision of the op-
erator attending this operator’s position. When,
however, the operator’s position 14 is unattended,
the transfer switch 8890 is operated to a position
such that the trunk line 42 is connected to the
trunk line 41 and, accordingly, toll calls routed
over the trunk line 42 are extended by way of
the repeater {8, the trunk circuit {9 and one of
the two trunk lines 434 and 44’ to the operator’s
position in the exchange A. More particularly,
if the trunk line 42 is seized by the automadtic
switching equipment in the exchange F at a
time when the operator’s position 14 is unat-
tended, ringing current is projected thereover,
which current is conducted by way of the trunk
line 41 through the repeatsr 18 and over the
trunk line 43 to the trunk circuit 9. The ap-
paratus of this trunk circuit responds to the ring-
ing current transmitted thereto by operating to
select an idle one of the trunk lines 44 and 44’
providing both of these trunk lines are not in use.
The trunk circuit apparatus 19 also functions to
impress guarding ground potential upon the re-
spective control conductors of the trunk lines 3%
and 377, thereby to guard the repeater {8 against
seizure by the connector switches provided in the
exchange B. If both of the two lines 44 and 44’
are busy, the apparatus embodied in the trunk
circuit 19 operates to return busy tone to the
calling subscriber to indicate that the desired
connection can not be obtained. Assuming that
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“the:trunk line:44,:Tor example, is:idle, the.trunk
circuit-apparatus 19 -operates:fo establish a‘locp
circuit-by .way.thereoi to the repedter:16-and-also
to . complete. :a bridging ‘path between the ‘line

.conductors ‘of “the :trunk "line 43, thereby -to -ar-

rest ‘the ringing operation-and to:cause:the talk-
ing loop to be:extended to the repeater 18, “The
last-mentioned. repeater :responds to:the comple-

tion ‘of the “loop :circuit extending theréto and

including:the trunk.line 44 by operatingito-frans-
.mit-a seizing :pulse of alternating -current over
the ‘trunk ‘lines 28 and 12 'to the trunk cireuif
;apparatus .18.located at the.operator’s position
-0 .in the exchange A, -wheréby -this trunk circuit
apparatus 'is caused :t0 operate to. energize the
line signal lamp individually associated with the
trunk line 12. ‘When. the operator answers the
-call, -the desired conversational cireuit is fully
- compléted, -so ‘that the operator may converse

with-the ‘calling: subscriber to ascertain the par-.

ticular service or.connection:desired: by the call-
ing :subscriber. “The:connection may be further
extended to a.substation:associated with'a line
:terminating at .one:of the other -exchanges of
the-system in the manner explained-hereinafter.
The:release.of :the connection :as established be-
tween-the:cdlling: subscriber’s.substation:and tke
operator!s'position 10 is partially under the con-
trol-of the calling. party and partially under the
control .of the operator.on ‘duty at the operator’s
- position :£0.  "Nore" particularly, when the call-
Ang :subscriber hangs up, the automatic switch-
ing -apparatus provided.in'the exchange F and
by -way :of :which {he connection is reouted is
caused :to restore:fo normal.
of this :apparatus, the loop ¢ircuit extending by
way :of -the-trunk lines.41i :and -42 -to ‘the trunk
circuit -198:is. inferrupted.with the tesult-that this
trunk -circuit restores:to normal to open ‘the loop

-¢ircuit extending by way: of ‘the trunk line44 to 4
.Also, during . its ‘release the .

‘the repeater (8.
trunk -circuit 19 operates ‘to remove -guarding
‘ground -potential :from the réspeétive eontrol
conductors of:the trunk lines:85'and 37’, thereby

‘to mark :these -trunk -lines -as idle in the bank i3

contacts-of the connector switches ‘having-access
‘thereto. When the loop circuit ex rtending from
the 4runk circuit .apparatus .19 to the Tepeater
‘16 -1s dnterrupted, ;this repedter restores-to -nor-
mal.
ates, in ‘the manner previously -explained, to

fransmit -a-relatively “long -pulse - of - alternating .-

current ‘to ‘the .trunk -circuit’ apparatus 18a lo-
cated :at the operator’s:position 19.. Thus, the

supervisory lamp.provided.atithe operator’s posi- 23"
~oporators ‘position 114 and ‘included ‘in the -con-
-nection, are:relied upon: by ‘the- operator to indi-
zcate.the condition .of ‘the .connection.. ‘The ar-

tion 19 -and.-individually associated with the
‘trunk ‘line 12:is:energized to signdl the. operator
-that-the connection rouited over the-trunk line

“During‘the releass :

During iits :release” the repeaber -16 - oper- :

10

20

15

9 is Tully: released and ds: rer*dered a,vallable for
~further use.

‘Referring -now to 'the Qperat on of the:auto-

matic. switching apparatus embodied in the:sys-
“tem:to .establish: connections:toithe wvarious sub-
-scribers’ “lines:on :calls routed 'thereto :from ‘the
- operator’s .position " #4 .in the exchange B ‘and
- considering :first :the operation of ‘the -apparatus

to estdblish:a connection:between: the operatot’s

-telephone.: station :15.and a substation associated
:with .a ‘line ‘termindating at :the:exchange "B, :as,
-for .example, ‘the line:23, it :is pointed out ‘that

when:the .operator’s position :i4.is dttended, ‘the

-transfer: switchi880.occupies-a-position. such that
‘the *incoming . connector ‘switch [T .may be .di-

rectly seized:by the:eperator:on duty 4t this po-
sition. "Thus, sto establish :a -connection :to the

subscriber’s line::33, the. operdtor.on duty-at:the
‘position "t4 :first .operates: the ‘trunk-connect *key
‘individual to:the frunk line 30, thereby to-com-~
‘plete a loop cireuit :extending ‘by ~way -of this

trunk line o :the incoming connector switeh CI1. ’
When this:loep circuit is completed, dial tone'is
returned thereover to .signal ‘the ‘operator -that

~ the -dialing -operdtion ‘may be started. The

. seized connector .switeh :ET responds ‘to ‘the iim-
_-Pbulses of :the first:digit «dialed &t the operatoi’s

130

. thereof.
‘busy-tone signdl .is:returned to ‘the .operator ‘to
-indicate {hat :the -called line ‘is‘in -use.
other hand, :if the;callediline’is:idle, ringing cur-

—rent :is:prdjec
‘ner:to energize the:signal-device provided-at the
called :substation, -and the usudl ‘fing-back ‘tone
signal -is ireturned - ‘to  the -operator ‘to- indieate
-that the calledwsubstation’ is'being Tung. “Assum-
“ing :that the :call corigindted ‘at -another of ‘the
‘substations of ‘the system and -was only -routed
to rthe -opsrator’s position 4 to ‘obidin the ‘op-
rerator’s-assistaneetin: compléting the desired-con-
‘nection, ‘the . operator ‘located -2t ‘the operator’s
‘position’ 14:may; after the cdll is-answeired -at the

2 isready to be released. “When; thereafter, the

operator .clears .out the . econnection, the trunk ¢

--circuit apparatus 19. operates .to .transmit -an-
other pulse of-alternating current.back over the
trunk:lines *#2-and 28:to thé repeater 16 with the
-result that this repeater.and the incoming con-
_nector switch” {1 are-.again seized, :

tion .of -the-apparatus for forcibly releasing the
repeater 1§ .is also initiated when the last-men-
tioned pulse of .alternating current is transmit-
‘ted to -this repeater. ‘Hence, :after a predeter-

‘mined time -interval :the*repeater 18 is released

The opera~ j

o

‘nosition by selecting the :group:of lines ineluding
the :called - line” :33.
:secand. digit :is «dialed, ;the "incoming connector
~switch 7T operates to:séleét the cdlled line 33
“from the :selected :group:of lines :and:to :test this

“Thereafter -and when :the

line to .detérmine’ the .idle -or busy - condition
If ithe wselected ‘line is busy, the -usual

ted “thereover in the usual man-

called substation “Ts, - -establish ‘a ‘link or jumper

-connection-between the calling and-called ‘talk-
‘ing circuits, thereby “fully to . compléte ‘the de-
..sived 4alking . connection hetween: the calling and

«called :substations. ‘Following the completion of
this jumpesr _connection, the superwsory -lamps,
associated with rthe trunk lines incoming “to the

rangement of the “trurk -circuit “apparatus nor-
~mally dherminating the trurk:line 39 at- the op-
erdtor’s position. I4 and of the incoming connec-
tor sswitch 17 7is such ‘that a toll -call may be
offered 'to ia :subscriber conversmg over -a -con-
‘nection:invelving. a?
:is provided:in the trunk-ciredit: apparatus termi-
mating !the 'trurk- liné /30 -a toll offering ‘switéh

usy line. To-this end there

~which ISAODGI‘atIVe to ‘Impress ‘ground potential

-and the loop circuit rextending :to the .incoming -

:connector switeh..#7 'is -interrupted, causing.the
last-mentioned switch:to be released. Thus; the
automatic switching equipment utilized in estab-

-lishing - the -gonnection to the operator’s position:-7

()

upon - oxe :side of :fhe trunk line ‘39, theréby to
-unbalance ‘an -established loop - éircuit extending
- 'to thie incoming. connector switch 7.
Jdoop :eireuit ‘is -unbalanced, ‘In “the ‘manner just
-described, the -control -appara
:in operstes ‘to- estabhsh a ‘talking

-“When' this

tus: -embodied’ there-
connection “to

F61E4

the.called line 33:even thoagn ‘this “line is busy.
“Thus, ‘the operator ‘may-break-in upon the previ-

“On ‘the -




16

ously established connection and offer the toll
call to the party conversing at the called sub-
station. If the party to whom the toll call is
offered accepts the call, the operator instructs
the two parties conversing over the previously
established connection to hang up; the arrange-
ment being such that the release of the previ-
ously established connection is effected without
interference due to the bridging connection es-
tablished to the called line through the incom-
ing connector switch (7. When the previously
established connection is fully released, the called
line 83 is marked as idle in the bank contacts
of the incoming connector switch 17 with the re-
sult that this incoming connector switch oper-
ates to project ringing current over the line 33
to again energize the signal device provided at
the called substation T3 Thereafter and when
the call is answered at this substation, the de-
sired conversational circuit is fully established
between the operator’s telephone station 15 and
the substation T3. The arrangement of the ap-
paratus is such that reverse battery control is
utilized for controlling the condition of the su-
pervisory lamp associated with the link lines pro-
vided at the operator’s position {4 and utilized
by the operator in completing the above-men-
tioned jumper connection between the calling
and called talking circuits. Thus, if the called
subscriber at the substation T3 desires to recall
the operator attending the position {4 following
the completion of the connection just described,
he may do so by operating the switch hook pro-
vided at the called substation to interrupt and
recomplete the loop circuit extending to this sub-
station one or more times. -Each time this loop
circuit is interrupted and recompleted, the bat-
tery reversing relay embodied in the incoming
connector switch 17 restores and reoperates.
The trunk circuit apparatus terminating the
trunk line 30 at the operator’s position (4 re-
sponds to the restoration of the battery revers-
ing relay embodied in the incoming connector
switch 17 by operating to complete the circuit for

energizing the supervisory lamp individual to the .

link line included in the established connection.
Conversely, each time the battery reversing relay
of the connector switch 17T reoperates, the trunk
circuit apparatus terminating the trunk line 239

at -the operator’s position 14 operates to open ;

the circuit for energizing the supervisory lamp
individual to the connection. - Thus, if the called
subscriber at the substation T3 operates the
switch hook provided at this substation momen-
tarily to interrupt the loop circuit extending by
way of the called line 33 a plurality of times, the
supervisory lamp individual to the established
connection is repeatedly energized and the
flashing of this lamp indicates to the operater
~that she is being recalled. The release of the
connection as routed from the operator’s position
{4 to the substation Ts is entirely under the con-
trol of the operator attending- this operator’s
position. Thus, when the connection is cleared
out at the called substation, the loop circuit ex-
tending to this substation is interrupted and the
battery reversing relay embodied in the incom-
ing connector switch {7 restores to reverse bat-
tery over the trunk line 38 to the trunk circuit
apparatus terminating this trunk line at the cp-
erator’s position 4. The trunk circuit appara-
tus now operates to complete the circuit for en-
ergizing the supervisory lamp individual to the
link line utilized in establishing the link connec-
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cuits. The continuous illumination of this lamp
indicates to the operator that the connection is
ready to be released. When the connection is
cleared out at the operator’s position, the loop
circuit extending by way of the trunk line 30
to .the incoming connector switch 1T is inter-
rupted with the result that this incoming con-
nector switch is restored to normal. During its
release the connector switch coperates to remove
guarding ground potential from the control con-
ductor of the subscriber’s line 33, whereby the
line circuit 27 is restored to normal and the
line 33 is marked as idle in the bank contacts
of the connector switches having access thereto.

If the call as initiated at the operator’s posi-
tion 14 and routed to the incoming connector
switch 1T is to be extended to a substation asso-
ciated with a line terminating at the exchange E,
the operator first dials the two digits designating
the trunk lines forming the trunk line group in-
terconnecting the exchanges B and E. The in-
coming connector switch 7 responds to the im-
pulses of the first digit by operating to select
the desired group of trunk lines. Thereafter and
when the second digit is dialed, this switch op-
erates automatically to select an idle one of the
lines in the selected group. Assuming, for exam-
ple, that the trunk line 31’ is the first available
idle line in the group, the incoming connector
switch 17 operates to seize the trunk line 31 and
to switch the calling loop cireuit through to the
two-way repeater 29. When this loop circuit is
completed, the control apparatus embodied in
the repeated 20 operates to complete a loop cir-
cuit extending by way of the trunk line 31’ to
the incoming connector switch 84 located in the
exchange E. The operation of the repeater 20
also results in the operation of the line circuit 21
to impress guarding ground potential upon the
control conductor of the trunk line 38, thereby
to mark the trunk line 3{’ as busy in the bank
contacts of the other connector switches having
access to this line. When the loop circuit ex-
tending by way of the trunk line 3(’ to the in-
coming connector switch 84 is completed, this
connector switch is conditioned to respond to fur-
ther impulses dialed at the. calling operator’s
telephone station. During the impulses of the
third digit dialed by the operator, the repeater 29
operates to repeat the impulses to the incoming
connector switch 84 with the result that the in-
dicated incoming connector switch operates to
select the particular group of lines including the
called line. Similarly, during the impulses of the
fourth digit dialed by the operator, the repeater
23 operates to repeat the impulses to the incom-
ing connector switch 84 and this switch responds
by selecting the desired called line from the pre-
viously selected group of lines. Assuming, for
ezample, that the substation Tio associated with
the line 77 is the substation desired by the calling
subscriber, the incoming connector switch §4
operates to select the line 17 and to test the
same to determine the idle or busy. condition
thereof. If the called line is idle, ringing current
is projected thereover to energize the signal de-
vice provided at the called substation and the
usual ring-back tone signal is returned to the
operator to indicate that the called substation is
being rung. Finally, the talking circuit between
the called substation Tio and the operator’s tele-
phone station 15 is completed when the call is
answered at the called substation. By utilizing
one of the link lines provided at the operator’s
position 14, the operator may establish a link
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or jumper connection between the calling and
called talking circuits, thereby to complete the
desired talking conmection between the calling
and called substations. If the called line 17 is
busy at the time it is selected by the incoming
connector switch 84, the usual busy tone signal
is returned to the operator’s position {4 to in-
dicate to the operator that the called line is
already occupied with a call. Upon receiving
busy tone, the operator may either release the
established - connection extending to the called
line or break in upon the previously established
connection and offer the toll call te the subscriber
located at the called substation. Assuming that
the operator elects to offer the toll call fo the
patrty at the called substation, she may do so by
operating the toll .offering switeh embodied in
the trunk circuit apparatus termingting the trunk
line 38, thereby to unbalance the loop .circuit
extending through the incoming connector switch
and by way of the trunk line 3! to the repeater
20 in the manner previcusly explained. The con-
trol apparatus embodied-in the repeater 28 re-
sponds to the unbalanced condition of the loop
circuit incoming thereto by operating to impress
ground potential upon one of the conductors of
the trunk line 31’, thereby to unbalance the loop
circuit extending to the incoming connector
switch 84. When this last-mentioned loop circuit
is unbalanced, the centrol apparatus of the in-
coming connector switch 84 operates to establish
a talking circuit to the called subseriber’s line,
whereby the operator at the operator’s: position
t4 may converse with the party using the sub-
station T and offer the toll call to this sub-
scriber. If the subscriber at the called substation
accepts the toll call, the operator instructs the
parties conversing over the previously established
connection to hang up. When this previously
established connection is cleared out, the auto-
matic switching equipment by way of which the
connection extends is released and the called line
11 is marked as idle in the bank contacts of the
incoming connector switch 84.  The incoming
connector switch 84 now operates to project ring-
ing current over the called line 17 for the purpose
of energizing the signal deviee provided at the
called substation. Finally, when the call is an-
swered at this substation, the ringing operation
is arrested and the desired talking cireuit ex-
tending to the operator’s telephone station I8 if
fully completed.. Following .the complétion of a
connection between the substation T and an-
other calling substation of the system on a call
routed by way of the operator’s position {4, super-
vision of the connection is provided by the super-
visory signal lamp individually associated with
the link line utilized in establishing a jumper
connection between the calling and called talk-
ing circuits. Here again; reverse battery contrel
is utilized for the purpose of controlliing the con-
dition of the indicated supervisory lamp. Thus,
if the called subscriber at the substation Tio
desires to recall the operator attending the posi-
tion I4§ after the talking connection extending to
the substation Tio from the calling substation is
fully completed, he may do so by momentarily
interrupting and recompleting: the leop circuit
extending to the called substation one or more
times. ‘Each time this-loop circuit is interrupted,
“the battery reversing relay provided in the in-
coming connector switch 84 restores to reverse
battery back over the trunk line 31’ to the re-
peater 20, The battery reversing relay equip-
ment embodied in the repeater 29, in - turn, re-
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sponds to the reversal of battery over the trunk
line 31’ by reversing battery back over the trunk
lines 31 and 38 to the truhk circuit apparatus ter-
minating the trunk line 39 at the operator’s
position {4. This trunk cireuit apparatus responds
to the last-mentioned battery reversal by operat-
ing to commplete the circuit for energizing the
supervisory lamp assoeiated with the link line by -
way .of which the established connection extends.
Similarly, each -time the loop circuit extending
to the calleg substation is recompleted, the bat-
tery. reversing relay embodied in the incoming
connector switch 84 reoperates to again reverse
battery. over the trunk line 3f’ to the repeater
20 with the result that the battery reversing relay
equipment embodied in this repeater operates to
again reverse bailery over the trunk lines 31 and
8% to the trunk circuit apparatus terminating the
trunk line 30 at the operator’s position 14. This
trunk circuif apparatus responds to the battery
reversals of the last-mentioned character by op-
erating to .open the circuit for energizing the
supervisory lamp individually associated with the.
link line in.use. Thus, if the loop circuit extend-
ing to -the .called substation T is momentarily
interrupted a number of times, the supervisory
lamp indicating the cendition .of the connection
is intermittently energized to signal the operater
that she is being reealied from the called sub-
station. The release of the connection as routed
from the.operator’s position 14 to the called sub-
station T is under the control of the operator
attending the operator’s positienn i4. More par-
ticularly, when the connection is cleared out at
the called substation, the battery reversing relays
of the incoming connector switch 84 and the re-
peater 28 cooperate to reverse battery over the
trunk lines 8t :and. 30 to :the trunk circuit ap-
paratus terminating the last-mentioned trunk
line, with the result that the supervisory lamp
indicating the eondition of the established econ-
nection is continuously énergizéd to signal .the
operator that the connection is ready to be re-
leased. When the connection is cleared out at
the operator’s position {4, :the loop circuit ex-
tending by way of the trunk line 39 through the
incoming connector switch T and over the trunk
line 3t to the repeater 20 is interrupted, whereby
this.repeater is caused to restore to open the loop
circuit extending by way of the trunk line 31’
to the incoming connector switch 84. During its
release, the ‘repeater 20 also functions to remove
ground potential from the' control conductor of
the trunk line 31, thereby to initiate the release
of the incoming connector switch 17.  When the
repeater 26 is returned to normatl, the line circuit
21 is also released and guarding .ground potential
is removed from the comntrol conductor of the
trunk ling 38, thereby to render the repeater
20 accessible to the connéctor switches provided
in the exchange B. When the loop circuit ex-
tending to the inecming connector switch 84 is
interrupted, this incoming connector switch
restores ‘to nermal in the usual manner. During
the release of the incoming connector switch 84,
ground potential is removed from: the control con-
duetor of the called line 17, whereby this line is
marked as idle in' the bank contacts of the -con-
nactor switches having aceess thereto -and the
line circuit 79 is released. Thus, the connection
as established between -the operator’s position 14
and the called substation Tio is fully released
and the apparatus utilized in completing the con-
nection is rendered available for further use,

It -will-be apparent from the preceding descrip-
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tion that when the operator’s position 14 is at-
tended .and the transfer switch occupies a posi-
tion connecting the conductors of the trunk line
42 to trunk circuit apparatus provided at the
operator’s position 14, calls may be routed from
the operator’s telephone station 6 over the trunk
line 42 and through the automatic switching
equipment provided in the exchange F without
utilizing any of the automatic switching appara-
tus provided in the exchange B. The manner
in which such connections are established and
released is substantially similar to the mode of
establishing and releasing the above described
connection extending between the operator’s tele-
phone station 15 and the substation Ts.

If the call initiated at the operator’s telephone
station 15 is to be routed to a substation asso-
ciated with a line terminating at the exchange C,
such, for example, as the substation T4 connected
to the line 59, the operator, upon seizing the in-
coming connector switch i1, in the manner ex-
plained above, dials the two digits. designating
the group of trunk lines interconnecting the ex-
changes B and C. At the end of the second digit,
the incoming connector switch 17 operates auto-
matically to select and seize a repeater associated
with an idle one of the selected group of trunk
lines. For example, if the trunk line 31 is the
first available idle line of the selected group, the
incoming connector switch 7 operates to seize
the trunk line 32 extending to the repeater 24
and to switch the calling loop circuit through to
this repeater. When the repeater 24 is seized,
the control apparatus embodied therein operates
to impress holding ground potential upon the
control conductor of the trunk line 32, thereby
to maintain the incoming connector switch 7
operated, and also to transmit a seizing pulse of
alternating current over the trunk line 37 to the
repeater B0 terminating the distant end of this
trunk line. The last~mentioned repeater responds
to the seizing pulse of alternating current trans-
mitted thereto over the line 37 by operating to
complete a loop circuit extending by way of the
trunk line 61 to the associated incoming con-
nector switch 53. Thus, the switch train com-
prising the incoming connector switch 17, the
two repeaters 24 and 50 and the incoming con-
nector switch 53 is conditioned to respond to
the impulses making up the line selecting digits
designating the called line 59. During the opera-
tion of the calling device provided at the opera-
tor’s telephone station (5 to fransmit the im-
pulses making up the two digits representing the
directory number of the substation Ti, the con-
trol apparatus embodied in the repeater 24 re-
sponds to the received . direct current impulses
and operates to transmit corresponding pulses of
alternating current over the trunk line 387 to the
repeater 50. The relay equipment embodied in
the repeater 59, in turn, reconverts the alternat-
ing current pulses into corresponding direct cur-
rent impulses which are transmitted over the
loop circuit comprising the trunk line 61 to the
incoming connector switch 53. This incoming
.connector switch responds to the first series of
impulses by operating to select the particular
group of lines which includes the called line 58.
During the impulses making up the second digit
of the directory number desighating the substa-
tion T4, the incoming connector switch 83 op-
erates to select the called line 53 from the pre-
viously selected group of lines. Following the
selection of this line, the control apparatus em-
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test the line for the purpose of determining the
idle or busy condition thereof. Assuming the
line to be idle, ringing current is projected there-
over from the incoming connector switch 53 to
energize the signal device provided at the calied
substation T: and the tsual ring-back tone signal
is' returned through the operated switch train
to the operator’s position 14 to indicate to the
operator that the called substation is being rung.
Finally, the ringing operation is arrested and the
desired talking circuit between the operator’s tele-
phone station 15 and the called substation Ts
is completed when the call is answered at the
last-mentioned substation. After the call is an-
swered, the operator supervising the call at the
operator’s position 14 may complete a talking
connection between the calling and called talking
circuits, in the manner previously explained, by
utilizing one of the link lines provided at the
operator’s position i4 for this purpose. After the
connection between the calling and called sub-
stations is fully completed, the operator on duty
at the position 14 may rely upon the supervisory
signal lamp associated with the link line in use
to indicate when the connection is ready fo be
released.

If the called line 59 is busy at the fime it is
selected by the incoming connector switch 53,
the control apparatus embodied in this connector
switch operates to return the usual busy tone
signal over the partially established connection
to the operator’s telephone station 15, whereby
the operator is informed that the called line is
busy. The calling operator may now clear out
the connection to initiate the release of the switch
train set up in the manner just described, or she
may break in upon the previously established
connection including the called line 58 and offer
the toll call to the party using the substation T4.
If the operator elects to offer the call to the party
using the called substation T¢, she actuates the
toll offering switch embodied in the trunk ecircuit
apparatus terminating the trunk line 30, thereby
to unbalance the loop circuit extending through
the incoming connector switch 1T and over the
trunk line 82 to the repeater 24. When this loop
circuit is unbalanced, the control apparatus em-
bodied in the repeater 24 operates to cause a
supervisory pulse of alternating current fto be
transmitted over the trunk line 37 to the repeater
B0. The length of this pulse is substantially
greater than that of the alternating current seiz-
ing pulse mentioned above and is also greater
than the duration of the individual alternating
current switch control pulses transmitted to the
repeater 50 during impulsing. The repeater 50
responds to the supervisory pulse of alternating
current transmitted thereto by momentarily un-
balancing the loop circuit extending by way of
the trunk line 61 to the incoming connector switch
83. The last-mentioned switch, in turn, responds
to the unbalanced condition of the loop circuit
incoming thereto by operating to establish a
bridging connection to the called line 59. When
this bridging connection is established, the de-
sired talking circuit extending between the opera-
tor’s telephone station 15 and the called sub-
station T4 is completed, whereby the calling op-
erator may break in upon the conversation being
held over the previously established connection
and offer the toll call to the party using the
substation T4 If the toll call is accepted, the
operator instructs the two parties conversing over
the previously established connection to hang up.
During the release of the previously established
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connection inciuding the called line 59, this line
is marked -as idle in the bank contacts of the
incoming connector switch 53. The indicated in-
coming connector switch now operates to project
ringing current over the called line -89, thereby to
energize the signal device provided at the called
substation. When the call is answered at this
substation, the ringing operation is arrested and
the desired talking circuit is fully established be-
tween this substation and the calling operator’s
telephone station 15.

As indicated -above, after the operator oa duty
at the operator’s position 14 compléetes the desired
talking circuit between the calling substation and

the called substation T4 and disconnects from the

established talking -circuit, she relies upon the

supervisery lamp- associated with the link line

provided at the operator’s position 14 and utilized
in connecting the calling and called talking cir-
cuits together te inform her as to the condition
of the connection. Thus, if the called sub-
seriber at the substation Ts desires to recall the
operator attending the operator’s position f4, he
may do-so by operating the-switch hook provided
at the substation T: momentarily to-interrupt one
or more times the loop circuit extending to this
substation. Each time this loop circuit is inter-
rupted, the battery reversing relay provided in the
incoming cennector switch 53 operates to reverse
battery over the trunk line 61 to the repeater 59,
which: repeater respends to the battery reversal
by transmitting a relatively -short supervisory
pulse of -alternating -current over the trunk line
3T to the repeater 4. The repeater 24 responds
to- the-relatively short alterrating current super-

visory: pulse by reversing battery back over the-

loop -circuit extending by way of the trunk line
32 and through the incoming connector switch T
to: the trunk circuit apparatus terminating the
trunk line 38-at the -operator’s-position (4.  This

trunk circuit apparatus responds to the- lasb-

mentioned battery reversal by operating to com-
plete the circuit for energizing the supervisory
“lamp individually’ associated with the link line

utilized in connecting the calling and called talk~
In a similay manner, each:
time-the loop:circuit extending to-the called sub-

ing: circuits-together:.

station Tw from the incoming connector switch 53
is recompleted, the battery reversing relay em-
bodied in the incoming connector switch §3 re-
operates to again reverse battery over the trunk
line &4 extending to- the repeater §8. The re-
peater 53 responds by causing an-additional rela-

tively short supervisory pulse of alternating eur-
rent to be transmitted over the trunk line 37 to-

the-repeater 24. Thelast-mentioned repeater, in

turn, responds: to the additionsal alternating cur—

rent supervisory pulse by again reversing battery

over: the loop circuit. extending through: the in--

coming- connector switch 1¥ to the trunk. circuit
apparatus terminating the trunk line 38.to the
operator’s position 14, This trunk circuit ap-
paratus, in: turn, operates to: open-the circuit for
energizing the supervisory lamp individually as-
sociated with: the established connection. Thus,
it will ‘be- apparent that if the loop circuit ex-
tending to-the called substation Ts.is momentarily
interrupted a number of times, the supervisory

lamp:provided:at the operator’s position14: and

individual: to. the estabiished connection. is inter-

mittently energized:-to transmit a flashing signal.
'This 'signal indicates. to the:

to. the operator.
operator: that she is. being recalled by the: sub-

scriberrat the called substation: T4, whereuponishe:
may. reenter the connection. and. converse with 75+
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the called subscriber to détermine the pa,rmcular
serviece desired.

The release-of the conhnection as established be-
tween the operator’s position 4% and the called

. substation T is entirely under the contrel-of the

opergtor attending the indicated operator’s posi-’
tion. More particularly, if the ealled subscriber
at the substation T4 hangs up before the connec-
tion is cleared -out -at the operator’s pesition 14,
the loop cireuit extending to this substation is
interrupted, with the result that the battery re--
versing relay embodied iH the incoming corn-
nector switeh 53 -operates to reverse battery over
the trunk line 6f to the repeater 58. This Fe~
peater raspolids, in the manner explairied above,
by -causing ‘a relatively short supervisory pulse of
alternating current to be transmitted over the
trunk lne ‘37 to the repeater 24, The last-men-
tioned repeater, in turn, responds to' the -alter-
nating current supervisory pulse by reversing bat-
tery over the Ioop circuit extending o the trumk
circuit apparatus terminating the tiunk litie 307 at
the operator’s position (4. This tiunk cireuit
apparatus, in turn, operdtes to complete the cir-

cuit for-energizing the supervisory larmp irdi-

vidually gssccigted with the established conneg-
tion. The continvous illumination of this Iamp
indicates to the operator that the conmection is
ready to be released. Whent the connection: is

_cleared out at the-operator’s position 4, the logp-

circuit-extending through the iricomirig conrector
switcli IT to the repeater 24 is interrupted with
the result that this repeater is released and the
control apparstus embodied therein operates to

. remove holding ground potential from the control

conductor of the trunk line 32, thereby to initiate:

the release of the incomiing connector switch 1.

During its relegse, the repeater 24 operates to
transmit a relatively long release pulse of alter-
nating current: over the trunk line 37 ‘to the re-
peater 88. Thelast-mentioned repeater responds:
to: the received. glternating current release pulse
by restoring to normal and, during its restora-
tion, operates to: remove guarding ground poten-
tial from the respective control conductors of the
trunk lines-62 and €3, and to open the loop cir-
cuit extending by way of the trunk line 6f to the
incoming ‘connector switch 83. When this last-
mentioned loop circuit is interrupted, the in--
coming connector switch 53 is cauised. to release:
and, during its release, functions to remove.
ground potential from the control conductor of
the called line 59, thereby to initiate the release
of the line cirecuit 55 and to mark the called line
59 as idle in the bank contacts of the conmnector-
switches having access theretc. Thus, the con-
nection as-established between the operator’s:po-
sition: 14 and: the called substation Ts is fuily re-

‘leased: and- the switching apparatus utilized. in

setting up theconnection is rendered avallable for
further use.

Since the -incoming connector switch .53 inw-
dividually associated with the repegter 50 has:
access to the trunk line 64 extending .to the two-

. way repeater 81 terminating one end of‘the inter

office trunk line 65, it will be apparent that the:
connection as routed to the incoming connector
switch 53 in the manner just explained, may be
further extended over the frunk. line . 65: and

: through the automatic switching equipment pyo-

vided in the exchange D to-a. substation -associ-
ated: with a line terminating at the: last-men-:
tioned: exchange. If such a connection.is desired:
by: the: calling: subscriber; the operator super--
vising-the call:at the-operator’ss position. (4, after:
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dialing the two digits required for the selection
of the trunk line 37 or a similar frunk line in-
cluded in the trunk line group interconnecting
the exchanges B and C, dials one additional digit
comprising a single impulse, which digit desig-
nates the trunk line &5 interconnecting the ex-
changes C and D. The incoming connector switch
53 responds to the single impulse, which impulse
is repeated thereto through the repeater chain
in the manner explained previously, by operat-
ing to seize the trunk line 84 extending to the re-
peater 51. When this trunk line is seized, the
incoming connector switch 53 switches the loop
circuit incoming thereto through fto the repeater
51, thereby to complete a local loop circuit ex-
tending from the repeater 58 to the repeater 571.
The repeater 571 responds to the completion of
this local loop circuit by overating to transmit
a seizing pulse of alfernating current over the
trunk line 65 to the repeater 66 terminating the
distant end of the line 65 in the exchange D. The
repeater 66 responds to the received alternating
current seizing pulse by operating to complete a
loop circuit to the incoming connector switch 68
individually associated therewith. When this
loop circuit is completed, the incoming connector
switch 69 is seized and conditioned to respond to
impulses transmitted thereto by the repeater 68.
After dialing the three digits designating the
trunk line 65, the operator initiating the call at
the operator’s position {4 continues to dial the
additional digits of the directory number desig-
nating the called subscriber’s line terminating at
the exchange D. For example, if the substation
Tq is desired by the calling subscriber, the final
two digits dialed at the operator’s telephone sta-
tion (5 are the digits of the directory number
designating the substation Tz, During the im-
pulses of these two digits, the repeater 50 op-
erates in the manner explained above to con-
vert the received puises of alternating current
into corresponding direct current impulses which
are transmitted over the local loop circuit ex-
tending through the incoming connector switch
53 to the repeater §7. This repeater, in turn, re-
converts the direct current impulses into cor-
responding alternating current pulses which are
transmitted over the trunk line €5 to the repeater
66. The last-mentioned repeater, in turn, re-
converts the alternating current pulses into cor-
responding direct current impulses which are
transmitted to the incoming connector switch
69. The connector switch 65 responds to the
first series of impulses transmitted thereto by
operating to select the group of lines including
the called line 74. Thereafier and when the
second series of impulses is transmitted to the
incoming connector switch §9, this switch op-
erates to select the called line 74 from the selected
group of lines. When the line 74 is selected by
the indicated incoming connector switch, the line
is tested to determine the idle or busy condition
thereof, and if idle, ringing current is projected
thereover to energize the signal device provided
at the called substation Tw. Also, the usual ring-
back tone signal is transmitted back over the
established connection to indicate to the calling
operator that the called substation is being rung.
When the call is answered at the calied substa-
tion, the desired talking circuit is completed be-
tween this substation and the operator’s tele-
phone station 15, whereupon the operator may
employ one of the link lines provided at: the
operator’s position 14§ to establish a bridging con-
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circuits. Thus, the desired talking connection
between the calling and called substations is fully
established. If the called line 74 is busy at the
time it is selected by the incoming connector
switech 69, busy tone current is returned through
the operated switch train to signal the calling
operator that the called line is in use. TUpon
receiving busy tone the operator may either clear
out the connection to release the operated switch
train or break in upon the previously established
connection and offer the toll call to the party
converging at the called substation. In order
to offer the toll call to the party located at the
substation Tv, the operator momentarily actuates
the toll offering switch embodied in the trunk cir-
cuit apparatus terminating the line 38 to un-
balance the loop circuit extending through the
incoming connector switch 17 to the repeater 24,
whereby the repeater 50 is caused to unbalance
the loop circuit extending through the incoming
connector switch 53 to the repeater 57, all in
the manner explained previously., The repeater
57 responds to the unbalanced condition of the
loop circuit extending thereto by operating to
transmit a supervisory pulse of alternating cur-
rent over the trunk line 65 to the repeater 66,
which latter repeater, in turn, responds to the
received alternating current supervisory pulse by
unbkalancing the loop circuit extending to the
incoming connector switch 69. The incoming
connector switch 89 now operates to establish a
talking circuit to the called substation T7, where-
by the operator may break in upon the conversa-
tion ensuing over the previously established con-
nection including the line 74 and offer the toll
call to the party located using the called substa-
tion. Here again, if the toll call is accepted, the
parties conversing over the previously established
connection are instructed to hang up and, during
the release of the previously established con-
nection, the line 74 is freed and marked as idle
in the bank contacts of the incoming connector
switch 69. This incoming connector switch now
cperates to project ringing current over the line
74 for the purpose of energizing the signal device
provided at the called substation. Also, the in-
coming connector switch 6§ arrests the ringing
operation and completes the desired talking cir-
cuit between the operator’s telephone station §5
and the called substation T7 when the call is
answered at the called substation.

Following the completion of the desired talking
connection between the calling and called substa-
tions, the supervisory lamp individual to the con-
nection and located at the operator’s position (4
is relied upon to inform the operator as to the
condition of the connection. Thus, the called
subscriber at the substation T7 may recall the
operator, in the manner previously described
with reference to the call routed to the substa-
tion Ts, by operating the hook switch provided
at the substation T7 momentarily to interrupt the
loop circuit extending to this substation one or
more times. When this loep circuit is inter-
rupted, the back bridge or battery reversing relay
provided in the incoming connector switch 639
operates to reverse battery over the loop circuit
extending to the repeater 68, causing this re-
peater to transmit a supervisory pulse of alter-
nating current over the trunk line 65 to the re-
peater 8i. The last-mentioned repeater, in turn,
responds to the received alternating current
supervisory pulse by reversing battery over the
local loop circuit extending through the incoming
connector switch 53 to the repeater 50. In a
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Similar manner, each time the loop circuit ex-
tending to the called substation Tv7 is recom-
pleted, the battery reversing relay embodied in
the connector switch 89 reoperates to reverse bat-
tery over the loop circuit extending to the re-
peater 66 with the result that this repeater trans-
-mits an additional pulse of alternating current
over the trunk line 65 to the repeater 57. The
repeater 81 responds to this additional pulse of
alternating current by again reversing battery
over .the loop circuit extending through the in-
coming ‘connector switch 53 to the repeater 58.
The manner in which the last-mentioned re-
peater, the repeater 24 and the trunk circuit ap-
paratus terminating the trunk line 30 at the op-
erator’s position 14 sequentially operate to con-
trol the supervisory lamp individual to the con-
. nection in response to the successive battery re-
versals over the loop circuit extending between
the repeaters 57 and 59 is exactly the same as set
forth previcusly. Thus, it will be apparent that
~when the loop circuit extending to the substation
T is momentarily interrupted a number of times,
_the-supervisory lamp individual to the established

connection and provided at the operator’s posi-.

tion 14 is intermittently energized to signal the
-operator attending this position that she is being
.recalled by the called subscriber. The release of
the connection as established to the called sub-
station Tr71s entirely under the control of the op-
erator attending the operator’s position (4.
Thus, if the connection is released at the called
substation Tv before it is cleared out in the op-
-erator’s position 14, the supervisory lamp indi-

vidually associated with the connection is ener- :

gized and remains energized fto signal the op-
erator that the connection is ready to be released.
The manner in which the incoming connector
switch {1, the repeater 24 and the repeater 59
_are released when the connection is cleared ouf at
the cperator’s position 4 is exactly the same as
described above with reference to the call routed
from the operator’s position 15 to the substation
Ts. During the release of the repeater 58, the
-loop cireuit extending through the inecoming con-
nector switch 83 to the repeater 57 is interrupted,
thereby to initiate the release of the last-men-
tioned repeater. During its release the repeater
51 operates to remove holding and guarding
ground potential from the control conductor of
the trunk line 84, whereby the release of the in-
‘coming conneetor switch 53 is initiated. Also,
during its release, the repeater 571 functions to
transmit a relatively long release pulse of alter-

nating current. over the trunk line $% to the re- ;

peater 65. The repeater 66 responds to this al-
ternating curremt release pulse by restoring to
normal and, during if{s restoration, functions to
interrupt the loop circuit extending to the in-
coming connector switch 63. When- this last-
mensioned loop circult is interrupted, the incom-
ing connector switch $8 restores to normal-and,
-during its relegse, removes guarding ground po-
-tential from the control conductor of the called

line 714, whereby this line is marked as idle in the ¢
bank contacts of the connector switches having’

aceess thereto and the line circuit 71 is restored
to normal. Thus, thie connection as established
between. the operator’s position {4 and the sub-
station Twis fully released.

As indicated previously, the automatic switch-
ing apparatus. respectively- provided in the. ex-
changes B, C, D and E gnd the trunk line &5
interconnecting the two exchanges C and D may

be-utilized to establish a connection between the
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operator’s position 14 in the exchange B and
the operator’s position 10 located in the exchange
A. Normally, calls between these two operators’
positions are routed over one of the trunk lines,
as, for example, the line 12 extending direcily
between the two operators’ positions. In cases
of emergency, however, when the trunk lines ex-
tending directly between the exchanges A and
B may for some reason be out of service, the pro-
vision of the arrangement for routing connections
between the indicated two operators’ positions
over an -alternate route serves to preserve the
communication facilities between the exchanges
A and B. Thus, if the call as initiated in the
operator’s telephone station 18 and routed over
the trunk line 65 through the repeater 66 to the
incoming connector switch 69, in the manner
explained in the immediately preceding para-
graphs, 1s to be further extended to the opera-
tor’s position in the exchange A, the calling oper-
ator located at the operator’s position 14, after
dialing the three digits designating the trunkline
65, continues to dial the two digits of the direc-
tory number designating a toll operator’s posi-
tion. More particularly, the final twa digits
dialed at the calling operator’s position are the
digits 0 and 1 and the incoming connector switch -
69 responds to the impulses of these two digits
by operating to select the group of trunk lines
extending from the exchange D to the exchange
A. At the end of the last digit, the incoming
connector switch 89, which is arranged for auto-
matic trunk hunting, also operates to select an

idle one  of the selected group of trunk lines.

Assuming, for example, that the line I3 is the
first available idle trunk line of the selected
group, the connector switch 69, during its trunk
hunting operation, seizes the repeater 12 asso-
ciated with this trunk line. When the repeater

12 is_seized, -the -incoming connector switch 69
.switches the incoming loop circuit through to

the repeater 12 to establish:a local loop circuit
extending between the two repeaters 86 and 72.
The repeater 12 responds to the completion of
this loop circuit by operating to transmit a seiz-
ing pulse of  alternating current over the f{runk
line 13 to the trunk circuit apparatus [0y ter-
minating the line 13 at the operator’s position
18. The repeater 72 also operates at this time
to mark itself as busy in the bank contacts of
the various connector switches having access
thereto. The trunk -circuit apparatus I8 re-
sponds to the seizing pulse of alternating cur-
rent transmitted thereto by operating to ener-
gize the line signal lamp individually associated
with the trunk line-13, thereby to indicate to the
operator attending the operator’s position 18
that an incoming call on the line 13 should be
answered. When the operator at the position 10
answers the call, the desired talking circuit be-
tween the operator’s position i4- and the oper-
ator’s position 1€ is fully established.

The manner in which the operated switch train
through which the talking circuit extending be-
tween the operator’s position 10 and the opera-
tor’s position !4 is released is substantially simi-
lar to the release of the connection described
akove with reference to the call routed to the
substation T7 from the operator’s position 14,
During the release of 'this switch train and when
the repeater 66 restores to normal, the loop cir-
cuit extending through the incoming connector
switch 89 to the repeater 72 is interrupted, with
the result that the last-mentioned repeater re-

stores to remove holding ground potential from
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the control conductor of the trunk line extend-
ing thereto from the incoming connector switch
69. Thus, the release of the indicated incoming
connector switch is initiated. During its re-
lease, the repeater 12 also functions to transmit
a relatively long release pulse of alternating cur-
rent, over the trunk line i3 to the trunk circuit
apparatus 10, located at the operator’s position
{0. The trunk circuit apparatus 10, now oper-
ates to energize the supervisory lamp individual-
1y associated with the trunk line i3, thereby to
indicate to the operator attending the position
{9 that the connection is ready to be released.
When the operator at this position clears out
the connection, the trunk circuit apparatus 10
is released, and during its release, operates to
transmit a relatively long pulse of alternating
current back over the trunk line to the repeater
72, with the result that the repeater 12 and the
incoming connector switch 87 associated there-
with are seized. The operation of the apparatus
embodied in the repeater 72 for forcibly releas-
ing this repeater is also initiated in response to
the alternating current pulse transmitted to the
repeater 72 over the trunk line 3. Hence, a
predetermined time interval after the repeater
12 is reseized, this repeater is released to initiate
the release of the incoming connector switch 67.
Following the release of the Ilast-mentioned
switeh all of the apparatus utilized in setting up
the connection between the operator’s position
16 and the operator’s position 14 is fully released.
Prom Fig. 1 of the drawings, it will be appar-
ent that if the operator on duty at the cperator’s
position {4 in the exchange B desires a connec-
tion with one of the operator’s position located in
the exchange A she may seize one of the trunk
lines in the group extsnding directly between
the exchanges A and B. For example, the oper-
ator attending the operator’s position 14 may
seize the trunk line {2 extending to the opera-
tor’s position (8 in forwarding a call to the
exchange A. The trunk circuit apparatus ter-
minating the respective ends of the trunk line 12
is such that the usual ring down operation is
utilized in routing connections over this frunk
line between the two operators” positions 10 and
(8. After a connection has been extended from
the operator’s position 14 over the trunk line 12
to the operator’s position {9, it may obviously be
further extended to a desired called substation
rom the last-mentioned operator’s position. The
trunk line 12 is a two-way trunk line and, hence,
calls may also be forwarded to the operator’s
position {4 from the operator’s position 10 lo-
cated in the exchange A. The arrangement of
the trunk circuit apparatus 8 is such that this
apparatus may also be used in conjunction with
the repeater i% in routing connections through
the automatic switching apparatus provided in
the exchange B on calls initiated at a time when
the operator’s position 14 is not attended. More
particularly, if the operator attending the opera-
tor’s position 16 seizes the trunk circuit appara-
tus 18, at a time when the operator’s position 14
is unattended, this trunk circuit apparatus oper-
ates to transmit a seizing pulse of alternating
current over the trunk lines 12 and 28 to the re-
peater 8. The repeater {8 responds to the al-
ternating current seizing pulse by operating to
establish a loop circuit extending by way of the
trunk iines 29 and 232 to the incoming connector
switch 1. TFollowing seizure of the trunk cir-
cuit apparatus 19., the operator initiating the
call at the operator’s position {8 dials the direc-
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tory number of the particularly desired substa-
tion, the trunk circuit apparatus (0. being ar-
ranged to transmit alternating current pulses
representing the dialed digits over the trunk lines
{2 and 28 to the repeater 16. This repeater func-
tions to convert the received alternating current
pulses into eorresponding direct current impulses
which are transmitted over the trunk lines 29
and 30 to the incoming connector switch I1.
From this point on the connection may be for-
warded to a substation line terminating at any
one of the exchanges B, C, D and E in the exact
manner described previously with reference to
calls routed by way of the operator’s position 14
and through the incoming connecfor switch 17.
It is to be observed that the toll offering feature
of the system is preserved when the calls origi-
nate at the operator’s position 18 rather than the
operator’s position (4. Thus, if the operator re-
ceives busy tone after dialing the digits of the
directory number designating a particular de-
sired substation, she may operate the toll offer-
ing switch embodied in the trunk circuit appara-
tus 182 to cause this apparatus to transmit a su-
pervisory pulse of alternating current over the
trunk lines 12 and 28 to the repeater 16. This
repeater responds to the alternating current
supervisory pulse by unbalancing the loop cir-
cuit extending to or through the incoming con-
nector switch 17. From the foregoing descrip-
ticn, it will be apparent that when this loop cir-
cuit is unbalanced, a connection is established to
the busy called line providing the called line ter-
minates at one of the exchanges B, C, D, E and
F. Not only is the toll offering feature retained
on calls originating at the operator’s position 10,
but, in addition, the same mode of control,
namely, reverse battery control, is utilized in
controlling the supervisory lamp provided at the
operator’s position 19 in association with the
trunk line {2. Thus, when a call routed from the
operator’s position 10 through the repeater 16
and the incoming connector switch 17T to a de-
sired substation is answered, battery is reversed

5 over the loop extending between the incoming

connector switeh 17 and the repeater 16. More-
over, each time the loop circuit extending to the
called substation is thereafter interrupted or
recompleted, a corresponding battery reversal
over the loop extending between the repeater 16
and the incoming connector switch 17 occurs.
The repeater 16 responds to each battery reversal
over the last-mentioned loop circuit by operating
to transmit a supervisory pulse of alternating
current back over the trunk lines 28 and 12 to
the trunk circuit apparatus 18.. This apparatus
responds to the first received alternating current
supervisory pulse by operating to open a point
in the circuit for energizing the supervisory lamp
individually associated with the trunk line 12.
The trunk circuit apparatus 0. further responds
to each additional received alternating current
supervisory pulse by allernately opening and

~closing the circuit for energizing the indicated

supervisory lamp.

If the connection as roufed from the opera-
tor’s position 19 over the trunk lines 12 and 28
and through the repeater 18 to the incoming con-
nector switch 7T is to be extended to a subscrib-
er’s line terminating at the exchange F, the first
two digits dialed at the operator’s position 10 are
the digits designating the trunk line 42 extend-
ing to the exchange F, The incoming connector
switchi 17 responds to the impulses of these digits
by operating to seize the trunk line 35 extending
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~ciated incoming connector switch 67 and to mark

to the repeater I8 and to establish a local loop
circuit between the repeater (8 and the repeater
5. The repeater 18, in turn, responds to the
completion of this loop circuit by marking the
trunkline 37’ as busy in the bank contacts of
the -connector switches provided in the exchange
B and by completing a loop circuit extending by
.way of the connected trunk lines 41 and 42 to the
automatic switching apparatus provided in the
exchange F. Following the last-mentioned oper-
ation and when the additional digits designating
the desired called substation are dialed at the
eperator’s position 19, the repeaters 16 and 18
operate to repeat: the dialed impulses over the

trunk lines 44 and 42 to the automatic switehing

apparatus provided in the exchange F. Thus,
the connection is forwarded to the desired called
substation.

The release of a connection as routed from the
operator’s position 15 and through the repeater
46 and the incoming connector switch 17 t0o a
called substation is entirely under the contrel of
the operator attending the operator’s pesition {9.
Thus, in the case just described of the conmec-
tion routed fo -a subscriber’s line terminating at
the exchange F, when the connection ‘is cleared
out at the operator’s position t0 the trunk circuit
.apparatus 2 is released. During the release
of this apparatus, a release pulse of altermating

current is transmitted therefrom over the trunk o

lines 2 and 28 to the repeater 16. This repeater
responds to the alternating current release pulse
by restoring to normal, and, during its release, in-
terrupts the loop circuit extending by way of the

trunk lines 2% and 88 through the incoming con- :

nector switch 17 to the repeater 18. The repeater
{8 now releases and, while restoring to normal,
opens the loop circuit extending by way of the
trunk lines 44 and 42 to the operated switch train

in the -exchange F, thereby %o initiate the re- &

lease of this switch train. Also, during ifs re-
lease the repeater {8 funchions to remove guard-
ing ground potential from the control conductor
of the trunk line 87/, thereby to render the trunk

line 42 accessible to the connector switches pro- -4
vided in the exchange B. If the connection as.

routed from the operator’s position 18 through
the repeater I8 and the incoming connecfor
switeh 17 is further extended to a stbscriber’s

line terminating at one of the exchanges B, C, &

D and T rather than the exchange F, the release
of the portion of the switch train following the
incoming connector switch {7 is initiated when
the loop circuit extending from the repeater 48 to

the incoming connsactor switeh 17 is interrupted. ¢

The manner in which the portion of the operated
switch train following the ineoming connector
switeh 17 is released is substantially similar to the
mode of releasing the switch traing described
above with reference to calls originating at the
operator’s position 4. .

As explained previously, ealls originating at or
routed by way. of the cperator’s position 19 and
intended for a subscriber’s substation associated
with ‘a line terminating at the exchange D are
normally routed over one of trunk lines in the
group including the trunk line 13 directly con-~
necting the operator’s position 19 with the auto-
matic switching equipment provided in the ex-
change D. Thus, when the trunk cireuit appa-
ratus §5p is seized by the operator attending the
operator’s position 18, it operates to transmit a
seizing pulse of alternating current over the trunk
line {2 to the repeater 72, This repeater, in turn,
operates to establish a loop circuit to the asso-
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itself as busy in the bank contacts of the local
and ineoming connector switches having access
thereto. After seizing the trunk circuit apparatus
0y, the calling operator dials the directory num-
ber of the desired substation and during the dial-
ing operation the trunk circuit apparatus eper-
gates to transmit the dialed impulses as alternat-
ing -eurrent pulses over the trunk line 13 to-the
repeater 72. The repeater 12 converts the re-
ceived -alternating current pulses into direct cur-

rent impulses which are transmitted over the es-
“tablished loop cireuit to the imcoming connector

switch 61, This incoming connector switch re-

-spohds to the first series of impuises by seleeting

the group of lines including the desired ealled
lime.. When the second series of impulses is
thereafter transmitted to the incoming eonnector
switch 67, this switch operates to select the called
line from the selected group of lines and ‘to test

“the line for the purpose of determining the idle

or husy condition thereof. Assuming that the line
15 is the called line and. further that this line is
idle at the time it is selected by the incoming

~ eonnecter switch 61, ringing current is projected

thereover to energize the signal device provided
at the called substation Ts and the usual ring-
pack tonme signal is returned to the telephone
station provided at the eperator’s position 10 to
inform the operator that the called substation is
being rung. Finally, the ringing operation is ar-

-rested and the desired conversational -connection
-between the operator’s telephone station and the
~ealled substation is comgpleted when the call is

answered at the called substation. If the line 15
is busy at the time it is selected by the incoming
connector switeh 63, the control apparatus of this
switch functions to return the usual busy tone
signal to the calling operator attending the ep-
erator’s position 18, The operator may now
clear out -the connection o initiate the release
of the operated switeh train, or she may cause @
connection to be established to the busy line for

“the purpose of offering the tell call {o the party

using the substation Ts. Assuming that the op-
erator elects to cffer the toll call to the subsecriber
at the called substasion Ts, she momentarily ac~
tuates the toll ofering switch embodied in the

“trunk cireuit apparatus %, whereby this appa-

ratus is caused to transmit a supervisory pulse of
alternating current over the trunk line 13 to the
repeater 12. 'The repeater T2 responds-fo the re-
ceived alternating current supervisory pulse by
eperating to unbalance the Ioep circuit extend-
ing therefrom to the incoming connector switch
The incoming cennector switch 67, in turn,
responds to the unbalanced loop eircuit condi-
tion by operating to establish a bridging connec-
tion. to the cailed subscriber’s line 15. The call-
ing operator may now converse with the party

.using the substation Ts and offer the toll call to
-this subscriber.

If the eall is accepted, the par-
ties  conversing over the previously established
comnection including the called line 75 are:in-

structed ‘to hang up, thereby to initiate the re-

lease  of the previously established: connection.
During the release of the last-mentioned con-
nection, the called line 78 is marked as idle in the
bank contacts of the incoming connector switch
87. The indicated incoming .connector switeh
now operates to project ringing current over the
called line 15, thereby to energize the signal de-

_vice provided at the called substation and to. im-

press .ground potential upon -the control con-

‘ductor of the called line for the purpose of guard-
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ing this line against seizure by one of the other
connector switches having access thereto.. When
the call is answered at the called substation, the
ringing operation is arrested and the desired talk-
ing circuit is completed between the called sub-
station and the operator’s telephone station lo-
cated at the operator’s position 10. After the
connection is fully established to the called sub-
station, the operator supervising the call at the
operator’s position 18 may extend the connec-
tion back to a calling subscriber’s substation in
the manner conventionally employed in manual
office practice. Following the completion of the
connection between the calling and called sub-
stations, the operator relies upon the supervisory
lamp embodied in the trunk circuit apparatus 10s
and associated with the trunk line I3 to indicate
the condition of the established connection.
Thus, if the called subscriber desires to recall the
operator attending the operator’s position 10, he
may do so by operating the switch hook provided
at the called substation momentarily to interrupt
the loop circuit extending to this substation one
or more times. Fach time this loop circuit is in-
terrupted, the battery reversing relay embodied
in the incoming connector switch 61 operates to
reverse battery back over the loop extending to
the repeater 72 with the result that this repeater
operates to transmit a supervisory pulse of al-
ternating current over the trunk line 13 to the
trunk circuit apparatus 18».  The indicated trunk
circuit apparatus responds to the received pulse
of alternating current by completing the circuit
for energizing the supervisory lamp individually
associated with the trunk line {3. In a similar
_ manner, each time the loop circuit extending to
the called substation is recompleted, the battery
reversing relay embodied in the incoming con-
nector switch 87 again reverses battery over the
loop circuit extending to the repeater 12 and the
control apparatus of this repeater operates to
transmit a pulse of alternating current to the
trunk circuit apparatus {8s. The last-mentioned
apparatus responds to each alternating current
pulse resulting from the recompletion of the loop
circuit extending to the called substation by op-
erating to open the circuit for energizing the
supervisory lamp individually associated with the
trunk line 18. Thus, if the loop circuit extend-
ing to the called substation is repeatedly inter-
rupted, the indicated supervisory lamp is inter-
mittently energized and the fiashing thereof indi-
cates to the operator that she is being recalled by
the subscriber at the called substation Ts. The
release of the connection as established to the
substation Ts from the operator’s position 10 is
under the control cof the operator attending this
position. Thus, if the called subscriber hangs
up to open the loop circuit extending to the called
substation before the connection is cleared out
at the operator’s position 18, the battery revers-
ing relay embodied in the connector switch 67 re-
verses battery over the loop circuit extending to
the repeater 72 and this repeater operates to
transmit a final alternating current supervisory
-pulse over the trunk line 13 to the trunk circuit
apparatus 18,. The indicated trunk circuit ap-
paratus now operates to complete the circuit for
energizing the supervisory lamp embodied there-

in and individually associated with the trunk line 7

13 and the resulting continuous illumination of
this lamp indicates to the operator that the con-
nection is ready to be released. When the con-
nection is cleared out at the operator’s position
10, the trunk circuit apparatus 1y is released and
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during its release operates to transmit a release
pulse of alternating current over the trunk line
13 to the repeater 72. The repeater 12 responds
to the received pulse of alternating current by
restoring to normal and, during its restoration,
interrupts the loop circuit extending to the op-
erated incoming connector switch 67. This in-
coming connector switch now releases and, dur-
ing its release, removes ground potential from the
control conductor of the called line 15, thus ren-
dering this line accessible to the connector
switches provided in the exchange D. Follow-
ing the release of the incoming connector switch
67, the connection as established between the op-
erator’s position 10 and the substation Ts is fully
released and the switching equipment utilized in
setting up the connection is available for further
use.

If the call as initiated at the operator’s position
10 and routed through the trunk circuit appa-
ratus 10p and the repeater 12 to the incoming
connector switch 67 is to be extended to a sub-
station, such, for example, as the substation T,
associated with a line terminating at the ex-
change C, the operator, after seizing the trunk
circuit apparatus (0, dials a single digit of one
impulse designating the trunk line 65. The in-
coming connector switch 67 responds to the im-
pulse of the digit by operating to seize the re-
peater 86 associated with the trunk line 65.
More particularly, when the trunk line extending
from the incoming connector switch €T to the
repeater 66 is seized, the indicated incoming con-
nector switch operates to establish a local loop
circuit between the two repeaters 72 and 66.
When this loop circuit is completed, the repeater
66 operates to transmit a seizing pulse of alter-
nating current over the trunk line 65 to the re-
peater 5T terminating the distant end of the line
65 in the exchange C. The repeater 51 responds
to the received alternating current seizing pulse
by operating to establish a loop circuit to its
associated incoming connector switch 56 and by
impressing ground potential upon the control
conductor of the trunk line 64, thereby to guard
this trunk line against seizure by one of the in-
coming connector switches provided in the ex-
change C. After dialing the digit designating
the trunk line 65, the calling operator located at
the operator’s position {0 continues the dialing
operation by dialing the two digits designating
the called line 59. The impulses of the final two
digits are transmitted as direct current impulses
over the local loop circuit extending between the
repeaters 12 and 68 to the last-mentioned re-
peater, which repeater operates to convert the
direct current impulses into corresponding alter-
nating current pulses and to transmit the alter-
nating current pulses over the trunk line 65 to
the repeater 57. The repeater 57, in turn, recon-
verts the alternating current pulses into corre-
sponding direct current impulses which are trans-
mitted to the incoming connector switch 56. The
Incoming connector switch 56, in turn, operates
in response to the two series of received impulses
by selecting the called line 59. Assuming this
line to be idle, the control apparatus embodied
in the incoming connector switch 55 operates to
project ringing current thereover, thereby to
energize the signal device provided at the called
substation, and to return the usual ring-back
tone signal to the calling operator. When the
call is answered at the called substation, the
ringing operation is arrested and the desired
talking circuit is completed between the calling
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operator’s telephone station and the called sub-
station. On the other hand, if the called line is
busy at the time it is selected by the incoming
connector switch 58, this switch functions to re-
turn busy tone to the calling operator to indicate
that the called line is in use. Upon receiving
busy tone, the operator may clear out the connec-
tion to release the operated switch train or break
in upon the previously established connection in-
cluding the called line to offer the toll call to the
party using the substation T: More particu-
larly, if the operator momentarily actuates the
toll offering switch embodied in the trunk circuit
apparatus 18y, the repeater 72 functions, in the
manner previously. explained, to unbalance the
loop circuit extending through the incoming con-
nector switch 61 to the repeater €5. The re-
peater 66 responds to the unbalanced loop circuit
condition by transmitting a control pulse of
alternating current over the trunk line €5 to the
repeater 51, causing the last-mentioned repeater
to operate and unbalance the loop circuit ex-
tending therefrom to the incoming connector
switch 55. When the last-mentioned loop cir-
cuit is unbalanced, the incoming connector
switch 58 operates to establish a bridging con-
nection to the called subscriber’s line 59 and
thus complete a talking circuit between the sub-
station Tz and the calling operator’s telephone
station. The operator may now break in upon
the conversation ensuing over the previously
established connection and offer the toll call to
the party using the substation T4. If the toll call
is accepted, the parties conversing over the pre-
viously established connection are instructed to
hang up for the purpose of releasing the connec-
tion. During the release of the previously estab-
lished connection, the line 59 is marked as idle
in the bank contacts of the incoming connector
switeh 56 with the result that this switch oper-
ates to project ringing current over the line 69
to energize the signal device provided at the
called substation. Finally, the ringing operation
is terminated and the desired talking circuit is

completed when the call is answered at the called ;

substation. On a- call of this character, the
supervisory lamp embodied in the trunk circuit
apparatus (8y-is alsoc relied upon by the operator
attending the operator’s position {0 to indicate

the condition of the connection after it is fully

established between the calling and .called sub-
stations. Here again, the called subscriber may
recall the operator by repeatedly interrupting the
loop circuit extending to the called substation.
In this case, each time the loop circuit extending
to the called substation is interrupted, the bat-
tery revérsing or back bridge relay embodied in
the incoming connector switch 56 reverses bat-
tery over the loop extending to the repeater 57.
This repeater responds to the reversal of battery
over the loop circuit extending thereto by oper-
ating to transmit a supervisory pulse of allernat-
ing current over the trunk line 65 to the repeater
66. 'The repeater 68, in turn, operates to reverse
battery over the local loop circuit extending
through the incoming connector switch 61. In
a similar manner, each time the loop circuit ex-
tending to the called substation is recompleted,
the battery reversing relay embodied in the in-
coming connectcr switch 55 functions to again
reverse battery over the loop extending to. the
repeater 571 causing this repeater to operate and
transmit an additional pulse of alternating cur-
rent over the trunk line 83 to the repeater 66.
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additional pulse of alternating current by revers-

ing battery over the local loop circuit extending

through the incoming connector switch 61 to the
repeater 12. Thus, each time the loop circuit
extending to .the called substation T4 is inter-
rupted and recompleted at this substation, the
repeater 12 is caused to transmit two successive
supervisory pulses of alternating current over the
trunk line {3 to the trunk circuit apparatus 8.
The trunk circuit apparatus -18» responds to the
received pulses of alternating current resulting
from the interruption of the loop circuit extend-
ing to the called substation by operating to com-

plete the circuit for energizing the supervisory
Jlamp individually associated with the frunk line

{3. Conversely, the trunk circuit apparatus 8o
responds to the received alternating current
pulses resulting from the recompletion of the
loop circuit extending to the called substation by
opersting to open the circuit for energizing the
indicated supervisory lamp. Hence, if the loop
circuit extending to the called substation is re-
peatedly interrupted, the supervisory lamp asso-
ciated with the trunk line 13 is intermittently

-energized and flashes to indicate to the operator

that she is being recalled by the called sub-
scriber. The release of the connection as estab-
lished to the called substation T« is, like the con-

‘nection established to the substation Ts, under

the control of the operator attending the opera-
Thus, if the called subscriber
at the substation T4 hangs up before the connec-
tion is cleared out in the operator’s position 18,

the incoming connector switch 86, the repeaters

57, 66 and 12 and the trunk circuit apparatus (8
cooperate in the manner just explained to cause
the supervisory lamp individually associated with
the trunk line 13 to be energized, thus indicating
to the operator attending the position {0 that
the connection is ready to be released. The man-
ner in which the trunk circuit apparatus I8, and
the repeater 12 are released when the connection
is cleared out at the operator’s position 10 is
exactly the same as described above with refer-
ence to the call.routed to the substation Ts. Dur-
ing the release of the repeater 12, the local loop
circuit extending through the incoming connec-
tor switch 67 to the repeater 86 is interrupted,
whereby the release of the repeater 68 is initiated.
During its release, the repeater €6 operates to
remove ground potential from the control con-
ductor of the trunk line extending from this re-
peater to the incoming connector switch §7, thus
initiating the release of the incoming connector

- switch. Also, during its release, the repeater 66

functions to transmit a release pulse of alternat-
ing current over:the trunk line 65 to the repeater
571, whereby the release of the last-mentioned
repeater is initiated. During the release of the
repeater 57, ground potential is removed from
the control conductor of the trunk line 64 to
render the indicated repeater accessible to the
incoming connector switches having access there-
to. and the loop circuit extending to the incom-
ing connector switch 56 is opened. The incom-
ing connector switch 56 now restores and during
its restoration removes ground potential from
the control conductor of the subscriber’s line. 59,
whereby this line is also rendered .accessible to
the connector switches provided in the exchange
C and having access thereto. Thus, the connec-
tion as established between the operator’s tele-
phone station  at the position 18 and the called
substation T4 is fully released.

If desired, the connection as forwarded through
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the automatic switching apparatus provided in
the exchange D and over the trunk line 65 to
the incoming connector switch 55, in the manner
explained in the preceding paragraph, may fur-
ther be extended over one of the trunk lines in-
terconnecting the exchange C and the exchange
B and through the automatic switching apparatus
provided in the last-mentioned exchange to a
subscriber’s line terminating at the exchange B,
to the operator’s position i4 in the exchange B
or to a subscriber’s line terminating at either of
the two exchanges E and F. 'To this end, the
calling operator attending the operator’s posi-
tion 10, after dialing the digits requisite to the
seizure of the trunk line 65, the repeater 57 and
the incoming connector switch 56, dials an addi-
tional digit designating one of the group of
trunk lines interconnecting the exchanges B and
C. The impulse or impulses of this additional
digit is repeated to the incoming connector switch
56 through the repeater chain comprising the re-
peaters 12, 86 and 57, in the manner previously
explained, and the indicated incoming connector
switch responds thereto by selecting one of the
trunk lines in the group of trunk lines including
the line 37. Assuming, for example, that the
line 87 is the line selected, the incoming con-
nector switch 56 operates to seize the trunk line

62 extending to the repeater 58 associated with .

the trunk line 37. When the line 62 is seized,
the incoming connector switch operates to estab-
lish a local loop circuit between the two-way re-
peater 8T and the repeater 56. When this local
loop circuit is completed, the repeater 56 operates
to impress ground potential upon the control con-
ductor of the trunk line 62, thereby to maintain
the incoming connector switch 56 operated, and
also to transmit a seizing pulse of alternating
current over the trunk line 37 to the distant re-
peater 24, in the manner previously explained.
The last-mentioned repeater responds to the
alternating current seizing pulse transmitted
thereto by completing a loop circuit to the line
circuit 23, whereby this line circuit is caused to
operate to impress ground potential upon the
start conductor extending to the distributor 26
and to mark the line 46 as a calling line in the
bank contacts of the local finder switches pro-
vided in the exchange B. Thus, the operation
of the finder portion of an assigned one of the
finder-connector links, as, for example, the link
23, is initiated to seize the line 46. At this point,
it will be observed that the connection resulting
fromn the call initiated at the operator’s position
10 is extended to the connector portion of one of
the local finder-connector links provided in the
exchange B. Assuming, for example, that the
link 25 is assigned to the use of the call and
operates to seize the calling line 46, the manner
in which the connecticn may further be extended
through this link to one of the subscribers’ lines
terminating at the exchange B, to the operator’s
position 14 in the exchange B or to a line ter-
minating at either of the two exchanges E and F,
is exactly the same as described previously with
reference to the call initiated at the substation
T3 In this regard, it is pointed out that, after
the connection is extended to the local finder-
connector link 29, the five repeaters 72, 66, 57,
80 and 24 cooperate to repeat the impulses of ad-
ditional digits dialed at the calling operator’s
position to the connector portion of the link 25.
The character or number of impulses making up
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the digits transmitted to this link is in no way
affected by the other automatic switches includ-
ed in the established switch train. This is in
conftrast to the connection described previously
with reference to the call initiated at the sub-
station Ts: and routed through the automatic
switching apparatus provided in the exchange B
to the toll operator’s position 14 located in the
exchange B. In the latter case, the arrangement
of the switching selector repeater 51 is such that
a connection is only routed to the automatic
switching apparatus provided in the exchange B
if the first digit 0 of the toll operator’s directory
number is dialed at the calling substation T4, If
any other first digit is dialed at this substation,
the switching selector repeater 51 or any of the
other similar repeaters operates to release the
portion of the switch train which includes the
seized automatic switches provided in the ex-
change B. Thus, a subscriber having a substa-
tion associated with a line terminating at the
exchange C can only control the automatic
switching apparatus provided in the exchange B
to cause a connection to be routed to one of the
toll operators’ positions provided in the exchanges
A and B, whereas the operator attending the op-
erator’s position {0 may control the automatic
switching apparatus provided in the exchange C
to establish a connection to a line terminating
at this exchange or alternatively may control the
apparatus provided in the exchange B to cause
a connection to be routed by way of this ap-
paratus to a substation line terminating at any
one of the exchanges B, E and F or to the op-
erator’s position (4.

The release of a connection as routed from the
operator’s position 10 through the automatic
switching apparatus provided in the exchanges
D and C and the local finder-connector link 25
provided in the exchange B to a desired telephone
station is primarily under the control of the oper-
ator attending the position 10 in the exchange A.
More particularly, when the operator clears out
the connection at this position, the trunk circuit
apparatus I8», the repeater 12, the incoming con-
nector switch 61, the repeater 66 and the repeater
91 are released in the manner previously ex-
plained with reference to the call routed to the
substation T4. During the release of the repeater
51, the established local loop circuit extending
through the incoming connector switch 56 to the
repeater 50 is interrupted. The repeater 50 is
now caused to restore and during its restoration
removes ground potential from the control con-
ductor of the trunk line 62, thereby to initiate the
release of the incoming connector switch 56.
During its release, the repeater 50 also operates
to transmit a relatively long release pulse of al-
ternating current over the trunk line 37 to the
repeater 24. . The repeater 24 now starts to re-
lease and during its release opens the loop circuit
extending by way of the lines 45 and 46 to the
local finder-connector link 25. If the connection
was routed to a substation associated with a line
terminating at the exchange B, the local finder-
connector link 25 is released in response to the
interruption of the last-mentioned loop circuit
and during its release operates to remove ground
potential from the control conductor of the line
46, whereby the line circuit 23 is restored to nor-
mal. On the other hand, if the connection was
routed through the local finder-connector link
25 to the operator’s position 14 or to g repeater
associated with a trunk line extending to one of
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the exchanges E or F, the inferruption of the
loop circuit extending through the local finder-
connector link 25 results in the release of the re-
peater or trunk circuit apparatus terminating the
distant end of the trunk line seized by the con-
nector portion of the link.. Thus, the release of
the seized repeater or trunk circuit apparatus is
initiated and, during its release, holding ground
potential is removed from the control conductor
of the trunk line seized by the connector portion
of the link 25 and over which the connection
was routed. Thus, the release of the local finder-
connector switch 25 is initiated. The manner in
which the switching apparatus, if any, following
the local finder-connector switch 25, is released,
is exactly the same as described previously with
reference to the calls initiated at the substation
T3. Thus, the connection resulting from the call
initiated at the operator’s position I0 and routed
through the automatic switching apparatus pro-
vided in the exchange B to a called telephone
station is entirely released and the automatic
switching equipment utilized in setting up the
connection is rendered available for further use.

SECTION 2.—THE APPARATUS PROVIDED AT THE OPEE-
ATOR’s PosITIoN 10 1N THE EXCHANGE A

As indicated previously, the apparatus provided
at the toll operator’s position I8 in the exchange
A includes two identical sets of trunk circuit ap-
paratus {8: and 10y respectively terminating the
trunk lines 12 and #3. The trunk circuit appara-
tus 18. is Nlustrated in Fig. 4 as comprising a re-
peating transformer 475 including windings 476
and 417 having line terminals normally con-
nected to the conductors of the-trunk line 12.
This apparatus further comprises a line connect-
ing jack 482, a calling jack 473, a line signal lamp
433 and a line supervisory lamp 482, each of the
two enumerated lamps being individually asso-
ciated with the trunk line i2. As briefly pointed
out above, this trunk circuit apparatus is arranged
selectively to be conditioned for ring-down oper-
ation in establishing connections between  the
cperator’s position {8 and the operator’s position
{4 on a manual to manual exchange basis and to
be utilized as control apparatus in routing con-
nections over the trunk line {2 and through the
repeater 16 to an automatic subscriber’s sub-
station included in the system at a time when the
operator’s position #4 is not attended:. 'To this
end there is provided a transfer switch 483 of the
key-cperated, locking type which is so connected
and arranged that operation of the switch is
effective to condition the control relay equipment
of Fig, 4 for either form of operation. When the

trunk circuit apparatus 18a is conditioned to oper-:

ate as a link circuit in routing connections from
the operator’s position {9 to a called subscriber’s
substation on a straight automatic to automatic
basis, it is necessary that supervisory and switch-
ing control pulses of alternating current be trans-
mitted over the trunk line 12 to the distant re-
peater {8. For the purpose of transmitting such
switch control pulses of alternating current over
this trunk line there are provided two relays
RAL5 and RA4I8, the first-mentioned of which is
operative to connect the conductors of the trunk
line {2 to the source of alternating current pro-
vided in the exchange A and the last-mentioned
of which is a pulsing relay which is arranged to
respond to the operation of a calling or impulsing
device connected to the calling jack 473, In
order to contro] the relay R410 and the corre-
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sponding relays respectively embodied in the
other trunk circuits accessible to the operator
attending the position (8, there is provided a
calling or impulsing device 489 having its control
springs connected to. the contacts of a calling
plug 474, which plug is adapted to be received
by the calling jack 473. As briefly explained
above, under different circumstances and at dif-
ferent stages in the operation of the trunk cireuit
apparatus 10a, it is necessary that three different
types. of alternating current control pulses be
transmitted over the trunk line 12 to the repeater
terminating the distant end of this line. Thus,
on calls outgoing from the operator’s position 10
and routed through the trunk circuit apparatus
19a, it is necessary that a seizing pulse of alter-
nating current be transmitted over the trunk line
12 immediately the indicated trunk circuit ap-
paratus is seized. For this purpose, there are
included in the apparatus five relays R480, R445,
R430, R440 and R433 which operate in the order
named when the apparatus {8a is taken for use
and cooperate with the control relay R485 to
cguse g relatively short seizing pulse of -alter-
nating current to be transmitted over the trunk
line 12. The duration of a pulse of this char-
acter is largely determined by the slow-to-oper-
ate characteristics of the two relays R445 and
R433. The five enumerated relays also cooper-
ate with the control relay R4236 to cause a rela-
tively long release pulse of alternating current to
ke transmitted over the trunk line {2 when a
connection routed by way of the trunk circuit
apparatus 18 is cleared out by the operator
attending the cperator’s position £0. The dura-
tion of this release pulse is primarily determined
by the time required for the pendulum type relay
R440 fully to restore after its winding is deener-
gized. As briefly outlined above, one of the oper-
ating features of the present system pertains to
the arrangement whereby the toll operators, in
setting up connections on an automatic to auto-
matic basis, may cause talking circuits to be es-.
tablished to busy called lines for the purpose of:
offering toll calls to the parties using the called
substations. This feature of the system requires
that the operator attending the operator’s posi-.
tion 10 be able to cause a control pulse of alter-
nating current to be transmitted over the trunk
line 12 to the repeater terminating the distant
end of this line. - To this end, there are provided
in the trunk circuit apparatus 18, two additional
relays R41{5 and R420 which, in cooperation with.
the slow-tc-operate relay R445, the slow-to-re-
lease relay R430 and the relay R485 are control-
lable from the operator’s position {0 to cause the
indicated alternating current control pulse to be
transmitted over the trunk line [2. The duration
of a pulse of this character is substantially greater
than the duration of the seizing pulse mentioned
above and substantially less than the duration of
the relatively long alternating current release
pulse. To initiate the operation of the enumer-
ated relays to transmit a toll offering alternating
current control pulse over ths trunk line £2, there
is provided at the operator’s position {8 a toll
offering switch, comprising the contact springs
4986, which is arranged to control the differentially
wound relay R415 over one of the impulsing leads
extending to the calling plug 474. In order to
control the line signal lamp 493 and the super-
visory lamp 482, there are also included in the-
trunk circuit apparatus 10z 2 pair of two-step:
relays R459. and R4A55, a slow-to-cperate control




relay R465 and an alternating current relay R470,
which latter relay is arranged to be energized by
alternating current projected over the trunk line
{2 from the distant repeater {§. The indicated
signal lamps are further partially controlled by
the relay R4%0 and are only utilized in the super-
vision of connections routed by way of the trunk
circuit apparatus and completed on an automatic
to automatic basis. When the trunk circuit ap-
paratus is arranged for ring-down operation in
completing connecticns on a manual to manual
exchange basis, the supervisory sighals embodied
in the operator’s cord circuit, not shown, are re-
lied upon to supervise connections established
by way of this apparatus.

SEcTION 3.—THE APPARATUS PROVIDED IN THE
ExcHANGE B

Referring now in greater detail to the ap-
paratus provided in the exchange B and con-
sidering first the apparatus provided at the oper-
ator’s position 14, it is pointed out that the trunk
lines incoming to this operator’s position are ter-
minated at the contact springs of the transfer
switch 886. Thus, the trunk line 12 extending
to the exchange B is connected to the movable
springs 801 and 8384 of the switch 890, whereby
it may selectively be connected to the trunk cir-
cuit apparatus illustrated in the upper portion
of Fig. 6 or to the trunk line 28 extending to the
repeater (8. Similarly, the trunk line 38, in-
coming to the operator’s position 14 from the con-
nector switches of the local finder-connector
links provided in the exchange B, is terminated
at the movable contact springs 837 and 813 of the
transfer switch 8§80, whereby it may selectively be
connected to the trunk circuit apparatus illus-
trated in the lower half of Fig. 6 or to the trunk
line 40 which also extends to the repeater i8.
Again, the trunk line 30 extending to the incom-
ing connector switch 17T is connected to the mov-
able contact springs 816 and 821 of the transfer
switch 830, whereby it may selectively be con~
nected to the trunk circuit apparatus illustrated
in the upper haif of Fig. 7 or to the trunk line
29 outgoing from the repeater 16. Finally, in the
illustrated arrangement, the trunk line 41 by way
of which connections are routed through the re-
peater I8 to and from the exchange F, is con-
nected to the movable contact springs 824 and
827 of the transfer switch 888 so that it may selec-
tively be connected to the trunk circuit apparatus
illustrated in the lower half of Fig. 7 or to the
trunk line 42 extending to the exchange ¥. Pref-
erably, the transfer switch 880 is of the well-
known turret type and is constructed so that,
when once operated to one of its two operating
positions, it remains in the operated position until
manually operated to the other position. Obvi-
ously, a plurality of small switches may, if de-
sired, be used in lieu of the larger switch 800
for performing the individual trunk line switch-
ing operations. The operator’s telephone station
i5 which is provided at the operator’s position 14
is illustrated in Fig. 5 as comprising a trans-
mitter 500, a receiver 541 and an induction coil
502 including windings 503, 504 and 505 inter-
connected with the transmitter 580 and the re-
ceiver 501 to form a substation circuit of the
well-known anti-side-tone type. More particu-
larly, the receiver 501 is bridged across the wind-
ing 504 of the induction coil 582 in series with
a condenser 505, the arrangement being such
that, during operation of the transmitter 500,
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substantially equal and opposite induced voltages
are developed in the winding 504 due to the cou-
pling between this winding and the windings 503
and 505. Hence, during operation of the trans-
mitter 508, the developed signal currents are not
reproduced by the receiver 531. Current for
energizing the transmitter 540 is supplied to this
transmitter from the exchange battery over a
circuit including the winding of a retard coil
501. For the purpose of connecting the substa-
tion circuit just described with any one of the
trunk circuits illustrated in Figs. 6 and 7, there
is provided a link line 553 which comprises a
pair of line conductors C547 and C548 connected
to the line terminals of the induction coil wind-
ings 5803 and 504 and a conductor C546 included
in the circuit for energizing the transmitter 500.
This link line also includes a pulse control con-
ductor C849 which is utilized in the transmis-
sion of switch control impulses from the oper-
ator’s telephone station 15 on calls originating
at the operator’s position 4. More particularly,
there is provided a calling or impulsing device
508 including shunt springs 509 arranged to con-
trol a slow-to-release shunt relay R548. The call-
ing device 588 also includes a pair of impulsing
springs 5i0 which are connected to transmit
switch control impulses over the pulsing leads
C558 and C551. As shown in the drawings, the
slow-to-release relay RS540 is provided with an
armature RAS41 for effectively short-circuiting
the receiver 531 during operation of the calling
device 508, thereby to prevent transients pro-
duced as an incident of the operation of the call-
ing device 508 from being reproduced as clicks
by the indicated receiver.

For the purpose of establishing jumper or link
connections between talking circuits established
to the operator’s position {4 on calls routed to
this position and talking circuits routed from the
operator’s position 14 to the desired called sub-
stations, there is also included in the apparatus
provided at the operator’s position 14 a plurality
of link or connecting lines, one of which is indi-
cated at 552. Bach such link line has associated
therewith a supervisory lamp and a plurality of
the line signal lamps individually corresponding
to the trunk circuits provided at the operator’s
position 14. . Thus, the link line 552 hags individu-
ally associated therewith a supervisory lamp 5!
and a plurality of line signal lamps 649, 679 and
7095, which line signal lamps are individually asso-
ciated with the two trunk circuits shown in Fig. 6
and the lower trunk circuit of Fig. 7. In order to
supplement the visual signal provided by the
supervisory lamp 511 and the other supervisory
lamps individually corresponding to the other link
lines, there is provided at the operator’s telephone
station {5 an audible signal device in the form of
a buzzer 535 which is arranged to be controlled
by a relay RB30. This relay is connected to be
energized in series with any one of the super-
visory lamps individually associated with the link
lines provided at the operator’s position 14. The
visual signals provided by the line signal lamps
associated with the respective link lines are also
adapted to be supplemented by the operation of
an audible signal device in the form of a second
buzzer 525 having an operating eircuit controlled
by the relay R520. This relay is arranged to be
energized in series with any one of the respective
line signaling lamps. The arrangement is such
that the two audible signaling devices 525 and
535 may be locked out of service by the oper-
ator attending the position 14, if the audible sig-
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nals are not ‘desired. To thls end, there is pro-

Vlded a manually operabie key controlled switch

of the lookmg type which includes a set of con-
tact springs 5i8 commonly included in the oper-
ating circuits for the two signaling devices 525
and 535. For the purpose of connecting the link
line 553 extendmg to the operator’s telephone set
to the respective trunk circuits provided at the
operator s position 14, each trunk circuit includes
therein a call and answer switch. These four

switches for the four trunk circuits illustrated are.

indicated generally at 619, 666, 164 and 787, re-
spectively. In a similar manner, each of the

trunk circuits includes therein a line connecting

switch whereby connectmns may be established to
each of the other connecting link lines provided
at the operator’s position 14. These switches as
provided for connecting the four trunk circuits
illustrated to the link line 552 are indicated at
607, 858, 757 and 101, respectively. Rach of the
enunierated switches is of the key operated lock-
ing. type of which several well-known -embodi-
ments are commermally available,

Referring now more part1cularly to the trunk
circuit normally termmatmg the trunk line (2
mterconnectmg the exohanges A and B, this cir-
cuit comprises a. repeating transformer 600 in-
cludmg two wmdmgs 601 and 682 having line

terminals adapted to be connected to the respec-

tive line conductors of any one of the link lines
prov1ded at the operators posmon The trans-
former 600, further comprises a pair of windings
664 and 805 havmg line termlnals normally con-
nected to the conductors of the link line 32 hav-
mg hne _"onducto1s connected to the contact
sprmgs 832 ahd 845 of the transfer switch 8080.
For the purpose of progectmg rmglng current.over
the link line 820 and the trunk line 12 on calls
origingting 4t the operator S p051t1on 14 and com-

pleted on a manual to manual exchange basis,
there is provided 3 slow-to- operate ringing relay
R845 9nd a key, operated ringing switch 832. ‘The
line and supervisory lamps commonly assoc1ated
with this trunk circuit are arranged to be con-
trolled by the three relays R830 R635 and R640,
the first of which is an alternatlng current re-
lay connncted to be energized by ringing current
projected over the trunk line 12 and the link line
829, This alternatlng current relay is arranged $o

control the normally energlzed slow-to-release re-.

lay RB"5 and the las*—mentloned relay in: turn,

drrectly controls, the line signal lamp 649 in-.

dividual fo the trunk circuit apparatus normally
terrmnatmor the frunk line §2. The relay R648
is provided to i insiire the energ1zatlon of the slow-

to-release relay R$35 when the trunk ecircuit ap- -

paratus is not in use.

The trunk circuit apparatus normally terminat-

ing the trunk line 36 extending from the bank

contacts of the connector switches embodied in:

the respective local finder-connector. links pro-
Vlded in the ezchange B is illustrated in the lower
half of Fi ig. 6 .as comprising a . repeating trans-

former 850 and three relays R$§85, RE50 and RE95::
The transformer 8§59 includes two windings 5] -
and $52 ha aving line terminals arranged to be:
connected to the line conductors of any one of the:

link lines provided at the operator’s position (4.
This transformer also includes two additional
windings 854 and 655 having line terminals nor-
mally connected by way of the conductors of the
link line 83! to the contact springs 808 and 814

of the transfer switch 880.  Of the three enumer- .53 embodied in the indicated trunk circuit.

ated relays R385, R600 and R695; the relay R85
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is in the nature of a line relay and is operative
when the trunk line 35 extending to the trunk cir-
cuit aoparatus is seized.” This relay is arranged to
control the line signal lamp 679 individual to the
trunk circuit apparatus including the same, and
also to control the slow-acting hold relay R690
The last-mentioned relay functions to control the
line signal lamp cut-off relay R555 and also the
application of ground potential to the control
conductor C837 of the link line 831,

Refeulng nhow more particularly to the trunk
circuit apparatus normally terminating the trunk
line 36 extending ‘fo the incoming connector
switch {7, this aoparatus is illustrated in the
upper portlon of Fig. 7 as comprising a repeat-
ing transformer TT{, three control relays R180,

7‘36 and R85, and a toll offering switch com-
prising the contact springs 158, The transformer
71{ inclizdes a pair of w1nd1ngs 112 and 173 havmg
line terminals: adapted to be connected to the
line conduictors of any one of the link lines pro-
vided at the operator s pos1t10n 14 through oper-
ation ©of appropriate ones of the connecting
switcheg mentmned above This transformer also
includes an additional pair of W1nd1ngs 715 and
175 having line ferminals normally connected
over the -conductors of the link line 832 to the
contact springs 817 and 822 of the transfer switch
800. This trunk circuit is adapted to be utilized

45 only on calls outgoing from the operators posi-

tion 14 and, hence, it is unnecessary to prov1de
4 line signal lamp in ‘agsociation therewith. The
relay eguipment embodled in the line circuit is
provided solely for the purpose of enabling out~

5+ going: calls to be roiited through the incoming

connector switcéh {7 to the desired substation
ahd the resultlng connectlon to be properly super-
vised.. Thus, the relay R780 is arranged to oper-
ate in response to operation of the calling de-
vice 598 provided at the operator’s telephone sta-
tion 1585 to conneot the line conductors of the
linik line 832 to the pulsmg leads C550 and C551,
whereby switch control impulses may be trans-
mitted over the llnk line 832 and the trunk line
30 to the incoming connéctor switch {1, The
relay RT95 is-in the nature of a line relay in that
it is adapted to reSponid to operation of any one
of the connectmg switches embodied in the trunk

_ cir¢ult appatatus to tomplete a loop circuit to the
E assoc1ated incoming connector switch I71. The re-

lay R198 is & back bridge Telay of the electro-
polarized type and is provided for the purpose
of controlling’ the supervisory lamp associated
with ‘any one of the link lines, as, for example,

- the line 552 utilized in completlng a connection

between two of the substatlons embodled in the
system. The toll- cﬁerlng switch compnsmg the
springs 753 i prov1ded fof the purpose of im-

_bressing ground potential upon the lower line
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fotl

3 conductor of "the link line 832, thereby to un-

balance ‘an established loop cireuit extending to
the incoming connector switch (7.

The trunk cireuit normally termmatmg the
trunk line 42 extending to the exchange B is
llustrated 'in the lower portlon of Fig. 7 as com-
priging a repeatlng transformer T(5 and five
contrel relays R730; R140, R14%, R150 and R758.
Ag shown, the transformer 115 inclides a pair

. of \vmdmgs 116 and Ti1 havmg line terminals
: adapted to be connected to the line conductors

. of any one of the link lines promded at the op-

erator’s posxtlon 14 in" résponse to operatlon of
appropriate onss of the: hne connectlng switches
The
" transformier 1t 5 also intludes & pair of add1t10na1
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windings 719 and 721 having line terminals nor-
mally connected by way of the conductors of
the link line 833 to the contact springs 825 and
828 of the transfer switch 808. This trunk cir-
cuit is arranged to be used in completing and
supervising calls routed to and from the opera-
tor’s position 14 over the trunk line 42. On calls
incoming to the operator’s position over the in-
dicated trunk line, the trunk circuit apparatus
is arranged for ring-down operation. More par-
ticularly, the relay RI5@ is an alternating cur-
rent relay and is connected to be energized by
ringing current projected over the link line 42
from the automatic switching apparatus pro-
vided in the exchange F. This alternating cur-
rent relay is arranged to control the normally
energized slow-to-release relay R155, which lat-
ter relay, in turn, directly controls the line signal
lamp 186 individually associated with the trunk
circuit apparatus under consideration. The re-
lay R145 is in the nature of a line relay in that
it is operative, under the control of the line con-
necting switches embodied in the trunk circuit,
to establish a loop circuit including the trunk
line 42 to the automatic switching equipment
rrovided in the exchange F. This relay is also
arranged to insure the energization of the slow-
to-release relay R55 during intervals when the
trunk. circuit is not in use. The relay R130 cor-
responds to the relay R180 described above, in
that it is provided for the purpose of connecting
the line conductors of the link line 833 o the
pulsing leads €558 and C551. Finally, the relay
R748 is an electropolarized back bridge relay and
is provided for the purpose of conftrolling the
supervisory lamp individually associated with the
one. of the link lines utilized in establishing a
jumper connection between two talking circuit
extending to the operator’s position {4.
Referring now more particularly to the auto-
matic switching apparatus provided in the ex-
change B .and considering first the two-way re-
peaters 16 and 24, it is pointed out that these
two- repeaters are of identical arrangement and
that corresponding elements thereof are identi-
fied by reference numerals having the same tens
and units digits. Considering the repeater 16
by way of example, this repeater is illustrated
in Figs. 10 and 11 as comprising a repeating
transformer {173 including a pair of windings
1178 and 1175 having line terminals adapted to
be connected to the line conductors of the trunk
line 49, the line conductors of the trunk line 44,
or the line conductors of the trunk line 28 de-
pending upon the point of origin of a call routed
through the repeater. The transformer {113
also comprises a second pair of windings 1178
and 1179 having line terminals normally con-
nected to the conductors of the trunk line 28
extending to the operator’s position I4. As in-
dicated previously, the control apparatus em-
bodied in the repeater 16 is arranged to transmit
and respond to control or supervisory pulses of
alternating current of three different types, dis-
tinguished only by the extent-or duration there-
of. -~ The repeater is also -arranged to convert
received alternating  current switch control
pulses -transmitted thereto over the trunk line
19 into corresponding  direct current impulses
which are transmitted over the trunk- line 29.
More particularly. the relay equipment embodied
in the reveater {8 comprises an alternating cur-
rent relay R4115 which is connected to respond
to each pulse of alternating current transmitted
over the- trunk line 12 from the operator’s po-
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sition {0 when this trunk line is connected to
the trunk line 28 extending to the repeater I8.
The relay equipment embodied in the indicated
repeater further comprises a plurality of relays
RI050, RI060, RIi06, RI1{85, RI1i0, RII30,
Ri 156, RI(68, R{185 and RI1{70, all of which are
arranged to be controlied by the alternating cur-
rent pulse responsive relay RIS during the
operation of the repeater to extend a connection
routed thereto over the trunk line {2 through
the incoming connector switch (T to a desired
called substation. More particularly, the relay
RI059 is of the two-step type and is arranged
partially to operate in response to the first op-
eration of the relay RIf15 and to complete its
operation when the relay R!{15 subsequently
restores. The relay R1138 is arranged to op-
erate in response to the operation of the two-
step relay RI858 and functions to control the
operation of the three relays Ri1€0, R1165 and
Ri1i(0. These three relays are arranged to op-
erate in a cyclic manner and function to control
the operation of a stepping switch generally in-
dicated at 1070. This stepping switch is ar-
ranged to perform a variety cf functions, among
which are its operation to initiate the release
of ‘the repeater when a connecticn routed by
way thereof is released and its operation to
initiate the release of the repeater in the event
at least one pulse of alternating current, follow-
ing an alternating current seizing pulse, is not
transmitted thereto within a predetermined time
interval. More particularly, there is provided a
slow-to-release relay RJ045 which is arranged
to release the repeater 16 in response to the
operation of the stepping switch 1670 to a pre-
determined one of its plurality of off-normal
positions. The stepping switch 1078 is of the
well-known minor type and comprises two sets
of contacts, two. wipers electrically connected
together and indicated as a single wiper 1071,
an operating magnet 1672 for driving the wipers
over the contacts of their respective associated
contact sets, a release magnet 1073, and a set of
off-normal springs {074 for controlling the ener-
gization of the release magnet.

The arrangement of the repeater 16 is such
that, after the repeater is seized, the relay RI1I5
follows the alternating current switch control
pulses transmitted thereto over the trunk line
2 in response to operation of the calling device
489, and the two relays R1{88 and Rt {19 respond
to the operation of the relay Ri115 to repeat the
pulses as direct current impulses over the out-
going trunk line 29 to the incoming connector
switch {1. More particularly, the two relays

‘R1160 and RI 118 comprise an impulse correcting

network arranged to compensate any distortion
of the alternating current impulses. During im-
pulsing, the slow-to-release relay R1185 and the
relay R1140 cooperate to cause the deenergization
of the relay R1138 at the beginning of the first
pulse of the first pulse train transmitted to the
repeater {6 after the seizure therecf, whereby
the cyclic operation of the three relays RI1188,
RI1105 and R{110 and the operation of the switch
1070 are arrested. 'The arrangement is such that
the release circuit of the switch 1679 is closed
to cause the wiper 1871 to be returned to its nor-
mal or home position each time the cyclic opera-
tion of the three relays is arrested. During im-
pulsing, the slow-acting relay RI1089 functions to
reduce the impedance of the loop circuit extend-
ing to the operated incoming connector switch,
whereby the repeated impulses are more effec~
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tively fransmitted to -this switch. As briefly
pointed -out above, after a connectmn has sheen
routed through the incoming connector sw1tqh
{7 to a busy called line, it is necessary that-the
loop circuit incoming. to -this switch -be :unbal-
anced if a talking circuit to the called line.is to
be established for the purpose of- oﬁermg the call
to the called subscriber. To this end, the relays
RII45, RI165 and R1176 are arranged -to respond
to a -control pulse of aliernating current-trans-
mitted over the line {2 to the repeater 16 and
function to impress ground potential upon one
side of the indicated loop circuit, thereby to un-
‘balance the circuif. Although the operation of
the relay RI30, the cyclically operating relays
Ri108, R1105 and R1110 and the stepping switch
1070 is initiated at this time, the resulting oper-
ation is without effect and the indicated elements
are restored to normal when the control pulse

is ended. For the purpose of transmitting al- .

ternating current control pulses irom the repeater
{6 over the trunk line 28, there is provided therein
arelay RI1{40. After a connection routed through
the repeater {6 is completed, this relay, as con-

trolled by the cyclically operating relays R1100,
RIi1105 and RI{10, functions to transmit control -

pulses of alternating current over the trunk lines
28 and 12 to the trunk circuit apparatus {6 for
the purpose of supervising the established con-
nection.

Under the conditions stated, the three

10

15

enumerated .cyclically operating relays are ar-

ranged to be controlled by an electropolarized
back bridge relay R1865, which relay is con-
nected to respond to reversals of battery over an

estgblished loop circuit including the trunk.line ;3:

28. In order to prevent alternating current. from
being transmitted over any one of the trunk lines
29, 48 and 44, there is also provided a slow-acting
relay R1128 which operates to disconnect the line

terminals of the transformer windings ({78 and %

1173 from the conductors of the trunk line 28
each time the alternating current pulse control
relay R1148 is caused to operate.

The last-mentioned relay, namely, the relay

R 1149, is also utilized to cause seizing, supervisory 4

and release pulses of alternating current to be
transmitted over the trunk line 28 on calls routed
to the repeater {6 over.either of the trunk lines
40 and &4 incoming to this repeater. More par-

ticulariy, there are provided line and hold relays ©

R1835 and R1883, respactively, which are succes-
sively operated when the repeater 16 is seized
over cne of the indicated trunk lines. A control
relay R1039 is also provided whireh is arranged to
respond to the operation of the hold relay RI880
and functions to initiate the cyclic operation of
the three relays R{i83, R1185 and RI119, thereby
to cause the relays Rl 128 and R1140 to operate
and transmit the desired seizing pulse of alternat-
ing current over the trunk line 28. During the re-
lease of the connection as routed through the re-
peater 16 in this direction, the alternating current
relay RL115, in cooperatlon with the relays RI§38,
Ri1645 and RHEESB the cyclically opr-\ratlnc relays

RI400, R1i85 and RI119, and the stepping switch |

1870, operatesto cause the release of the repeater
when the connection is cleared out at the oper-
ator’s position 18 in the exchange A.

The. control apparatus embodied in the re-
peater 16 further comprises three additional re-

69
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lays RI012, RI828 and RIi840. which aré ar-

ranged to respond to the operation of the relay
RI115 resulting from supervisory pulses of: al~
ternating -current ftransmitted to this repeater.
The first. of these three relays is.a battery re-

Arelay Ri012.
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versing relay operative to reverse battery over the
conductors of the trunk ]1ne 40 and the remaining
two thereof are prov1ded for controlhng the
In -the particular arr_an_gemen_t of
the repeater 16, these relays are not utilized for

any confrol functions, -although  the presence
thereof in no way adversely affects the gperation

of the repeater. The repeater control apparatus
also includes :two additional differentially wound

relays RIOI0 and R{024 which are provided for
causing a toll offering contro!l pulse of alternat-

ing current to b‘e-transmi‘qted over .the trunk line

28.and are not used in the particular application
indicated :for the repeater 6.

The relays cor-
responding to the five relays RI010, ‘R1812,

R1020, R1024 and R1040 and provided.in the re-
Dbeaters 24 and 50, for example, are utilized in
-the completion and supervision of connections

routed by way of .these repeaters. Although the
five enumerated relays are not used in .the re~
peater 1§, by providing a repeater of universal
design for different applications, the unit cost
of .construction of a number of such repeaters
is-lowered. -In the repeater:24 illustrated in:-Pigs.

17 and 18, the relay RiT12, which corrssponds to

the. relay R{012 of the .repeater .18,:is arranged
to reverse battery over the trunk line 32 in re-
sponse to control pulses of alternating current
transmitted to-the repeater.24 over the.trunk
line 8T. This- battery reversing relay is under
the control of the two relays R1720 and Ri748
which respectively. correspond to the relays Ri. 028
and R 1040 provided in the repeater 16, Each of
the two relays RIT12 and RIT20 is of the two-
step; type, while the relay R 148 is of the slow-
to-operate type. . The, differentially wound relay
R 1710, which corresponds to-the relay R1010 of

the repeater 18, is arranged to respond to an un-

balanced condition. of the loop circuit extending
to the repeater 24 to cause the relay Ri840:to
operate and transmit a control pulse of alternat-
ing current over the trunk line-37 to the distant
repeater.50. -Operation of the. cyclically operat-
ing relays RI800, R1805, and- RI810 and of. the
stepping  switch - 1716 is al o initiated when the
toll offering relay-RIT740 is caused to operate,
the .duration of the operating: current control
pulses being measured by the operation of the -
stepping switch 171719. -More particularly, the
pulse is terminated in-response to.the restoration
of the relay RIT24 which occurs when the wiper
171 of the switch 1110 is operated to a prede-
termined off-normal position.

-Referring now more. particularly to-the line
circuits individually associated with the subsecrib-
ers’ lines terminating at the exchange B and
considering the line circuit shown in Fig. 22 in
association with the line 33 as exemplary of the
form of line c1rcu1t used-in conjunction with lines
of the single . party type, it will ‘be noted that
this line circuit comprises the usual line; cut-
off .and. lockout relays R2253, R2263 and R2255,
respectlvely, of which the last-m entioned relay’is
of -the slow-acting -type. This line circuit also
comprises a call metering device: which is opera-
tive -to_register calls initiated at the substation
T3 individually associated with the line 83. This
call metermg device - is -indicated as comprlsmg
an operatmg magnet 2218 ‘having :an’ armature
arranged to control an operating pawl 227 asso=
clated with a ratchet wheel 2272 which is ar-
ranged to drive.the register cylinder. of the :de-
vice. ‘The" line circuits - individually associgted
with ‘the. trunk lines terminating in: the. bank
contacts of the local. finder switches provided in
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the exchange B are quite similar in arrangement
to the line circuit associated with the subscrib-
er’s line 33 and described immediately above.
Thus, the line circuit 23 asscciated with the
link line 48 and utilized on calls routed over the
trunk line 37 to the repeater 24, is shown in Fig.
23 as comprising the usual line, cut-off and lock-
out relays R2300, R2320 and R2310, respectively.
The line circuits individually associated with the
subscribers’ lines of the duplex type are some-
what different in character from those terminat-
ing lines of the single party type. Thus, the line
circuit shown in Fig. 21 in association with the
duplex line 34 comprises a line relay R2160, a
cut-off relay R2120, a slow-acting lockout relay
R2130, two additional relays R2140 and R215%
arranged to be controlled by the line relay R2160,
and call registering or metering devices individu-
ally corresponding to the two substations associ-
ated with the line 34. The line relay R2160 is
of the differentially wound type and is so con-
nected and arranged that it remains operated for
the duration of calls initiated at one of the two
substations associated with the line 34 and re-
mains in its restored position for the duration
of calls initiated at the other of the two sub-
stations. The relay R2158 is provided for the
purpose of selectively connecting the operating
magnets 2175 and 2178, respectively embodied in
the calling metering devices respectively corre-
sponding to the substations T: and T:, to be
energized in response to the application of booster
battery potential to the control conductor C2118
of the line 38. The device embodying the operat-
ing magnet 2175 is arranged to register calls initi-
ated at the substation T:1 while the device in-
cluding the operatng magnet 2178 is arranged to
register calls initiated at the substation Te, all
in the manner explained with particularity here-
inafter.

The arrangement of the substation apparatus
individually provided at the substations of the
single -party type is entirely conventional and
somewhat different from that of the apparatus
provided at the substations associated with sub-
seribers’ lines of the duplex type. For this
reason, the substation apparatus provided at the
substation T3 in association with the line 33 has
been only diagrammatically illustrated, whereas
the apparatus provided at each of the substations
T: and T2 associated with the duplex line 34 has
been shown in detail. The apparatus provided
at the substation T comprises a transmitter 2169,
a receiver 2468 and a hook switch 2167 for opera-
tively connecting the substation apparatus to the
line 34. The apparatus provided at this substa-
tion further comprises a calling or impulsing de-
vice 2185 and a signal device in the form of a
ringer 2180 normally connected in series with a
condenser 2{8i between the line conductor C1386
and ground. Also provided at this substation is
a slow-to-release lock-out relay R2100 having its
winding bridged by an audio frequency by-pass
condenser 2184 and being utilized to lock the
associated substation equipment out of service
when the apparatus provided at the substation
T is being used. In a similar manner, the equip-
ment provided at the substation Tz comprises
a transmitter 21713, a receiver 2174, and a hook
switch including a receiver supporting arm 2172
for operatively connecting the apparatus to the
line 34. The equipment -provided at this sub-
station further comprises a calling device 2184,
a ringer 2182 connected in series with a condenser
2183 between the line conductor Ci384. and
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ground, and a slow-to-release lockout relay
R21i0 having its winding bridged by an audio
frequency by-pass condenser 2114. This relay,
like the relay R2100, is provided for the purpose
of locking the apparatus provided at the sub-
station T2 out of service when the substation
equipment located at the substation T: is being
used. .

Referring now more particularly to the incom-
ing connector switeh 17 illustrated in Figs. 12
and 13, this switch comprises a switching mecha-
nism 1379 of the well-known Strowger type hav-
ing embodied therein a plurality of bank contacts
arranged in levels, wipers 1371 to {374, inclusive,
adapted to traverse and engage the contacts of
the associated contact field, a vertical magnet
1256 for elevating the enumerated wipers to a
position opposite a desired level, a rotary magnet
1356 for rotating the wipers over the contacts of
a selected level and into engagement with a set
of contacts terminating a desired line, and a re-
lease magnet 1298 for returning the wipers to
normal during the release of the switch, This
switching mechanism also includes a plurality of
sets of off-normal springs indicated at 1207, 12186,
1255, 1257, 1397 and 1398, respectively, which are
arranged to perform variocus control functions de-
scribed in detail hereinafter. The relay equip-
ment embodied in the incoming connector switch
1T comprises a line relay R1235, a slow-acting
hold relay R 1243, a slow-acting pulse circuit con-
trol relay R1245, and a slave relay RI1250 under
the control of the series relay Ri245 and ar-
ranged to control the application of dial tone
voltage to the conductors of the trunk line 30.
Dial tone voltage is derived through the windings
of a transformer (258 having its primary wind-
ing connected to a source of alternating current,
not shown. The relay eguipment embodied in
the connector switch 17 further comprises a busy
test relay R1320 which is operative to determine
the idle or busy condition of a selected called
line and a slow-to-operate line switching relay
R1360 which is operative to initiate the ringing
operation when a selected called line is tested
and found to be idle. For the purpose of con-
trolling the operating and holding circuits for
the busy test and line switching relays R1320 and
R 1369, there are provided three pulse responsive
relays R1335, R340 and R{3E88, all of which are
arranged to operate at the beginning of each
series of impulses transmitted to the incoming
connector switch 17 and to remain operated until
shortly after each impulse series is ended. There
is also provided a control relay R1318 which is
operative to arrest the ringing operation and to
complete a connection to the desired called line
when a connection as routed to the line is an-
swered at the called substation. The last-men-
tioned relay is a slave to a slow-acting ring cut-
off relay RI300. After a connection routed
through the incoming connector switch is com-
pleted, supervision thereof is maintained through
the provision of two relays R{217 and R1220, the
first of which is arranged to be energized over
an established loop circuit extending to a called
substation in series with the line balancing im-
pedance element 1219 and is arranged to confrol
the relay R1229. The last-mentioned relay is pro-
vided for the purpose of reversing battery over
the conductors of the trunk line 30 in response
to the completion or interruption of the loop cir-
cuit extending to a selected called substation.
As indicated previously, the incoming connector
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* of the trunk Iine 31,
“embodied in the repeater 20 includes a line relay

~ switch 17 has access to one or more groups of
trunk lines and is arranged for automatic trunk
hunting on certain levels. To provide this serv-
ice, there is included in the switch g relay RI1330
which, in cooperation with the busy test relay-
" R1329 and the three impulse responsive control
relays RI1335, R1348 and R1358, functions to con-
trol the rotary magnet 1856 of the switching

- slow-to-release line

5

"mechanism 1378 during a trunk hunting opera-

tion. The control apparatus of the incoming con-
nector switch (7 is arranged to establish an un-
interrupted metallic circuit between the trunk
line incoming thereto and the selected trunk line
outgoing therefrom on a trunk call of the char-.
acter indicated. To this end, there is provided a’
switching-through relay R1260 which is arranged
to operate following the selection of an idle trunk
line of a selected trunk line group. For the pur-
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33
The control apparatus
Ri658, a slow-acting hold relay RIG62 and a

switching relay RI663.
There is “also included 'in the indicated relay

“equipment an electropolarized back bridge relay

Ri848 which is arranged to respond to reversals
in the direction of current fiow over a loop cir-
cult established by way of the trunk line 3i’.
This back bridge relay is arranged to control a
battery reversing relay Ri620 which is provided
for the purpose of reversing battery over the line
conductors of the trunk line 3¢ without affecting

" the direction of current flow or polarity of the

13

pose of establishing a toll offering connection to_ .

a busy called line selected by the incoming con-"
nector switch {7, there are aso embodied in this
switch two additional relays Ri1230 and RI1210,
the first of which is of the differentially wound
type and is arranged to operate in response to_
an unbalanced condition of an established loop®
circuit extending to the switch 17, - These two
relays, in cooperation with the busy test relay
R{329, not only function to cause the desired
toll offering connection to be established to a,
selected busy called line but, in addition, function "
"to cause the called substation to be signaled and
the desired talking circuit thereto to be completed
following the release of the previously estab-
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lished connection extending to the called sub- ro

.station. .

As outlined previously, the subscribers’ lines
to which the incoming connector switch {1 has ac-
‘cess are of three different types, namely, single

arty lines, lines of the duplex type and lines of i gt .
Sary : P it 0 also includes two additional windings 1451 and

.the multiplex type. In the selection of a desired
substation associated with a selected line of the
multiplex type, it is necessary that one series
of impulses dialed at the calling telephone sta-

tion ke transmitted to the station selecting appa- ;-

ratus associated with the selected called line. In
order t0 adapt the incoming connector switch {71
to operate in this manner, the switching mecha-
nism {373 is provided with an extra bank contact
field section, the contacts of which are adapted
to be traversed by the extra control wiper 1374,
and the relay R1284 is provided in the relay equip-
ment of the switch. This relay is arranged to be
controlled over a circuit including the indicated
extra control wiper and functions to condition the :
-remaining relay apparatus to repeat the impulses
of a finai digit dialed at the calling -telephone
station as negative battery pulses over the posi-
tive side of a selected line of the multiplex type.
Referring now more particularly to the. re-:
peater 20 ferminating one end of the trunk line
3{’ interconnecting the exchanges B and E, this
repeater is illustrated in Fig. 16 as- comprising
o repeating transformer 1870 including windings .
i871 and 672 having line ‘terminals normally
-connected to the line conductors of the trunk
line 83 extending to the ‘bank contacts of the
local connector switches provided in the  ex-
change B and also connected to the line con-
ductors of the trunk line 3! extending to. the
bank contacts of the incoming-connector switch
A7 described in the precéding paragraph. The
fransformer {678 further comprises two addition-
al windings {678 and 1674 having line terminals
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‘ation with two additional

‘voltage impressed upon the line conductors of

the trunk line 28. The relay R1628, in cooper-
relays Ri645 and
R 1658, also functions to control the application

" of booster battery potential to the control con-

ductor C!886 of the trunk line 38. For the pur-

“bose of unbalancing an established loop circuit
“extending by way. of the trunk line 31’ to the

automatic switching apparatus provided in the
exchange B, thereby to cause a toll offering con-
nection to be established to a selected busy line

.on g toll call routed through the repesater 20,

there is also provided in this repeater a differ-
entially wound toll offering relay RI1630 which
is arranged to operate in response to an unbal-
anced cendition of a loop circuit eéstablished to
this repeater and.including the trunk line 31,
The repeater 18 associated with the trunk line
41 and illustrated in Fig. 14 is substantially sim-
ilar to the repeater 28 described in the preceding
paragraph. = Thus, the repeater i3 comprises a

‘repeating ‘transformer’ 1450 including a pair of

windings ‘1453 and 1454 having line terminals

hormally connected to the line conductors - of

the trunk lines 35-and 31’. The transformer {450

1452 having line terminals adapted to be con-

: nected to the line conductors of the trunk line
4l." The relay equipment embodied. in this re-
peater comprises a line relay R1439, a slew-acting

hold relay R1485, a slow-to-release line switching
relay RI409, an electropolarized back bridge relay

"R1420 and a battery reversing relay RI440. 'This

battery reversing relay is arranged so that it is

only operative to reverse battery over the trunk

line 35 extending to the bank contacts of the

‘Incoming connector switch 17. The relay equip-

ment’ embodied in the repeater {8 also includes
a differentizally wound toll cffering relay R1435

‘which corresponds to the relay Ri620 of the

repeater 29, and two additional relays RI410 and
RI418 which, in conjunction with the back bridge

relay R1429 and the battery reversing relay

R1449, are operative to control the application of
booster battery potential to the control conductor
C1461 of the trunk line 37’ extending to the bank

‘contacts of -the local connector switches provided
in the exchange B.

The trunk circuit apparatus 1§ which ter-
minates the trunk line 43 outgoing from- the
repeater 13 is operative to select either of the

- .two trunk lines 44 and 44’ and is illustrated in

70"

. adapted to be connected to:-the line conductors 75

‘Pig. 15 as comprising an alternating current line
‘relay R1589, a slow-acting hold relay Ri518, and

a ring cut-off control relay R1520. Also embodied
in this apparatus are a pair of trunk selecting
relays R1539 and R1540 which jointly control
the selection of an idle one of the trunk lines
44 and 44’ outgoing from the trunk circuit | 9,
The. relay Ri520, which is described as a ring

‘cut-off control relay, is also arranged to control
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the connection of the busy tone current source
provided in the exchange B to the conductors
of the trunk line 43, this relay being arranged
to operate only in the event one of the trunk
lines 44 and 44’ is idle at the time the apparatus
is seized and a loop circuit by way of the idle
trunk line is established to the repeater associated
therewith.

Referring now more particularly to the local
finder-connector link 25 illustrated in Figs. 19
and 20, the finder portion of this link comprises
a rotary finder switch 2070 at which the sub-
scribers’ lines extending to the exchange B ter-
minate. This switch includes three sets of bank
contacts, wipers 2071, 2872 and 2073, respectively
associated with the contact sets, and an operating
magnet 2058 for driving the enumerated wipers
over the contacts of their respective associated
sets. The connector end of the link comprises
a Strowger switching mechanism 1800 having a
plurality of contacts arranged in levels in the
usual manner, wipers 1801 to {984, inclusive, a
vertical magnet 2638 for elevating the wipers to
a position opposite a selected level of contacts,
a rotary magnet 1874 for rotating the wipers over
the contacts of a selected level and into engage-
ment with a set of contacts terminating a desired
line, and a release magnet 2533 for refurning the
enumerated wipers to their respective home posi-
tions during the release of the link. The switch~
ing mechanism #3860 also includes a plurality of
sets of off-normal springs 1981, 2617 and 2034
which perform various control operations de-
scribed in detail hereinafter.
of off-normal springs, one of which is indicated
as comprising the springs 2881, 2082 and 2093
and the second of which is indicated as including
the springs 2318, 2816’ and 2017’, are also pro-
vided for performing additional control func-
tions referred to in detail hereinafter. The relay
network embodied in the link circuit includes the
usual line and hold reiays R29035 and R20190, re-

Two additional sets’
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operation of a slave relay R 1950, the last-men-

"_tioned. relay, in turn, being connected and ar-

ranged to pérform the actual line switching and
ring cut-off operations. In order to-provide for
the application of booster battery potential to
the control conductor of a selected calling line,
thereby to control the operation of the call reg-

" istering device associated with the ecalling sub-
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spectively, a slow-acting pulse circuit control re- -

lay R20865, and a slave relay R2000 which is under
the centrol of the relay R2003 and functions
to conirol the application of dial tone signals to
calling lines and also the operation of the ringing
and tone apparatus associated with the respective
links. For the purpose of connecting the con-
ductors of a selected calling line through to the
line terminals of the line relay R2085, there is
provided a line switching relay R206%50 which is
operative when the wipers of the finder switch
2870 are rotated into engagement with the con-
tacts terminating the conductors of a calling
line. The relay network further comprises &
slow-acting series relay R1930, a slow-acting con-
trol relay R1820, and a slave relay R1925 under
the control of the relay R1920, all of which are
arranged to operate in response to operation of
the line relay R2035 during impulsing. The
three enumerated relays function to control the
respective operating circuits for the busy test
and line switching relays indicated at R1949
and R 1918, respectively. The line switching relay
R1818 is of the slow-to-operate type and func-
tions to project ringing current over a selected
idle line shorfly after the operation of the switch-
ing mechanism (908 to select a desired line is
completed. In order to arrest the ringing opera-
tion and to complete the desired talking circuit
to the called line when the call is answered at
the called substation, there is also provided in
the link circuit apparatus a stow-acting ring cub-
off relay R1979 which is arranged to control the
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75

~trol conductor of a

station, there is also embodied in the link circuit
apparatus a siow-to-release control relay R2030,
the operation of which is under the control of a
back bridge relay R2020. More particularly, the
back bridge relay R2028, which operates only
when a call routed to a called line is answered
at the desired called substation, is operative to
impress booster battery potential upon the con-
calling line and the slow-
to-release relay R2630 is operative to determine
the period during which booster battery potential
is maintained upon the control conductor of the
calling line. ‘

As indicated previously, the connector switches
embodied in the respective local finder-connector
links provided in the exchange B have access to
one or more groups of trunk lines and each
thereof is arranged for automatic trunk hunting
in order to facilitate the selection of an idle
trunk linein a selected group. To this end there
is provided 'in - the link ecircuit of the finder-
connector link 25 a control relay R1935 which
cooperates with the three relays R1920, R1925
and R1930 and the busy test relay R1940 to cause
the rotary magnet 1974 to drive the wipers of
the switching mechanism 1960 until an idle trunk
line of the selected trunk line group is -found.
On a trunk call of the character indicated, the
link circuit apparatus is arranged to provide
a1 - uninterrupted metallic circuit between the
conductors of a calling line and the line conduc-
tors of -the selected trunk line. Such a circuit
is established through the provision of a switch-
ing-through relay R2049 which is arranged to
operate only on calls routed to one of the trunk
lines terminating at the connector end of the link.
In order to adapt the link circuit apparatus of
the finder-connector link 25 for use in controlling
the station selecting apparatus associated with a
selectéd calling line of the multiplex type, the
switehing mechanism 1900 is provided with an
extra bank contact field section, the contacts of
which are adapted to be engaged hy the extra
control wiper 1863; and a relay R1863, arranged
to be energized over g ¢ircuit including the extra
control wiper 1903, is embodied in the link circuit
apparatus. Thisrelay is arranged to operate only
on calls routed to a subscriber’s line of the multi-
plex type and functions to condition the link
circuit apparatus embedied in the link 25 to re-
peat the impulses of a final digit dialed at a
calling substation as negative battery pulses over
the -positive side of the selected called line,
whereby the station selecting apparatus associ-
ated with the called line is caused to operate to
select the desired called substation. For the pur-
pose of forcibly releasing the link 25 in those

instances when-the link may be seized and no

switch' control pulses are transmitted thereto,
there is provided-in the link circuit apparatus a
pair of bimetallic or thermal control retays indi-
cated at 2058 and 2062, respectively. These two
thermal relays are operative to cause the link
to be released in any case where the link is seized
and no switch control impulses are transmitted
thereto within a predetermined time interval.
As pointed out previously, idle ones of the local
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‘ ;S_Cl‘lbed in th_ 1mmed1aj;ely precedmg _paragraph
are successively assigned to the use of successive
calling lines through the operation of the dis-

tributor 26 illustrated in Fig. 22. This distributor.
coniprises a rotary switch 2200 and control appa-

ratus including a plurality of relays R2219, R2215,
R2220, R2225, R2230, R2235, R2240 and R2245.
More particularly, the rotary switch 2200 com-
_brises four sets of bank contacts, wipers 2261
to 2204- respectively associated with the con-
tact sets, and an operating magnet 2205 for
driving the enumerated wipers over the con-
tacts of their respective associated contact sets.
Each position of the enumerated wipers corre-
sponds to one of the associated finder-connector
links and, with the wipers standing in any given
position; the control apparatus of the distributor
is operative to cause the finder portion of the
“selected link to operate and seize a calling one of
the subscr1be1s lines. More- partlcularly, the re-
lay R22"’0 is a start relay which is operative in
responbe to the lmtxatlon of a call on any one
of the subscribers’ lines, the relay R2240. is a
slow-acting control relay, and the relay R2245 is
a combined pulsing and line test relay, this latter
relay being arranged to. cooperate with the oper-
ating magnet of the ﬁnder sthch emhbodied in
an assigned link to cause the ﬁnder switch to
‘search for. and seize a calling line. The two
relays R22i% and R2220 are provided for the pur-
pose of cauamg the distributor to assign a second
" link to the use of & calling line in the event a first
assighed link fails to find the calling line within
a predetermined time interval. - The relay R2223
“is an all-links-husy relay and is provided for the
purpose of préventing the distributor switch 2209
from opeiating in an attempt to select an idle
one of the links at a time when all of the links
are busy. This relay also functions to open the
‘operating circuit for the start relay R2238 during
those times when =all of the links are busy.
Finally, the slow-to-release relay R2210 is pro-
vided for the purpose of controlling a device, not
shown, for registering the number of calls routed
through the various local finder-connector links.

SECTION 4—THE APPARATUS PROVIDED IN THE
ExcHANGE C

"Referring now more particularly to the details
of the automatic switching apparatus provided
in the exchange C and considering first the re-
peaters 53 and 51, it is pointed out that each of
these repeaters is in all respects identical with
the repeater 19 shown in Figs, 10 and 11 and the
repeater 24 illustrated in Pigs. 17 and 18, In view
of the foregoing description with reference to the
two last-mentioned repeaters and. the. following
description of the operation of the repeater 58,
it is deemed unnecessary to consider the appa-
ratus of this repeater in detail other than to
peint out that the repeating transformer 28135
corresponds to the repeating transformer (173
of the repeater I8 and that the relays R26§00,
R2685, R2610, R2620, R2630, R2640, R2645, R2650,
R2655, RZ&‘:@B R2678, R2180, R2105, R2710,

R2720, R2125, R2730, R2148; R2750, RZTCO R2770,
Rg? 15 and RE?SQ respectlvely corresponds to the
relays R1§TR, RH%E Ril16C, RI150, RII40, RI130,
R{420, R1i15, Riii0, RHOS R1100, R1065, R{069,
R854, R1065, R1045, R1030, R1024, RI020,Ri012,
riaio, Riﬂﬁs and RIWU in the order named, of
the repeater {8, Also the stepplng switch 2785 em-~
bodied in the Iepeater 50-is provided for the same
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- corresponding stepplng sw1tch 1978 embodled in

the repeater-186.
The incoming connector switches &3 and 53

'kindividually associate with the repeaters 50 and
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_thereof {o the trunk line 64.

- .51, respectively, are somewhat similar to the in-

coming connector switch |71 provided in the ex-
change B.and described previously, but differ

. therefrom:- in that .a different form of switching
~mechanism is used. - More particularly, the in-

coming connector switch 83 is illustrated in Figs.
31 and 32 as comprising a rotary switch-3259 at
which the lines extending to the exchange C are
terminated. The switch 3250 comprises six levels
of bank contacts, wipers 3251 and 3258; inclusive,
respectively - assoclated with the contact levels,
and an operating magnet 3257 for. driving the
enumerated wipers over the contacts of their re-
spective associated contact sets. ‘The control ap-
paratus embodied in: the incoming -connector
switch 83 comprises the usual:line and hold re-
lays indicated at R3125 and R3138, respectively, a
slave relay R3148 under the control of the slow-
acting hold .relay R3130, a slow-to-release busy
test relay R3208, a slow-to-operate line switching
relay R3248, a slow-acting ring cut-off relay
R3238, and & slave relay R3235 controlled by the
ring cut-off relay R3230. There are also vrovided
three: additional relayo R316Y, R3I55 and RSHB
which ‘ope; ate during impulsing and are arranged
to control the respective operating and holding
circuits for the busy test and line smtchmg re-
lays Razﬂﬂ and R3249 respectlvely -For the pur-
pose. of superwsmg connections established by
way of the incoming connector switch 88, there
is also pl‘ond;‘d therein a battery reversing relay
R2{16 which is adapted to be energized in series
with a line balancmg 1mpedan e element 32{3
when a call zoutﬂd through. the incoming con-
nector switch is answered ‘at a selected called

‘substation. :The switch 53 is arranged for switch-

ing-through operation on calis.routed by way
To this end there

- is provided & sw1tchm"-through relay . R3{98
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pur posas and performs the same functions as the 75

which is arranged to cperate only when the series
of irhpulses designating the trunk line 64 is trans-
mitted to the switch B3. For the purpose of caus-
ing the switch to. establish toll offering connec-
tions to stlected busy called Lines, there are pro-
vided in the control apparatus two additional re-
lays R3i28.and R3218. The first of the two last-
mentioned relays is of the differentially wound
type and responds to an unbalanced condition of

.an. established loop circuit extending to the in-

coming connector switch 53. by operating o cause
the operation of the line switching relay R3Z{3.
The last-inentioned relay, in turn, functlons to
cause the desired toll .cffering connection. to be
established. to.the selected called line.

As pointed out previously, the subscribers’ lines
extending to the exchange C are, like the lines
extending to the exchange B, divided into three
classes, namely, single party. lines, lines of the
duplex type, and lines of the multiplex type Liav-
ing station selecting apparatus individually asso=
clated therewith. In order to adapt the opera-
tion of the incoming connector switch 53 for use
in controlling the station selecting apparatus as-

sociated with a selected multiplex line in its op-

eration to select a desired called substation, there
are also provided in the incoming connector
switch 83 two relays R3225 and R3228. The first
of these relays is controlled over a circuit includ-
ing the extra control wiper 38254 and is provided
for the purpose of conditioning the other relay
equlpment embodied in the switch to repeéat re-
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ceived impulses as negative battery pulses over
the positive line conductor of a selected called
multiplex line. The relay R3228 is arranged to
be controlled by the relay R3225 and the busy

test relay R3200 and functions to control the-

ringing operation in signaling over a selected line
of the multiplex type. The bank wiring arrange-
ment of the rotary connector switch 3258 is such
that the contact set representing the home posi-
tion of the switch is utilized in terminating a line
accessible to the switch. In order to prevent the
idle or busy condition of the line extending to
this contact set from interfering with the opera-
tion of the switch to select a desired called line,
two additional relays R3150 and R3155 are pro-
vided in the control apparatus of the switch,
which relays are arranged to prevent the pre-
mature operation of the line switching relay
R3240 during a line selecting operation on the
part of the switch.

The apparatus provided at the substations as-
sociated with lines of the duplex type terminat-
ing at the exchange C is identical in arrange-
ment with the substation apparatus associated

with the duplex lines terminating at the ex--

change B. Thus, the substation equipment pro-
vided at the substation Ts associated with the
line 60 is illustrated in Fig. 34 as comprising a
transmitter 3459, a receiver 3458, a calling or
impulsing device 3493 and a slow-to-release lock-
out relay R3450 having its winding shunted by
an audio frequency by-pass condenser 3454, For
the purpose of operatively associating this sub-
station apparatus with the line 60, there is also

provided at the substation Ts a hook switch com--

prising the receiver supporting arm 3457 and
two contact springs 3455 and 3456, There is also
provided at this substation a ringer-3469 which
is normally connected in series with a condenser
3491 between the line conductor C3481 of the
line 66 and ground. In a similar manner, the
apparatus provided at the substation Ts also as-
sociated with the line 80 comprises a transmitter
3419, a receiver 2418, a calling device 3494, and

a slow-to-release lockout relay R3410 having its "4

winding shunted by an audio frequency by-pass
condenser 3474. The signal device provided at
this substation is indicated at 3480 and is con-
nected in series with the condenser 3492 between
the line conductor C3483 of the line 60 and
ground. For the purpose of operatively associ-
ating the apparatus provided at the substation
Ts with the line 60, there is also included in this
apparatus a hook switch comprising the receiver

supporting arm 3477 and the two switch springs :

3475 and 34176.

The line circuit associated with the duplex line
69 is substantially similar to that associated with
the line 34 and described in the preceding sec-
tion. More particularly, the line circuit asso-
ciated with the line 60 and shown in Fig. 34 com-
prises a differentially wound line relay R3400
which is arranged to operate in response to the
initiation of a call at either of the two substa-
tions Ts and Ts, a cut-off relay R3448, a slow-
acting lockout relay R3438, and a pair of control
relays R3410 and R3420 which are arranged to
be cotitrolled by the line relay R3480. The indi-
cated line circuit apparatus also comprises two
call registering devices individually correspond-
ing to the substations Ts and Ts and having re-
spectively embodied therein operating magnets
indicated at 3489 and 3490. The relay R241{0
controlled by the line relay R3400 is provided for
the purpose’ of selectively connecting the oper-
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abing ‘magnets 3488 and 3490 of the call regis-

tering devices to be energized in response to the

- application of ground potential to the extra con~
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trol conductor C3489 which extends to the bank
contacts of the -finder switches embodied in the
various switching selector repeaters located in
the exchange C. -

- Referring now more particularly {o the details
of the arrangement of the switching selector re-
peater link 51, this switching unit is illustrated
in Figs. 28 and 29 as comprising a finder switch
2800 and a selector switch 2980, each of the well-
known rotary type. More particularly, the rotary
finder switch 2800 comprises four sets of bank
contacts, wipers 2801, 2802, 2803 and 2803’ re-
spectively associated with the contact sets, and
an operating magnet 2804 for driving the enhu-
merated wipers over the contacts of their respec-
tive associated sets. The rotary selector switch
2580 similarly comprises four sets of bank con-
tacts, wipers 2981 to 2984, inclusive, respectively
associated with the contact sets and an operating
magnet 2985 for driving the enumerated wipers
over the contacts of their respective associated
contact sets. The link circuit apparatus of the
switching selector repeater 51 comprises the usual
line and hold relays R2820 and R2825, respec-
tively, and the usual switching relay R2810 which
is operative to switch the conductors of a se-
lected calling line through to the line terminals
cf the line relay R2828 following the operation
of the finder switch 2888 to select a calling line.
The pulse responsive apparatus embodied in the
link circuit comprises a slow-acting relay R28480,
a control relay R2850, and a stepping switch
2980 of the well-known minor type. More par-
ticularly, this switch is provided for the purpose
of determining from the number of impulses
making up a first series of impulses transmitted
to the link whether or not the call is to be routed
over one of the inferoffice trunk lines, as, for

-example, the line 37, to the exchange B, or

through one of the local connector switches, as,
for example, the switch 54, to another substation
line terminating at the exchange C. In brief,
the stepping switch 2980 comprises a single set
of confacts 2931, a wiper 2802 associated with
the contact set 2801, an operating magnet 2903
for driving the wiper 2992 over the contacts of
the indicated contact set, a release magnet 2904,
and off-normal springs 2905 which are arranged
to be closed when the wiper 2962 is stepped away
from its home or normal position. These off-
normal springs are included in the operating cir-
cuit for a control relay R2919 which is operative
to prevent more than one series of impulses from
being delivered to the operating magnet 2903 and
also to prepare the circuit for energizing the re-
lease magnet 2884. 'This relay performs the addi-

tional functions of controlling the circuits for

impressing dial and busy tone voltages upon the
line conductors of the link circuit.

As indicated previously, the arrangement of the
switching selector repeater 51 is such that the
selector portion thereof operates to select an
idle one of the interoffice trunk lines extending
to the exchange B and to complete a loop circuit
to the repeater associated with the selected trunk
line immediately the link is seized. Thereafter
and if the character of the first series of impulses
transmitted to the link indicates that the call is
to be forwarded to another subscriber’s line ter-
minating at the exchange C, the seized repeater
associated with the selected interoffice trunk line
in released and the selector portion of the switch
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2980 is caused o agaln operate to select an idle
one of the connector sw1tches provided in the
exchatige C. For the purposé of controlling the
operating magnet 2985 in-its operation to'perform
the two-selecting furictions just mentioned, there
are prov1ded five additional relays R2820, R2930,
R2946, R2950 and R2970. More particularly, the

threée relays R2920, R2930 and R2940 ars ar--

ranged to operate iii- responsé to seizure of’ the

switching seléctor repeater link and function to:
initiate the operation of the selector switch 2980

and the partial eperation of thé line testmg relay
R2979. THhe last-mentioned felay, ifi turn, oper-
ates to darrest the operatlon of the sélector switch
2880 when an idle one of the interoffice frunk

lines is-selected; and also to establish: a loop cir-
cuit to the repeater; as, for example, the repeater

50 associated with the selectéd interoffice trunk
lide. If, thereafter, thé charactér of the first
seriés of impulses transmitted to the link indi-
cates that the call is to be routed to another local
subscriber’s line termmatmg at the exchange C,;

thé slow-to-operate relay R2940 is caised to TE-

store to again initiate thé operatlon of the sé-
lector switch 2988 and to cause the partlal oper-
ation of the line testing relay R2960. 'The last-
mentioned relay, in turn; functions to arrest the
second operation of the selector switch 2980 wheti
an ldle one of the local connector switches is
selected; and also to complete a 160p circuit to
the selected local comnéctor switch. The ar-
rangement of the lmk circuit apparatus embodied
in the switthing selector repeater 51 is also so
arranged that, if a calhng stibseriber inadvert-
ently dials a first dlglt which is not 1ndlcat1ve
of a local eall or & toll call, busy tone is returned
to the-calling subscriber and the operated switch=
ing apparatus succeedmg the repeater is released.
To' this end, there is provided a control relay
R2850 which is arranged to operate to cause the

funictions just mentioned to-be performed in the’

event the wiber 2992 of the minor switch 2900 is

not operated to its fourth or ity terith’ off-normal"

position, respectively de51gnat1ng local and ‘toll
calls, during the first series of impulses transmﬂ;-
ted to the switching selector repéater. For the
purpose of impressing ground potential upon the
extrg control wiper 2803' thereby to energize the
opéerating magnet of the call registering device
associated with a cahmg substation when the de-

sired’ conversational circuit is completed at the

10:
‘start -félay. The relay R304) also functions to
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called stbstation, there is provided a back bridge -

relay R2834 Whmh is of the electropolarlzed type.

and is arranged to operate only on Iocal calls and
only whien a call as routed through thé switching

selector repester Bf is answered at a called sub-

stauon Finally, the control apparatus embodied
in the swit¢hing selector repeater 5i includes two
thermal relays indicated at 2857 and 286! re-
spéctively, which" function to cause the hnk to
be released in the event it is seized by a calling
liné and no -impulses dre transmitted therefo
within a predetermined time interval followmg
the seizgure thereof:

As rndwated_ préviously, the sw1tch1ng selector
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repeater links provided in’ the exchange C are .’
assigned to the use of callmg onés' of the lines -
terminating’ at this exchange by the distribu= .

tor 5%, which distributor js fllustrated in Fig. °0
as \,ovnnrb_rig a distributor start relay R3050;
5 pulsing and line tesfing reldy R3049, a, sec-
ongdary testing and dlstrlbutor hold relay R3030

o

a ;.rurahty of slow-to-release link sélect relays ,‘

R3920; R32I0, eto.,
whlch is- opemtvve to- initiate the operatlon of

ahd a- control' relay R3086

75"

. respectwe‘y
Tach time one of the link select relays is ener-

, 37
the link select relays corresponding to idle hnks
edch time the available idle links have al] been

assignied for use. More particilarly, the start
relay R3050 is arrangéd to operate in response

“to- the apphcatlon of grotund potential to the

distibutor start conductor C3833 and the relay
R3040 is operative in response fo operation of
the start: r&lay R3050 to cause the operation
of the finder switch of an assigned link to seize
the calling line- responsiblé for operation of the

arrést the operatlon of the finder switch em-
bodied iri an assigrned link when the wipers of
the finder switch are operated into engagement
with' the contacts términating the conductors of
the calling line.” The relay R3030 is also ar-
ranged to operatée when the calling live is found
and fithetions to: maintain the start relay R3850
operatsd until the switching-through operation
on the: part of the gssigned link is fully com-
pleéted.  The relay R3000 functions to comiplete
test ‘circuits: over which the link salect relays
R3010; R3920; etc., dre energized when the links
correspondmg thereto -are idle.

gized over the test circuit extending to its as-
sociated’ link, it is lockéd: in its operated posi-
tion, thereby to render the associated link avail-
able for use: THeréafter and when the respec-

- tive adsociated links are respectively assigned to

the use of calling lines, the link select relays
are caused to restore. Finally, when all of the
link seléct relays oceupy their respective restored
positions, the contro] relay R3888 is conditioned

5 to bé energized to- recomplete the test circuits

for the-respective link select relays.

Referrrng now more particularly to the de-
tails of the local connector swvtch 54, this switch
is illustrated: in Fig. 33 as comprising a rotary
Stepping switchh 3350 having bank contacts at
which the conductors of the -subscribers’ lines
extending to the exchange. C terminate. ‘More
particularly, the rotary switch 2320 comprises
five sets of bank contacts, wipers 3391 to 5395,

5 inclusive; respectively associated. with the bank

contact sets, and an operating magnet 3385.for
drivihg the wipers over the contacts of their
respective dssociated sets. 'The control appara-
tus embodied in the  local: connector switch 54
Comprises .the usual line and hold relays indi-
cated at R3310 and R33{5, respectively, and also
a slave relay R332¢ Whrch is arranged to be -
controlled by -the slow-acting hold relay R3315
and performs the svntchrng funections normally

i asgighed to the hold relay. The control appa-

ratus of the:indicated switch further includes a
busy’ test reldy R3350, a slow-to- operate line
swrtchmg relay R3380 whlch is operative to ini-
tigfs the ringing operatvon in signaling cver a

* Selected called lifle, a slow- -acting ring cut-off

relay R3385, and 4 slave relay R3370 under the
contrdl of the ring  cut-off relay R3365 which
performs the line sw1tﬂh1ng operations normally
ass‘gned to the ring cut-off relay. For the pur-
©ose - of controlhng the operating and holding
circuits for the busy test and line switching re-
lays: R3.~;5£ and’ R4380 respectively, and for ad~
ditionial. éontrol purposes described in - detail
hereinafter, there are provided three additional
f(,l&}/'b ‘R3320, R3333 and R3 340 the first and
last - of W‘uch are both arranged to operate at
the begmnmg of eath series of impulses trans-
mitted to-the incoming connector . switch and

1o remain operated for the duration of each im-

“pulse- senes Th_e relay R3333% is provided for
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controlling the operation of the roltary switch
operating magnet 3896 during the release of the
Jocal connector switch. The control apparatus
of the switch further includes a back bridge or
battery reversing relay R3380 which is operative
to. reverse battery over the conductors of the
trunk lines incoming to the switch when -a call
routed by way of the switch is answered at a
selected called substation. As indicated pre-
viously, the lines terminating in the bank con-
tacts of the local connector switch 54 are of
three different types, namely, single party lines,
lines of the duplex type, and lines of the multi-
plex type having individually associated there-
with station selecting apparatus arranged to re-
spond to negative battery pulses transmitted
thereto over the positive sides of the associated
lines. In order to condition the control appa-
ratus of the local connector switch 54 to trans-
mit negative battery pulses over the positive side
of a selected multiplex line in response to & final
series of impulses transmitted thereto from a
calling telephone station, the extra control wiper
3383 and the bank contact set associated there-
with are embodied in the rotary switch 3390,
and  a relay R3380 arranged to be controlled
over a circuit including the wiper 3393 is em-
bodied in the switch control apparatus. The
bank wiring arrangement of the switch 3398 is
such that the contact set representing the home
position of the switch is utilized In terminating
a line accessible to the switch. In order to pre-~
vent the idle or busy condition of the line ter-
minating at this contact set from interfering
with the operation of the switch to select a de-
sired called line, there is provided an additional
relay R3346, which relay is arranged to prevent
the premature operation of the line switching
relay R3388 during a line selecting operation on
the part of the switch.

5.—~THE APPARATUS PROVIDED IN THE
ExcEAKGE H

SECTION

The automatic switching equipment provided
in the exchange E is substantially similar in con-
struction and arrangement to the apparatus pro-
vided in the exchange C. Thus, the switching
selector repeater 88, the distributor 8! and the
local connector switch 82 are identical with the
corresponding switching units §i, 52 and 54 pro-
vided in the exchange C and described in the
preceding section of the specification. The in-
coming connector switches provided in the ex-
change E are, however, slightly different from
the corresponding switching units located in the
exchange C. More particularly, the incoming
connector switch 84 located in the exchange E is
llustrated in Figs. 24 and 25 as comprising a
rotary. line selecting switch 2559 having bank
contacts at which the subscribers’ lines exiend-
ing to the exchange E are terminated. These
bank contacts are divided into five levels having
wipers 255¢ to 2585, inclusive, respectively asso-
ciated therewith. The switch 2583 also includes
an operating magnet 2581 which is operative to
drive the enumerated wipers over the confacts
of their respective associated contact sets. The
control apparatus embodied in the incoming con-
nector switch 84 includes a relay R2488 which is
cperative selectively to connect the conductors
of the trunk line 31’ to the conductors of the
trunk line 83 extending to the bank contacts
of the switching selector repeater 80 or to the
conductors of the link line incoming to the
switch €4. On calls outgoing from the exchange
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E to the exchange B, the relay R2400 is energized
from ground as applied to the control conductor
C2409 of the trunk line 83 when the last-men-
tioned line is seized whereas, cn calls incoming
to the exchange E from the exchange B and
routed over the trunk line 3!’, the indicated re-
lay remains in its restored position. The con-
trol apparatus embodied in the incoming con-
nector switch 84 further includes the usual line
and hold relays R2429 and R24285, respectively,
and a slave relay R2438 which is controlled by
the slow-acting hold relay R2425. In addition,
there are provided a slow-to-release busy test re-
lay R2489, a slow-to-operate line switching re-
lay R2530 which is operative to initiate the ring-
ing operatlon in signaling over a selected called
line, a slow-acting ring cut-off relay R2543 and
a slave relay R2528 which is under the control of
the. cut-off ‘relay R2548 and performs the line
switching cperations normally assigned to the
ring cub-cff relay. - For the purpose of controlling
the operatmg and holding circuits for the busy
test relay R2488. and the operating circuit for
the line switching relay R2530, and for addi-
tional control purposes described in detail here-
inafter,.there are provided two relays R2440 and
R2450 which are arranged to operate at the be-
ginning of each series of ‘impulses transmitted
to the incoming connector switch 84 and remain
operated until after each impulse train is ended.
After connections routed by way of the incoming
connector switch 84 are completed, supervision
thereof is maintained through the provision of
a battery reversing relay R2418 which is arranged
to be energized in series with a line balancing
impedance element 2488 when a call routed
through the incoming connector switch to a
desired called substation is answered. For the
purpose of controlling the operation of the rotary
switch operatlng magnet 2561 during the release
of the incoming connector switch 84, there is
provided therein a relay R2435, the energization
of which is partially determined by the position
of the switch wiper 2554 in the manner explained
more in detail hereinafter.

As indicated previously, the lines extending to
the .exchange E and terminating in the bank
contacts of the connector switch 84 are, like the
Jines extending to the exchanges B, C and D, of
three different types, namely, single party lines,
lines of the duplex type and lines of the multiplex
type. The lines of the last-mentioned character
individually have associated therewith station
selecting apparatus which is operative to connect
the substation apparatus provided at a called
substation to the associated line in response to a
particular series of negative battery impulses
transmitted thereto over the positive side of the
associated line. For the purpose of causing a
final series of impulses transmitted to the in-
coming connector switch to be repeated as nega-
tive battery pulses over a selected line of the
multivlex type, the extra control wiper 2853 and
the contact sot associated therewith are em-
bodied in the rotary switch 2559 and two addi-
tional relays R2508 and R25{§ are included in
the link circuit apparatus of the switch. These
relays are operative to prevent a third series of
impulses transmitted to. the switch from effect-
ing further operation of the rotary switch 2550
and also to cause corresponding pulses of nega-
tive battery potential to be transmitted over the
positive side of the selected line. These two re-
lays, in cooperation with the busy test relay
R2480, also function to cause ringing current to
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be projected over a- selected called line of ‘the -

multiplex type and, in cooperation with the ring
cut-off relay R2848 and the slave relay R2529
controlled thereby, are operative to cause the

ringing operation to be arrested and the -desired -

conversational circuit to be established when the
call is answered at the selected called substation.
The bank wiring arrangement of the lines ter-

minating at the contacts of the rotary switch
2850 is'such that the twenty-fifth set of contacts ;

10

is utilized to terminate one-of the subscribers’ -

lines extending o the exchange B. 'This twenty-
fifth set of -contacts represents the normal or

home position of the wipers embodied in the -

witch 2588 and, thus, it- will ke apparent that

the wipers are normally standing in engagement
with a set of contacts terminating one of the
subscribers’ lines. In order to prevent the pre-
mature operation of the switching relay R253%
when the incoming connector switch 84 is seized
over the trunk line 31%, there is provided a relay
R2405 which functions to hold the operating eir-

- cuit for the line switching relay R253%:open until-

after the wipers of the switch 2859 have been
moved from  engagement with their respective

associated twenty-fifth contacts. in response-to *
the dialing coperation performed at the calling.

telephone station.

The arrangement of the control apnalatus em-
bodied in the incoming connector switch 84 is
such that it responds to an unbalanced: condition
of an established loop cireuit. extending thereto
by operating to set up-a toll offering connection
to be & selected called: line even though the line
is ‘busy.. More particularly: there is provided a
differentially wound relay R2415 which -is ar-

ranged to respond to an unbalanced lcop mrcmt_
condition of the character mentioned and; in co-.

operation with a second relay R2476-and the busy
test relay R2468, functions to cause the desired

toll. offering connection to be established to the-

selected busy line.  These three relays; in: co-
operation with certain of the-other relay equip-
ment embodied in the connector switch circuit,
also function to.cause ringing current to be pro-
jected over the selected called line when' the pre-
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line. This path extends from the negative ter-
minal of the exchange battery through the wind-
ing of R2260 and by way of RA2257 and RA2253
to CI1382’. At RA2252, the relay R2250 com-

~pletes an obvious path for applying ground po-

tential to the control conductor C1382, thereby
to-mark the calling line as busy in the bank con-
tacts of the connector switches at which the call-
ing- line is terminated. ‘At RA225(, the relay

R2258 completes an obvious path for applying

ground to the distributor start conductor C2328,
thereby to energize the start relay R2230 of the
link distributor in series with the rotary switch
operating magnet 2205, More particularly, the
relay R2230 is encrgized over-a circuit extending
from ground at RA2251 by way of RA2258,
C2328, RA2221, the winding of R2230, RA2226,
the magnet armature 2206 and the winding of the
magnet 2206 to battery. Due to the relatively
high resistance of the winding of R2230, the mag-
net 2265 is not sufficiently energized to operate
when the above-traced circuit is completed. The
relay R2230, however, operates.to complete, at
RAZ2235, an obkvious multiple holding circuit for
the all-links-busy relay R2225, which latter re-
lay is maintained energized so long as d@ny of. the
local finder-connector links provided in. the ex-
change B are idle. At RA2234, the relay R2230
completes an obvious circuit for  energizing the
pendulum type relay ‘R2220, causing the latter
relay to attract ifs operating armature RA2221
and thus -initiate vibratory movement of the.

. weighted armature 2222 in the usual manner.

45
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viously established connection involving this line .

is released, and to cause the desired conversa-

tional circuit to.be completed between the-calling -

and called telephone’ stations when the-call is
thereafter answered at the cal}ed ‘substation.

SEcTToN  6.—ESTABLISHING “A  LOCAT  CONNECTION
BErwEEN Two0 SUBSCRIBERS LINES TERMINATING
AT ExceEANGcE B.

- In establishing connections oat"v*een thv sub-

scribers’ lines extending to:the sxchange B, onlv
the local finder-connector links prov1ded in this .

exchange are utilized. For e‘iample if a party at
the substation Ts, illustrated in Fig. 22, initiates

a call intended for the substation Teand illus-
trated in Fig. 21, by removing his receiver from its”

supporting hook, a direct current bridze is placed

across the line conductors C{2¢{and C 1283, inthe
usual manner; at thé:calling substation.
this bridging path-is completed,. thg ‘line relay
R2258 is energized over a circuit which may be
traced as extending from. ground at RA2284 by
“way of C13883, the above mentioned bridging path,
Ci381, RA2235 and the windinig of R2258 to bat-

tery. Upon operating, the  relay- R2253 com-

pletes, at. RA2282, a path. for applying battery
potential to the control coriductor C1382

When
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The two armatures RA2221 and 2222 of the relay

- R2220 "dre included in- an -obvious circuit for

energizing -the upper winding of- R2215, which
latter relay includes s lower winding normally
shert-circuited at RA22171 and; hence, is slow to
cperate. Due to the vibratory operation of the
armature 2222, the circiit for énergizing the up-
per winding of R221(5 is only intermittently com-
rleted and this relay does not immediately oper-
ate. . When the vibratory movement of the arma-
ture 2222 ig substantially arrested-this armature )
settles into resting engagement with RA2221, the
cperating cireuit including the upper wmdxng of
R2245 is closed and this relay operates.

During the interval following the operation of
the relay R2226 and before the relay R2215 oper:
ates, the finder portion of the link corresponding
to the position occupied by the wipers of the dis-
tributor switch 2200 is caused to cperate to seize
the calling line. For purposes of this descrip--

" tion, it will be assumed that the wipers of the dis-

trlwtor switch noted are standing in'engagement
with the contacts corresponding tc the finder-
connector link illustrated in Figs. 16 and 20 when
the relay R2232 operates.  With the wipers of the
distributor switch 2260 in this position, the relay
R2238 upcn operating in the manner just de-
scribed; opens, at RA2232 and its associated
resting contact, a point in the circuit, traced

" hereinafter, for erergizing the operating magnet

70

’, thereby:

to mark the calling line in‘the bank contacty of

each of the finder switches having access'to this-

73

2285 by way of the circuit interrtipting magnet
armature 2238, At RA2231, the relay R2230
completes a path for applying ground to the hold
conductor C2275 individual to the finder- con-="
nector link iilustrated. When ground s applied

-to.the last-mentioned conductor, the ling relay

R2825 embodied in the link llustrated-in Figs. 19
and 20 is energized gver a circuit which may be
fully traced as extending from ground at RA2Z3
by way of the wiper 2282, the resistor 2282,

.C2278, RA2%4{ and the upper ‘winding of R2035

to- bautory (At _RAZ233, the relay RE280 com= -
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pletes an obvious circuit for energizing the slow-
acting relay R2240, which latter relay, upon cper-
ating, completes at RA2241 a multiple circuit for
energizing the upper winding of R20635, which
multiple circuit substantially parallels the oper-
ating circuit for R2035 traced above. At RA2243,
the relay R2240, upon operating, prepares a test
circuit, traced hereinafter, for energizing the up-
per winding.of R2245 when the finder switch
2978 embodied in the selected finder-connector
link is operated to the position corresponding to
the calling line.

Before describing t‘le operation of the finder
switch 2070 to search for the calling line, it is
pointed out that, when the above-traced operat-
ing circuit for the line relay R2038 is completed,
this relay operates to complete, at RA2836, an ob-
vious circuit for energizing the slow-acting hold
relay R20{8. The last-mentioned relay, upon op-
erating, completes, at RA20842, a circuit for ener-
gizing the upper winding of the slow-acting re-
lay R2005, this circuit extending from ground at
the off-normal spring 2816 by way of the spring
2815’, RA2812 and the upper winding of R2885 to
battery. At RA2011, the relay R2818, upon op-
erating, applies ground potential to the conductor,
C1889, thereby to prepare holding circuits for
various ones of the relays mentioned hereinafter,
and to complete a circuit for energizing the heat-
ing coil 2063 of the bimetallic relay 2862, this cir-
cuit extending by way of the grounded conductor
C1i889, RAI913, C1982, the heating element 2063
and the resistor-2085 to battery. When ground
is applied to Ci989 the slow-to-release relay
R2030 is energized over & circuit extending by
way of this grounded conductor, RA{853, C168)
and the winding of R2030 to battery. When en-
ergized over this circuit the relay R24839 operates
to prepare, at RA2031 and RA2632, a path traced
hereinafter for impressing booster battery poten-
tial upon the control conductor of the calling line.
At RA2014, the hold relay R2810 applies ground
potential to C1892, thereby to prepare holding
circuits for additional ones of the relays illus-
trated in Figs. 19 and 20. At RA20!5, the relay
R2019 opens a point in the circuit, traced here-
inafter, utilized to energize the release magnet
2633 embedied in the Strowger switching mech-
anism 1988 of the connector portion cof the link.
The slow-to-release relay R2995, upon operating
prepares at RA2607 an impulsing circuit, traced
hereinafter, for energizing the vertical magnet
2008 of the Strowger switching mechanism (263
in accordance with the impulses making up the
first digit dialed at the calling substation. At
RA2008, the relay R206085 complefes an cbvious cir-
cuit for energizing the relay R2088, which latter
relay, upon operating, completes at RA2632 a
path for applying ground potential to the ringing
and tone apparatus start conducter C2§88’, there-
by to initiate in the usual manner the operation
of the ringing and tone apparatus provided in the
exchange B. The last-mentioned path may be
traced as extending from ground by way of
RA2021, C1886, RAI852, C1288 and RA2802 to
the start conducter C2098’. At RA2584 and
RA2084’, the relay R2830 prepares a path, traced
hereinafter, for applying dial tone voltage to the
loop extending to the calling subscriber’s substa-
tion. At RA28381, the relay R2080 completes an
obvious multiple circuit for energizing the heating
coil 2853 of the bimetallic thermal rslay 2852,
Following the operation of R2030 in the manner
just described, the relay apparatus embodied in
the finder-connector link is conditioned to re-
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spond to the first series of impulses dialed at the
calling substation.

As indicated prev1ously, when the relay R2230
operates, it completes a circuit for energizing the

-operating magnet of the finder switch 2078, there-

by to initiate the operation of this switch to
search for the calling line. More particularly, the
operating magnet 2056 of the switch 2070 is en-
ergized over a circuit extending from ground at
RA2233 by way of RA2246, the wiper 2284, C2218,
and the winding of the magnet 2056 to batiery.
When energized over this circuit, the magnet 2056
steps the wipers 2671 to 2073 of the switch 2070
one step and completes, at its armature 2657, a

- circuit extending by way of C2280 for energizing
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the lower winding of R2245. When the lower
winding of R2245 is energized, this relay op-
erates to open at RA2246 a point in the above-
traced operating circuit for the magnet 2085.
The resulting deenergization of the magnet 20586
conditions this magnet to step the enumerated
wipers of the finder switch 2070 a second step.
Also, when the magnet 2056 is deenergized, the
circuit for energizing the lower winding of R2245
is interrupted at the armature 2057, causing the
relay R2245 to restore to recomplete at RA2246
the operating circuit for the operating magnet
2056. Thus, the magnet 2086 and the relay
R2245 interact and the periodic energization of
the magnet causes the wipers of the finder switch
2870 to be driven over the contacts of their re-
spective associated contact sets until they are
moved into engagement with the contacts termi-
nating the conductors of the calling line 33.
More particularly, when the wiper 2072 is moved
into engagement with the contact terminating the
control conductor C1382’ of the line 33, the above-
mentioned test circuit including the upper wind-
ing of R2245 is completed, this circuit extending
from ground at RA2243 by way of the upper wind-
ing of R2245, the wiper 2203, C2726, the lower
winding of R2050, the wiper 2012, Ci382’, C2276,
RA2253, RA2257 and the winding of the cut-off
relay R2260 to battery. When its upper winding

~-is energized over the above-traced circuit, the re-

jay R2245 is held operated independently of the .
energized or deenergized condition of its lower
winding and in its operated positicn maintains
the ahove-traced operating circuit for the magnet
2056 open at RA2246. Thus the operation of the
finder switeh 2070 is arrested.

When its lower winding is energized over the
above-traced test circuit, the relay R2058 oper-
ates to complete at the “X” contact associated
with RA2052 a circuit for energizing its upper
winding, which circuit extends from ground at
RA201{ by way of the contacts 2089 of the ther-
mal relay 2058, RA2023, RA2052 and the upper
winding of R2050 to battery. Following the com-
pletion of the circuit just traced, the relay R2050
completes its operation to open at RA2055 and its
associated resting contact one multiple path for
maintaining ground on C2271T and to complete
at RA2055 and its associated working contact
a circuit extending by way of C2274, the wiper
2201 and RA2242 for energizing the distributor
switch operating magnet 2205. At RA2051 and
RA2054, the relay R2050 extends the calling loop
circuit through to the line terminals of the line
relay R2035. More particularly, with the relay
R2052 operated, the line relay R2035 is ener-
gized over a circuit which may be traced as ex-
tending from ground by way of the secondary
winding of the coupling ‘transformer 2808,
RA2004, RA2004’, the lower winding of R2035,
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RA2046, RA2§54, the wiper 2673, C1383, the
bridge across Ci1383 and C1381 at the calling sub-
station, C1381, the wiper 2071, RA2051, RA2041
and the upper winding of R2035 to battery.
Since an alternating dial tone voltage is induced
in the secondary winding of the transformer
2009, it will be understood that the usual dial
tone signal is produced by the receiver at the
calling substation when the circuit just traced is
completed. At RA2053, the relay R2050 com-
pletes a path for applying ground potential to
the conductor C1382’ of the calling line 33, this
path extending from ground at RA2CII by way
of the contacts 2059, RA2023, RA2052, RA20653
and the wiper 20712 to the conductor CI1382’.
When ground potential is applied to the con-
ductor C1382’, the cut-off relay R2260 is ener-
gized over a circuit extending by way of C1382’,
RA2253, RA22%1 and the winding of R2260 to
battery. The relay R2260 now operates to com-
plete at RA2262 an obvious holding circuit for
itself and to prepare, at RA2263, a circuit, traced
hereinafter, for energizing the operating magnet
2270 of the call register device associated with
the calling line. At RA2261, the relay R2260
completes an obvious circuit for energizing the
slow-acting lockout relay R2255, which latter re-
lay operates after an interval to open at RA2256
a point in the path, traced previously, for ap-
plying ground potential to the start conductor
C2328. At RA2Z51, the lockout relay R2255 opens
a point in the path traced previously, for im-
pressing marking battery potential upon the con-
trol conductor C1382’. At RA2264 and RA2265,

the cut-off relay R2260 opens two points in the 4

above-traced operating circuit for the line relay
R2250, causing the last-mentioned relay to re-
store and open at RA2252 a point in the path,
mentioned above, for applying ground potential
to the control conductor CI1382. Immediately
R2250 restores, an alternative path is completed
for marking the calling line as busy in the bank
contacts of the connector switches to which this
line extends, this path extending by way of the
grounded control conductor C1382’, RA2262 and
RA2252 to the conductor C1382. At RA2251, the
relay R2250, upon restoring, opens a further
point in the path for applying ground potential
to the start conductor C2328.

When ground is disconnected from the start
conductor the start relay R2238 restores and
opens, at RA2234, a point in the operating cir-
cuit for R2220, causing the latter relay to re-
store to open, at RA2221, a point in the oper-
ating circuit for R2215. If the finder switch
2070 operates to seize the calling line without un.-
due delay the weighted armature 2222 is still
vibrating and the relay R2215 is in its restored
position at the time the relay R2220 falls back.
At RA2232, the relay R2230, upon restoring, opens
the operating circuit for R2246 and a further
point in the above-traced operating circuit for
the finder switch operating magnet 2056. At
RA2235, the relay R223¢ opens the multiple hold-
ing circuit for R2225. At RA2231, the relay R2230
opens a poinf, in the original operating circuit
for the line relay R2035 embodied in the operated
finder-connector link. When the relay R2240
restores, it opens at RA2243 a point in the above-
traced test circuit by way of which the lower
winding of R2050 and the upper winding of
R2245 were energized in series, causing the last-
mentioned relay to restore. At RA2241 the re-
lay R2240 opens a point in the above-traced
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multiple circuit for energizing the upper wind-
ing of R2035.

Immediately the relay R2060 fully. operates;
the rotary switch 2200 embodied in the distrib-
utor is started in operation to position its wipers
on the contacts corresponding to the next avail-
able idle link. More particularly, when R205%0
operates, it completes at RA2055 the above-traced
circuit for energizing the magnet 2285. Upon
operating, the magnet 22085 opens at its asso-
ciated armature 2208 a point in the previously
traced operating circuit for the start relay
R2230, thus insuring the restoration of this re-
lay even though a second call is awaiting the
assignment of a finder-connector link such that
ground potential is retained on the start con-
ductor C2328 after the line relay R2250 restores
in the manner previously explained. When the
relay R2240 restores shortly following the res-
toration of R2230 it opens, at RA2242, a point
in the above-traced circuit for energizing the
operating magnet 2205 of the distributor switch
2280. The resulting deenergization of this mag-
net permits the ratchet and pawl mechanism as-
sociated therewith to advance the wipers 22¢1
to 2204, inclusive, one step or into engagement
with the contacts corresponding to the nexi
finder-connector link. If this next link is idle,
the guard conductor extending thereto is open~
circuited so .that no further circuit is available
for energizing the magnet 2205. On the other
hand, if the link next succeeding that illustrated
is busy, ground potential is present on the guard
conductor extending thereto, whereby an alter-
native circuit is completed for energizing the
magnet 2205, this alternative circuit extending
by way of the grounded wiper 2201, RA2232,
RA222§, the armature 2205 and the winding.of
the magnet 22035 to battery. It will be noted that
the completion of this circuit results in the short-
circuiting  of the winding of R2230, providing
ground potential is present on the start con-
ductor . C2328. " This short-circuiting path ex-
tends by way of the grounded wiper 2201 by way

‘of RA2232; the winding of R2239, RA2227 and

RA2256 to the grounded armature RA225{, The
completion of this path prevents the start relay
R2230 from reoperating during the hunting op-
eration of the distributor switch 2200 even though
a second call is awaiting the assignment of a
finder-connector link, When the magnet 2285
is energized over the above-traced alternative
circuit, it again attracts ifs associated armature
to interrupt the circuit and thus cause its own
deenergization. . When the magnet 2265 is de-
energized the second time, the ratchet and pawl
mechanism associated therewith advances the
wipers of the switch 2200 a second step. This
stepping operation on the part of the distributor
switch 2200 is continued until the wipers of the
switch are positioned on the contacts corre-
sponding to the next available idie link. Thus,
when the wiper 2281 is driven into engagement
with a contact terminating a guard conductor
extending to an idle link, the absence of ground
potential upon the guard conductor of the se-
lected link prevents the magnet 2265 from again
being energized and, hence, the stepping opera-
tion of the switch 2280 is arrested. Also the
absence of ground on the guard condtuctor cor-
responding to the selected idle link permits the
start relay R2230 to be energized in series with
the magnet 2205 provided a second call is await-
ing the assignment of an idle link. If no call
is waiting at the time the wipers of the switch
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2200 are present on the contact corresponding
to the next available link, the start relay remains
deenergized until the next succeeding call is in-
itiated. In this regard, it is pointed out that the
operation of the cut-off relay R2260, followed by
the restoration of the line relay R2250, occurs
substantially simultaneously with the completion
of the original operating circuit for the magnet
2205 and, hence, the line relay R2250 is caused
to restore to remove ground from the start con-
ductor C2328 before the hunting operation of
the distributor switch 2200 is completed. Thus,
the possibility of two links being assigned to the
same calling line is obviated.

As pointed out previously, the relay R2225 is
provided for the purpose of preventing the dis-
tributor switch 22060 from continuously operating
to search for an idle link when all of the finder-
connector links are busy. Referring now in
greater detail to this feature of the circuit, it is
pointed out that the conductor C2217 is mul-
tipled to the corresponding contact springs of
the relays corresponding to and including R2058
and individually embodied in the respective
links. When any one of the links is idle, the re-
lay embodied therein which corresponds to R2658
is in its restored position so that ground poten-
tial is maintained on C2271. On the other hand,
when all of the links are busy, all of these re-
lays are operated and ground potential is re-
moved from the conductor noted. Upon the re-
moval of ground from C2277, the relay R2223
is deenergized and restores to open at RA2228
a point in the above-traced alternative circuit
for energizing the operating magnet 2295 of the
distributor switch 2289. Hence, shortly follow-
ing the operation of the last available link to
seize a caling line and the resulting restoration
of R2280 and R2240 in the manner explained
above, the operation of the distributor switch is
arrested until one of the links becomes idle to
terminate the all-links-busy condition. At
RA2221, the relay R2225, upon restoring, opens
a point in the above-traced operating circuit for
the start relay R2230, thereby to prevent the
operation of this relay in response to a call in-
itiated at a time when 2ll of the links are busy.
At RA2228, the relay R2225 opens a point in its
own holding circuit as traced above. Obviously,

when the all-links-busy condition is terminated ;

through the release of one of the operated links,
the relay embodied in the released link and cor-
responding to R2050 of the link illustrated, re-
stores to again apply ground to C2271, whereby
the all-links-busy relay R2225 is again energized
and reoperates. Upon operating, this relay com-
pletes at RA2226 the previously traced alterna-
tive circuit for energizing the operating magnet
2205 of the distributor switch 2200, thereby to
initiate the operation of this switch to position
its wipers on the contacts corresponding to the
idle link. At RAZ2227, the relay R2225 reprepares
the above-traced operating circuit for the start
relay R2238. Finally, the relay R2225 reprepares,
at RA2228, its own holding circuit.

As indicated above, the two relays R22{5 and
R2228 are provided for the purpose of causing a
second link to be assigned to the use of a calling
line in the event the finder portion of a first
assigned link fails to find the calling line within
a predetermined time interval. Thus, in the case
considered above, if the finder switch 2978 fails
to find the calling line 33 fto cause the restora-
tion of the distributor start relay R2230 within
the time interval required for the vibratory
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movement of the armature 2222 to cease and the
relay R2215 to operate, the operation of this
finder switch is arrested and a second finder-
connector link is assigned to the use of the call-
ing line. More particularly, when the armature
2222 settles into resting engagement with
RAZ2221, the relay R2215 operates, after an in-
terval, to open, at RA22{7, a point in the path
short-circuiting its lower winding, and fto com-
plete, at RA2216, an obvious circuit for energiz-
ing the magnet 2205. When this magnet is ener-
gized, it attracts its associated armature 2208
to open a point in the above-traced operating
circuit for the start relay R22308, causing the
last-mentioned relay to restore. Upon restoring,
the relay R2239 opens, at RA2234, the operating
circuit for R2228 and, at RA2233, the operating
circuit for R2248. The relay R2238, upon re-
storing, also opens a point in the above-traced
operating circuit for the magnet 2058 embodied
in the finder switch 2078, whereby the operation
of this switch is arrested. With the two relays
R2230 and R2240 restored the above-traced op-
erating circuit for the line relay R2085 is inter-
rupted and this relay restores to cause the res-
toraticn of the operated relays R20{8, R206S,
R2886 and R2630 and the deenergization of the
thermal relay R2862. Thus, the first assigned
link, namely the link shown in Figs. 19 and 290, is
entirely released. When the relay R2229 restores,
it opens, at RA2221 and the armature 2222, the
operating circuit for R2215, causing the latter
relay to restore to open, at RA22(6, the alterna-
tive operating circuit for the magnet 22805, When
the magnet 2295 is deenergized, the ratchet and
pawl mechanism associated therewith operates to
advance the wipers 2291 to 2284, inclusive, of the
distributor switch 2289 one step or into engage-
ment with the confacts corresponding to the next
succeeding link. If this next link is busy, ground
potential is present on the guard conductor
thereof so that the winding of R223% is short-
circuited and an alternative ecircuit is completed
for energizing the magnet 2285, this alternative
circuit being traced above and exiending by way
of the armature 2258. - When energized over this
alternative circuit, the magnet 2285 operates to
open the alternative circuit, whereby the maghet
2285 is again deenergized to permit the associated
ratchet and pawl mechanism to advance the
wipers of the switch 2288 a second step. Due to
the circuit-interrupting action of the armature
2266, the wipers are driven over the contacts of
their respective associated sets until they are
positioned on the contacts corresponding to the
next available idle link, When the wipers reach
this position, the absence of ground potential on
the guard conductor extending to the idle link
prevents the magnet 2205 from again being ener-
gized and the operation of the distributor switch
2250 is arrested. Also, when the wiper 2201 en-
gages the contact terminating the guard con-
ductor extending to the idle link, the short-
circuiting path for the winding of R2230 is inter-
rupted and this relay is again energized in series
with the winding of the magnet 2283, Upon
operating, the relay R2239 initiates the operation
of the finder portion of the selected idle link to
search for the calling line in the manner set
forth above. Obviously, if the second link as-
signed to the calling line also fails to find the
line the cycle of operations just described is
repeated.
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As pointed out above, when the switching relay
R2050 operates, dial tone current is projected
over the calling line to the calling substation Ts
and the resulting operation of the receiver pro-
vided at this substation indicates to the calling
subscriber that the dialing operation may be
started. The line relay RZ835 follows the im-
pulses making up the digits dialed at the calling
substation and functions to repeat the impulses
of the first digit to the vertical magnet 2898 of
the Strowger switch 1988. More particularly,
during the open circuit period of each impulse of
the first digit, the relay R29835 restores to com-
plete a circuit for energizing the vertical magnst
2008 in parallel with the lower winding of R22%5,
this circuit extending from ground at RAZ283§,
by way of RA28{3 to RA2087, where it divides,
one branch extending through the winding of the
magnet 2608 to battery and the other branch
extending through the lower winding of R2085
to battery. Also, during the open circuit period
of each impuise, the operating circuit for the hold
relay R2818 is interrupted, but due to the slow-
to-release characteristic of this relay, it remains
operated during impulsing. The repeated ener-
gization of the vertical magnet 2888 causes this
magnet in cooperation with its associated ratchet
and pawl mechanism to elevate the wipers of the
Strowger switching mechanism 1528 step by step
in a vertical direction to a position opposite the
level of bank contacts corresponding to the num-
ber of impulses making up the first digit. Thus,
if the first digit comprises three impulses, the
wipers 1901 to 1984, inclusive, are elevated three
steps in a vertical direction or to a position op-
posite the third level of bank contacts. When
these wipers are moved the first step in a ver-
tical direction, the off-normal springs 2634 are
closed to prepare a circuit, traced hereinafter,
for energizing the release magnet 2633; the ofi-
normal springs 207 ars closed to complete a
multiple path shunting the armature RAZ2(02
for maintaining ground potential on the ringing
and tone apparatus start conductor C2588’ in-
dependently of the relay R288§; and the off-
normal springs 201§ and 2016’ are disengagad to
open a point in the previously traced circuit for
energizing the upper winding of R2828. During
the first series of impulses, the lower winding of
R286E is repeatedly energized over the impulsing
circuit and, due to the slow-to-release charac-
teristic of this relay, it remains operated until

the first series of impulses is terminated. Dur- |

ing the first vertical step taken by the wipers
1981 to 1904, inclusive, an obvious path is com-
pleted, at the off-normal springs. 2816 and 2817,
for applying multiple. ground to the guard con-
ductor C2274, thereby to maintain the finder-
connector link of Figs. 19 and 20 marked as busy
in the bank contacts of the distributor. switch
2289, -

At the end of the first series of impulses and

during the inter-digit pause between the first o:

and second digits, the line relay R2835 is held
energized for a time interval sufficient to permit
the slow-acting relay R2085 fo restore. Upon
restoring, the relay R2885 opens, at RAZ058, the
operating circuit for R2689, which latter relay
restores in turn to open,.at RA2082, the multiple
path for applying ground-potential to the ringing
and tone apparatus start conductor C2868’. At
RA2084 and RA2004’, the relay R2809, upon re-
storing, opens a point in the path, traced above,
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for impressing dial tone voltage upon the calling
loop circuit.. At RA20604’ and RC2003’, the relay
R26800 substitutes ground at RC2003’ for ground
at the upper terminal of the secondary winding
of the transformer 2969 in the loop circuit ex-
tending to the calling substation T3 and includ-
ing the winding- of the line relay R2035. At
RA200!, the relay R2000 opens the multiple cir-
cuit for energizing the heating coil 2063 of the
bi-metallic thermal relay 2062.

When the relay R2085 restores, it opens, at
RAZ2088T and its associated working contact, a
point in the above traced circuit by way of which
the winding of the vertical magnet 2908 and the -
lower winding of R2€05 were energized in par-
allel during the impulses of the first digit. At
RA2897T and its associated resting contact, the
relay R2835 prepares a circuit for energizing the
rotary- magnet 1974 of the Strowger switching
mechanism 1980 in series with the slow-acting
relay R1938 during the impulses of the second
digit. )

As pointed out in the general description of
the apparatus illustrated in Figs. 19 and 20, the
iines terminating in the bank contacts of the
Strowger- switching mechanism 1900 are of four
different types, namely, single party lines, duplex
lines, multiplex lines, and trunk lines requiring
a switching-through operation on the part of the
connector portion of the link. The arrangement
is such that the control apparatus embodied in
the connector switch of each link operates in a
different manner depending upon the character
of the line to be selected, the different types of
operation being required for the reason that:
when a single party or duplex line is to be se-
lected, it is not necessary that impulses be trans-
mitted over the selected line after the two line
selecting digits are dialed at the calling substa-
tion whereas, if a called subscriber’s line of the
multiplex type is to be selected, an additional
series of impulses must be transmitted over the
line to the station selecting apparatus associated
with the line for the purpose of operatively con-
necting the substation apparatus at the called
substation to the called line. Also, if the line is
be selected is a trunk line leading to an impulse
repeater or to the trunk line terminating appa-
ratus provided at the operator’s position in the
exchange B, it is necessary that a switching-
through operation be performed by the connector
portion of the operated link in order that further
impulses dialed at thie calling substation may be
transmitted to the seized repeater or the super-
visory lamp provided at the operator’s position
may be controlled. To accommodate the differ-
ent types of operation on the part of the con-
nector switches, the lines extending thereto are
grouped in-a particular manner and the opera-
tion of the switches is made partially dependent
upon the level of bank contacts selected by the
vertical movement of the switch wipers. More
particularly, the multiplex lines are terminated
in the lowermost levels of the bank contact field
of the switching mechanism 1980 and the contact
fields of the other similar Strowger switching
mechanisms. For example, if twenty-five multi-
plex lines are terminated at the bank contacts
of the switch 1903, the first two levels and half
of the third level are utilized in terminating the
conductors of these lines. The last half of the
third level and the succeeding levels may be used
to terminate.single party or duplex subscribers’
lines. The switching mechanism further com-
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prises an extra control bank contact field having
contacts arranged to be encountered by the
extra control wiper 1803. In the assumed ar-
rangement, wherein the third level terminates
both multiplex and single party or duplex lines,
the multiplex lines are terminated at the first
five sets of contacts in the level and the duplex
or single party lines are terminated at the last
five sets of contacts in the level, The sixth extra
control contact of this third level, namely, that
corresponding to the first single party or duplex
line, is connected to ground through a resistance
of approximately one thousand ohms so that,
when the wiper 1983 encounters this contact dur-

ing rotary movement thereof, the relay R{860 is 1

caused to operate for a purpose explained here-
inafter. The arrangement is such that, when
the wipers are elevated to the first level of con-
tacts following the last contact level terminating
lines of the multiplex type, the off-normal
springs 1997 are caused to operate to complete
an alternative circuit for energizing the relay
R1983. Also, the arrangement is such that when
the wipers of the Strowger switching mechanism
{990 are operated to a position opposite a level
of bank contacts terminating lines requiring a
switching-through operation on the part of the
connector switch, the off-normal spring 2891 is
operated from its normal position, as shown in
the drawing, to its off-normal position, thereby
to engage the spring 2083 and fto complete a
circuit for partially energizing the switching-
through relay R2040, all in the manner explained
in detail hereinafter.

Continuing now with the operation of the find-
er-connectcr link, when the second digit is
dialed at the calling substation, the line relay
R2035 again follows the impulses and repeats the
same to the rotary magnet {374 of the Strowger
switching mechanism (988. More specifically,
during the open circuit pericd of the first im-
pulse of the second digit, the line relay R263%
restores to complete a circuit for energizing the
rotary magnet {1874, the slow-acting relay Ri288
and the lower winding of the slow-acting relay
R1529, this -circuit extending from ground at
RA2028 by way of RA2013, RA2887, RAZ044,
C{9981, RAI9846 and the winding of R{836, where
it divides, one branch extending by way of
RAI9!8 and the winding of the magnet 1374 fo
battery, and the other branch extending by way
of RAI9%2 and the lower winding of Ri928 to
battery. At the end of the open circuit pericd
of each impulse the circuit, just traced, is inter-

rupted. Each time the magnet 1974 is energized !

it advances the wipers of the switching mecha-
nism 1889 one step in a rotary direction. The
relay R19380 operates when the above-traced cir-
cuit is first completed and, due to its slow-to-re-
lease -characteristic, remains operated through-
out the series of impulses. Upon operating, the
relay RI1930 completes, at RA1832 and its asso-
ciated working contact, an obvious holding cir-
cuit for the relay R1920. At RAIS31, the relay
R1930 opens a point in the circuit, traced here-
in after, for energizing the busy test relay R1648,
thereby to prevent the busy test relay from op-
erating during rotary movement of the wipers
embodied in the Strowger switching mechanism
1690 and when the test wiper 1992 engages test
contacts terminating the control conductors of
busy subscribers’ lines. The slow-acting relay
R 19208, upon operating, completes, at RA1822, an
obvious circuit for energizing the slave relay
Ri925. At RAI821, the relay RI920 opens a
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point in the circuit, traced hereinafter, for en-
ergizing the slow-to-operate line switching relay
RI913. When the relay R1925 operates RAI926,
it prepares or completes, depending upon the
character of the called lines, a circuit, traced
hereinafter, for energizing the switching-through
relay R2040. At RAI1929, the relay Rig25 opens
a point in the path, traced hereinafter, for con-
ducting busy tone current by way of the calling
loop circuit to the calling substaticn in the event
the called line is ultimately found busy. At
RAI828’, the relay R1925 prepares a circuit, de-
scribed hereinafter, for energizing the relays
R1935 and RI960. At RAI92T and RA!528, the
relay R1925 prepares the circuit, mentioned abcve
and traced hereinafter, for energizing the busy
test relay RI1940 in the event the selected called
line is found busy.

As pointed out above, during the impulses of
the second digit, the rotary magnet 1874 is en-
ergized in accordance with the impulses making
up the digit so that, at the conclusion of the digit,
the wipers 1961 to 1964, inclusive, are posi-
tioned on the contacts terminating the conduc-
tors of the called line. For example, if the called
line 24 is the sixth line in the third level of
bank contacts, which level terminates five lines
of the multiplex type and five lines of the duplex
or single party type, the second digit dialed at the
calling substation will necessarily comprise six
impulses so that, at the conclusion therecf, the
wipers 1801, 1902 and 1904 are respeciively posi-
tioned on the contacts terminating the conduc-
tors C1384, C1385 and CIi385. Also, with the
wipers in this position, the extra control wiper
{803 engages the contact 1998 corresponding to
the selected called line. With the wiper (883 in
this position, a circuit is completed for energiz-
ing the relay RI1960 in parallel with the relay
R1!§35, this circuit extending from ground by
way of the resistor 1999, the contact 1398, the
wiper 1903, and RAI915 to RA!928’, where it
divides, one branch extending by way of RA1863
and the winding of R1950 to battery, and the
other branch extending by way of the armature
1975 and the winding of R1935 to battery. Due
to the resistance of the resistor 1989 and the
relatively high resistance of R1835, the last-
mentioned relay does not operate when energized
over the circuit just traced. The relay R{8689,
however, partially operates, when energized over
this circuit, to complete, at the “X” contacls as-
sociated with RA1962, a holding circuit for itself,
which circuit extends from ground at RAZ0{4 by
way of C1992, RA1962 and the winding of RI960
to battery. Following the completion of this cir-
cuit, the relay R1960 fully operates to open, at
RAI1983, a point in its operating circuit as traced
above and to prepare, at RAI9Sf and RAI985,
a circuit, traced hereinafter, for energizing
the slow-acting ring cut-off relay Ri{870. At
RAI964, the relay RI1960 opens a point in & path,
traced hereinafter, for short-circuiting the up-
per winding of R1920.

Shortly following the end of the second se-
ries of impulses dialed at the calling substaticn,
the relay R1930 restores to interrupt, at RAI832,
the holding circuit for the relay R{320 and to
complete the above-traced test circuit for de-
termining the idle or busy condition of the called
line 34. As indicated previously, if the called
line 34 is busy, ground potential is present upon
the control conductor thereof. On the other
hand, if the called line is idle, battery potential
is impressed upon the control conductor Ci385
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‘of the circuit just traced, the relay Ri918 com-

thereof through the winding of the cut-off relay
R2128. Assuming that the called line is busy at
the time it is selected, when the relay R1838 re-
stores, the busy test relay R1840 is energized over

the above-mentioned test circuit which may be ¢

traced as extending by way of the grounded con-
ductor C1385, the wiper 1882, RAIS27, RA(928,
RAI1931 and the winding of R{%940 to battery.
The relay R 15348 now operates to prepare a hold-

ing circuit for itself, which circuit is ecompleted o

in response fo the sequential restoration of the
two relays Ri1828 and R1925 shortly following
the restoration of the relay R{9838. 'The holding
circuit for the busy test relay RIS%48 may be

traced as extending from ground at RA28!I by 3

way of Ci383, RAI344, RA1928, RA{931 and the
winding of R{940 to battery. At RA1942 the re-
lay R19240, upcn operating, cpens a point in the
circuit, traced hereinafter, for energizing the up-
per winding of the line switching relay RI919.
At RA1943, the relay R1840 prepares a multiple
circuit, traced hereinafter, for energizing the
switching-through relay R2848. At RA{945, the
relay R1940 complefes an obvious path for short-
circuiting the upper winding of Ri9828, thereby
to render the last-mentioned relay siow-to-re-
lease. At RAIS48, the relay R!840 opens a point
in the impulsing circuit, traced above, by way of
which the slow-acting relay R1939 was energized
in series with the rotary magnet {874, At
RA1848, the relay R1940 completes a circuit for
projecting busy-tone current over the calling line
to energize the receiver at the calling substation.
More particularly, the path of this current may

be traced as extending from the ungrounded ter- i

minal of the busy tone current source, not shown,
by way of RA1919’, the condenser {973, RA1828,
RAI948, C19856, the condenser 25{¢, RA204%,
RA2354, the wiper 2073, CI138%, the receiver at
the calling substation, CI{881, the wiper 2071,
RA2051, RA20641, the upper winding of R2935 and
the exchange battery to the grounded terminal
of the ringing current source. 'The resulting op-
eration of the receiver provided at the calling

substation indicates to the calling subscriber -

that the desired conversational connection can
not immediately be established. Following re-
ceipt of the busy tone signal, the calling sub-
scriber is expected to hang up to initiate the re-
lease of the operated switch train.  The manner
in which the operated finder-connector link is
restored to normal when the connection is
cleared out at the calling substation is descrlbed
in detail hereinafter.

If the called line 34 is idle at the time it is
selected by the switching mechanism 1869, bat-
tery potential is present on the control conductor
C1385 thereof so that, when the relay R{838 re-
stores, the busy test relay RI848 is short-eir-
cuited and does not operate. Shortly thereafter,
and when R!525 restores, a circuit is -compléted
for energizing the upper winding of the Iine
switching relay RI18§{8, this circuil extending
from ground at RAZ8{1 by way of the off-normal
springs 2081 and 28962, C1883, RA1942, the upper
winding of Ri%10, RALS21,

RAI821, ‘the W1per,
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pletes, at RA1314, an obvious path for applying
ground potential directly to the control conduc-
tor C1385, thereby to mark the called line 34 as
busy - in the bank contacts of the connector
‘switches having -access to the called ‘line. At
RAi815, the relay R{919 opens a point in the
above-traced operating circuit for the relay
RI960. At RAI818, the relay Ri810 prepares an
alternative circuif, traced hereinafter, for en-
ergizing the relay R1336 during operation of the

. connector switch to transmit impulses to the
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1962, Ci385, RA2142 and the Wmdmg of "the

cut-off relay RZ2120 to battery. "'When ils upper
winding is energized over this circuit, the relay
" RI818 partially operates, after an interval; to
complete, at the “X contacts associated with

70

- RAI917, a circuit for energizing its: lower wind- -

ing, this circuit e‘cuendmg from ground at: RA2€3 i4
by way of C1992, RAIS17 and the lower ‘winding
cf RI1819 to battery. Following the- completmn

, called substation Ta.

5 source at C2003’.

station selecting apparatus associated with a se-
lected called line of the multiplex type. At
RAI919’, the relay RI816 opens a point in the
previously traced circuit for projecting busy tone
current over the calling line to the receiver at
the calling substation.. At RAISI{ and RAL9IY,
the relay Ri910 prepares a circuit, traced here-
, Inaiter, for energizing the ring cut-of relay
RI1910 when the call is answered at the called
substation T2. At RAI§§3, the relay RI8i6 in-
terrupts the circuit, traced previously, for ener-
gizing the heating coil 2883 of the thermal re-

~ lay 2862, thereby to-arrest the-operation of this

relay. When the armature RAIS§¢i is operated
into engagement with its associated working con-
tact, ringing current is projected over the line
24 to energize the signal device provided at the
More particularly, the path
of the ringing current may be traced as extend-

ing from the ungrounded terminal of the ringing

current source by way of the exchange batter

the winding of the slow-acting ring cut-off relay
RI978, RAISE1, RAI951, RAI81, the wiper 1821,
C1384, RA21 11, the pulsing springs of the calling
device 2184, the hook switch springs 2171 and
2170, the signal device 2182 and the condenser
2183 to the grounded terminal of the ringing
current source. At RAI%I1 and RAIS{2, a cir-
cuit is. also completed in response to the opera-
tion of RI1910. for projecting a portion of the
ringing current by way of the calling loop circuit
to enhergize the receiver provided at the calling
substation. ‘This circuit may be traced as ex-
tending from the ungrounded terminal of the
ringing current source by way of the exchange
battery, the winding of R{870, RA{96!, RAISS!,
RAI911, RAIS12, the condenser 1812, C{980, the

) condenser 2018, RA2041, RA2651, the wiper 2071,

the line conductor Ci381, the receiver at the call-
ing ‘substation, Ci383, the wiper 2873, RAZ054,
RA2046, the lower winding of R2035.and RA2804"
to the grounded terminal of the ringing current
The resulting operation of the
receiver provided at the calling substation indi-
cates that the desired substation is being rung,
and the operation of the signal device 2{82 pro-
vided at the called substation serves to signal the'
called party.

"It will be noted that, with the arrangement

illustrated, ringing current is only projected over

tne side of the called line, thus providing selec-
tive energization of the signal device located at

“ the desired called substation.  In order that the

other substation associated with the called line
84,  naniely, the substation Ti, may be signaled
to; the exclusion of the substation Tz, the line 34
is’ terminated at two different sets of contacts
In the bank contact field of each of the connéctor
switches to which it extends, the two lihe con-~

_ductors Ci384 and C1288 being reversely con-

-nected to the line contacts in the respective two

75

contact sets.
the" d1rectory number desxgnatmg a desued one

“Thus, when a calling partly dials .
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of the two substations Ti1 and Te, the resulting
operation of the connector switch determines
the side of the line over which the ringing cur-
rent will be projected. For example, had the
substation Ti: been called insiead of the sub-
station T, the wipers of the switching mecha-
nism 1888 would have been operated into en-
gagement with the other set of contacts, not
shown, but also terminating the conductors of
the line 24. In this case, the wiper 1881 would
have been left standing in engagement with the

contact terminating the line conductor C1386 of

the called line 34 at the conclusion of the rotary
movement of the switch wipers and, hence, op-
eration of the line switching relay RIi8{0 would
have resulted in the projection of ringing cur-
rent over the line conductor Ci386 to energize
the signal device 2188 provided at the substation
Ty rather than over the line conductor Ci334
utilized in energizing the signal device 2182 pro-
vided at the substation Te. By virtue of this
arrangement, selective signaling of the two sub-
stations associated with a duplex line is ob-
tained.

As explained above, when ground potential is
applied to the control conductor Ci385 of the
called line 34 in response to the operation of the
line switching relay R1819, the cut-off relay
R2126 is energized over the circuit extending by
way of the grounded control conductor C1385,
RA2142 and the winding of R2120 to battery.
When energized over this circuit, the relay
R2120 operates to complete at RA2125 an ob-
vious circuit for energizing the slow-acting lock-
out relay R2{30, which latter relay, upon operat-
ing, prepares at RA2132 and its associated work-
ing contact, a holding circuit for itself and cpens,
at RA2132 and its associated resting contact, a
point in the path for applying ground potential
to the distributor start conductor C2328. At
RA2i3(, the relay R2!33 opens 4 point in the
circuit, traced hereinafter, for energizing the
cut-off relay R2126 on calls routed by way of the
line 84 and initiated at the substations T1 and Ta.
At RA2i21 and RA2126, the relay R2128, upon
operating, disconnects the line terminals of the
relay R2160 from the line conductors Ci384 and
C1386, thereby to clear the called line of im-
pedances which might interfere with the trans-
mission of voice frequency currents. At RA2123
and RA2124, the relay R2120 completes a path
for applying ground potential tc the control con-
ductor C2178 associated with the line 34 and ex-
tending to the finder switches of the respective
links at which the line 34 is terminated. The
path for applying ground potential to C2178 ex-
tends from the grounded conductor C{335 by way
of RA2142 and RA2i24 to the conductor C2118.

When the call is answered at the substation
Ty, the hook switch provided at this substation
is operated to its off-normal position to open the
springs 217i and 2{79 and to close the springs
247t and 2172. At the springs 2170 and 21T,
the above-traced circuit for energizing the signal
device 2182 is interrupted. At the springs 2171
and 2172, a circuit is completed for energizing
the lockout relay R2100, provided at the sub-
station Ti, in series with the ring cut-off relay
RI970, this circuit extending from ground at
RC2183 by way of RAZ102, the winding of
R2160, the transmitter 20138, the receiver 2114,
the switch springs 2172 and 2{7l, the pulsing
springs of the calling device 2184, RA2III,
C1384, the wiper 1901, RAI911, RA1951, RAISGI,
and the winding of R18780 to battery. When
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encrgized over this circuit, the lockout relay
R2100 operates to complete a series holding cir- .
cuit including the respective windings of RI970
and R2100, which circuit may be traced as ex-
tending from ground at RAI1965 by way of
RA1955, RAI919, the wiper 1904, C1386, RA2101,
RA2{02, the winding of R2106, the transmitter
2113, the receiver 2174, the switch springs 2172
and 2171, the pulsing springs of the calling de-
vice 2184, RA2111, C1384, the wiper 1991, RA19I{,
RAI951, RAI961 and the winding of RI910 to
battery. At RA2i81 and its associated resting
contact, the relay R2100 effectively disconnects
the apparatus provided at the substation Ti from
the line conductor C1386, thereby to lock this
substation out of service during the interval when
the line 34 is occupied with the call to the sub-
station Ts. Thus, the connection is guarded
against intrusion through the initiation of a call
at the substation T: until the connection to the
substation Te is released. The ring cut-off relay
RI970 is of the slow-to-operate type, such that
it does not operate in response to the energiza-
tion furnished by the ringing current traversing
its winding during the ringing operation. When,

" however, the above-traced circuit is completed

30

35

40

45

50

55

60

65

70

5

for energizing the winding of this relay in series
with the winding of R2109 provided at the sub-
station Ti, it operates to complete at RAISTI a
circuit for energizing the relay RI1950, which
circuit extends from ground at RA20t4 by way
of C1992, RAISTI and the winding of Ri850 to
battery. When energized over the circuit just
traced, the relay Ri950 first completes, at the
«x contacts associated with RA{954, a holding
circuit for itself, which circuit also extends from
ground at RA2014 and by way of C1992, RA1354
and the winding of RI950 to battery. At
RA1853, the relay R{95), upcn fully operating,
opens 8 point in the previously traced cperating
circuit for R2030. At RAI852 and its associated
resting contact, the relay Ri850 interrupts the
path by way of which ground potential is ap-
plied to the ringing and tone apparatus start
conductor C2008’. At RAI952 and its associated
working contact, the relay R1950 completes an
alternative circuit for energizing the heating coil
2063 of the thermal relay 2062, this circuit ex-
tending from ground by way of RA2021, C1936,
RAI1952, C1982, the heating coil 2063 and the
resistor 2065 to battery. At RAI851 and RA1955,
the relay R1958 completes the desired talking
circuit between the calling and called substations
and in so doing, opens two points in the circuit
by way of which ringing current is.projected
over the called line to energize the signal device
at the called substation and two points in the
circuit by way of which the windings of Ri870
and R2100 are being held energized in series.
At RAIS51, a point is also opened in the circuit,
traced previously, by way of which ring-back
tone current is projected over the calling loop
circuit to energize the receiver at the calling sub-
station. The ring cut-off relay RI8T0 restores
shortly following the operation of R1950 to inter-
rupt, at RAI91l, the operating circuit for the
last-mentioned relay.

Immediately the relay R1950 operates a cir-
cuit is completed for energizing the two wind-
ings of the back bridge relay R2020 in series with
the winding of the slow-to-release lockout relay
R2i60 provided at the substation Ti. This cir-
cuit may be traced as extending from ground at
the upper terminal of the lower winding of
R2020 by way of this lower winding, C1996,
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RAI955, RA1919, the wiper 1904, C1386, RA210I,
RA21062, the winding of R2100, the transmitter
2113, the receiver 2174, the hook switch springs
2172 and 21711, the pulsing springs of the calling
device 2184, RA2il1, C1384, the wiper 1801,
RAIS!I, RA1951, C198) and the upper winding of
R2020 to baftery. Upon operating, the relay
R20620 completes, at RA2022 and RA2023, the
previously mentioned path for applying booster
battery voltage to the control conductor C1382’
of the calling line 33, thereby to cause the op-
eration of the message register device associated
with the. calling line. More particularly, the
circuit for energizing the operating magnet 2270
of the register device extends from the left ter-
minal of the booster battery voltage source 2131’
by way of RA203i, RA2032, RA2022, RAZ2023,
RA2052, RA2053, the wiper 2072, C1382’, RA2263
and the winding of the magnet 2270 to ground.
When energized over this circuit, the magnet

2270 attracts its associated armature 2271 so that.

the ratchet wheel 2272 is advanced one step to
cause the device to register the call. Shortly
following the operation of R2020 to complete the
above-traced circuit for energizing the operating
magnet 2270 of the call register device, the slow-~
to-release relay R2830, which is deenergized in
responseé to the operation of R1950, restores to
open, at RA2031 and RA2032, a point in the op-
erating circuit for the magnet 2270. At RA2032
and its associated resting contact, the relay
R20830 applies ground to the control conductor
C{382’ over a path similar to that just traced,
thereby to maintain the relays R2059, R2260 and
12255 operated and to maintain the calling line
23 marked as busy in the bank contacts of the
connector switches having access to this line.

At RA202( and its associated resting contact,
the back bridge relay R2020, upon operating,
opens a point in the above-traced alternative
circuit for energizing the heating element 2063

.- connection is released.
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of the thermal relay 2062, thereby to arrest the -

operation of this thermal relay. At RA20Z1 and

its associated working contact, the relay R2620

applies multiple ground to the release conductor
C1988, - Following the operation of the back
bridge relay R2928, the desired conversational
circuit is fully established and no further op-
eration of the switching apparatus occurs until
~ ‘the connection is released at both the calling and

called substations. It will be noted that with the
desired talkmg circuit fully established talking
battery voltage is impressed upon the loop ex-
tending to the called substation through the
windings of the back bridge relay R2028 whereas
talking battery voltage is impressed upon -the
loop extending to the calling substation through
the windings of the line relay R2035. It will
further be noted- that the winding of the lock-
out relay R2{80 providéd at the substation T1
is included in the talking circuit. In order to
prevent the impedance of this winding from
interfering with the transmission of voice fre-
quency currents over the established connection
the audio frequency by-pass condenser 2104 is

connected in shunt with the winding of R2108.

For the samme reason, the condenser 2114 is pro-
vided at the substation T2 in shunt Wlth the
winding of the lockout relay R2110,

From the foregoing description, it wiil be ap—
parent that the purpose of providing the' two
lockout-relays R2180 and R2H9-is that of guard-
ing an established connection -extending to one
of the substations against intrusion occasioned
by the'initiation of -& call at the other substation
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associated with the line before the established
Thus, in those cases
wlhiere the substation T: is the calling or called
substation rather than the substation T, the
lockout relay R2110 functions to disconnect the
apparatus provided at the substation Tz from the
line conductor C1384. 'The manner in which the
slow-to-release lockout relay R2{8 is energized
on calls incoming to the substation T:i is sub-
stantially identical with the mode of operation of
the relay R2180 provided at the substation Te,
and will readily be apparent from the preceding
description.

The release of the connection is primarily
under the control of the calling party. Thus, if
the called partly at the substation T2 hangs up
before the connection is cleared out at the calling
substation, the above-traced circuit by. way of
which the windings of R2i80 and R2920 are
being held energized in series is interrupted at
the springs 2171 and 2112 of the hook switch
provided at the called substation T:. Upon re-
storing, the relay R2100  operatively associates
the apparatus provided:at the substation Ti with
the line 34 so that calls may be initiated and re-
ceived at this substation. The back bridge relay
R2020, upon. restoring, removes, at R92821 and
its associated working contact, multiple ground
from the conducfor Ci1983. At RA2021 and its
associated resting contact, the relay R2028 re-
completes the above-traced alternative circuit for
energizing the- heating eiement 2§83 of the
thermal relay 2062. At RA2022 and RA2823, the
relay R2629, upon restoring, opens a point in the

- alternative holding circuits for R2058 and R2288

and recompletes the previcusly traced original
holding circuits for these relays.

When the connection is cleared out at the call-
ing substation, the calling loop circuit is inter-
rupted causing the line relay R2§3% to restore
and open, st RA2636, the operating circuit for
the hold relay R2010.. When the hold relay re-
stores, it opens, at RA26i{, the respective hold-
ing circuits for the relays R{248, R2059 and
R286D and also a point in the above-traced al- -
ternative circuit for energizing the heating ele-
ment 2863 of the thermal relay 2862. At RAZG§14,

the relay R20819, upon restoring, cpens a point

in the respective holding circuits for the relays
RI%18, RIS5D and RI868, causing all of these
relays to restore. When the relay RI9{3 re-
stores, it removes, at RA1814, ground potential
from the control conductor Ci385 of the called

line 34, thereby to remove the busy marking from

this line and to open the operating circuit for
the cut-off relay R2123, The cut-off relay R2123
now restores, to open at RA225 the operating cir-
cuit for the lockout relay R2139, causing the lat-
ter relay to restore. 'Thus, the line circuit appa-
ratus associated with the called line 34 is restored
to normal and the called line is marked as idle in-
the bank’ contacts of the connector switches to
which this line extends, negative battery poten- -
tial being impressed upon the control conductor
Ci385 to identify the line 34 as idle through the
winding of the cut-off relay R2129. In g similar
manner, when ground potential is removed from
the conductor C{988 to opsn the holding circuits
for R20808 and R2269, these two relays restore and -
battery potential is impressed upon. the control
conductor C{382 of the calling line through the .
winding - cut-off ‘relay R228§0.° When the relay
R2260 restores, it opens at RAZ261 the operating
circuit  for the lockout relay R2255, causing the
las”-men 1oned relay to restore Thus, the-line




circuit apparatus associated with the calling line
33 is restored to normal.

When the hold relay R2310 restores in the
manner pointed out above, it opens, at RA2013,
a point in the above-traced operating circuit for
the two relays R1930 and Ri920 and completes
at R206¢5 the previously mentioned circuit for
energizing the release magnet 2033, this latter
circuit extending from ground at the lower ter-
minal of the winding of the release relay R2210
by way of this winding, C2282, RA28{5, RA2045,
the off-normal springs 2834 and the winding of
the magnet 2833 to battery. When energized
over this circuit, the relay R2218 operates to com-
plete, at its two armatures RA2211 and RA2212,
circuits, not shown, for energizing signal or me-
tering devices associated with the local finder-
connector links provided in the exchange B.
When the release magnet 2033 is energized, it at-
tracts its associated armature, not shown, and
causes the wipers of the Strowger switching
mechanism 1908 to be returned to rotary and ver-
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tical normal in the usual manner at which time -

the off-normal springs {587, 2816, 2017, 208{ and
2034 are returned to their respective normal po-
sitions. When returned to normal, the springs
2034 are disengaged to open the operating circuit
for the magnet 20832 and, when the spring 2816
is moved from engagement with its associated
contact spring 20117’ and into engagement with
the spring 2016, ground potential is removed
from the guard conductor C2214, thereby to
identify the finder-connector link illustrated in
Figs. 19 and 20 as idle in the bank contacts of the
distributor switch 2288. Following the release of
the switching mechanism (588 in the manner
just described, the established connection is fully
released.

The manner in which a local call is routed from
a substation associated with a subscriber’s line of
the duplex type by way of the finder-connector
link illustrated in Figs. 19 and 20 to another
local line extending to the exchange B is sub-
stantially similar to the mode of establishing the
connection between the substations T3 and Tz, as
described above. The manner in which the line
circuit associated with a line of the duplex type
operates, is, however, considerably different from
the mode of operation of the line circuits indi-
vidually associated with the single party lines.
Thus, if a party at the substation T: initiates a
call intended for the substation T3 and the link
{llustrated in Figs. 19 and 20 is utilized in setting
up the connection, the operation of the apparatus
is initiated when the calling party removes the
receiver 2174 from its supporting hook to cause
the hook switch provided at the substation T2 to
be operated to the off-normal position. In re-
sponse to this operation, the switch springs 21708
and 2171 are opened to disconnect the signal de-
vice 2182 from the line conductor Ci384 anhd the
springs 2171 and 2#%2 are closed to complete a
circuit for energizing the lower winding of R2169
in series with the winding of the lockout relay
R2i00, this circuit extending from ground at
RC2i83 by way of RA2102, the winding of R2188,
the transmitter 2113, the receiver 2174, the
springs 2§72 and 2i71, the pulsing springs of the
calling device 2184, RA2{ i, RA2126 and the lower
winding of R2163 to battery. Due to the rela-
tively high resistance of the lower winding of
R2158, the relay R2100 does not operate when
energizeil over the circuit just traced. The relay
R2160, however, operates to complete, at RA2183,
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an obvious circuit for energizing the two relays
R2180 and R2150 in parallel. At RA2182, the
relay R2168 prepares a circuit for energizing its
upper winding. At RA2161 and RA2164, the re-

lay R2{88 reverses the connections of the line

conductors C{1388 and C1384 to the link line con-
ductors C2171 and C2179 extending to the bank
contacts of the finder switch 2870. At RA215l,
the relay R2150, upon operating, prepares a cir-
cuit, traced hereinafter, for energizing the oper-
ating magnet 2176 embodied in the metering de-
vice associated with the substation Ti. The re-
lay R2140, upon operating RA2142, applies ground
potential to the control conductor CIi385 of the
line 34, thereby to mark this line as busy in the
bank contacts of the connector switches to which
it extends. At RA2141, the relay R2146 completes
a3 path for marKking the calling line 34 in the
bank contacts of the finder switches to which
the line 34 extends, this path extending from the

-negative terminal of the exchange battery by way

of the winding of R2129, RA2131, RA214| and
2118 to the control bank contacts of the various
finder switches having access to the line 34. At
RAZ143, the relay R2140 completes a path ex-
tending by way of RA2132 for applying ground
potential to the distributor start conductor C2328,
whereby the operation of the distributor illus-
trated in Fig. 22 and of the finder switch 2870
illustrated in Fig. 20 is initiated. The manner in
which the distributor switch and the finder switch
2878 cocperate to cause the last-mentioned switch
to find the calling line is exactly the same as
described previously with reference to the call in-
itiated at the substation Ts.- Immediately the
wipers of the finder switch 2870 are moved into
engagement with the contacts terminating the
conductors C2177 to C2179, inclusive, ground po-
tential is impressed upon the control conductor
C2478 over a path extending from ground at
RA2243 by way of the upper winding of R2245,
the wiper 22083, C22178§, the lower winding of R205§
and the wiper 2972 to C2178. When ground po-
tential is applied to C2178 in the finder-connector
link circuit, the cut-off relay R2128 is energized
over a circuit extending by way of RA2Ii4I,
RA2{3{ and the winding of R2120 to battery.
When energized over this circuit, the relay R2120
first closes the “X” contacts respectively associ-
ated with RAZ122 and RAZiI24. At the last-
mentioned contacts, the relay R2120 completes
an obvious holding circuit for itself and there-
after completes its operation. Shortly following
the operation of R2128, the switching relay R2050
is energized and operates to impress negative bat-
tery potential through the upper winding of the
line relay R20835 upon the negative line conductor
C2178. At RA2122, the cut-off relay R2120, upon
operating, commpletes a circuit extending from
ground at RA2!62 for energizing the upper wind-
ing of R2188. The last-mentioned relay is of the
differential type, such that when both of its wind-
ings are energized, it restores. Upon restoring,
the relay R2160 opens, at RA2162, a point in the
circuit for energizing its upper winding. Sub-
stantially simultaneously with the restoration of
R2184, the relay R2120 completes its operation to
disconnect, at RA2121 and RA2126, the line ter-
minals of the two windings of R2160 from the line
conductors C!1384 and Ci386. Thus, the relay
RZi60 remains in its restored position for the
duration of the call. At RA2125, the relay R2120,
upon fully operating, completes an obvious cir-
cuit for energizing the slow-acting lockout relay
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R2130; which latter relay, upon operating, opens,
at RA2132, a point in the path for applying ground
to the distributor start: conductor 2328 and
opens, at. RA2131, a point in.the operating circuit
for the. cut-off relay’ R2120. 'When the relay
R2160 restores, it opens, at RA2163, the operat-
ing circuit for the two relays R2146 and R2150
eausing both of these relays to restore. 'When the
relay. R215808 falls back, it opens, at RA2{51 and
its associated working contact, a point in the cir-
euit for energizing the operating magnet 2176
of the metering device associated with the sub-
station Ti. - At:RAZ2151 and its associated resting
contact, the relay R2150 connects the winding of
the operating magnet 2175, embodied in the me-
tering device associated with the substation Tz, to
the control coniductor C21178, whereby the magnet
21715 may be energizZed in response to the appli-
cation of booster battery potential to C2178 when
the desired connection is ultimately established.
The relay R2140, upon restoring, opens, at
RA2148, a point in the holding circuit for the
lockout relay R2(38 and, at RA2!41, a further
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poeint in the operating circuit, traced previously,

for R2120. At RAZ2142, the relay R2140 conneets
the control conductor €'1385 to the control con-
ductor C2t18 so that busying ground potential
is-applied to the first-mentioned control conduc-
tor through the finder switch of the operated
link. -~ !
© When negative battery potential is impressed
upon- the line conductor C2i79 through the up-
per winding of the line relay R2085 embodied in
the operated link, the energization furnished the
lockout relay R2180 is sufficient to. cause the op-
eration of this relay. Specifically, this relay is
now energized over a circuit extending from bat-
tery "as applied to C2i{79 by way of RA21{64,
RA21 {1, the pulsing springs of the calling device
2184, the springs 2171 and 2172, the receiver 2174,
the transmitter 2473, the winding of R2100 and
RA2182 to ground at RC2103. Upon operating,
the lockout relay disconnects the apparatus pro-
vided at the substation T: from the line conductor
C1386 to guard the .iine 34 against intrusion
through. the initiation of a call.at the substation
Ti during the time interval when this line is oc-
cupied with the ‘call initiated at the substation
Ts. Also, upon operating, the relay R2100 com-
pletes, at RA2161 and RA210Z, the calling loop
¢ircuit by way of which the two windings of the
line relay R2035 are energized in series with the
winding of R2(86, which loop circuit is believed
to be-obvious from the preceding description.
During the dialing operation performed at the
calling substation, the loop circuit, mentioned
above, is interrupted at the pulsing springs em-
bodied in the ealling device 2184 a number of
times determined by the digits of the directory
number identifying the called substation. The
manner in which the connector pertion of the
link illustrated in Figs. 19 ahd 20 responds to
the impulses- to- select the called line and the
manner in which the called line is tested to
determine the idle or busy condition-thereof are
in all respects identical with the operation of the
apparatus as described. above with reference to
the cali initiated at the substation-Ts. -If the
called lne is found to be idle; ringing current is
projected thereover, ring-back tone. is returned
to. the calling substation, and ground potential
is-impressed upon the control conductor C1382
of the called line to guard the line against in-
trusion- on other calls incoming thereto. When
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ground potential is impressed upon €1382, the
cut-off relay R2260 is energized over a circuit
extending hy way of this conductor, RA2252 and
the winding of R2280 to battery.. Upon operat-
ing, the relay R2260 completes, at RA2261, the
operating circuit. for the slow-acting lockout
relay R225%5, which latter relay, upon operating,
opens a point in the path, traced previously, for
applying ground potential to the distributor start
conduetor C2328. The cut-off relay R2260, upon
operating, also disconnects, at RA2265, the wind-
ing of the line relay R2280 from the line con~
ductor C{281. At RA2284, the cut-off relay
R2268 remgoves ground potential from the line
conducter C1383. Thus, the called line is cleared
of all impedances which might interfere with the
transmission of voice frequency currents. When
the call is answered at the called substation, the
back bridge relay R2020 embodied in the oper-
ated link is caused to operate, in the manner ex--
plained previously, and, upon operating, applies
booster hattery potential fo the control conduc-
...... of the line 34, thereby to energize the
operating magnet 2115 embodied in the meter-
ing device indjvidually associated with the. call-
ing sybstation T: and to cause the metering
deviee to register.the call. Following the oper-
ation of the back bridge relay, the desired con-
versational connection is fully completed.
~"'The manner in which the connection, as estab-
lished between the two substations Tz and Ts, is
released is substantially similar to the release of
the apparatus as explained previously. Thus,
when the calling subscriber at the substation T
hangs. up, the loep circuit by way of which the
relays R2100 and R2035 are being held ener-
gized In series, is Interrupted at the springs 21Ti
and 2412, causing hoth of these relays to restore.
When. the line relay R2035 restores, it opens the
operating circuit of the hold relay R2010, which
latter relay, upon restoring, initiates the release
of -the- operated link in the manner explained
above. .. When the link is released, -ground is
removed from each of the two control conduc-
tors G2178 and C1382, respectively embodied in
the lines 34 and 33. The relay R2(00, upon re-
storing; fungtions, in the manner explained pre-
viously, ‘operatively to associate the apparatus
provided af the substation T: with the line 34.

;. 'When: ground potential is removed from the con-

trol eonductor C2178, the cut-off relay R2{20
and- the lockout relay R2030 are caused to
restore in the order named and in an obvious
manner, thus restoring the-line cireuit associated
with the line 34 to normal. Similarly,  when
ground potential is removed. from the control
conductor C1382, the cut-off and lockout relays
R2260 and R2255, respectively, are caused to
restore to return the line circuit apparatus asso-
clated with the line 33 to normal.

I the call intended for the- substation T: is
initiated at the substation T: rather than the
substation T, the switching relay R2160 is ener-
gized and remains operated for the duration of
the- call. - More particularly, when the receiver
2168 is removed from its supporting hook to ini-
tiate the eall, the hook switch provided at the
substation T: is moved to its off-normal posi-
tion to open the springs 2165 and 2166 and to
close the springs 2166 and 2061. At the last-
mentiened. pair of' springs, a circuit is com- -
pleted for energizing the upper winding of R2160
in series with -the winding of the lockout relay
R2119, this cireuit extending from ground at
RO2113. by way of RA2L12, the winding of R2/ fo,
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the transmitter 21069, the receiver 2168, the
springs 2167 and 2166, the pulsing springs em-
bodied in the calling device 2185, RA2101, RA2 i21
and the upper winding of R2160 to battery. Due,
to the relatively high resistance of the upper
winding of the relay R2160, the lockout relay
R2110 does not operate when energized over the
circuit just traced. The relay R2160, however,
operates to perform the functions described
above, namely, to complete, at RA2163, the oper-
ating circuit for the two relays R2140 and R2153
and to reverse the connections of the line con-
ductors C1384 and C1386 to the link line conduc-
tors C2177 and C2179. 1In this case, when the
finder portion of the seized link operates to
seize the line 34 and ground is returned over the
control conductor C2118 from the operated link
to cause the operation of the cut-off relay R2120,
the latter relay completes, at RA2122, a multiple
holding circuit for the upper winding of R2169,
the lower winding of the latter relay remaining
deenergized. Thus, the relay R2i60 is not
caused to restore. Also, when the calling line
34 is seized by the finder portion of the operated
link, battery potential is impressed upon the line
conductor C2{79 in the manner explained pre-
viously, causing the lockout relay R2118 to be
energized over a circuit extending by way of
C2178, RA2161, RA210(, the pulsing springs em-
bodied in the calling device 2185, the switch
springs 2186 and 2167, the receiver 2168, the
transmitter 2169, the winding of R2110 and
RA21i2 to ground at RC2i13. The current trav-
ersing this circuit is of sufficient magnitude to
cause the operation of the lockout relay R2110,
which relay, upon operating, disconnects the
apparatus provided at the substation T from the
line conductor C1384, thereby to guard the con-
nection against intrusion through the initiation
of a call at the substation Ta. It will be noted
that, with the relay R2160 operated, the relay
R2150 is also in its operated position so that the
operating circuit for the operating magnet em-
bodied in the metering device associated with
the substation Ti is prepared at the operated
armature RA215i. Hence, when the call is an-
swered at the called substation, to cause booster
battery potential to be impressed upon the con-
trol-conductor C2118, the operating magnet 2116
is energized over a circuit extending by way of
the conductor C21i78, RA2123, RA2{51 and its
associated working contact, and the winding of
the magnet 2176. The resulting operation of the
magnet 2116 causes the metering device individ-
ually associated with the substation T1 to regis-
ter.the call. Thus, it will be apparent that, by
virtue of the particular line circuit arrangement,
the two metering devices having respectively em-
bodied therein the magnets 2175 and 2178 are
caused selectively to operate depending upon
which of the two substations T1 and Tz is the
calling substation in an established connection
routed by way of the line 34.. During the release
of the connection established as a result of the
call initiated at the substation Ti, the line cir-
cuit associated with the line 34 is returned to
normal in response to the removal of ground
potential from the control conductor C2178.
More particularly, when ground potential is re-
moved from C2i78, the cut-off relay R2120 re-
stores to cause the sequential restoration of the
two relays R2160 and R2130. When the relay
R2160 restores, it opens, at RA2163, the operat-
ing circuit for the two parallel connected relays
R2140 and R2i59, causing both of these relays
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to restore. Thus, the line circit assbciated with
the line 34 is returned to normal.

As explained previously, if a call initiated at
one of the subscriber’s substations and routed to
the finder-connector link illustrated in Figs. 19
and 20 is to be extended to a substation associ-
ated with a line of the multiplex type, it is nec-
essary that a third series of impulses be trans-
mitted through the finder-connector link to the
station selecting apparatus associated with the
called multiplex line in order operatively to asso-
ciate the substation apparatus provided at the
desired substation with the called line. To this
end, the control apparatus of the link is so ar-
ranged that the relay RI960 is not caused to
operate when a line of the multiplex type is se-
lected. More particularly, the off-normal springs
1987 operate only after the wipers of the Strow-
ger switching mechanism #3800 have been ele-
vated to a position above the last level of bank
contacts terminating lines of the multiplex type.
If the last level of contacts at which lines of this
type are terminated also contains contact sets
terminating lines of the single party or duplex
type, the bank wiring of this level is arranged in
the manner explained previously; that is, the
multiplex lines are terminated at the contacts
first engaged by the wipers of the mechanism
1999 during the rotary movement thereof and
the single party and duplex lines are terminated
in the succeeding contact sets of the level, the
resistor 1998 being connected to provide a cir-
cuit for energizing the relay R1950 when the
wipers of the switching mechanism 1900 are ro-
tated to the position corresponding to the first
single party or duplex line in the level. Thus,
the relay R1986 does not operate when a line
of the multiplex type is selected. If it be
assumed now that the call initiated at the sub-
station T, for example, is to be routed to a sub-
station on a line of the multiplex type, the re-
sponse of the connector portion of the link illus-
trated in Figs. 19 and 20 is such that the wipers
1951 to 1904 inclusive are positioned on the con-
tacts terminating the desired line when the two
line selecting digits are dialed. At the end of
the second digit, if the called line tests idle, the
relay R19819 is caused to operate and locks itself
in its operated position in the manner explained
previously. Following the operation of this relay,
the control apparatus embodied in the connector
portion of the link is conditioned to repeat the
impulses of the third series to the station select-
ing apparatus associated with the called line.
Also, with the relay Ri910 operated and the
relay R1960 restored a path is completed for
impressing negative battery potential upon the
positive side of the selected line, this path ex-
tending from the negative terminal of the ex-
change battery by way of the resistor (976,
€1883, RA2037, Ci1994, RAI965, RA1955, RAIOIY
and the wiper 1984 to the positive line conductor
of the called line. When the relay RI910 oper-
ates to impress ground potential upon the con-
trol' conductor of the called line, the station se-
lecting apparatus associated with the selected
line is seized anhd conditioned to respond to im-
pulses transmitted thereto. In the arrangement
illustrated, the impulses are repeated as battery
potential pulses which are transmitted over the
path just traced to the operated station select-
ing apparatus associated with the called line.
Thus, at the beginning of the first impulse of the
third digit, the relay R2035 restores to open, at
RA2031, a point in the above-traced path extend-
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ing from battery to the positive line conduetor
of -the called line. At the'end of each open cir-
cuit pulse, this path is obviously recompleted at-
RA2031. Upon restoring at the beginning of the
first impulse of the third series, the relay R2035
also comgpletes, at RA2036, an alternative circuib
for energizing the relays R1938 and R1920, this
circuit extending from ground-at RA2036 by way
of RA20(3, RA2087, RA2044, C1991, RAI946 and
the winding of R1838, where it divides, one
branch extending by way of RA{818 and the re-
sistor 1972 to battery, and the other branch ex-
tending by way of RAi932 and the lower winding
of RI920 to battery. Upon operating, the relay
R 1930 completes, at RA1932, an obvious holding
circuit for R1829 and opens, at -RA1931, a point
in the previously traced  circuit for energizing
the busy test relay R1340. The relay R1920, upon
operating, completes, at RA1922, the circuit- for
energizing the relay R1925 and opens, at RA1921,
a point in the circuit, traced previously, for en-
ergizing the upper winding of Ri1918.° When the
relay R1925 operates, it opens, at RA1927 and its
associated resting contact, a further point in the
operating circuit for Ri%19 'and prepares, at
RAIS2T and its associated working contact, a
circuit, traced hereinafter, for energizing R1940.
At RA1928’, the relay R1925 prepares the circuit,
traced previcusly, for energizing the relay R1960.
At the end of the third series of impulses dialed
at the calling substation, the line relay R2035
remains operated to-hold the above-traced oper-
ating circuit for the relay R{930 interrupted at
RA203¢. The relay R1930 now restores to apen,
at RAI832, the holding circuit for R1920 and to
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complete, at RA1$31, the circuit for energizing -

R1948, which latter circuit may be traced as
extending from ground at RAI914 by way of
RAI827, RAI528, RA{93! and the winding  of
R1848 to battery. Upon operating, the relay
R1948 prepares, at RA1944; its holding circuit as
traced previously, which holding circuit. is com-
pleted in response to the sequential restoration
of R1928 and RI925 in the manner explained
above. At RA1842, the relay R1940 opens a fur-
ther point in the operating circuit for RI810
and, at RAI1843, it prepares a point in the cir-
cuit, traced hereinafter, for energizing the relay
R2048. At RAI945, the relay R1940 short-cir~
cults the upper winding of R1920. At RA1946;
‘the relay R{240 opens a point in thé:above-
traced circuit for energizing the two relays R1920
and R1930. - At RA{947, the relay R1940 short-
circuits the impulsing -springs associated with
RAZ2031 of the line relay R2035. - At RA1948, the
relay R1848 preparés a- point -in’ the circuit,
traced previously; for projecting busy tone over
the loop circuit extending to the calling substa~
tion, this circuit now being held open at the
operated armature RAI819’ of the switching
‘relay RIGED. A RAI941, the relay R1940 com-
pletes the path, traced previously, by way of
which ringing current is projected over the called
line to energize the signal device provided at the
called substation and ring-back tone current is
projected over the calling line to signal the call-
ing subscriber thas the called substation is being
rung. When the call is answered at the called
substation, ground potential is impressed upon
the negative line conductor of the called line
to -energize the relay RI910, which relay, upon
operating, completes the circuit, traced previ-
ously, for energizing the switching relay R1950.
The relay RI8%0, upon -operating, completes”the
desired connection between the calling and called
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substations .and extends the called loop cireuit to
the windings of the back bridge relay R2020.
The resulting operation of the back bridge relay
causes booster battery potential momentarily to
be applied to the control conductor associated
with'the calling line for the purpose of energiz-
ing-the metering device assoclated with the call-
ing- substation” in- the manner previously ex--
plained. It  is pointed out that if the selected
multiplex line tests idle, the busy test relay R1940
operates in the manner explained previously and,
upon operating, shunts, at RA1947, the- pulsing
springs of the line relay R2035, thereby to pre-
vent ‘negative battery pulses corresponding to
the impulses of the final digit from being im-
pressed- upen the positive side of the selected
line: - : :

:The manner in which a connection routed to
& substation of the multiplex type is released is
in all respects similar to the release of the con-
nection as described above with reference to the
eall initiated at- the substation Ts. - More par-
tieularly, the release of the connection is under
the control of the calling party and is initiated
when the -connection is cleared out at the call-
ing:substation to cause the sequential restoration
of the'line and hold relays R2030 and R2019, re-
spectively, - The last-mentioned relay, upon re-
storing;-opens’thé holding circuits for the oper-
ated relays R1918, R1940 and RI1950 and closes
the cireuit for energizing the release magnet
2033. The resulting operation of the release
magnet causes the wipers of the Strowger switch-
ing mechanism (800 to be returried to rotary and
vertical normal. -When the relay R{950 restores,
in response to the restoration of the hold relay
R2010, the loop circuit extending to the called
substation is interrupted to cause the restoration
of the back bridge relay R2020, which latter
relay, upon restoring, opens the holding circuit
for the switching relay R2050. Thus, all of the
relays’ embodied in the finder-connector link are
restored to normal. Following the return of the
wipers of the switching mechanism 1900 to nor-
mal, the link is entirely reléased and is condi-

tioned for further use. i

‘As explained previously, the: two thermal
relays 2058 and 2862 are provided for the pur-
pose of preventing the link illustrated in Figs.
19 and 20 from being permanently appropriated
to the use of a line having a calling condition
thereon when no connection is established by
way of the link to a called substation. More
particularly, these two relays function to release
the link, if the link is seized by a calling line and
no impulses are transmitted thereto by way of
the calling line, or if a calling subscriber fails
to restore his recsiver to its hook after receiving
busy tone or after an established connection has
been released at the called end thereof. Thus;
when the link is seized, a circuit is completed for
energizing the heating element 2663 embodied
in the thermal relay 2062 in response to the oper-
ation of the hold relay R2010, This circuit may
be traced as extending from ground at RA201{!
by way of C1{989, RAI!3913, Ci982, the heating
element 2083 and the resistor 2065 to battery.
This circuit is maintained completed until the
called line is selected, is tested, and tests idle 1o
cause the operation of the switching relay R1910,
On the other hand, if a connection is established
by way of the link to a called substation, the
called party releases the connection after the

. conversation held thereover is completed and the

calling party fails to clear out the connection at
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the ‘calling substation, an alternative circuit for
energizing the heating element 2063 is completed,
which alternative circuit may be traced as ex-
tending from ground by way of RA202{1 and its
associated resting contact, CI1986, RA1952,
C1982, the heating element 2063 and the resistor
2065 to battery. When energized over either of
the two circuits just traced, the heating element
2663 transmits heat energy to the bimetallic ele-
ment of the relay 2062, causing this element to
be deflected to the left. After a predetermined
time interval, the bimetallic element 2062 is de-
flected sufficiently to close the contacts 2064, thus
completing a circuit by way of the resistor 2064
for energizing the heating element 2060. When
the last-mentioned heating element is energized,
the heat energy developed thereby causes the bi-
metallic strip of the relay 2058 to be deflected to
the left. After a further predetermined time in-
terval, the last-mentioned bimetallic strip is de-
flected a sufficient amount to cause the contacts
2659 to be opened. These springs are included
in the holding circuit for the switching relay
R2050 so that, when opened, the last-mentioned
relay restores to remove ground potential from
the control conductor of the calling line and to
open the loop circuit extending to the line relay
R2035. The resulting restoration of the line
relay R2035 is followed by the restoration of the
hold relay R2010 to initiate the release of the
link in the manner described previously.

Tf it be assumed that the calling condition re-
sponsible for seizure of the link illustrated in
PFigs. 19 and 20 is created on the line 33 and that
the two thermal relays 2058 and 2062 operate to
cause the release of the link in the manner just
described, when ground potential is removed
from the control conductor C1382’, the cut-off
relay R2260 embodied in the line circuit asso-
ciated with the line 33 is deenergized and re-
stores. Upon restoring, the relay R2260 recon-
nects the winding of the line relay R2250 to the
calling line so that this line relay is again ener-
gized over the -calling loop circuit. Upon re-
operating, the line relay R2259 completes, at
RA2251, a circuit extending by way of RA2256
for maintaining the slow-to-release lockout re-
lay. R2255 operated. With the lockout relay
R2255 operated, the previously traced path for
applying ground to the distributor switch start
conductor C2328 is held open at RA2266. With
the line relay R2250 operated, ground is retained
on the control conductor C1382 so that the line
33 is guarded against seizure by any cne of the
numerical switches provided in the exchange B.
Obviously, when the calling condition present on
the line 23 is terminated, the line relay R2250
restores to open the holding circuit for the lock-
out relay R2255. When the last-mentioned re-
lay restores, the line circuit associated with the
line 33 is restored to normal.

If the permanent calling condition responsible
for the seizure of the link illustrated in Figs.
19 and 20 and the operation of the two thermal
relays 2058 and 2062 is present upon the line 34
rather than the line 33, the manner in which
the line circuit illustrated in Fig. 31 and associ-
ated with the line 34 is operated to lock the call-
ing line out of service is substantially similar
to that just described with reference to the line
circuit associated with the line 33. More par-
ticularly, when ground is removed from the
control conductor C2178 at a time when a calling
condition is present upon the line 34, the cut-off
relay R2120 restores to reconnect the windings
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of the relay R2160 to the line conductors C1384
and C1386. Substantially simultaneously with
the removal of ground from C2118, the holding
circuit for the operated one of the lockout re«
lays R2100 and R2110 is interrupted in the link,
causing the operated lockout relay to restore.
Upon restoring, this lockout relay recompletes
the circuit for energizing one of the windings
of the relay R2160. Thus, if the relay R2110 is
operated and restores, the upper winding of
R2160 is energized, whereas, if the lockout relay
R2100 is operated and restores, the lower wind-
ing of R2160 is energized. In either case, the
relay R2160 reoperated to complete at RA2163
the operating circuit for R2140, which latter re-
lay, upon reoperating, completes, at RA2143, the
holding circuit for the operated slow-to-release
lockout relay R2130 and. applies, at RAZI42,
ground potential to the control conductor C1385
to maintain the line 34 marked as busy in the
bank contacts of the various connector switches.
With the lockout relay R2130 in its operated
position, the path for applying ground to the
distributor start conductor C2328 is held open
at RA2132 and its associated resting contact.
When the calling condition present on the line
34 is terminated, the relay R2160 is deenergized
and restores to open, at RA2163, the operating
circuit for R2140. When the last-mentioned re-
lay restores, it opens the holding circuit for
R2130, causing the latter relay to restore after
an interval to return the line circuit associated
with the line 34 to normal.

SEeTroN 7——ToLL CALL INITIATED AT SUBSTATION
AssocIaTED WITH LINE BXTENDING TO EXCEANGE B

Subsection A~——Call routed to operator’s position
in exchange B

If the night or transfer switch 800 provided
at the operator’s position illustrated in Fig. 5
occupies its restored position the operator’s
switching apparatus provided in the exchange B
is connected for service, whereby a toll call, ini-
tiated at a substation on a line extending to the
exchange B and intended for a substation asso-
ciated with a line extending to one of the ex-
changes A, D, and P, is first routed to the op-
erator’s position in the exchange B. Thus, if a
calling subscriber at the substation Ti initiates
a toll call, the link illustrated in Figs. 19 and 20
is assigned to the use of the calling line and the
appropriate line selecting digits of the operator’s
directory number are dialed, the call is forwarded
to the operator’s position in the exchange B.
The arrangement of the connector portion of
the local finder-connector link illustrated in
Figs. 19 and 20 is such that, on calls of this char-
acter, the calling loop circuit is switched through
to a succeeding switch or to the apparatus pro-
vided at the operator’s position. More particu-
larly, the trunk lines utilized on such calls are
terminated in the contact sets forming the up-
permost levels of the contact field embodied in
the switching mechanism 1980 and the off-nor-
mal spring 2091 is arranged to operate from its
normal position illustrated in the drawings to
its off-normal positicn when the wipers of the
switching mechanism 1900 are operated vertically
to a position opposite the first of the levels ter-
minating trunk lines of this character. Hence,
when the first digit is dialed at the calling sub-
station and during the vertical movement of the
switch wipers, the spring 2091 is moved from
engagement with the spring 2092 and into en-
gagement with the spring 2098 to prepare a cir-
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cuit, traced: hereinafter, for-energizing the lower
winding . of the. switching-through relay R2040.

During the impuidses of the. second digit dialed

at -the ealling substation, the rotary, magnet
1914 is energized once for each impulse and the
relays R1930, R1920 and Ri925 are energized
-and operate, all in.the manner explained previ-
ously. The wipers of the switching mechanism
1900 - respond to the alternating operation and
restoration of the rotary magnet 1974 by travers-
ing the contacts of the selected contact level:
When the relay R1825. operates at the begmmng
of the first impulse of the second digit, it com-

pletes, at. RAI1926, the previously mentioned cii- -

cuit for-energizing the lower winding of R2040,
this circuit -extending from ground at RA20i
by way of the springs 2091 and 2593, Ci984,
RA1926, C1985 and the lower winding of R2040
to battery. When its lower winding is energized
over this circuit, the relay R2048 only partially
operates to complete at the “X’. contacts asso-
ciated with RA2043 a path for short-circuiting
its upper winding, which path may be traced as
extending from ground at RA20It by way of
RA2043, the upper winding of R2048, C1985,
RAIL926, C1984 and the springs 2097 and 2093
back to ground at RA20I1. At the end of the
second’ digit dialed at the called substaticn, the
relay R1930 is caused to restore in the manner
previously. explained and, upen restoring, com-

pletes, at RA1931, the test circuit for determin-.

ing the idle or busy condltmn of the selected
trunk line.

.. The arrangement of the local finder-connector
link shown in Figs. 19 and 20 is such that auto-
matic frunk hunting is provided with respect to
the trunk lines extending to the operator’s posi-
tion in the exchange B.. More particularly, the

respective control and extra control contacts of

the contact sets terminating the respective trunk
lines making up the trunk line group:extending
to the operator’s position are connected together.
Also, if any particular trunk line of the group is

busy, ground potential is present upon the control
conductor thereof, whereas, if the line is idle,
battery potent1a1 is present upon its control con-

ductor. If it be assumed that the first trunk line
of the selected group is busy, the ground potential

which is present upon the test wiper 1802 results

in the energization of the busy relay R19468 over
the previously traced test -circuit.
upon -operating, prepares, at RA19844, its holding
cireuit which is completed ‘in response to the
sequential'restoration of R1920 and R1925, in the
manner set forth above. At RA1943, the busy
relay R{940 complefes 2 multiple path for main-

taining ‘the upper winding of R2040 short-cir-’
cuited so that this relay is prevented from com-

pleting’ its operation until the trunk hunting
opération is ended: At RAI1942, the relay R1549

opens & point in the circuit, traced previously,:

for energizing the upper winding of the line
switching relay R{910.
R1848 short-circuits the upper winding of R1929,
therehy to render the latter relay exceedingly

slow to release and to insure the complete op-

eration of Rl°35 before the relay R1925 restores,

Immediately the wipers of the switching mecha-
nism 1908 are moved into engagement with the'

contacts te:mmatmg the busy first trunk line of
the - selcctad trunk group,- ground potentlal is

impressed upon the extra control wiper 1983 to

cayse the energlza.tlon of -the relay R1825 over
a2 cireuit-extending by way of RAI815, RA1928’,
the armature 1875, and the winding of R1985

This relay,

O
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"~ branch extending by way of RAI1932 and the

15 + CLels ;
“* R1920 over the circuit just traced serves to main-

40,
" of the sw1tch1ng mechanism 1900 to be advanced

80
" in ‘the group are busy, when the wipers of the’
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to battery. Upon operating, the relay R1935
completes, at. RA1935, a holding circuit, for it-.
self, this helding circuit extending: from ground
at RA2011 by way of C1989, RA1936, the arma~-
ture 1975 and the winding of R1935 to battery.
At RA937, the relay R1935 completes. an alterna-
tive circuil. for energizing the rotary magnet,
1974 in parallel with the lower winding of R1920,
this. circuit. extending from ground at RA2014
by way of C1892 to RAI931 where, it divides, one

lower winding of R1920 to battery and the other
branch extending by way of RAIS18 and the
winding. of the magnet 1974 to battery. The
continued energization of the lower winding of

tain this relay operated during the trunk hunt-
ing operation. When the rotary magnet 1974 is
energized over the circuit just traced, it operates
to step the wipers of the switching mechanism

=~ 1800 an additional step or into engagement with

the contacts terminating the niext trunk line of
the selected group. At its armature (975, the
rotary magnet, 1974 opens a point in the previ-
ously traced holding circuit for R 1935, causing

i this relay to restore to, open an addltlonal point.

in its holding circuit and to open, at RAI93T, a
point ‘in the circuit, ‘traced above, for energiz-
ing the lower winding of R1920 and the magnet
1874 in parallel. - If the ‘second trunk line of the
selected group is “also busy, ground potential is
present iipon the extra control conductor thereof

-80. that the relay Rls35 is agam energized over

the test circuit, traced ahove: “Upon reoperat-
ing, this relay again completes, at RAI936} its
helding circuit and, at RAI1931, the circuit for-
energizing the lower winding of R1829 in paraltel
with the rotary magnet 1974.. When again en-
ergized, the rotary-magnet 1 974 mterrupts the
holdvng circuit for R1938 and causes the wipers

into engagement: with the contacts terminating
the third trunk line of the selected group. 'The
interrelated opération of R1935 and the ‘rotary
magnet i1974 continues until such time as the
wipers are operated into engagement with the
contacts termlnatmg an idle trunk line of the
selected group or until these wipers are moved
to the position corresponding to the last-line of
the group. Asstiming that all of the trunk lines

switching mechanism- 1980 are ‘operated to the
position corresponding - to this last trunk- the

- trunk hunting operation of the connector. switch

55
“ ductor of the last trunk line in the group is not
60,

At RAI945, the relay

65 .
o sto*‘e in the order named and in an obvious man-
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is arrested.. More particularly, the control con-

connected to the extra control conductor of the
set terminating this trunk line, but is left open--
circuited.- Hence, when the wipers are operated
to the position: corresponding: to the last trunk
line. of the group, no further circuit is available
for causing the reoperation of R1535 and - the-
interrelated. operation of this relay and the mag-.
net 1974 is discontinued.  Shortly thereafter, the
two relays R1920 and Rle"5 are caused to re-

< Upon. restoring, .the last-mentioned relay
completes the previeusly traced helding circuit
for the busy test relay RI940 and opens, at

-RAI1928, the multiple: path shunting the upper-
" winding. -of ‘the switching-through relay R1940.
At RA1929, the relay R1925, upon restoring, com-

pletes the previously traced circuit for applying
busy tone voltage to the calling loop  circuit,
thereby to signal the calling party that the de-
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sired connection cannot be obtained. Following
the receipt of busy tone, the calling party may
initiate the release of the operated link in the
manner explained previously.

Assuming that one of the trunk lines of the -

selected group is idle, the movement of the
wipers embodied in the switching mechanism
1880 is arrested when these wipers are rotated
into engagement with the set of contacts ter-
minating the idle line, Thus, when the wiper
1903 encounters a contact having negative bat-
tery potential thereon, the winding of R1935 is
short-circuited and further operation of this
relay is prevented. Also, baftery potential is
impressed by way of the control conductor of
the idle trunk line upon the test wiper 1902 when
the switch wipers encounter the set of bank
contacts terminating the idle trunk line. Hence,
the busy test relay R1940 is also short-circuited
and restores. Shortly thereafter, the two relays
11920 and R1925 restore in the order named and
in an obvious manner, With the relays R1925
and R1940 both restored, the previously traced'
path short-circuiting the upper winding of
R2040 is interrupted, permitting the two wind-
ings of the last-mentioned relay to be energized
in series. The relay R2040 now assumes its fully
operated position to open, at RA2045, a point in
the circuit, traced previously, for energizing the
release magnet 2033, At RA2044, the relay
R2040 opens a point in the impulsing circuit ex-
tending to the rotary magnet 1974. At RA2042,
the relay R2040 completes a path extending from
eround at RA2011 and by way of CI1987 for ap-
plying ground potential to the control conductor
of. the selected trunk line. At RA204I and
RA2046 and their respective associated resting
contacts, the relay R2040 opens two points in the
calling loop circuit, thereby to deenergize the
line relay R2035. At these same armatures and
their respective associated working contacts, the
relay R2040 switches the calling loop circuit
through to the line conductors of the  selected
trunk line.

Tf it be assumed, for example, that the trunk
Jine 36 is the first available idle line of the se-
lected group, this trunk line is seized in the

manner just described and the calling loop cir-:

cuit is switched through to the line conductors
thereof to complete a circuit for energizing the
line relay R685 embodied in the line terminating
apparatus associated with the trunk line 36 and
provided at the operator’s position in the ex-
change B. This circuit may be traced as ex-
tending from ground at the upper terminal of
the lower winding of R685 by way of this wind-
ing, the transformer winding 655, C338, the
switch springs 814 and 813, C852, the wiper 1904,
1895, RA2046, RA2054, the wiper 2073, C2ITT,
RA2161, C1386, RA2(01, the pulsing springs em-
bodied in the calling device 2185, the switch
springs 2166 and 2187, the receiver 2168, the
transmitter 2189, the winding of R2(10, RA2112,
RAZI11, RA2164, C2119, the wiper 2071, RA205I,
RA2041, C1981, the wiper 1901, C850, the switch
springs 807 and 868, C836, the transformer wind-
ing 654 and the upper winding of RE85 to bat-
tery. When energized over this circuit, the relay
REG85 operates to complete, at RA68T, an ob-
vious circuit for energizing the slow-acting hold
relay R§90 and to complete, at RA686, a circuit
for energizing the line signal lamp 6719 in series
with the relay R520. More particularly, the
last-mentioned circuit extends from ground by
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way of RAG86, RAGSS, the filament of the signal
lamp 679, C544 and the winding of R520 to bat-
tery. The resulting illumination of the lamp
679 serves to indicate to the operator that a
calling condition is present upon the trunk line
36. The visual signal indication given by the
lamp 679 is supplemented by the operation of
the audible signal device 525 providing the key
operated switch comprising the springs 513 oc-
cupies its off-normal position. More particularly,
if the springs 513 are closed, the relay R520,
upon operating in response to its energization
in series with the signal lamp 679, completes,
at RAB21, a circuit extending by way of the
armature 526 for energizing the buzzer 525, The
resulting operation of this buzzer indicates to
the operator that an incoming call awaits at-
tention. .

When the slow-to-release hold relay R699 op-
erates in response to operation of the line relay
RS85, it prepares at RA692 a circuit for ener-
gizing the relay R695. At RA691, the relay R690
completes a path extending by way of C837 and
the switch springs 81f and 810 for applying
ground potential to the control conductor C85i
of the trunk line 36, The application of ground
potential to this control conduetor serves to hold
the finder-connector link of Figs. 19 and 20 in
its operated position independently of the line
and hold relays embodied in the link. More par-
ticularly, this ground potential is forwarded by
way of the wiper 1902, Ci981 and RA2042 to
the conductor C1989, thereby to maintain the
relays R2040 and R2050 energized independently
of the line and hold relays R2035 and R2010, re-
spectively. In this regatrd, it will be noted that,
immediately the switching-through relay R2040
operates, it opens the loop circuit to the line
relay R2035. Upon restoring, this line relay
opens, at RA2036, the operating circuit for the
hold relay R2010. Shortly after ground is re-
turned over the control conductor of the se-
lected trunk line, the hold relay R2010 restores
to open, at RA2011, the multiple path for apply-
ing ground potential to the conductor C1988.
At RA2015, the relay R2010, upon restoring, pre-
pares a point in the above-traced circuit for
energizing the release magnet 2033, this circuit
now being held open at the operated armature
RA2045 of the switching-through relay R2040.

In order to answer- the call, the operator in
the exchange B first operates the answer switch
666 to its off-normal position, thereby operatively
to associate her telephone set with the loop cir-
cuit extending to the calling substation. Thus,
when the switch 666 is operated to the off-nor-
mal position, the contact springs 668 and 6712
are closed to connect the series connected wind-
ings 563 and 504 of the induction coil 502 across
the line terminals of the windings 651 and 652
embodied in the repeating transformer €50.
Operation of the switch 666 to its off-normal
position also results in the completion of a cir-
cuit for energizing the transmitter 500 embodied
in the operator’s telephone set, which circuit
may be traced as extending from ground by way
of the switch springs 667, C546, the transmitter
580, the induction coil winding 505 and the wind-
ing of the retard coil 507 to battery. It will

" be understood that, due to the coupling between

the winding 505 and the series connected wind-
ings 583 and 504 of the induction coil 502, voice
frequency currents developed by the operation
of the transmitter and traversing the closed cir-
cuit, just traced, cause corresponding induced
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voltages: to be developed in: the windings . 583
and 504 which are: impressed upon: the windings;
€61 and €52 of the repeating transformer: 640.
Similarly, signal currents traversing. the wind-
ings 654 and: 65% of the repeating transformer
650 cause: induced voltages. to. be developed in:
the ftwo windings 651 and 652 which are im-
pressed by way of a circuit. including the line
conductors C347 and €548 and the condenser
506, upon. the terminals of the: receiver 501.
When the answer switch 666 is operated to its:
off-normal position in the manner: just: described;
an. -obvious: circuit: is. completed, at the springs
810 for energizing the busy lamp. 698, which
lamp, in its illuminated condition, indicates that:
the trunk line 36 is in a busy condition. ©pera-
tion of the switch 686 to its off-normal position,
also results in the energization and operation
of RG95 over a cireuit extending from ground
by way of the springs 611, RA692 and the wind-
ing of R§85 to battery. When energized over
this. circuit, the relay- R695 operates: to open,
at. RA8YS, a point in the circuit, traced above,
for energizing the line signal lamp 619 in series
with. the relay R528. Thus, operation of the
buzzer 525 is. arrested, and the lamp: 619 is ex-.
tinguished. . ’
Upon conversing with the ealling party, the
operator may ascertain the subscriber or sub-~
station: desired by the calling party and take
the proper steps to cause the desired connection
to ‘be established. In this regard, it is pointed
out that the operator in the exchange B. may
route the connection te an operator’s position
in the exchange A or, by seizing the proper out~.
going frunk line and dialing the proper line se-
lecting digits, cause a  connection to be routed
directly to a substation associated with a line
terminating at the exchange F, a substation as-
sociated with a line terminating at the exehange
C, a substation associated with a line terminat-.
ing at the exchange D, or a substation asso-
ciated with a line terminating at the exchange E.

Subsection B—Ezxiension of the  comnection to
e subsiation line terminating ot the exchange
A

If the call initiated at the substation Ti and
routed to the operator’s position in the exchange
B is to be extended to a substation associated
with a line terminating at the exchange A, the
operator who answers the call may cause the
cennection to be forwarded by seizing an -idle
trunk extending to the exchange A. For exam-
ple, if the inter-office trunk line {2 is idle, the
operator who answers the call may operate the
call and answer switch 619 to its off-normal posi-
tion, thereby to seize this trunk and to cause a

the day when an operator is: on dufy in the ex-
change: B, the: transfer switch 483, embodied in

- the line terminating apparatus illustrated in Fig.
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4, shall be operated to its off-normal position,
whereby- conventional! manual ringing may be
ytilized in sighaling over the trunk line- 12 be-
tweer the two operators’ positions. With this,
arrangement, the operator may actuate the ring-
ing key 632 to its off-normal position to cause
alternafing: ringing current to be projected over
the trunk line 12 to the apparatus. (0.. More
parpticularly, when the switch 632 is; moved to
its off-normal position, an obvious circuit is com-
pleted af the springs 643 for energizing the slow-
te-opesate relay RB45, which: relay, upon oper-
aling, comnects the opposite terminals of the
ringing - current. generator; not shown but pro-
vided in the exchange B, to. the line conductors
C&L3 and C414 of the trunk line 2., When the
relay R64% operates, the alternating current relay
RATE is energized over a circuit. which may be
traced as extending from onhe terminal of the
ringing current generator by way of the springs
633, RA46, C834, the springs 802 and 80!, C413,

. RAA0S, the transformer winding 476, the winding
" of R410, the condenser 418, the transformer

winding: 411, RA408, C4t4, the springs 804 and
805, €835, RA6471, and the springs 634 to the
opposite terminal of the ringing current gen-
erator. When energized over this circuit, the
relay RATY operates to .complete, at RA4T2, a
eireuit extending by way of RA458 and RA454
for energizing the lower winding of the relay
RA5C. The last-mentioned relay is of the two-
step type, such that it operates to close only
the “X’ contacts associated with RA453 in re-
sponse tg the energization of its lower winding.
When these contacts are closed, a. path is com-
pleted for: short-eircuiting the upper winding of
R453, ‘which path may be traced as extending
from ground at RA412 by way of RA458, RA454,
the: upper winding of R480, RA453 and the switch
springs 487 and 486 back to ground at RA46GI.
It will be understood that the operator located

5 in the exchange B only momsntarily operates

the nen-locking ringing key 632 to its off-nor-
mal position and,-henece, only g pulse of ringing
eurrent. is transmitted over the trunk line 12
to cause the energization and operation of the

» relay RAT6. When the ringing key 632 is re-

stored to mermal, the- relay RS845. is caused to
restore to open the above-traced circuit trav-
ersed by the ringing current and to connect the

" lne conduectors of the trunk line 12 to the line

. berminals of the windings §64 and 603, embodied
(in the repeating transformer 608.

At the end
ef the ringing operation and when the switch

_ €3% is restored to normal, the relay RA4TG is de-

signal to be transmitted to the line terminating -

" apparatus 0. illustrated in Fig. 4 and located
in the exchange A. More particularly, when the
switch 619 is operated to its off-normal position,
the. springs 6280 and 628 are closed to conhech
the operator’s telephone set across the windings
601 and 602 of the. repeating transformer600.
At the springs 628, a multiple circuit, similar to
that traced: previcusly, is completed for ener-
gizing the transmitter 508. At the springs 624,
& multiple circuit is completed for energizing

the normally energized slow-to-release relay 7

RE38. At the springs 626, an obvious circuit
is completed for energizing the line busy lamp
648, .

As pointed ocut previously, with the arrange-
ment. illustrated, it is contemplated that, during

60

5.

energized and restores-to open, at RA4S72, a point
in the previously traced path short-circuiting the
upper winding of R480, permitting the two wind-
ings of the last-named relay to be energized in
series ever a circuit. extending from ground at
RA46! by way of the switch springs 486 and

35 48%, RA4B3 and the two windings of R459 to

battery. When- ifs two windings are energized
in series over the circuit just traced, the relay
R450 completes its operation to open, at RASES,
a furthier point in its operating circuit and to
prepare at RA4S4 and ifs associated working
contact, ‘& circuit, traced hereinafter, for ener-
gizing- the lower winding of R485. At RAA451,
the:relay R480 cpens a point in the circuit, traced
hereinafter, for energizing the supervisory-lamp
493. At RA452, the relay R450, upon fully oper-
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ating, completes a circuit for energizing the line
signal lamp 492, this circuit extending from
ground at RA461 by way of RA&52 and the fila-
‘ment of the lamp 493 to battery. The resulf-
ing illumination of the lamp 493 indicates to
the operator on duty at the position 10 in the
exchange A and having access to the equipment
i0:, that an incoming call on the trunk line 12
awaits attention. ‘
To answer the call, the operator inserts the
plug terminating the conductors of her telephone
set in the answer jack 482 and, in so doing, ap-
plies battery potential to the sleeve contact of
the answer jack 482 to complete a circuit for
energizing the relay R488, this circuit extending
from ground at the upper terminal of the wind-
ing of R460 by way of this winding, and RA40T
to battery as impressed upon the sleeve contact
of the answer jack 482. Upon operating, the
relay R468 completes, at RAA63, an obvious hold-
ing circuit for itself and prepares, at RA464, 2
point in the pulsing circuit, traced hereinafter,
for energizing the pulsing relay R410. At RA46I
and its associated resting contact, the relay R460,
upon operating, opens a peoint in the circuit,
traced above, for energizing the line lamp 493,
thereby to extinguish this lamp. Af RAA61, the
relay R460 also interrupts the above-traced cir-
cuit for energizing the two windings of R450
in series, causing the latter relay to restore.
When the operator in the exchange A inserts
her answer plug in the jack 482, the line ter-
minals of her telephone set are connected, in
the usual manher, across the winding 480 of the
repeating transformer 475 through the tip and
ring contacts of the jack 482, thereby to com-
plete a talking connection extending by way of
the trunk line 12 to the calling operator’s posi-
ticn in the exchange B. After instructing the
answering operator in the exchange A as to the
party desired by the calling subscriber at the
substation Ti, the operator in the exchange B
may establish a bridge or jumper connection
between the trunk lines 36 and 12 and release
the call and answer link line 553 and its asso-
ciated equipment for further use. To this end,
and if the connecting link line 552 is used, the
two switches 607 and 658 are operated to their
respective off-normal positions and the call and
answer switches 619 and 668 are restored to nor-
mal. When the switch 658 is operated to its
off-normal position, the springs 664 and 659 are
closed to connect the line terminals of the re-
peating transformer windings 651 and 652 to the
1ink line conductors C888 and C689. Similarly,
when the switch 687 is operated to its off-normal
position, the springs 689 and 617 are closed to
connect the line terminals of the repeating trans-
former windings 661 and 602 to the link line
conductor C688 and CG89. Thus, & bridging con-
nection including the link line 552 is completed
between the trunk lines 36 and {2, When the
switch 658 is operated to its off-normal position,
a multiple circuit is completed at the springs
66{ for maintaining the busy lamp 698 ener-
gized, and a multiple holding circuit is com-
pleted at the springs 668 for maintaining the
relay R695 operated. At the springs 683, an
alternative circuit, traced hereinafter, is pre-
pared for energizing the supervisory lamp 501,
When the switch 607 is operated to its off-normal
position the springs 610 and 6il are closed to
prepare & circuit, traced hereinafter, for ener-
gizing the relay R640. Following operation of
the two switches 687 and 658 to the off-normal
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position, the desired bridging connection between
the trunk lines 12 and 36 is completed and the
link line 553 may be released. To this end, the
switches 619 and 666 are restored to normal.
When the key controlled switch 619 is returned
to normal, the springs 620 and 628 are opened
to disconnect the line conductors C5471 and C548
from the windings of the repeating transformer
605. Similarly, when the switch 666 is returned
to normal, the line conductors of the link line
553 are disconnected from the windings of the
repeating transformer 8%5. At the springs 625,
the multiple circuit for energizing the transmit-
ter 500 is opened, the operating circuit for the
transmitter being interrupted at the springs 661
when the switch 666 is restored to its normal
position. At the springs 6§26, the multiple cir-
cuit for energizing the busy lamp 648 is inter-
rupted and, at the springs 624, the multiple hold-
ing circuit for R§35 is opened. Similarly, when
the switch 566 is restored to normal, the multiple
holding circuit for R695 is opened at the springs
671 and the multiple circuit for energizing the
busy lamp 698 is interrupted at the springs 670.

After the information concerning the sub-
station desired at the calling party is relayed
from the operator in the exchange B to the
operator in the exchange A, the last-mentioned
operator may cause the connection to be for-
warded to the desired substation line in the man-
ner conventionally followed in manual office
practice. When the desired connection is fully
established, the supervision of the calling end
thereof is under the control of the operator
located in the exchange B. Thus, when the call
is cleared out at the calling substation T: and
the calling loop circuit is interrupted, the line
relay RS§85 is deenergized and restores. Upon
restoring, the relay R685 opens, at RAG81, the
operating circuit for the slow-acting hold relay
R690 and completes, at RA686, the above-men-
tioned circuit for energizing the supervisory sig-
nal lamp 5t1, this latter circuit extending from
ground by way of RAG86, the switch springs 682,
C543, the filament of the lamp 5!l and the wind-
ing of R530 to battery. The resulting illumina-
tion of the supervisory lamp 5i1 indicates to the
operator in the exchange B that the connection
routed by way of the link line 552 has been
cleared out at the calling substation. If the key:
controlled switch comprising the springs 513 oc-
cupies its normal position at the time the line
relay R685 restores, the operation of the relay
R530 resulting from its energization in series
with the supervisory lamp 5t{ causes the buzzer
535 to operate and supplement the visual signal
with an audible signal. Thus, if the springs 513
are closed, the relay R530, upon operating, com-
pletes, at RAB3I, a circuit extending by way of
the springs 513 and the armature 836 for ener-
gizing the operating magnet of the buzzer 535.
In order to release the link line 552 ufilized in
the connection, itis only necessary for the opera-
tor in the exchange B to restore the key con-
trolled switches 607 and 658 to normal. When
the switch 607 is returned to its normal position,
the line terminals of the repeating transformer
windings 601 and 602 are disconnected from the
link line conductors C888 and C68% and the cir-
cuit for energizing the busy lamp 648 is inter-
rupted at the springs 613. Similarly, when the
switch 658 is restored to normal, the line ter-
minals of the repeating transformer windings
651 and 652 are disconnected from the link line
conductors C§88 and C689 and the circuit for
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energizing the busy lamp 698 is interrupted at
the springs 681. Also, when the last-mentioned
switch is operated to its normal position, the
springs §63 are opened to interrupt the circuit,
traced.above, for energizing the supervisory lamp
511 in series with the relay R539, causing the
lamp.5!1 to be extinguished and the relay R530
to restore to arrest the operation of the buzzer
535. At the springs 668, the holding circuit for
the relay R6§3 is interrupted when the switch
658 is returned to its normal poesition. Upon re-
storing, the relay R695 reprepares, at RAG%S,
the circuit, traced above, for energizing the line
signal lamp 679.
" When the hold relay RE88 restores in response
to the restoration of R885, it opens, at RAESI, a
point in the path, traced previously, for applying
‘ground potential to the control conductor [o1:1:3|
of the trunk line 38. The removal of ground
potential from this contrel conductor results
in the deenergization and restoration of the two
operated relays R2849 and R2350 embodied in
the finder-connector link illustrated in Figs. 19
and 20. When the: relay R2040 restores it
initiates the release of the link in the manner de-

scribed previously. Thus, the relay R2840, upon .

restoring, completes at RA2045 the previously
traced circuit- for energizing the release magnet
2083, which magnet, upon operating, causes the
wipers of the switching mechanism 1886 to be
returned to rotary and vertical normal in the
usual manner. The manner in which the line
circuit associated with the calling line is re-
turned to normal is exactly the same as described
previously. :

In order to inform the operator in the ex-
change A thai the connection has been cleared
out at the calling end thereof, the gperator in
the exchangs B momentarily operates the ring-
ing key 632 to its off-normal position to cause
ringing current to be projected over the trunk
line {2. This current traverses the two windings
476 and 877 causing a corresponding voltage to
be induced in the winding 488, which voltage
serves.to energize a ring up relay conventionally
provided in the operator’s cord circuit. The re-
sulting operation of this relay serves to energize
s visual or audible signal associated with the
cord circuit, thereby to indicate to the operator
at the position 10 in exchange A that the connec-
tion may be released. It will be noted that the
two relays RE70 and R45) respond to the pulse
of ringing current transmitted over the trunk
Jine 12 for the purpose of signaling the cperator
in the exchange A. Since the-relay R460 is
operated at this time, however, the momentary
operation of the two relays R470 and RA459 is
without effect; Upon receiving the disconnect
signal, -the operator in the exchange A may
initiate the release of the established connection
extending to the- called subscriber’s substation
in the usual manner. During the release opera-
tion, the operator withdraws the plug terminat-
ing the conductors of her telephone set from the
answer jack 482, thereby interrupting the cir-
cuit over which R468 is being held energized.
Following the restoration of R460, the apparatus
illustrated in Fig. 4 is in its normal condition
and is prepared for further use.

Subsection C.—Extension of the connection to a
substation line terminating at the exchange A,
C, D, E or-F when the operator in exchange B

~ig off duty '

As explained previously, when the operator ;in
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the exchange B leaves her -position or goes off
duty, the transfer switch -800 is operated to its
off-norma] -position so that the springs thereof
assume the positions illustrated in the drawings.
Also, the transfer switch ‘483 lccated af the op-
erator’s position in the exchange A is operated to
a position such that the springs embodied therein
occupy the positions illustrated-in the drawings.
With the transfer -switch ‘888 occupying its off-
normal position, all calls intended for the op-
erator’s position in -the exchange B are auto-
matically forwarded to an operator’s position in
the exchange A. Thus, if the call described in
the preceding subsection and originating at the
substation T: is ‘initiated at a time when the
transfer switch 800 occupies its off-normal posi-
tion, the calling loop circuit is switched through
to-the repeater illustrated in Figs. 10 and 11 in
response -to the switching-through operation of
the connector switch of Figs. 19 and 20 which
occurs following the seizure of the trunk:line-36.
When the calling loop circuit is-switched through
to the repeater of Figs. 10-and 11, the-line relay
R1605 embodied therein is energized over a cir-
cuit which may be -traced as extending from
ground ‘at the upper terminal of the lower wind-
ing thereof, by way -of this winding, C845, the
switch -springs -§15 and 843, €852, the switch
wiper 1984, C1995, RA2046, RA203%4, the wiper
2073, C2111, RA2161, RA2I81, the pulsing springs
embodied in the calling device 285, the switch
springs 2166 and 2187, the receiver 2188, the
transmitter 2168, the winding of -R2110, RA2112,
RA2{11, RA2I64, C2179, the switch -wiper 2071,
RA2051, RA2041, C1981, the wiper 1901, C850, the
switeh springs-801 and 889,-C843 and the upper
winding - of R1005 to battery. Upon operating,
the relay R1805 completes, at RAI006; an obvious
circuit for energizing the slow-acting hold relay
RI1089. The relay -RI1860, upon operating, com-
pletes, at RA1081, an obvious path for applying
ground to the control conductor - C844, which
ground is extended by way of the switch springs
812 and 810 to the control conductor C851 of the
trunk line ‘85, thereby to maintain the link il-
lustrated in - Figs. -19 and 20 operated after the
line and hold relays embodied therein restore in
the manner previously -explained. At RA1003,
the relay R(800, upon operating, prepares a cir-
cuit, traced hereinafter, for energizing the relay
R1039. .At RAI092: and its asscciated working
contact, the relay R1900 completes a circuit for
energizing the slow-acting relay RI100, this cir-
cuit extending from.ground by way of RAI002,

- RAI036, C1082, RA1i2 and the winding of R11060

to-battery. - When energized over this circuit, the
relay Ri180 operates to: prepare, at RAII4, a
circuit for energizing the slow-to-operate relay
RI165; to complete, at-RAI103, a circuit extend-
ing from ground at RAI133 for energizing the
slow-acting relay ‘R!{120; and to complete at
RAI102 a circuit -extending from ground at
RAI132 for energizing the relay R1140. The re-
lay R1i(40, upon operating, completes, at RAI142,
the akove-mentioned circuit for energizing the
slow=to-operate relay RI1§5. At RAII4l and
RAI143 and their respective associated working
contacts, the relay Ri140 connects the opposite
terminals of the alternating current source, not
shown, but provided in the exchange B to the line
conductors C841 and-C842 of the trunk line 28,
which trunk line is-now connected by way of the
springs of .the transfer switch 800 to the trunk
line 12 extending. to-the operator’s position {0 in
‘the exchange A. -Ab.its-armatures RAI21 and .
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RAlI22, the slow-acting relay R1120, upon op-
erating, disconnects the line terminals of the
repeating transformer windings {178 and 1178
from the line conductors of the trunk line 28,
thereby to prevent alternating current from being
fed back over the calling loop circuit to the calling
substation. The relay RI105, upon operating,
completes, at RAI1181, an obvious circuit for en-
ergizing the relay RI116. At RA1i69, the relay
R1165 completes a circuit for energizing the re-
lay R1039, this circuit extending from ground by
way of RA{109, Ci18%4, RA1§03 and the winding
of R1630 to battery. The relay R1035, upon op-
erating, completes, at RA1038, a holding circuit
for itself, which holding circuit extends from
ground at RAI05T by way of RA{838 and the
‘winding of RI1638 to battery. At RAI832, the
relay RE988 prepares an alternative path for ap-
plying ground potential to the control conductor
C844 of the trunk line 48. At RAI03[ and
RAI039, the relay Ri839 connects the line con-
ductors C843 and C845 of the trunk line 49
through to the line terminals of the repeating
transformer windings 1174 and 1{75. At RA1838,
the relay Ri830 opens a point in the above-traced
operating circuit for the relay Ri108 causing the
last-mentioned relay to restore. A further point
is opened in the operating circuit for RI{{88 in
response to the operation of Ri{ {0, which latter
relay operates substantially simuitaneously with
the operation of R{038. Upon restoring, the re-
lay RI130 opens, at RAI184, the above-traced
operating circuit for RIi05, causing the last-
mentioned relay and the relay Rili8 to restore
in the order named. At RA{102 and RAI1(63,
respectively, the relay R{1060 opens the respective
operating circuits, traced previously, for the two
relays R{i20 and RI{140, causing both of these
relays to restore. When the two last-menticned
relays fall back, the line conductors C84i and
C842 are disconnected from the alternating cur-
rent source and are reconnected to the line ter-
minals of the repeating transformer windings
{178 and 1179.

From the foregoing description, it will be ap-
parent that the relays Ri100, R1i48, Ri1{0, and
R1{328 cooperate to causé a seizing pulse of al-
ternating current to be transmitted by way of the
trunk line i2 to the operator’s position 18 in
the exchange A. The duration of this pulse is
primarily determined by the slow-acting charac-
teristics of the two relays Ri{88 and RI105 and
is relatively short. The path traversed by the al-
ternating current may be traced as extending
from one terminal of the alternating current
source, not shown, by way of RAII4], C84i, the
switch springs 833 and 881, C413, RAA40E, the
transformer winding 476, the winding of R410,
the condenser 418, the transformer winding 4711,
RA408, C414, the switch springs 884 and 806,

C842 and RA1143 to the opposite terminal of the .

alternating ctirrent source. When energized over
this circuit, the alternating current relay RAT0
operates, in the manner explained above, to com-
plete, at RA412, the previously traced circuit for
energizing the lower winding of R459. The last-
mentioned relay, upon partially operating, com-
pletes, at the “X* contacts associated with RA453,
an alternative path for short-circuiting its upper
winding, which path may be traced as extending
from ground at RA434 by way of the switch
springs 488 and 487, RA453, the upper winding of
R450, RAGS4, and RA458, back to ground at
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operating, also opens, at RA4TI(, a point in the
path by way of which signal currents are trans-
mitfed to the operator’s telephone set, thereby
to preclude the possibility of the operator’s re-
ceiver being energized by the alternating current.

At the end of the seizing pulse of alternating
current transmitted by way of the trunk line 12
and when the relay R{ 140 restores in the manner
just explained, the alternating current relay R470
is deenergized and restores to open, at RA4TZ, a
point in the above-traced path short-circuiting
the upper winding of R450, permitting the two
windings of this relay to be energized in series.
The relay R450 now completes its operation to .
complete, at RA452, the previously traced circuit
for energizing the line signal lamp 493. At
RA451, the relay R450 opens a point in the
circuit for energizing the supervisory lamp 492
and, at RA454, it opens a point in its operat-
ing circuit and prepares a point in the operating
circuit for the relay R455.

The illuminated condition of the line signal
lamp 493 indicates to the operator at the position
10 in the exchange A that a call is present on the
trunk line 12 which should be answered. To
answer the call, the operator inserts the plug
terminating the line conductors of her telephone
set in the answer jack 482 in the manner ex-
plained previously. In response to this opera-
tion, the relay R460 operates to complete its
holding circuit and to open at RA461 and its as-
sociated resting contact the circuit for energiz-
ing the line signal lamp 493. At RA462, the

5 relay R46% completes a holding circuit for R450,

" which circuit may be traced as extending by way

40

45

50

55

60 .

65

70-

RA472. The alternating current relay R470, upon .75

of RA466, the switch springs 488 and 487, RA453
and the two series connected windings of R450 to
battery. At RA461 and its associated working
contact, the relay R466 completes a circuit for
energizing the slow-to-operate relay R445 in
parallel with the relay R405, one branch of the
circuit extending by way of the switch springs
484, RA416, RA422 and the winding of R445 to
battery, and the other branch of the circuit
extending by way of the switch springs 484,
RA486 and the winding of R405 to battery. The
relay R4S, upon operating, completes, at RA406
and RA462 and their respective associated work-
ing contacts, a circuit for projecting alternating
current over the trunk line 12 to the repeater
llustrated in Figs. 10 and 11. At RA401, the
relay R495 opens a point in the above-traced op-
erating circuit for R469. When energized over
the circuit traced above, the relay R445 operates,
after an interval, to prepare, at RA441, an alter-
native circuit, traced hereinafter, for energizing
the relay R465 and to complete, at RA446, an
obvious circuit for energizing the slow-to-release
relay R430. The last-mentioned relay, upon op-
erating, completes at RA432, a circuit extending
by way of RA438 and its associated resting con-
tact for energizing the relay R449. The relay
R440 now operates to complete, at RA441, RC442
and RC443, an obvious cireuit for energizing the
slow-to-operate relay R433. The last-mentioned
relay, upon operating, completes, at RA439 an
obvious holding circuit for itself; prepares, at
RAA8Y’, a circuit for energizing the pulsing relay
R410; opens, at RA434, the multiple holding cir-
cuit for R450; opens, at RA436, a point in the
above~traced operating circuit for RA405; and
completes, at RA431, a holding circuit for R440,
-which latter circuit may be traced as extending
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from ground  at RA481 by way of the switch
springs 484, RA43T, RA438 and the winding -of
RA448 -to battery. When its operating -circuit is
- interrupted 'in the manner just described, the
relay RA4E85 restores :to terminate the pulse of

alternating current transmitted by way .of the -

trunk lins 12 to the repeater illustrated .in Figs.
10 and 11. Also, upon:restoring, the relay R405
reconnects the line -conductors C43 and-C4i4 of
the trunk line {2 to the line terminals of the
repeating ‘transformer windings 476 and 471,

When the alternating current source provided
in the exchange A is connected to the line con-
ductors of the trunk line'i2;-the relay R1{15 em-
bodied in the repeater illustrated in Figs. 10 and
11 is energized over a circuit which may be traced
as extending from one terminal of the ringing
current ‘source by way of RA4I1, RAAE, C4i3,
the switch springs 801 and -803, C841, RAI{4l,
RAF 21, the winding (178, the condenser 1171,
the winding of RI115, the winding 1179, RAI122,
C84z, the switch springs 808 and 844, Cél4,
RA408, and RA412 to the opposite terminal of the
alternating current source. The relay Rit115,
upon operating, opens, at-RAI116, a-point in the
calling loop circuit, thereby to prevent the al-
ternating ringing eurrent from keing transmitted
to the calling substation. Af{ RAII{T, the relay
R1115 completes a circuit for energizing the lower
winding -of Ri012, this-circuit extending from
ground by way of RAIIIT, Ci1080, RAIBST  and
its associated working- contact, RA1023, RA{0IT
and the lower winding of RI0i2 -to battery.
When its -lower -winding is energized over- this
cireuit, the relay R{012 partially operates to com-
plete, at the “X” contacts associated with
RAI013, a path for short-circuiting -its upper
winding, this path extending from ground at
RAI933 by way of RAIBAL, RAIGI3, the upper
winding of RI10i2, RAI0IT, RAI023, RAI83T’ -and
C1{890 back to ground at RA{II1T. At the end of
the -pulse transmitted by way-of the trunk line
12 to: the repeater-illustrated in Figs. 10 and 11,
the relay Rii15 restores to open, at RAI!IT, the
above-traced path short-circuiting the upper
winding of RI012 and to recomplete, at RAI[16,
the calling loop circuit, When the short-circuit-
ing path, -traced -above, -is interrupted, the two
windings of R{012 are energized in series and this
relay completes its operation to prepare, at
RA!0I17, a circuit, traced hereinafter, for-ener-
gizing the lower winding of the relay R1020. At
RA10{4 and RAI015, the ‘relay RIBI2 reverses
the-polarity of the battery voltage impressed upon
the line conductors Ci1551 and C1553 of the trunk
line 44 through the windings of the line relay
R 1005, but such voltage polarity reversal is with-
out effect in the case here being considered. It
will be noted that the polarity of the battery
voltage impressed upon the line conductors C843
and C845 of the trunk line 49 through the wind-
ings of the line relay R 1005 is not affected by the
operation of the relay RI812.

‘Following the coperation and restoration of the
alternating current relay R1115 in response to the
pulse of alternating current transmitted over the
trunk line 12 in the manner just described, the
desired -conversational -connection between the
calling substation T1 and the operator’s telephone
station in the-exchange A-is fully completed. If
the substation desired by the calling party is
associated with a line terminating at -the -ex-
change-A, the operator may forward-the connec-:
tion to-the desired substation in the manner-con- .
ventionally followed in -manual -office -practice.
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On the other:-hand if the-call is to.be forwarded
to a line terminating at one-of the exchanges.C,
D, ‘B or F, the operator in the exchange A may
cause:-the desired connection to be set up in the
manner -explained. subsequently in section 9, sub-
sections B.and D. At the end of the conversation
and when the connection is cleared out at the
calling substation Ti, the calling loop -circuit is
interrupted, in the usual manner causing the
line relay R10885 to restore. Upon restoring, the
relay R1085 opens, at RAI0£6, the operating cir-
cuit for the hold relay R1089, which latter relay,

upon restoring, completes, at RA1881, the above-

mentioned alternative path for  maintaining
ground on the control conductor C844, this path
eztending from ground at RAI032 by way of
RAI03i to the control conductor noted. At
RAI867, the relay RI1005, upon restoring, com-
pletes an alternative circuit for energizing the re-
lay R!i20, which circuit may be traced as exténd-
ing by way of RA1037, C1083 and the winding of
R1120 to-battery. The relay RI128, upon operat-
ing, disconnects the line terminals.of the repeat-
ing transformer windings (118 and 1179 .from the
line.conductors- C841 and C842 of the trunk:line
28. At RAID06, the relay RI1085 also. completes
an alternative circuit for.energizing ‘the relay
R 140, this circuit extending from ground by way
cf ‘RA1006, RAI035, CI1080 and the winding of
R 140 to battery.. When energized over ‘this cir-

- cuit, the relay -Ril40 again connects the .line

conducters of the trunk line-28 to the alternating
current source provided in the exchange B, there-

by to complete: the previously traced circuit for -
. energizing ‘the .alternating current relay -R410.

" At RAI082 andits associated resting contact, the
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relay ‘R {000, upon restoring, completes a circuit
for energizing the upper winding of R{139, this
circuit extending by way of RAI1834, Ci818 and
the upper winding of Ri130 to battery. Upon
operating, the relay Ril20 prepares, at RA!I31;a
circuit, traced hereinafter, for energizing the op-
erating magnet 1072 of the rotary switch 1070;
prepares, at-RA1133, a circuit for energizing the
slow-to-operate relay R1i95; and.completes, at
RA82, a circuit, extending by way of RAI112,
for energizing the relay RI11080. The relay Ri {80,
upon operating, completes the previously traced
circuit for energizing the slow-to-operate relay
RI1185 and also. completes, at RAE18§, a multiple
holding -circuit for Ri{(38, which latter circuit

may be -traced as extending from ground :at

RAL13{ by way of RAII9! and the upper wind-
ing of R{138 to battery. The relay Ri165, upon
operating, shunts, at RA1186, the operated arma-~
ture RA{101 of the relay R:{1080, thereby to pro-
vide a multiple holding circuit for R1{30. ‘At
RAL191, the relay Ri 165 completes. the operating
circuit for the relay ‘RiiL8, which latter relay,
upon operating, opens, at RAI11#2, the operating
circuit for RI100 and completes, at RAH LI, the
above-mentioned circuit for energizing the-op-
erating magnet 1072 of the minor switch :1070.
Upon restoring, the relay Ri 190 opens, at RALIDS,
the operating circuit for R11§5, which latter re-
lay, in turn, restores to open .the operating.cir-
cuit for Ri1{0. When Ril18 restores, it recom-
pletes, at RAI1112, the operating circuit for R 1100,
thereby to again initiate the sequential cperation
‘of RITE5 and RIili8. The cyclic operation of
the ‘three relays R{i60, R1i65 and RI110 con-
tinues until the wiper 1871 of the rotary switch
1878 is stepped to its fifth off-normal position.

.More particularly, during-each cycle of operation-
“of:the:three relays ‘R1100,-R 1§05 and ‘Rl #19,-the-

x
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rotary magnet 1872 is energized in response to the -

operation of RI1I§ and is deenergized when the
relay Ril10 restores. The circuit for energizing
the magnet 1872 may be traced as extending from
ground at RAII31 by way of RAILil1, CI018 and
the winding of the magnet 1072 to battery. When
the wiper 1071 is caused to take ifs first step
from the normal position, the off-normal springs
1074 are closed to prepare a circuit, traced here-
inafter, for energizing the release magnet 1013
of the minor switch 1070. When the wiper 1871
of the minor switeh 18708 is stepped to its fifth
off-normal position, the winding of the relay
R1030 is short-circuited over a path extending
from ground at RA1233 by way of the wiper 1071
and the two contacts engaged thereby, the wind-
ing of R1030 and RAI038 back to ground at
RA{657. When its winding is short-circuited over
the path just traced, the relay R10830 restores to
open, at RAI031 and RAi039, two further points
in the caliing loop circuit and to interrupt, at
RAI1632, the above~traced alternative path for
impressing ground potential upon the control
conductor C844 of the trunk line 40. Also, the
relay R1030, upon restoring, opens, at RA1035
and RAI037, the respective alternative operat-
ing circuits, as traced above, for the two relays
R1140 and R1129, causing both of these relays to
restore. At RAI034, the relay R1030, upon re-
storing, opens a point in the above-traced operat-
ing circuit for Ri138, permitting the last-men-
tioned relay to restore following the restoration
of the two relays R{16¢ and R1(05, to open the
holding circuit for R1130. When the relay R1140
restores, the alternating current source provided
in the exchange B is disconnected from the line
conductors C841 and C842 of the trunk line 28,
thereby to terminate the pulse of alternating cur-
rent being transmitted over the trunk line i2
to the operator’s position in the exchange A.
The relay RI1138, upon restoring, opens, at
RA1132 and RAI133, points in the respective op-
erating circuits for the two relays RII100 and
RI1105, thereby to arrest the cyclic operation of
these two relays and the relay RI110. At RAT131
and its associated working contact, the relay
R1130 opens a further point in -its holding cir-
cuit and, at RAI§31 and its associated resting
contact, the relay R1130 completes a circuit for
energizing the release magnet 073 embodied in
the minor switch 1878, The last-mentioned cir-
cuit may be traced as extending from ground at
RA{I131 by way of Ci084, the closed ofi-normal
springs 1074, and the winding of the release mag-
net (9713 to battery. When energized over this
circuit, the release magnet operates to cause the
wiper 10871 to be returned to its normal position
in the usual manner, at which time the off-nor-
mal springs 1074 are opened to interrupt the op-
erating circuit for the release magnet 1073.
From the foregoing description it will be ap-
parent that a relatively long pulse of alternating
current is impressed upon the trunk line 12 by
the repeater shown in Figs, 10 and 11 in response
to the release of the connection at the calling
substation Ti. When this alternating current
release pulse is impressed upon the trunk line 12,
the alternating current relay R410 is energized
and operates to complete, at RA&712, a circuit for
energizing the lower winding of R455, this circuit
extending by way of RA458, RA454 and the lower
winding of R455 to battery. When its lower
winding is energized over this circuit, the relay
RA455, which is of the two-step type, partially op-
erates to complete, at the “X” contacts associated

10

15

20

25

30

35

40

45

50

55

60

75

lay to restore.

2,954,113

with RA457, a path for short-circuiting its upper
winding, this path extending from ground at
RA462 by way of RA466, the switch springs 488
and 481, RA457, the upper winding of RA455,
RA454 and RA458 back to ground at RA472. At
the end of the release pulse, when the relay R1140
is caused to restore to disconnect the alternating
current source from the conductors of the trunk
line 12, the relay R470 restores to open, at RA412,
a point in the path short-circuiting the upper
winding of R455, permitting the two windings of
this relay to be energized in series. The relay
R&55 now completes its operation to open, at
RAA458, a point in its operating circuit and to
complete, at RA458, an obvious circuit for ener-
gizing the slow-to-operate relay R4§5. The last-
mentioned relay, upon operating, opens, at
RA466, a point in the holding circuits for each
of the two relays R450 and R455, causing both of
these relays to restore. 'The relay R455, upon re-
storing, opens, at RA456, the operating circuit for
RA485, causing the latter relay to restore. At
RAA451, the relay R450, upon restoring, completes
a circuit for energizing the supervisory lamp 492,
this circuit exiending from ground at RA461 by
way of the switch springs 484, RA451 and the
filament of the lamp 492 to battery. The illumi-
nation of the lamp 492 indicates to the operator
that the connection has been released at the
calling substation and that the trunk line utilized
in the connection is ready to be released for
further use. To release the trunk line 12 and the
equipment associated therewith, the operator
withdraws her connecting plug from the answer
jack 482, thereby to remove battery potential
from the sleeve contact of the jack 482 to cause
the deenergization of the relay R460. Upon re-
storing, ithe relay R460 opens, at RA463, a point
in its holding circuit; opens, at RA461, the above-
traced operating circuit for the supervisory lamp
492; and completes, at RA4§2, a circuit extending
by way of RAA36 for again energizing the relay
R405. The relay R405 now reoperates to connect,
at RA406 and RA408 and their respective as-
sociated working contacts, the conductors of the
trunk line (2 to opposite terminals of the alter-
nating current source provided in the exchange
A, thus causing a pulse of alternating current to
be transmitted by way of the trunk line 12 to the
repeater illustrated in Figs. 10 and 11. When the
relay R460 restores, it also opens, at RA46I, a
point in the common portion of the holding cir-
cuits for the two relays R440 and R445. The re-
lay RA445, upon restoring, opens, at RA446, the
operating circuit for R430, causing the latter re-
When the relay R446 is deener-
gized, its weighted armature RA441 is released
and starts vibrating alternately to make contact
with its two associated contact springs RC442 and
RC444. During the time interval when the arma-
ture RA441 is vibrating to engage the two
enumerated contacts, the relay R433 is held ener-
gized over its holding circuit. When the ampli-
tude of vibration of RA441 is decreased so that
it no longer engages RC442 and RC444, the op-
erating and holding circuits for R433 are opened
and this relay restores to open, at RA435, the
above-traced operating circuit for R405. The
relay R405, upon restoring, disconnects the con-
ductors of the trunk line 12 from the alternating
current source provided in the exchange A, there~
by to terminate the pulse of alternating current
transmitted by way of this trunk line to the re-
peater illustrated in Figs. 10 and 11. Following

-the restoration of the relay R405, all of the relays
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illustrated in Fig. 4 are deenergized and the trunk
line terminating equipment shown in this figure
is conditioned for further use. -

When the pulse of alternating current is applieq
to the trunk line- 12 through the operation of the
relay R485 in the manner just described, the al-
ternating current relay RI115 embodied in the
repeater illustrated in Figs. 10 and 11 is ener-
gized and gperates to complete, at RAII1T, a cir-

cuit for energizing the upper winding of Rll:ac -

this circuit extending by way of C1099, RA{I537",
RAI1056 and the upper winding of RI050 to bat-
tery. When its upper winding is energized over
this circuit, the relay RI105%0 partially operates
to complete, at the “X” contacts associated with
RAI854, a path for short-circuiting its lower
winding, which path may be traced as extending
from ground by way of RA1054, RC1048, RAID4T,
the lower winding of R1950, RAI1856, RAIS37 and
Ci092 back to ground at RAIIIT. A% the end
of the alternating current pulse the relay RIVi5
is deenergized and restores to open, at RAIIIT, a
point in the path short-circuiting the lower wind-
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ing of R!859, permitting the two windings of the

la'st-nzentloned relay to be energized in series.
The relay Ri0%0 now completes its operation to
cpen, ot RAFEES, a point in its operating circuit
and to complete, at RAIB51, RAIG55 and RAI859,

a loop circuit extending by way of the trunk line

29 to the incoming connector switch illustrated

i Figs. 12 and 13. When this loop circuit is com-
pleted, the indicated incoming connector switch
is seized and operates, in the manner described

hereinafter, to condition itself to respond to im- .

pulses transmitted thereto over the trunk line
29. At RAIBET, the relay RI058 completes an
obvious circuit for energizing the upper winding
of the differential relay R1865. The relay Ri085
does not cperate at this time, however, sifice the
currents respectively traversing its two windings
are differentially related. At RAI852, the relay
RIBES completes a path extending by way of
RA60! for applying ground potential to the con-

trol conductor C{532 of the trunk line 44 and to

the control conductor C844 of the trunk line 40,
thereby to mark the repeater as busy in the nu-
merical switches having access therefo. At
RA1GES, the relay RI858 completes a circuit for
" energizing the slow-to-release relay R{168, this
circuit extending from ground at RAIG58 by way
of C1885, RALITI, RAIIS!I and the winding of
R11%85 to battery. When energized over this cir-
cuit, the relay R{I85 operates to prepare, at
RAEET, a holding circuit for itself and to prepare,
at RA{138, a circuit, traced hereinafter, for ener-
gizing the relay RII50. -

At RAIBET, the relay RI1850, upon fulTy oper-
ating, complc*es a circuit for energizing the lower
winding of R1120, which circuit extends by way
of Ci082, RAI154 and the lower winding of R{138
to battery. The relay RI138 operates when its
lower winding is energized over this circuit to
prepare, at RAIIZY, the above-traced operating
eireuit for the rotary magnet 1972 and a point
in its own holding circuit. At RA!{38, the relay
R1{30 preparss the previously traced operating’
it for R{1G65. At RA1132, the relay REI3D
es the above-described operating circuif
= giow-acting rela,y R!{80, which latter re-
upon cperating, completes at RAT184 the
operating circuit for R1{198, thereby to initiate the
cyclic gperation of the three relays Riif2, RI155
and Rti!§ in the manner described previously.

During each cycle of operation of these three re- 7
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lays, the operating circuit for the rotary magnet
{872 is completed in: response to operation of
the relay RI118, and is interrupted when the
relay R.i!i0 restores. Thus, the wiper- 1071 is
caused to be driven from its home position over
the contacts of the associated contact set, When
the wiper 271 is driven fo its ninth off-normal
position, an-obvious circuit is completed for ener-

‘sizing -the slow-to-release relay RJ{045, which
‘relay, unon operating, opens the holding circuit

for R{8%0 and simultaneously completes an al-
ternative holding circuit for this relay. This al-
ternative circuit extends from ground at the inner
ninth contact of the contact bank embodied in
the rotary switch 1070 by way of the bridging
wiper 1874, the outer ninth contact of the bank
contact field, RAI248, RAI847 and the two wind-
ings of R1859 in series to battery. When the
wiper #6871 is stepped to its tenth off-normal
position the operating circuit for RI845 and the
aliernative holding circuit for R{£50 are both in-
terrupted, causing these two ‘relays to restore.
The relay RI888, upon restoring shortly before
the relay Ri845 faus back, opens, at RA1054, a
further peing in its original holding circuit. At
RA{858, the relay RI850 opens the previously
traced operating circuit for R1165 and, at RAI957,
it interrupts the operating circuit for the relay
Ril3%. At RAI85i, RAI055 and RAI859, the re-
lay R1658 opens the loop circuit extending to. the
operated incoming. connector switeh illustrated
in Figs. 12 and 13. 'The interruption of the loop
circuit extending to this incoming connector

switch causes the switch to be released in the

manner explained in detail hereinafter, With
its. cperating cireuit interrupted, the relay R11390
is held energized over its holding circuit until the
period of the next operating cycle of the three
relays R{100, R{185 and R!{10 when the two

rst-named relays are deenergized. When the
relays RAE0 and R1185 restore the holding cir-
cuit for R1139 is interrupted, and this relay re-
stores to open the operating circuits for the two
enumerated relays and to inferrupt, at RAI131, a,
point in the circuit for energizing the operating
maguet {872, “Thus, the cyelic operation of the
three relays R{189, R{185 and RII18 is arrested.
At RAHIS] the relay R{130, upon restoring, com-
pletes the previously traced circuit for ener-
gizing the release magnet 1073, thereby to.cause
the wiper {87! to be returned to its home position
in the usual manner. Following the release of
the switch {670, the repeater illustrated in: Figs.

. 10" and 11 is restored to normal and the con-

nection is fully released.

S;bsectzon D—-—L’xtenszon of the connectzon 10 a
substation line terminating in the exchange C
when the operator in the exchange B is on. duty -

As pointed ocut previcusly, in the system illus-
trated, a call initiated at a substation associated
with a line terminating at the exchange B and
intended for a substation associated with a line

extending to the exchange C is first routed to
fhe operator’s position in the exchange B or to
the operator’s position in the exchange A and
from either of these two positions to the desired
substation line terminating in-the exchange C.
Thus, if the operator in the exchange B, upon
answering the call forwarded to her position from
the calling substation Ti in the manner explained
in this section, substation A, is informed that
the substation desired by the calling subscriber
is associated with a lline extending to the ex-
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change C, as for example the substation Ts,
she may cause the desired connection to be set
up by seizing the incoming connector switch
illustrated in Figs. 12 and 13 and thereafter dial-
ing the appropriate line selecting digits. To
seize the indicated incoming connector switch,
the switch 784 is operated to its off-normal posi-
tion. After this incoming connector switch is
seized the operator may dial the directory num-
ber of the substation Ts, operate the two con-
necting switches 658 and 7157 to establish a link
connection between the calling and called talking
circuits and then restore the two call and answer
switches 668 and T84 to normal to disconnect her
telephone set from the established talking con-
nection. When the call and answer switch 184
is operated to its off-normal position, the line
conductors C547 and C548 of the link line 853
extending to the operator’s telephone set are
connected, at the springs 766 and 770, to the line
terminals of the repeating transformer windings
7172 and 7113. At the springs 768, an obvious cir-
cuit is completed for energizing the line busy
lamp 763 and, at the springs 165, an obvious mul-
tiple circuit is completed for maintaining the
transmitter 500 energized. At the springs 761,
g, circuit is prepared for energizing the control
relay R780 and, at the springs 769, an obvious
circuit is completed for energizing the relay
R195. Upon operating, the relay R795 completes,
at RATS86, an obvious circuit for energizing the
lower winding of R180 and completes, at RATST,
a loop circuit extending to the incoming con-
nector switch illustrated in Figs. 12 and 13,
thereby to cause the energization and operation
of the line relay R{235. More particularly, the
Iine relay R1235 is energized over a circuit which
may be traced as extending from ground by way
of RAI254, the lower winding of R{235, the lower
winding of R{233, RCIi227, RAI!226, RA!206,
€854, the switch springs 821 and 822, RATSS,
RC786, the winding 778, the resistor 797’, the
upper winding of R190, RATST, the winding 7115,
RC7183, RAT82, the switch springs 817 and 816,
€853, RAI201, RAI223, RC1224, the upper wind-
ing of R1239 and the upper winding of R1233 to
battery. At this time the two windings of R198
are differentially energized and, hence, this relay
does not operate. Also, the two windings of the
relay R12380 are differentially energized so that
this does not operate. The relay R1235, upon
operating, completes, at RA23§, an obvious cir-
cuit for energizing the slow-acting hold relay
R{248. The relay R1240, upon operating, opens,
at RAI284, a point in the circuit, traced herein-
after, for energizing the release magnet [208;
prepares, at RAI1243, an impulsing circuit for
energizing the vertical and rotary magnets (256
and 1358, respectively; and completes, at RAI242,
a circuit extending by way of the off-normal
springs (255 for energizing the upper winding
of the slow-acting relay Ri245. The relay R4248
now operates further to prepare, at RAI2417, the
circuit for energizing the vertical magnet 1288.
At RAI246, the relay R1245 completes an obvious
circuit for energizing the relay Ri1250. Upon op-
erating, the relay R{250 completes, at RAI25,
a path for applying ground potential to the
ringing and tone apparatus start conductor
Ci25¢’, this path extending from ground af
RAI221 by way of Ci263, RAI3(2, C1264, and
RA1251 to the start conductor Ci25i1’. When
ground is applied to this start conductor, the
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vided in the exchange B is initiated in the usual
manner.. At RAI233 and RAI254, the relay
R{250, upon operating, includes the secondary
winding 1259 of the transformer 1258 in the
calling loop ‘circuit. Thus, dial tone current
is caused to flow over the calling loop circuit and
through the windings 718 and 716 of the repeat-
ing transformer 17{ so that the usual dial tone
signal is reproduced by the operator’s telephone
receiver 50i. g

Upon receiving dial tone, the operator may
operate the calling device 588 in accordance with
the directory number designating the called sub-
station Ts. During each back stroke of the dial
embodied in the calling device 508, the shunt
springs 509 are closed to complete an obvious
circuit for energizing the slow-to-release relay
R549, which relay, upon operating, completes a
circuit for energizing the relay R189. The last-
mentioned circuit extends from ground by way
of the shunt springs 509, RA542, C54S, the switch
springs 767 and the winding of R180 to battery.
When energized over this circuit, the relay R180
operates to connect, at its armature springs
RAT81, RAT82, RAT84 and RATSS, the impulsing
springs 510 of the calling device 588 directly
across the line conductors C853 and C854 of
the trunk line 20 extending to the incoming con-
nector switch shown in Figs. 12 and 13. At
RAT82 and RAT85 and their respective associated
contacts RC183 and RC186, the relay R783 dis-
connects the line terminals of the repeating
transformer windings 775 and 716 from the line
conductors C853 and C884 of the trunk line 30.
At the end of each digit and when the dial of
the calling device 568 restores to normal, the
shunt springs 589 are opened to cause the restora-
tion of the two relays RS540 and RT89. When
the relay R7180 restores it recompletes the initially
established loop circuit extending to the operated
incoming connector switch.  During each back
stroke of the dial embodied in the calling device
5088, the impulsing springs 5{0 are opened a
number of times determined by the number of
impulses making up the digit dialed, so that the
loop circuit extending to the incoming connector
switch illustrated in Figs. 12 and 13 is inter-
rupted in accordance with the impulses of the
digit. Each time this loop circuif is interrupted,
the line relay RI1235 restores to complete, at
RA1235, the previously-mentioned -circuit for
enhergizing the vertical magnet {288, this circuit
extending from ground by way of RAI236,
RAI!1243, RAI24T and the winding of the magnet
1258 to battery. It will be noted that the lower
winding of the relay R1245 is also energized over
the impulsing circuit just traced. Each time the
vertical magnet 1256 is energized, it operates to
elevate the wipers 1371 to 1374, inclusive, of the
Strowger switching mechanism {379 one step in
a vertical direction. Accordingly, at the conclu-
sion of the first digit, the enumerated wipers are
left standing opposite the level of bank contacts
corresponding to the number of impulses making
up the digit. When the enumerated wipers are
moved the first step in the vertical direction, the
off-normal springs {255 are opened to interrupt
the above-traced circuit for energizing the upper
winding of R1245; the off-normal springs 1257
are closed to complete an obvious multiple path
for maintaining ground on the ringing and tone
apparatus start conductor CI258i’; and the off-
normal springs 1207 are closed to prepare a cir-
cuit, traced hereinafter, for energizing the re-
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lease magnet- 1208.. Due to its’ slow-to-release
characteristic, the relay. R{1245 is-held- operated
for the.duration of the digit through the repeated
energization of its lower winding-over the impuls-
ing circuit -as traced above. At the-end-of the
first. digit, the line relay RI1235 is- maintained
operated. for. a. sufficient time interval to permit
the relay RI1245 to restore.. Upon restoring, the
last-mentioned. relay. opens,- at: RAI241, the cir-
cuit. for energizing its- own- lower winding.and
the winding of the magnet. 1256 in-parallel and
interrupts, at- RA1246, the operating circuit- for
the relay R{2806. When the relay R1250 restores;
it. opens, at RA1251, the. original path. for- ap-
plying. ground potential fo.the ringing and tone

apparatus start. conductor. CI1251’ and.excludes;

~ at-RAI253. and RAI1254, the secondary winding
{258. of.the. gial .tone transformer 1253 from:the
calling: loop. circuit.

The . arrangement . of the control - apparatus
embodied. in. the incoming connector  switch;
shown in.Figs: 12 and 13,.is. similar to-that of
the. local connector: switch illustrated.-in Figs.-19
and 20. and described previously; in that- its oper-
ation.is different depending upon.the character

of the line to.be selected.. More particularly, the

arrangement of. the incoming connector- switch
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of Figs. 12 aund 13 is such that the: switch. is

adapted to seize a subscriber’s.line of the single

party, duplex or multiplex type;. or to -seize- a 3

trunk: line extending . to a- succeeding: aut_omatic
switch.or repeater, the.different modes- of -opera-~
tion being determined by the number of:impulses
making up the first series of impulses transmitted

to:the. smtch The manner in which the incom- :
ing.connector switch.illustrated in Figs: 12 and 13-

operates. when. a connection. is to be: extended
tosa-line of the single.party, duplex-or multiplex
type, is described hereinafter in:Section 9, sub-~

section.A. In.the present case, the repeater-iltus-:
trated in- Figs. 17 and 18.and terminating: the
32 is assumed to.be one-of a group
individually- terminating.

trunk line
of. similaz. repeaters
trunk lines -extending to.the exchange C. These

trunk lines are terminated in a particular-level -
of the bank contacts. embodied in-the Strowger
mechanism 1878, and. the. arrangement of- the.

control sppamtus embodied. in the incoming con-
nector. switch is such that attomatic trunk-hunt-
ing. is- provided. for the purpcse. of sele¢ting: an

idle trunk in the.group. Also, the arrangement.
is such. that the calling loop circuit is switched.
through to the repeater terminating the selected
idle trunk line when the.trunk hunting operation-

is. terminated.
In the case here being considered, wherein a

trunk line.in the group including the line 32 is,
to be selected, the off-normal springs 1216 are

closed during the vertical movement of the wipers

§371 to 1374, inclusive, to prepare a circuit for.
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R1349 and R1335% are both caused fo operate at
the beginning of-the first impulse of the second
digit. - Upon . operating, the relay R1335; -at
RAI337, opens the operating circuit for RI1340
and: completes a holding circuit therefor. At
RA1336, the relay RI1335 opens a point in the
circuit, traced hereinafter, for energizing: the
lower 'winding:of the busy test relay R1329. The
relay Ri349,.upon operating, opens, at RAI341,; a
point in .the. cperating circuit for the. slow-to-
operate relay Ri360 - and completes, at. RA1342,
an-.obvious-circuit. for energizing the relay R1350.
The: last-mentioned relay, upon operating, pre-
pares,. at- RAIZSL, a circuit for energizing the
relay: R{388 and. prepares, at RA1352, a point
in the above-mentioned circuit for energizing the
busy: test” relay Ri320. At RAI1353’, the relay
R43850 completes o circuit for energizing the lower
winding of. the switching through relay R{200,
this: circuit. extending from. ground at RA1241
by way of the off-normal springs 1248, Ci214;
RAI353", Ci273 and the lower winding of RI1200
to battery.  When- its lower -winding is energized
over this: circuif, the relay R1i200 partially oper-
ates. to complete,.at the “X” contacts:iasscciated
with RA1282; a path for short-circuitingits upper:
winding; which path may be traced as extéending
from.ground .at RAL1241 by way of RA!2082; the
upper winding: of R{208; Ci273, RA{353’, CIZT§

_and:the.off- normal springs GZIS back to ground

at RAI1244;
Diiring each immpulse of the second. digit’ dlaled
at. the operator’s: position; the rotary magnet:

1356 is energized and:deencrgized and- oberates
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to-drive the wipers 1311 to. 1374, inclusive, over
the contacts of the selected level so that; at-the’
conclusion - of- the:digit, the enumerated wipers'
are left standing in engagement- with the con-
tacts terminating: the cenductors of the' first:
trunk line in the selected group.” Due to'its slow-
to-release characteristic the -relay Ri335, to-
gether- with-the two relays Ri348-and. 3‘359, is
held operated until the digit:is ended. -

In order to. adapt’ the incoming conmnector
switch - of ‘Figs. 12 and 13 for autcmatic” trunk’
hunting, the respective -test' coriductors of each’
of the trunk-lines-of a trunk-group, with the ex~
ception of the test conductor: of the last trunk:
line; are connected to both-the test and exira’
control :contacts of the contact sets-terminating-
the- respective  trunk - lines. Thus, the control
conductor C1379 of the trunk line 32'is connected
to-both the: test and the extra control contacts:

_embodied in the set of confacts terminating the-

conductors of this trunk line, When' this line is’

- made busy, ‘ground -potential’ is impressed upon

]

energizing the switching-through relay R1{263.

Following the dialing of the first or group select-
ing digit, the cperator in the exchange B dials
the particular .digit identifying the group of
trunk lines including the line 32  During each

impulse of this digit the line relay R1233 restores’

to.complete the ahove-mentioned circuit for-ener-
gizing the rotary magnet 138§ in series with the

slew-acting relay RI1335; this circuit extending:

from ground ab RAI236 by way of RA{Z43;
RA1247, RAI284, C1272, RA1326, the winding of

R123%5, RAI386 and the winding of the magnet"
{3558 to battery. A branch of this circuit extends .

by way of RA{337 and through the upper winding

of the relay R340 to battery; whereby the relays- 3

lected line, the- wiper: ] 3
. RA385 and’ the winding of R1354 to battery.
© When energized over this circuit, the relay Ri364-

the control conductor C1379; whereas, an idle
condition of the line is indicated by the-absence-
of- any potentlal thereon. Assuming that the’
trunk- line 32- is-the third line of the selected

“group’ and that -the- fitst two trunk lines of the'

group are busy; when the wipers 187 to 1374 in-
clusive, are driven-into engagement with thecon-
tacts of the contact set terminating the first line,

the above-mentioned circuit is completed for en-
ergizing- the: relay R1204, this: circuit ethdmOr
by way of the grounded test conductor of the se-*
1374, RAI384: RAI35T,

operates to complete; at-RA 130T, a holding circuit
for' itself, which -helding -circuit extends from®

- ground by way-of RA1242; C1271, RA£337 a‘ld the;
“ wmdmg ‘of R1304 to battery :

At the: end of thesecond- d1g1t the line relayd
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R1235 is held operated and the continued deen-
ergization of R{1335 causes the latter relay to re-
store. Upon restoring, the relay R1335 opens, at
RA1337, the holding circuit for RI1340. At
RAI336, the relay R{335 completes the above-
mentioned circuit for energizing the lower wind-
ing of the busy test relay R{3293, which circuit
may be traced as extending from ground on the
control conductor of the first trunk line of the
selected group, by way of the wiper 1373, RA1352,
RAI1353, RAI336 and the lower winding of R1320
to battery. When its lower winding is energized
over this ¢ircuit, the relay R1330 operates to com-~
plete, at RA1325, an chvious path for short-cir-
cuiting the lower winding of R340, thereby to
enhance the slow-to-release characteristic of the
last-mentioned relay. At RAI326, the relay
R1320 opens a point in the previously traced
pulsing circuit by way of which the rotary magnet
1355 and the relay Ri335 were energized during
the impulses of the second digit. At RA1327 the
relay R1320 shunts the armature RAI1353’ of the
operated relay R1358, thereby to complete a mul-
tiple path short-circuiting the upper winding of
RI1200. At RAI329, the relay R1320 prepares a
circuit for impressing busy tone voltage upon the
calling loop circuit. At RA1323, the relay R1320
prepares a holding circuit for itself. At RAI1324,
the relay R1320 completes a circuit for ener-
gizing the relay RI1330, this circuit extending by
way of the grounded control conductor of the
selected trunk line, the wiper 1374, RA1364,
RAI3581, RA1324, the armature 1257 and the
winding of RI330 to battery. 'The relay RI1330
now operates to complete, at RA1332, a holding
circuit for the relay R348, this holding circuit
extending from ground at RAI242 by way of
Ci27i, RA1332, RA133T and the upper winding of
R340 to battery. At RAI33I, the relay R1320
completes a holding circuit for itself, which hold-
ing circuit may be traced as extending from
ground, at RAI241, by way of CI1265, RAI133I,
RA{324, the armature 1257 and the winding of
RI1330 to battery. At RAI1332, the relay R1330
completes an alternative circuit for energizing
the rotary magnet 1356, this circuit extending
from ground at RAI242 by way of Ci2T(, RA1332,
RA1366 and the winding of the magnet 1356 ‘to
battery. When energized over this alternative
circuit, the magnet 1356 operates to step the
wipers of the mechanism (370 one step or into
engagement with the contacts terminating the
second trunk line of the selected group. A% its
armature 1257, the magnet 1356 also opens a
-point in the common portion of the operating
and holding circuits for Ri330, causing this re-
lay to restore. Upon restoring, the relay RI330
opens, at RAI1332, the operating circuit for the
magnet 1356, whereupon this magnet is deen-
ergized and tthe armature {257 is restored to re-
prepare the operating circuit for R1330. Since
the second trunk line of the selected group is
also assumed to be busy, the relay RI330 is en-
ergized from ground on the control conductor of
the second trunk line immediately the armature
-1257 of the rotary magnet 1356 is restored.
Hence, R1330 is caused fo reoperate to again
complete, at RAI1332, the alternative operating
circuit for the rotary magnet 1356, causing this
magnet to step fthe wipers of the switching
mechanism (370 a second step or into engage-
ment with the contacts terminating the con-
ductors of the trunk line 32, Since the trunk
line 32 is assumed to be idle, no further operation
of the rotary magnet 1356 occurs. It is pointed
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out, however, that the interrelated operation of
this magnet and the relay RI1330 continues until
an idle trunk line of the selected group is found
or until all of the trunk lines have been tested
and found busy. If all of the trunk lines of the
selected group are busy, the interrelated oper-
ation of the relay RI1330 and the magnet 1356
is arrested when the wipers of the mechanism
1370 are stepped into engagement with the con-
tacts terminating the conductors of the last trunk
line in the group. This is by virtue of the ar-
rangement whereby the test conductor of the
last trunk line in the group is not connected to
the extra control contact of the contact set ter-
minating the last trunk line. Hence, no circuit
is available for causing the reoperation of the
relay R1330 when the last trunk line is selected.

Since the relay R1330 does not reoperate when
the wipers of the switching mechanism 1370 are
operated into engagement with the contacts
terminating the conductors of the last trunk line
of a selected group at a time when all of the
trunk lines of the group are busy, the relay
R 1340 restores after an interval to open the oper-
ating circuit for the relay R4350. Upon restor-
ing, the last-mentioned relay completes the
above-mentioned holding circuit for the busy test
relay R1320, this circuit extending from ground
at RAI241 by way of RAI2i2, C1268, RAI1313,
RAI1323, RCI354, RAI353, RAI336 and the lower
winding of RI320 to battery. At RA1354’, the
relay RI350 completes the above-mentioned cir-
cuit for impressing busy tone voltage upon the
calling loop circuit, thereby to signal the opera-
tor that the desired connection cannot be ob-
tained. The circuit traversed by the busy tone
current may be traced as extending from one
terminal of the busy tone source, not shown, by
way of the condenser (254, RAI1368, RAI354,
RA1329, Ci279, RAI2i5 the condenser 1229,
RAI1206, C854, the springs 821 and 822, RAT85,
RC186, the winding 716, the condenser 118, the
winding 115, RC183, RA782, the springs 817 and
816, C853, RAI12081, the condenser 1228, RAI2II,
the winding of the line balancing impedance ele-
ment 1219 and the exchange battery to the oppo-
site terminal of the busy tone source. The alter-
nating character of the current traversing the
repeating transformer windings 115 and 716
causes a corresponding induced voltage to be de-
veloped in the windings 112 and 113 so that the
receiver 501 is energized and the usual busy tone
signal is reproduced. Following the receipt of
busy tone, the operator may inform the calling
subscriber that the desired connection cannot
immediately be obtained, and initiate the release
of the connector switch illustrated in Figs. 12
and 13 in the manner described hereinafter.

In the present case, it is assumed that the
trunk line 32 is the first available idle trunk
line of the selected group. When, therefore, the
wipers of the switching mechanism 1370 are
operated into engagement with the bank contacts
terminating the conductors of this trunk line, no
further circuit is available for energizing the
relay R1330 and, hence, the interrelated opera-
tion of this relay and the rotary magnet 1356
is arrested. Also, the absence of ground poten-
tial upon the control conductor C{3879 results in
the deenergization and restoration of the busy
test relay Ri320. With the relay R1330 restored,
the holding circuit for the relay R340 is held
open so that this relay and the relay R1350 re-
store in the order named. When the relay R1350
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restores, it interrupts, at. RA1353’, a. point in the
previously traced path shert-eircuiting the upper

winding of RI200, permitting the two windings

of :the relay RI200. to be energized in series
over a circuit extending from- ground by way of
RAL124], RA1202. gnd the two series connected
windings of Ri12060 to battery. The relay R1200
now completes. its operation ard, in so doing,
switches, the calling: leop eireuit- through to the
trunk: line 32 to. cause: the seizure of: the repeater
illustrated. in Figs. ¥7 and 18. Also, the relay
R:1208, upon operating; opens, at RAI205, a: peint
in; the cireuit, traced: hexeinafter, for energizing
the: release. magnet 1208.. At RA1204, the relay
R 4200 opens a: point in the pulsing cireuit, traced
previoysly, for- energizing the relay R1335 in
series with the rotary magnet- 1358.. At RA1203,
the relay Ri1280 prepares a. multiple holding cir-
cuit. for itself, whieh eircuit is traced hereinafter
and completed in response.to. the :operation of
the line: and hold relays emhodied:in the seized
repeater shown in Figs. 17 and 18. - At RAI201
and: RA 206 and their respective associated rest-
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ing contaets, the relay R$200. opens two points ..

in the previously traced circuit over which the
line relay RI235 is being held energized; causing
this ‘relay to restore to: open, at RA[236, the
operating cireuit for the hold relay R1240. -The
last-mentioned relay, upon restoring, opens, at
RAI24F, a point in the original holding circuit
for R1200, At RA £244; the relay R1240 prepares
a point in the above-mentioned cireuit for ener-
gizing’ the release magnet 1208, At RAI242, the

relay Ri249 épens a point in the holdlng c1r—,‘

cuit for RISM causing the last-named relay to
restore.

Nhen the ealling: leop circuit is- switched
through to the repeater illustrated in. Figs. 17
and 18, the line relay RIT05 and the hold relay
R'?M are caused to eperate to complete the
previously mentioned alternative holding circuit
for the switching-through relay R1208 before the
hold relay R1248 of the operated incoming con-
nector switch restores in the manner just ex-
plained. More particularly; the line relay RI1105
is energized in response to the operatlon of R1208
over a circuit which may be traced as extending
from ground at the upper terminal of the lower
winding of R17195 by way of the lower winding
of R1785, the lower winding of R1T116, RAITIS,
Clsaﬂ the wiper §372, C1218, RAI208; 0854 the
springs 821 and 822, RA'IBE ‘RCT86, the winding
118, the resistor 7977, the upper Wmdlng of RT90,
RATQI the winding 115, RCT83,- RAT82, the
springs &17 and §i6, C853, RAI201, ‘Cl262, the
wiper 13T, CI318, RAITI4, the upper winding
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ing the relay Ri 730 -At RALT02, the relay R1700
eompletes. & circuit.for: energizing the-slow-acting
relay R1800, this cireuit extending from ground

by way of RAIT02, RAIT36, Ci783, RAI8(2 and

the winding of R1800 to battery ‘When the re-
lay RA800 operates, it prepates, ab RAI8OI,

holding cireuit for the relay. R1830; completes, at
RAI802, a circuit extending from ground - af
RA1832 for energizing the relay RI840; com-
pletes, at. RAI803, a. circuit. extending fromn
ground at RA833 for energizing the slow-actmg
relay R820; and prepares, at RAIBM a, circuit,
traced. hereinafter, for energizing the. slow-to-
operate relay R1805 The. slow-acting relay
R824, upon operating, disconnects, at its arma-
tures. RAI82f and RAI822, the line conductors

| C1885 and CI886 of the. trunk line 37 from the

respective line termmals of the repeating trans-
former windings 1818 and . 1819. The relay
R1840, upon operating, connects, at its armatures

" RA{84! and RA843; the trunk line eonductors

C1885. and C1886 to. opposite terminals of the
alternating. current souree, not- shewn but pro-
vided in the exchange. B. At RA1842; the relay
R840 completes.the above-mentioned circuit for
energizing the slow-fo-operate relay RI1805.
Affer a time interval, the last-mentioned- relay
operates to prepare, at RA1806, 5 multiple hold-
ing. circuit for-R183% and to complete, at, RA1807,
an, obvious circuif for energizing the relay RI810.
At RAI809, the relay R180% completes the above-

- mentioned cireuit for energizing the relay R{ 130,
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of RIT10 and the upper winding of R1105 to bat- -

tery. Upon operating, the relay R1705 completes,
ab RAI1708 and its associated working contact,
an obvious circuit for energizing the slow-acting
hold relay R1700. The relay R1709, upon oper-

ating, completes, at RAI701, an obvious path for

applying ground pofential to the control con-
ductor C1379, thereby to mark the trunk line 32
as busy in.the hank contacts of the connector
switches to. which this line extends. When the
conductor. C§379 is connected to ground,. the
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this cireuit extending from' ground . by-way. of
RAI889, CI795, RALT03, the winding ef RI130
and the resistor (731" to battery The relay
RI1818, upon operating,. prepares, at -RAI8I1,

point in the operating circuit, tracedhereinafter,
fer. the operating magnet. {772 .of ‘the minor
switch 1770, Af RA(812, the relay R1810 opens
3 point in the above- traced operating circuit for
R 800 Substantlally simultaneous with the op-
eration” of Ri810, the relay RI7130 operates to
open, at RAIT36, a further point in the operating
circuit for RGBS)O At RAI734 RAI135 and
RAI131, the relay RI 139, upon operatmg, pré=
pares operating circuits, traced ‘hereinafter, for
energizing the relays R1839, R1840 and RI820,
respectively. ~At- RAIT3T’, the relay R1130 pre-

. pares an Ope_raﬁingci'rcuit,' traced hereinafter, for.

the relay RITI2, At RAIT32, the relay R17130
prepsres an alternatlvr path, ‘described herem-
after, for maintaining ground potential upon the
control conductor C1379 on the trunk line 32.
At RAI138, the relay RIT30 completes a holding
circéuit for itself, which. holding circuit extends

“from ground ‘at RAITST by way: of RA{738, the

winding  of RI730 and the resistor 1131” to bat-
tery. At its two-armatures RAIT31 and RAI139,
the relay “RIT13) -connects the line conductors
Ct313 and.C1389 of the trunk line 32 to the line
terminals of the two repeatmg transformer wmd-
ings 1874 and 1875. -

When the operating.circuit for the relsy R1800
s interrupted in-response. to the cperation of the
relays R1130: and 'R18{0 in the manner pointed
out above, it restores'to open, at RA1892, RAI803

~and RA!8084, -respectively,-the respective operat-

above-mentmned multiple holding  cifcuit for -

R {250 is completed, which circuit may be traced 7

as -extending by way of C1379, the wiper |313
C1285, RA1203, RAI202. and the two series con-
nected windings' of RI209-to- battery.

.The relay R!780, upon operating, : prepares, at

RAi'iDa a- circuit traced heremafter for energiz- ¢

ing .cireuits, -described -above, for the relays
R840, RI826 and R1805, causing all of these re-
lays to restore. - When the two relays R1840 and
R1828 restore, the trunk line conductors CI885

-and C#886. of the trunk line.37 are disconnected

from the alternating:current source provided in
the exchange B and are reconnected. to the line
terminals of the repeating transformer windings
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{878 and 1879. The relay RI805, upon restoring,
opens, at RA1809, a point in the above-traced
operating circuit for the relay R1730 and opens,
at RA1807, the operating circuit for R1810, caus-
ing the last-mentioned relay to restore. Follow-
ing the restoration of the relays R1810 and R1829,
the repeater illustrated in Figs. 17 and 18 is con~
ditioned to respond to the impulses of the line
selecting digits dialed at the operator’s position
in the exchange B and to repeat these impulses
by way of the trunk line 37 to the repeater located
in the exchange C, and terminating the distant
end of the trunk line, this latter repeater being
illustrated in Figs. 26 and 27.

When the seizing pulse of alternating voltage
is impressed upon the conductors of the trunk
line 37 in the manner just explained, the alter-
nating current relay R2650 is energized over a
circuit which may be traced as extending from
one side of the ringing current source by way of
RAI841, C1885, RA2631, RA2646, the winding
2616, the condenser 2616’ the winding of R2650,
the winding 2617, RA2647, Ci886 and RA1843 to
the opposite side of the ringing current source.
When energized over this circuit, the alternating
current relay R2650 operates to complete, at
RA2652, a circuit for energizing the upper wind-
ing of R2710, this circuit extending from ground
by way of RA2652, C2689, RA27138, RA27i{6 and
the upper winding of R27{0 to battery. When
its upper winding is energized over this circuit,
the relay R2T10 partially operates to complete, at
the “X” contacts associated with RA2T14, a path
for short-circuiting its lower winding, this path
extending from ground by way of RA2TI4,
RC2723, RA2122, the lower winding of R2710,
RA2T1{6, RA2738 and C2689 back to ground at
RA2652. At the end of the. seizing pulse, when
the relay RI{840 restores to disconnect the con-
ductors of the trunk line 37T from the alternating
current source provided in the exchange B, the
alternating current relay R2650 is deenergized
and restores to open, at RA2652, a point in the
path short-circuiting the lower winding of R2710.
The two windings of the last-mentioned relay
are now energized in series over a circuit extend-
ing from ground by way of RA2714, RC2723,
RA2722 and the two series connected windings

of R2710 to battery. When its two windings are ;

energized in series, the relay R27i0 completes its
operation to open, at RA2TI6, a point in the
above-traced - circuit for energizing its upper
winding and to complete, at RA2712, a path ex-

tending by way of RA218! for applying ground ;

to the control conductor C2895, thereby to mark
the repeater illustrated in Figs. 26 and 27 as busy
in the bank contacts of the switching selector re-
peaters having access thereto. At RA2TIHI,
RA2115 and RA2718, the relay R2T10 completes a
loop circuit extending to the incoming connector
switch illustrated in Figs. 31 and 32, thereby to
seize the last-mentioned switch. At RA2T13, the
~relay R2T10, upon operating, prepares & path,
traced hereinafter, for short-circuiting the wind-
ing of R2730 during operation of the minor
switch 2785. At RA2118, the relay R2T!{6 com-
pletes a circuit for energizing the slow-to-release
relay R2605, this circuit extending from ground
by way of RA2Ti8, C2694, RA2601, RA2621 and
the winding of R2605 to battery. When ener-
gized over this circuit, the relay R2605 operates
to prepare; at RA2697; a holding circuit for itself
and to open, at RA2698, a point in one circuit for
energizing the relay R2640. . At RA2606, the relay
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R2605 prepares a circuit, traced hereinafter, for
energizing the relay R2620. ]

The relay R2T10, upon operating, also com-
pletes a circuit for energizing the upper winding
of R2700 and the lower winding of R2640 in par-
allel, one branch of this circuit extending from
ground at RA211T by way of the upper winding
of R2100 to battery, and the other branch of this
circuit extending from ground at RA2TI7T by way
of C269i, RA2624 and ‘the lower winding of
R2640 to battery. At this time, the lower wind-
irig of R2100 is differentially energized with re-
spect to the upper winding of R2700 over the loop
circuit extending to the seized incoming connec-
tor switch illustrated in Figs. 31 and 32 and, thus,
the relay R2708 does not operate. The relay
R2640, however, operates to open, at RA2642, a
point in the circuit, traced hereinafter, for ener-
gizing the relay R2630 and to open, at RA2641,
a point in the circuit, traced hereinafter, for
energizing the rélease magnet 2788 of the minor
switch 2785. At RA2643, the relay R2640 opens
a point in the operating circuit for the slow-act-
ing relay R2645 and prepares a point in the oper-
ating circuit for the slow-to-operate relay R2660.
At RA264{ and its associated ‘working contact,
the relay R2640 prepares a holding circuit for
itself and a circuit, traced hereinafter, for ener-
gizing the operating magnet 2787 of the minor
switch 2785. At RA2642 and its associated
working contact, the relay R2640 completes a
circuit extending by way of RA2657 for energiz-
ing the slow-acting relay R2670, thereby to initi-
ate the cyclic operation of the three relays R2670,
R2660 and R2655 which respectively correspond
to the relays R1100, R1i05 and RI{{0 embodied
in the repeater illustrated in Figs. 10 and 11.
More particularly, when the relay R2610 oper-
ates, it completes, at RA2674, the above-men-
tioned operating circuit for R2660, which circuit
extends from ground at RA2643 by way of
RA2874 and the winding. of R2660 to battery.
The relay R2660, upon operating, completes, at
RA2662, the operating circuit for R2655, which
latter relay, upon operating, opens, at RA2657,
the operating circuit for R2610. The relay R26170,
upon restoring, causes the sequential restoration
of R2660 and R2655, the last-mentioned of which,
upon falling back, recompletes the operating cir-
cuit for R2670. During each cycle of operation
of the three relays noted and when R2855 oper-
ates, the above-mentioned circuit is completed
for energizing the operating magnet 2787 of the
minor switch 2785, this circuit extending from
ground at RA2641 by way of RA2656, C2678 and
the winding of the magnet 2787 {o battery. Each
time the magnet 2787 is energized, it cooperates
with its associated ratchet and pawl mechanism,
not shown, to step the wiper 27186 of the minor
switch 2785 one step in a clockwise direction so
that this wiper is successively moved into engage-
ment with succeeding contacts of the contact
field embodied in the minor switch. The pur-
pose of the arrangement just described is to
cause the forced release of the partially operated
switch train in the event the dialing operation at
the calling station is not started within a prede-
termined .time interval. The manner in which
this release operation is performed is explained
in a succeeding portion of the specification. It is
pointed out here, however, that the forced re-
lease of the partially completed connection is not
initiated until the wiper 2786 of the switch 2785
is operated to its ninth off-normal position, and
the time interval required for operation of this
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wiper to the position noted is amply ‘sufficient to
permit the calling party to start the dla]ing op-'

eration,
As pointed out above,- when the relay RZ'HO

operates, a loop circuit is completed by ‘way of

the trunk line 61 to the incoming connector
switch illustrated in Figs. 31 and 32, thereby-to
cause the seizure of this connector switch. ‘More

particularly, when R2710. operates, the line relay

R3125 embodied in the -incoming- connector
switch is energized over & circuit which may be
traced as extending from ground at the lower
terminal of the lower winding of R3125 by way
of this winding, the lower winding of R3120,
RC3116, RA3115, RA31085, C289i, RA2T19, C2695;
the winding 2619, C2584, the resistor 210I’ the
lower winding of R2700 RA2115 C2686, RA26|3
the winding 2618, C2615, RA2TI(, C2890, RA3102,
RA3{12 RC3113, the upper winding of R3120-and
the upper winding of R3125 to battery. It will
be noted that the two windings of ‘R3120 are
energized over the -circuit just traced. Since
these windings are differentially connected, how-
ever, the relay R3120 does not operate at this
time.- The line relay R3125, however, operates
when energized over the loop circuit as traced
above and completes, at RA3126, a circuit extend-

ing from ground at RA3103 for energizing the.

slow-acting hold relay R3130. The relay R31390,
upon operating, completes, at RA31{3{,
extending from ground at RA3236 and by way-of
C3!11 for applying ground potential upon the
ringing and tone apparatus start conductor

C3i31’, thereby to initiate the operation of the

ringing and tone apparatus provided in the ex-
change C in the usual manner. At RA3132 the
relay R3130 completes an obvious circuit for
energizing the slave relay R3140. - When the ‘re-
lay R3{40 operates it prepares, at RA3141, g point
in the common portion of the holding circuits,
traced hereinafter, for the relays R3150, R3235

and R324). At RA2(43, the relay R3140 pre-

pares a circllit for energizing the slow-acting re-

lay R31{60 in parallel with the lower winding of :

R3i170 and the operating magnet 3257 of the ro-
tary switch 3250, Af RA3(42, the relay R3140
prepares a further point in the circuit for ener-
gizing the operating magnet 3257 of the -line
selecting rotary switch 3250. Following the -op-

eration of the relay R3140, the incoming connec-
tor switch illustrated in Figs. 31 and 32 is condi~

tioned to respond to the impulses of the third
line -selecting digit dialed at the operator s posi-
tion in the exchange B.

During operation of the calling devme 508

to transmit the impulses of the third digit, the
relay R780 operates, in the manner explained
previously, to include the impulsing springs 510
of the calling device in the loop circuit which is
now switched through to the repeater illustrated
in Pigs. 17 and 18. During the back stroke of
the dial embodied in the calling device 508, the
impulsing springs are opened a number of times
determined by the number of impulses in the
digit. Each time these springs are opened the
Ioop circuit extending to the last-mentioned re-
peater is interrupted and, thus, the line relay
R{7165 is caused to follow the dial impulses. More
particularly, the line relay RI1705 restores dur-
ing the open circuit period of each impulse to
complete, at RAIT07, an alternative circuit -for
energizing the slow-acting relay R1820, this cir-
cuit extending from ground by way of RAIT01,
RAIT37, CI17184 and the winding of R1820 to bat-
tery. The relay R1820 operates at the beginning

a -path
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of the first impulse and, due to its slow-to-release
characteristic, remains operated until shortly
after the digit-is ended. This relay, upon oper-
ating, disconnects, at its armatures RAI821 and
RAI1822, the line conductors C1885 and C(886 of
the trunk line 37 from the line terminals of the
repeating transformer windings 1878 and 1879.
At RAI706 and its associated working contact,
the-relay Ri705, upon restoring, opens the oper-
ating cifcuit for the hold relay RI700, but the
last-mentioned relay, due to its slow-to-release
characteristic, remains operated during impuls-
ing.- At RAI1106 and its associated resting con-
tact the relay RI1705 completes an alternative
circuit for energizing the relay R1840, which cir-
cuit' may be traced as extending from ground by
way ‘of RAIT06, RAIT35, CI718{ and the winding
of R1840 to battery. Upon operating, the relay
RI1840 connects, at its armatures RA!841 and
RAT843; the line conductors C{885 and C1886 of
the trunk line 37 to the opposite terminals of the
alternating -current source provided in the ex-
change B. - Obviously, at the end of the open
cir¢uit period of each impulse, when the line

. relay RIT05 reoperates, the above-traced oper-

ating ‘circuit for the pulsing relay R840 is in-
terrupted, causing the last-mentioned relay to
restore to-disconnect the conductors of the trunk
line - 37 from 'the alternating current souice..
Thus, the line relay R17185 and the pulsing relay’
R840 cooperate to cause the dialed impulses:
of the third and succeeding digits dialed at the
operator’s position to be repeated as alternating
current -impulses over the frunk line 37 to the.
réepeater illustrated in Figs. 26 and 27 and lo-
cated in the exchange C. As explalned above;’
at-the: end of each digit and when the shunt
springs 8§09 of the calling device 508 provided at
the operator’s position are opened, the slow-act-
ing relay R540 restores to open the previously
traced operatmg circuit for RT890, which latter
relay, upon: restoring, reconnects the outgoing
line terminals of the repeating transformer T1{
to the line conductors of the link line 832. Also;
at the end of each digit, the line relay RIT05:
embodied in the repeater illustrated in Figs. 17:
and 18 remains operated to hold interrupted
the operating. circuits for R1820° and R840,
causing the two last-mentioned relays to restore
so.that the line conductors of the trunk line 37
are disconnected from the alternating current
source provided in the exchange B and are re-
connected to the outgoing line terminals of the‘
repeaulng transformer 1873.

The alternating current relay R2659 responds:
to the alternating current impulses transmitted
by.way of the trunk line 3T to the repeater il-
lustrated in Figs. 26 and 27 and causes the .im-
pulses to be repeated to the incoming connector -
switch illustrated in Pigs. 31 and 32. More par-
ticularly,. during the open circuit period of ‘the
first impulse when the first pulse of alternating.
current is projected over the trunk line 37, the
relay R2650 operates to complete, at RA2652; a
circuit for energizing the lower winding of the
relay R2600 in parallel with the winding of thé
This circiit extends
from ground:by way of RA2652, C2689, RA2138,.
RA2T16 and C2688 to RA26(4 where it divides,
one branch extending through the lower wind-:
ing of R2600 to battery, and the second.branch
extending by way of C2687 and.the winding of
R2T05 to battery. The relay R2705 now oper-

. ates and, due to its slow-to- release character-:

75

istic, remains. operatéd throughout the series ‘of
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impulses. At RA2707 the relay R2765 completes
a-path, ineluding -the conductor C2681 and the

line -conductor C2§735, for short-circuiling the re-

peating transformer winding 28{8. Similarly, at
RA2798, the relay R2705 completes a path in-
cluding the: conductor CZ685 for shunting the
series path including the transformer winding
2619, the resistor 2781’ and the lower winding of
R2700. By completing the two short-circuiting
paths just described, the slow-acting relay R2185
clears the leop circuit extending to the incoming
connector switch illustrated in Figs. 31 and 32
of all unnecessary impedances and provides a low
resistance pulsing circuit.

When its lower winding is energized over the
circuit just traced, the relay R2683 operates to

10

prepare, at RA2683, a circuit for energizing its -

upper winding and to complete, at RA2602, a path
for short-circuiting the lower winding of R2610,
which ‘path may be traced as extending from
ground at RA2118, by way of C2694, RA2602, the
lower winding of R26060, RA2614, C2688, RA2116,
RA2738 and C2529 back to ground at RA2632.
At RAZ2601, the relay R2689 opens a point in the
previously traced operating -circuit for R2605 and
completes a circuit for energizing the relay R2629,
this latter circuit extending from ground at
RA27T18 by way of C2634, RA2681, RAZ2606 and
the winding of R2620 to battery. Upon operating,
the relay R2620 completes, at RA2622, a holding
circuit for itself, which circuit extends from
ground at RA2T18 by way of C2694, RA2622 and
the winding of R2620 to battery. At RA262{, the
relay R2620 opens a further point. in the pre-
viously traced operating circuit for the relay
R2605. At RA2623, the relay R2529 prepares 2
further point in the holding circuit for the relay
R2605. At RA2624, the relay R2820 interrupts
the previously traced operating circuit for R2640,
permitting the last-named relay to restore at
the end of the cycle of operation of the three re-
lays R2655, R2660 and R2670 which is in pro-
gress at the time the relay R2820 operates. When
the relay R2640 restores, it cpens, at RA2642 and
RA2643, respectively, points in the respective op-
erating circuits for the relays R2670 and R2660.
At RA2641 and its associated working confact, the
relay R2840 opens a further point in its own
holding circuit and opens a point in the circuit for
energizing the operating magnet 2787 of the
minor switch 2785. At RA2641 and its asscciated
resting contact, the relay R2849, upon restoring,
completes a circuit for energizing the release
magnet 2788 of the minor switch 2183, which cir-
cuit may be traced as extending from ground by
way of RA264{, C2883, the off-normal springs
2189 and the winding of the magnet 2788 to bat-
tery. The resulting operation of the release mag-
net 2788 causes the wiper 2786 to be restored to
its home position in the usual manner, at which
time the springs 2788 are opened to interrupt the
operating circuit for the release magnet. From
the foregoing description it will be apparent that,
if the first impulse of the third series of impulses
dialed at the operator’s position in the exchange
B is transmitted to the repeater illustrated in
‘Figs. 26 and 27, before the wiper 2786 is driven to
its ninth off-normal position, the operation of the
minor switch 2785 is arrested to prevent the par-
tially established connection from being forcibly
released.

-Ab the end of the open circuit period of the
first impulse dialed at the operator’s position in
the ‘exchange B, the alternating current source
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the conductors of the trunk line 371 and the al-
ternating current relay R2659 restores to com-
plete the above-mentioned holding circuit for the
relay R2605, this circuit extending from ground
at. RA2652 by way of RA2823, RA258T and the
winding of R2635 to battery. Due to its slow-to-
release characteristic the relay R2685 remains op-
erated during operation of the relay R2650 to
follow the alternating current pulses transmitted
thereto. - At RA2652 and its associated working
contact, the relay R2850 opens a point in the op-
erating. circuit for R26082 and interrupts the
above-traced path = short-circuiting the lower
winding of R2818. The lower winding of the re-
lay R2810 is now energized in series with the low-
er winding of R2888-over a circuit which may be
traced as extending from ground at RA2TI8 by
way of C2684, RA2802, the lower winding of R2619
and the lower winding of R2%80 to battery. When
its lower winding is energized over the circuit just
traced; the relay R2618. operates to open, at
RA2614, a further point in the above-traced op-
erating  circuit for the two relays R2680 and
R2705 and to complete, at RA2612, an obvious
path for short-circuiting its upper winding,
thereby to render itself slow to release. A
RAZ2613, the relay R26810, upon operating, opens a
point in the loop circuit extending to the incom-
‘ing connector switch illustrated in Figs. 31 and 32.
Thus, the open circuit period of the first impulse
is repeated by the relay R2610 to the seized in-
coming connector switch., At RA2611, the relay
R2610 completes the above-mentioned and ob-
vious circuit for energizing the upper winding of
R2600. - The two windings of R2600 are differen-
tially wound so that, when the upper winding
thereof is energized over the circuit just de-
scribed, the relay R2600 restores to open, at
RA2602, a point in.the circuit traced above for -
energizing. the lower winding of R2610 in series
with the winding of R2600. At RA2603, the re-
lay R2608, upon restoring, opens a point in the
circuit for . energizing its upper winding. At
RA2601, the relay R25600 opens a point in the pre-
viougly traced operating circuit for R2620 and
prepares a point in the previously traced operat-
ing circuit for the slow-to-release relay R26085.
A short time interval after the interruption of
its operating circuit, the relay R28{0 restores to

" recomplete, at RA2G18, the loop circuit extending

to the incoming connector switch illustrated in
Figs. 31 and 32. At RA2614, the relay R2610 re-
prepares the operating circuit for the two relays
R2680 and R2765. At RA28if, the relay R2610
opens a further point in the circuit described
above for energizing the upper winding of R2660
and, at RA26{2, it -opens a point in the path
short-circuiting its upper winding.

During each succeeding impulse the three re-
lays R2850, R266%9 and R28i8 interact in the
manner just described to cause the impulse to be
repeated to the succeeding incoming connector
switch. 'Thus, at the beginning of the open cir-
cuit period of the second impulse, the alternating
current relay R2658 is again energigzed and oper-
ates to complete the previously traced operating
circuit for the two relays R2%88% and R27183. The
relay R2680, upon operating, short-circuits the
lower winding of R2618 and, in so doing, prepares
the circuit for energizing its own lower winding
in -series with the lower winding of R2810. At
the end of the open circuit period of the second
impulse, when the relay R2653 again restores, the
short circuit is removed from the lower winding
of R2610 and the last-mentioned relay operates
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to agaln open the loop circuit extending to the
succeeding incoming connector switch, Also, the
relay R26 18 recompletes the circuit for energizing
the upper winding of R2600,.causing the relay
R2600 to restore and open the operating circuit‘i
for R2610, After an interval determined by the
slow-to-release characteristic of R2610, this relay
“again restores to recomplete the loop circuif. ex-
tending to the succeeding incoming connector
switch. It will be noted that the duration of the

10

open circuit: period of each impulse transmitted -

through operation of R2610 to the tandem-con-
nected incoming connector switch of Figs. 31 and
32 is, within limits, independent of the period of
the corresponding alternating current pulse

15

transmitted by way of the trunk line 37 to the® -

repeater shown in Figs. 26 and 27. Thus, when
once operated, the extent of the period during
which R2610 remains operated is -determined
primarily by the slow-to-release characteristic
of this relay rather than by the period during
“which R2659 is restored.

Although the operation of the 1rnpulsefrepea,t-
ing relays embodied in the repeater illustrated in
Pigs. 26 and 27 has been described with reference
to the impulses of the first digit, it will be under-
stood that this relay -equipment operates in
exactly the same manner during the impulses of
additional digits dialed at the operator’s -posi-
tion ‘and transmitted to this repeater. At the
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end of each digit, the relay R265) remains in its =~

restored position to hold the previously traced
"holding circuit for R260% completed With the
relay R2650 in its restored position, the operating
circuit for R2185 is held open at the restored
armature RA2652.
caused to restore shortly following the end of
each digit to open, at RA2707 and RA2108, the
two short-circuiting paths traced  previously,
namely, the path for short-circuiting the trans-

35

Hence, the relay R2705 is. -

40

former ‘winding 2618 and the path for short- -

‘ circuiting the transformer winding 2619 in series
with the resistor 270! " and the lower winding of
“R2700.

The incoming connector switch illustrated in
Flgs 31 and 32 responds to the impulses repeated
thereto by way of the repeater shown in Figs. 26
and 27 by selecting the desired line. In this re-
gard it is pointed out that the incoming connector

switch of Figs. 31 and 32 is arranged to provide.,
switching-through service on' trunk calls routed

by way of this switch and also for different modes
of operation, depending upon whether a called
subseriber’s line is of the multiplex type or of the
single party or duplex type. In the illustrated
arrangement, the first set of contacts in the bank
contact field of the rotary switch 3288 is utilized
-to terminate the trunk line 64 extending to the
repeater 57 by way of which connections are
routed to the switching equipment provided in
the exchange D and the remaining contact sets
are divided into three groups for terminating
three different groups of lines. The second con-
-tact set of the bank contact field embodied in the
rotary switch 3258 is reserved as & preliminary

or starting position for the selection of sub-

scribers’ lines in the first group of lines.. The
lines of -this first group are terminated at the
. contact sets numbered from 3 to 8, inclusive, of
the rotary switch contact field and the ninth set
of contacts is reserved as the preliminary or
starting position for the selection of lines in the
second group. The lines of this second group are
terminated at the contact sets numbered from 10
to0 18, inclusive, in the rotary switch contact field.
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The twentieth contact set of the contact field is

reserved as the preliminary or starting position
for the selection of the subscribers’ lines forming

the third group accessible to the incoming con-

nector switch. The lines of this third group are
terminated at the contacts forming the contact
sets numbered from 21 to 25, inclusive, of the
contact field, and the twenty-fifth contact set
represents the home position of the switch. With
the bank contact wiring arrangement just de-

scribed, it will be apparent that, to select the

trunk line 64 extending to the repeater 57, it is

only necessary to transmit to the incoming con-

nector switch a single impulse in order that the

desired line shall be selected. In order to select
a subscriber’s line in the first group, a first series
of two impulses followed by a second series of
from one to six impulses, depending upon the
line being called, must be transmitted to the in-
coming connector switch. If the desired line is
in the second group of subscribers’ lines, a first
series of three to nine impulses followed by a
second series of from one to ten impulses must
be transmitted to the incoming connector switch
for the purpose of causing the wipers of the
rotary switch 3250 to be operated into engage-
ment with the contacts terminating the desired
line. In order to select a line in the third group
of lines, a first series of ten impulses followed
by a second series of from one to five impulses,
depending upon the line being called, are re-
quired to cause the desired line selection to be
performed on the part of the incoming connector
switch. In the present case, if it be assumed
that the substation Ts associated with the line
60 is the substation desired by the calling party
at the substation T1, and further that the line 60
is the third line in the first group of subscribers’
lines, the third and fourth digits dialed at the
operator’s position in the exchange B will neces-
sarily comprise two and three impulses, respec-
tively. During the open circuit period of each
impulse transmitted to the incoming connector
switch, the line relay R3125 restores to complete
the previously mentioned circuit for energizing
the relay R3160 in parallel with the lower wind-
ing of R3170 and the operating magnet 3257 of
the rotary switch 3250.. This circuit extends
from ground at RA3103 by way of RA3126,
RA3143, C3190 and RA3203 to C3189 where it
divides, one branch extending through the wind-
ing of R3160 to battery, a second branch extend-
ing through the lower winding of R3(70 to bat-
tery, and a third branch extending by way of
RA3142, RA3121, C3182, RA3246 and the
winding of the magnet 3257 to battery. At the
end of the open circuit period of each impulse
when the line relay R3125 reoperates, the circuit
just traced is interrupted at RA3126. At the be-
ginning of the first series of impulses, the relay
R3160 operates and, due to its slow-to-release
characteristic, remains operated until the im-
pulse series is ended. Upon operating, the relay
R3168 completes, at RA3161, an obvious circuit
for energizing the slow-to-release relay R3165 in
At
RA3162, the relay R3160 completes a multiple cir-
cuit for maintaining the relays R3160 and R3170
operated during the first series of impulses trans-
mitted to the incoming connector switch and for
transmitting the impulses to the operating mag-
net 8257 of the rotary switch 8250. The relay
R3165, upon operating, prepares, at RA3I66 and
RA3167, an operating circuit traced hereinafter
for the busy test relay R3200, At RA3ITI and
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RC3172, the relay R2179, upon oberating, applies
ground potential to the test conductor C2i8% and,
in so doing, compietes a circuit for energizing the
lower winding of R3158 in series with the winding
of RBI5E.
RASZ1&1 by way of C3113, RA3244, C3i87, RAZI12,
RA3ZITI, C3185, the test wiper 3255, the twenty-
fifth contact of the set 3276, C2187, RA3158, the
lower winding of R3156 and the winding of R3i%5
to battery. Upon operating, the relay R3153
completes a holding circuit for ifseif and then
interrupts, at RA3153 and its asscciated resting
contact, its own operating circuit as traced above.
The holding circuit for R3155 may be traced as

extending from ground at RA3{4i by way of -

C3i79, RA3244, C3187, RA3IT2, RA3ITI, RA31ES,
RASJI58, the lower winding of R3{§3 and the
winding of R3{53 to battery. At RASIEG, the
relay R8155 opens a poeint in the circuit, traced

hereinafter, for energizing the slow-to-operate’

line switching relay R3249. At RA315T, the relay
R3155 prepares a second circuit, traced herein-
after, for energizing the operating magnet 3257
of the rotary switch 3258. When its lower wind-

ing is energized in series with the winding of:

R3i55, the relay R31ES partially operates to com-
plete, at the “X” contacts associated with RA3EE2,
a circuit extending from ground at RAZ!£! for
energizing its upper winding. When its upper

winding is energized, the relay R31538 completes:,

its operation to prepare, at RA3i{51, a point in the
above-mentioned circuit for energizing the line
switching relay R3240.

At the end of the open circuit period of each

impulse transmitted to the incoming connector -

switeh of Figs. 31 and 32, the line relay R3125 is
caused to resperate to open the above-traced cir-
cuit for energizing the operating magnet 3281
of the rotary switch 328%. As a conséquence, the

ratchet and pawl mechanism associated with this’

magnet operates. to advance the wipers 3258{ to
3255, inclusive, one step during the closed circuit
period of each impulse. Hence, at the conclusion

of the first series of two impulses transmitted to.
the incoming connector switch illustrated in Figs.

31 and 32, the enumerated wipers are left stand-
ing in engagement with their respective asso-
ciated second contacts. During the interdigit

pause between the two series of impulses trans-,
mitted to the incoming connector switch, the

line relay R31L25 remains operated to hold inter-
rupted the above-traced circuit for energizing the
winding of R3i80, the lower winding of R3I19

and the winding of the magnet 2257 in parallel,.
causing the relay R3163 to restore. Upon restor--

ing, the relay R3168 opens, at RA164, a point in
the holding circuit for R3{78 and a point in the
operating circuit for R3{85, The relay R3!{18,
upon restoring, opens, at RA3ITI and RA3ITZ, a

point in the holding c¢ircuit for R385, which

latter relay now restores to reprepare, at RA3158,
a point in the operating circuit for the line
switching reilay R3240. This circuit is further
prepared at RA3SI68 and its associated resting

contact in response to the restoration of R3185.

The line relay R3125 follows the impulses of
the second series of impulses transmitted to the
incoming connector switch in the exact manner
described above.
impulse of this second series, the three relays
R2150, R3165 and R3110 are all caused to re-
operate in the manner explained previously and
remain operated until shortly following the end of

This circuit extends from ground at -
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the last impulse of the series. The relay R3160, .-

upon reoperating, recompletes, at RA3I€2, the
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shunt around the armature RA3203 of the busy
test relay R3268, thereby to prevent the impuls-
ing circuit from being interrupted in response to
the operation of the relay R3200 as the wipers of
the rotary switch 3250 pass over the contacts
terminating the control conductors of busy lines.
At RA2155 and RA31617, the relay R3165 prepares
a test circuit, traced hereinafter, for energizing
the busy relay R3200. During the open circuit
period of each impulse, the operatingmagnet 3257
of the rotary switch 3250 is energized over the
impulsing circuit traced previously, this magnet
being deenergized at the end of each open circuit
period, thereby to cause the wipers of the switch
3250 to be advanced at the rate of one step for
each impulse. At the end of the second series of
impulses, the wipers of the switch 3250 are left
standing in engagement with the contacts ter-
minating the conductors of the desired called
line. In the present assumed case wherein the
called line 60 is the third line of the first group
of lines and the second series of impulses trans-
mitted to the incoming connector switch com-
prises three impulses, the wipers of the switch
3250 are left standing in engagement with their
respective associated fifth contacts.

The relay operations which occur following the
selection of the called line in the manner just
described depend upon the idle or busy condi-
tion of the line. Before describing these relay
operations, however, and in order to complete
the description of the operation of the incom-
ing connector switch shown in Figs. 31 and 32, the
operation of this switch to select a line in each
of the other two line groups will be briefly con-
sidered. If the desired called line is included in
the second group of subscribers’ lines, the wipers
3251 to 3256, inclusive, of the switch 3250 are
caused to be driven over the contacts terminat-
ing the lines of the first group during the inter-
digit pause between the first and second series
of impulses transmitted to the switch. Thus, if
the desired line is included in the second group
of lines, such that the first series of impulses
transmitted to the incoming connector switch is
made up of three impulses, the wipers of the
switch 3250 are left. standing in engagement with
their respective associated third contacts at the
end of the first impulse series. With the wipers
in this position, a multiple holding circuit is com-
pleted for maintaining the relay R3155 operated,
which holding circuit may be traced as extend-
ing from ground at the third contact of the con-
tact set 3276 by way of the test wiper 3255, C3185,
RA3159, RA3(58, the lower winding of R3150 and
the winding of R3I55 to battery. With the last-
mentioried relay operated and when the three re-
lays R3160, R3165 and'R3170 are caused to restore
during the interdigit period in the manner ex-
plained above, the above-mentioned circuit is
completed: for energizing the operating magnet
3257 by way of the circuit interrupting contacts
associated with the armature 3258. This circuit
may be traced as extending from ground by way
of the multipled third to eighth contacts of the
seb 3276, the test wiper 3255, C3195, RA31TI and
its associated resting contact, RA3I5T, C3194, the
armature 23258, and the winding of the magnet
3257 to battery. Due to the circuit-interrupting
action of the armature 3258, the magnet 3257 is
repeatedly energized over the circuit just traced
to drive the wipers of the switch 3250 until the
operating circuit for the magnet 3257 is inter-
rupted at the test wiper 3255. This occurs when
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-is energized over a circuit which may be traced

-the wiper 3255 is operated into engagement with
‘the open-circuited ninth contact of the -contact
.set- 3216. When the wiper 3255 is disconnected
from ground, the above-traced holding circuit for
R3255 is interrupted causing this relay to restore.

B

From the foregoing description, it will be .ap-

parent that, if a first series of three impulses is
_transmitted to the incoming connector -switch
_illustrated in Figs. 31 and 32, the wipers 3251
- to 3258, inclusive, will be advanced into engage-

10

‘ment with their respective associated ninth con-

tacts before the fourth digit is dialed at the oper-
ator’s position in the exchange B. The manner
in which the incoming connector switch responds

-to the impulses of the second series of impulses.
transmitted thereto is exactly the same irrespec-

tive of which line group is selected. .
If the desired called line is included in the thlrd
line group, namely, the lines terminating in the

bank contact field of the switch 3250 at the con-,

20

tact sets, numbered from 21 to 25, inclusive, the

first series of impulses transmitted to the incom-
ing connector switch will necessarily comprise ten
_impulses so that, durmg the impulses of the first

series, the wipers of the switch 3250 are ad-

25

vanced to the tenth oif-normal position. When -

the wiper 3255 encounters the tenth contact of
the set 3276, the above-traced alternative holding
circuit for the relay R31{3% is completed and the
“circuit for energizing the magnet 3257 by way of
_the circuit interrupting. contacts associated with
the armature 8258 is again prepared, since the
tenth. to nineteenth contacts of the set 3276 are
also multipled together and connected to ground.
With the wipers standing in this position, the
circuit for energizing the magnet 3257 is com-~
_bleted in response to the restoration of the relay
R3170 during the interdigit pause between the
third and fourth digits dialed at the operator’s

position. The resulting repeated-energization of:

the magnet 3257 causes the wipers of the switch
, 3250 to be advanced into engagement with their
respective associated twentieth contacts, at which
time the wiper 3255 is disconnected from ground

and the. operating circuit for the magnet 3257.
Here again, the manner in which the switch re-
sponds to the impulses of the second series follow-
ing the selection of the third line group is ex-
actly the same as explained previously with refer-"
ence to the selection of the line 60.
" Considering now the operation of the incom-
ing connector switch when the selected called
line 80 is idle at the time the wipers of the.
switch 3250 are operated into engagement with™
- the contacts terminating the conductors there-
of, it is pointed out that an idle condition of the
line is indicated by the presence of battery po-
tential upon the control conductor C3482 there-
‘of. On the other hand, when this line is busy, -
ground potential is 1mpressed upon the-control
conductor C3482 by certain of the.relays em-
bodied in the line circuit associated with the
line. Assuming that the line is idle, a circuit
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as extending from ground at RA3141 by way of
d C3i80, RA32061, the lower winding of
R3240, C3181, RA3166, RA3156, C3184, the wiper

3253, 3482, RA3422 and the winding of R3440

to battery. When energized over this circuif,
the relay R3240 operates to complete, at RA3245,
g holding circuit for itself, this holding circuit
extending from ground at.RA3I41 by way of

,C3I19 RA3245 and the upper winding of R3240
_to battery. At RA3244, the relay R3240, upon
.operating,

completes a path for impressing
ground potential upon the control conductor

.C3482, thereby to mark the line 60 as busy and

15
" .of the numerical switches provided in the ex-

to prevent this line from being seized by another

change C. The last-mentioned path extends .
from ground at RA3141 by way of C3119, RA3244

~and the wiper 3253 to the control conductor

C3482.: At RA3248, the relay R3240 opens a

‘point in the above-traced circuit for energizing
_the operatmg magnet-3257 of the rotary switch

8250. -At RA3241, the relay R3240 opens a point
in the ercult traced hereinafter, for impressing
busy tone voltage upon the established communi-
cation: circuit extending to the operator’s posi-
tion in the exchanhge B. At RA3243, the relay
R3240 prepares & circuit, traced hereinafter, for
energizing the switching-through relay R3108,

this circuit being held open at the wiper 3252
due to the fact that the contact of the contact

“.set 3273 which corresponds to the line 80 is left
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~unwired. - At RA3241,
Telay’ R§Z40. completes a circuit for projecting
ringing current over the-called line to. energize

RA3242 and RA3248, the

the signal device provided at the called substa-
tion Ts5-and also-a’ circuit for projecting ring-
back tone current back over the communication

‘circuit: extending to the operator’s telephone set

-in the exchange B. 'The circuit traversed by

to.open the alternative holding circuit for R3l55?‘4 5

'C3114, RA3IGI,

‘the ringing current may be traced as extending

from one‘ferminal of the ringing current source,
not shown, by way of the winding of the.slow-
acting ring cut-off relay R3230, RA3226, RA3231,
C3115, RA324I, the wiper 3251,
C3481, RA3451, the pulsing sprlngs embodied in

~the calling dev1ce 3493, the springs 3456 and

3455, the condenser 3481, the windings of the

.50 ‘ringer 3460, ground, and the exchange battery

back to the opposﬂ;e terminal of the ringing cur-
rent source. The resulting - operalion of " the

ringer 3460 indicates to the called subscriber at

" 'the substation Ts that an incoming call should

55

be answered, The ungrounded terminal of the
ringing current source is effectively connected
to the trunk line conductor C28%0 over a path

"including the winding of R3239, RA3226, RA3242,

the condenser 3281, C3176, the condenser 8154’

-and RA3102, whereby the usual ring-back tone

ﬁ signal is transmitted to the operator located -at

657 relays R3440 and R3430, respectively, are caused

is completed for energizing -the lower winding

of the slow-to-operate line switching relay
R3240 shortly following the conclusion of. the
second series of impulses transmitted to the in-
coming connector switch or the fourth digit,
~ dialed at the operator’s position in the exchange
B. - More particularly, when the three relays
R3160, R3165 and R3179 restore shortly follow-
_ing the last impulse of the fourth digit in the
- manner explained- previously, the relay R3240

-the operator’s position in the exchange B. -

When ground potential is impressed upon the
control conductor C3482, the cut-off and lockout

_to operate in the order named. The cut-off re-

70.

Jay R3440, upon operating,

iy Y disconnects the
windings of the line relay R3400 from the con-

-ductors of the line 60 and completes at RA3444

a path for impressing ground potentisl upon
the control conductor C3481. The lockout relay

. R3430, upon operating, opens, at RA3432, a point
in the - previously traced path for impressing
75

ground potentlal .upon the dlstrlbutor start. con~
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ductor C8438 and prepares a point in its own
‘holding circuit.

The manner in which the duplex lines extend-
ing to the exchange are terminated in the bank
‘contacts of the numerical switches provided in
the exchange C is identical with the mode of
terminating subscribers’ lines of the duplex type
in the numerical switches located in the -ex-
change B. Thus, the duplex line 60 is termi-

nated at two sets of contacts -in the bank con-:

tact field of the rotary switch-3250, the line comn-
~ductors C3481 and C3483 being reéversely con-
nected in the respective two contact sets. Hence,
selection of the substations Ts and Ts associated
with the line 80 is accomplished by dialing dif-
ferent units digits, each corresponding to the
. line 68 but designating different ones of the two
enumerated substations. For -example, if the
substation Ts is the called substation rathér than
the substation Ts, a different units digit is dialed
at the operator’s position so that the wipers of
the switch 3250 are operated into engagement
with the second set of contacts terminating the
line §8. In this latter case, the wiper 3251 is

left standing in engagement with the contact.

‘terminating the line eonductor C3483 rather than
the line conductor C3481 so that, during the
ringing -operation, ringing current is conducted
by way of €3483, RA34171, the pulsing springs of

the calling device 3494, the springs 34186 and .

'3475, the condenser 3482, and the windings of
the-signal device 34890 to energize this signal de-
vice rather than by way of the windings of the
signal device 3480 provided at the substation Ts.
To answer the call as routed to the substation
Ts, the called subscriber lifts the receiver 3458
from its supporting hook, thereby to operate the
springs 3455 and 2456 out of engagement and to
move the hook switch arm 3457 into engagement
with the associated contact 3456. When thelast-
mentioned. operation is performed, a circuit is
completed for .energizing the slow-to-release
lockout relay R3470 in series with the slow-acting
ring cut-off relay R3230, this circuit extending
from ground at RC3473 by way of RA3412, the
_winding of R3410, the transmitter 3459, the re-
ceiver 3458, the hook switch arm 3457, the con-
tact 34585, the pulsing springs of the calling device

3493, RA3451, C38481, the wiper 3251, RA324{,

C3175, RA31I01, C3174, RA3231T, RA3226 and the
winding of R3230 to battery. The relay R234718
operates when energized over the circuit just
traced and, upon operating, completes an alter-
native circuit for energizing its winding in series
with the winding of R3238. 'This alternative cir-
cuit may be traced as extending from ground at
RA3228 by way of RA3239’, C3196, RA3ICS,
C3199, RA3248, the wiper 3236, C3483, RA34TI,

RA3412, the winding of R3470, the transmitter:

3459, the receiver 3458, the hook switch arm 3451,
the spring 3456, the pulsing springs of the calling
device 3493, RA345{, C348(, the wiper 325i,
RA3241, C3115, RA3i0I, C3114, RA3237, RA322§

“and the winding of R3230 to battery. When en--

ergized over the circuit just traced, the relay
"R3230 operates to complete, at RA328(, an-obvi-
ous circuit for energizing the relay R3235. The
last-mentioned relay, upon operating, completes,
at RA3238, a holding circuit for itself, which
holding circuit may be traced as extending from
-ground at RA3(41 by way of C3179, RA3238 and
the winding of R3235 to battery. At RA8239, the
relay R3235 opens a point in the circuit, traced

hereinafter, for energizing the relay R3225. At
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RA3236, the relay R3235 opens a- point in the

-path; traced above, for applying ground potential

to the ringing and tone apparatus start conduc-

tor -C3131’. ‘At RA3237, the relay R3235 opens
-a point-in the above-traced circuits traversed by

the ringing and ring-back tone currents and also

g point in the above-traced operating circuif for

the ring cut-off relay R3230, causing the last-
mentioned relay to restore. At RA3237T and

"RA3239’ and their respective associated working

contacts, the relay R3235 completes a circuit for
enérgizing the windings of R3110, R3470 and the
impedance element 3216 in series, which circuit

‘miay be traced as extending from ground at the

upper terminal of the winding R3110 by way of
this winding, C3(98’, RA3215, RA3239’, C3196,
RA3106, C3199, RA3248, the wiper 3256, C3483,

-RA34TL, RA3472, the winding of R3470, the
“transmitter - 3459, the receiver -3458, the hook
- springs of the calling device 3483, RA3451, C3481,
‘the wiper 3251, RA3241, C31715, RA3101, C3114,

switech arm 3451, the contact 3456, the pulsing

RA3231, RA321 | and the winding of the imped-
ance element-3216 to battery. The current trav-
ersing the circuit serves to maintain the relay
R347190 operated-and -also -to energize the trans-
mitter-3459. It will be observed that, with the
relay R34710 operated, the apparatus provided at
the substation Ts is effectively locked out of
service -and thus the connection is guarded
against intrusion through the attempted initia-
tion of a call at the substation Ts until the con-
nection extending to the substation Ts is cleared
out.

The relay R3110 operates when energized in

-séries'with the relay R3470 over the above-traced

circuit. Upon operating, the relay R3110 func-
tions -to reverse battery back over the trunk line

‘81 to the repeater illustrated in Figs. 26 and 27,

so that the two windings of the relay R2700 are
cumulatively energized. More particularly, when
the relay R3110 operates, the lower winding of
R2708 is energized over a circuit which may be
traeced as extending from ground at the lower
terminal of the lower winding of R3125 by way
of ‘this winding, the lower winding of R3120,
RA3{I, RA3112, RA31D2, C2890, RA2TIiI, C2615,

‘the transforimer winding 2618, RA2613, C2686,

RA2115, the lower winding of R2760, the re-
sistor 2701’, the transformer winding 2619,
2595, RA2T19, C2891, RA3105, RA3I15, RA3I14,
the upper winding of R3120 and the upper wind-
ing of 'R3125 to battery.

From the foregoing description it will be re-
called that only the three relays R2605, R2620
and R2710, embodied in the repeater illustrated
in Figs. 26 and 27, are operated at the time the
relay R3110 operates to reverse battery back over
the -trunk Iine 61. When its two windings are

‘cumulatively energized, the relay R2700 operates

to complete, at RA2101, a circuit for energizing
the slow-acting relay R2610, which circuit ex-
tends from ground at RA2652 by way of C2690,
! and its associated working contact,
RA2164, RA2136, C2682, RA2657 and the winding
of ‘R26T0 to battery. When energized over this

-circuit, the relay R2679 operates to prepare, at

RA26T4, a5 cireuit for energizing R2660 and to

‘complete, at RA2672, a circuit extending from

ground at RA2642 for energizing the relay R2638.

-At RA2€73, the relay R26T0 completes a circuit

extending from ground at RA2643 for energizing

‘the slow-acting relay R2645 which latter relay,

upon operating, disconnects, at RA2646 and
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RA2641, the conductors .of the trunk line 3T from
the line terminals of the repeating transformer
windings 2646-and 2611. The relay R2630, upon
operating, completes, at RA2632, the-above-men-
tioned . circuit for energizing the relay R2660.
Also, the relay R2630 connects, at ifs. armatures
RA2631 and RA?2633, the conductors C188% and
C1886 of the trunk. line 3T to opposite terminals
of the alternating current source provided in the
exchange C. The relay R2660, upon operating,
completes, at R2662, the operating circuit for
R2655. and, at RA2664, a circuit for energizing
the lower winding of R2760. The last-mentioned
circuit may be traced as extending from ground
at RA2625 by way. of RA2644, RA2664, C2692,

10

15

RA2752, RA27165 and the lower winding of R2760 -

to battery., When its lower -winding is energized
over this circuit the relay R2760, which is of the
two-step. type, partially operates to complete; at
RA2161, a path for short-circuiting its upper

20

winding, this - path- extending by -way of the -

grounded conductor C2692, RA2752, RA2165, the
upper winding of R2760, RA2761 and RA2726
back to ground at RA2Ti3.

" As indicated. above, the relay R2655 is ener-
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gized and operates in response to the operation *

of R2660. Upon operating, the relay R2655
opens, at- RA265T, a point in the above-traced
operating circuit- for R2678, causing the last-
mentioned relay. to restore to initiate the se=
-quential restoration of R2660 and R2655 in the
order named. -When the relay R2660 restores it
opens, at- RA2664, a point in the above-traced
path short-circuiting the upper winding of R2760,
permitting the two windings of the last-mentioned
relay to be energized in series.  The relay R2760
now completes its operation to open, at RA2764,
2 point in the above-traced operating circuit for
R2T60 thereby to arrest the cyclic operation of

the three relays, R2655, R2660 and R2670. At °

RA2765 and its associated working contact, the
relay R2160 prepares a circuit, traced hereinafter,
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for energizing the lower winding of R2750. Aside .

from the circuit operations just described, the
operation of the relay R2760 is Wlthout effect at
this time.

When the relay R2610 restores, in the manner
pointed out above, it opens, at RA2673, a point in
the operating circuit for R2645 and, at RA2672,
a point in the operating ecircuit for R2639,
causing both of these relays to. restore.
When the two relays R2630 and R2645 restore,
the line conductors C1885 and C1886 of the trunk
line 37 are disconnected from the alternating
current source provided in the exchange C and
are reconnected to the line terminals of the re-
peating transformer windings 2816 and 2611.

When the pulse of alternating current is pro-
jected over the conductors of the trunk line 37
to the repeater illustrated in Figs. 17 and 18 in
the manner just described, the relay RI815 is
energized and operates.
three relays Ri1700, R{705 and R1730, embodied
in the repeater shown in Figs. 17 and 18, are
operated. Accordingly, when the relay RI8(5
operates, it completes, at RA1817, a circuit for
energizing the lower winding of Rl1l2 this cir-
cuit extending from ground by way of RAIBI'I
CI190, RAIT3T’, RAIT28, RAITIT and the lower
w1nd1n_g of RITI2 to battery. The relay RITI2
is of the two-step type such that it only partially
operates when its lower winding is alone ener-
gized.  Upon partially operating, the relay
RITI2 completes, at the “X" contacts associated

At this time, only the "
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with RA 1713, a path. for short-circuiting its upper
winding, Whlch path may be traced as extending
by way of the grounded conductor CI790,
RAIT37’, RA1T23, RAIT11, the upper winding of
RI1T12, RA1ITi3 and RAIT&41 back to ground at
RAIT33. At the end of the alternating current
pulse transmitted by way of the trunk line 37
to the repeater illustrated in Figs. 17 and 18, the
relay R1815 is deenergized ahd restores. Upon
restoring, this relay opens, at RAI811, a point in
the above-traced path-short-circuiting the upper
winding of RIT12, permitting the two windings
of .the last mentioned relay to be energized in
series. 'The relay RiT12 now completes its oper-
ation to open, at RAITIT and its associated rest-
ing contact, a point in the above-traced circuit
for energizing its lower winding and to prepare,
at RAITIT and its associated working contact, a
circuit, traced hereinafter, for energizing the
lower winding of R1720. At RAITi4 and RAITIS,
the relay R17112, upon fully operating, reverses
battery back over the loop extending through the
operated incoming connector switch illustrated in
Figs. 12 and 13 and the trunk line 38 to the oper-
ator’s position equipment, illustrated in Fig. 7.
More particularly, when the relay RITI2 oper-
ates, the upper winding of the supervisory relay
R190 is energized over a circuit which may be
traced as extending from ground at the upper
terminal of the lower winding of RIT05, by way
of this winding, the lower winding of RITIO,
RAITI5, C1318, the wiper 1371, Ci262, RAI20I,
C853, the switch springs 818 and 8171, RAT82,
RC183, the transformer winding 115, RAT91, the
upper winding of R190, the resistor 797’, the
transformer winding 716, RCT786, RA1785, the
switch springs 822 and 821, C854, RA1206, Ci278,
the wiper. 1312, C1380, RA{T14, the upper wind-
ing of RITi0 and the upper Winding of RIT05
to battery. The direction of current flow over
this circuit is such that the two windings of the
relay RT190 are cumulatively energized and the
relay .operates. Upon . operating, the relay
RAT90 opens, at RAT91, a point in the previously
traced circuit by way of which the supervisory
lamp 51{ and the relay R530 are being held en-
ergized in series, causing the lamp 511 to be ex-
tinguished and the relay R538 to restore to open,
at RA531, a point in the operating circuit for
the audlble signaling device 535.

As pointed out previously, the operator at the
operator s position in the exchange B, after dial-
ing the appropriate line selecting digits to cause
the desired line to be selected, may utilize one
of the link lines, such, for example, as the line
552, to establish a link or jumper connection be-
tween the calling and called talking circuits and
release her telephone substation apparatus for
use in the completion of other calls. Usually the
establishment of the link connection is performed
after the dialing operation is completed and when
the call is answered. To establish the link con-
nection between the calling and. called talking
circuits in the case here heing considered, the
operator may actuate the two connecting switches
658 and 7157 to the off-normal position. When
the switch 658 is operated to its off-normal po-
sition, the springs 664 and 659 are closed to con-
nect the line terminals of the repeating trans-
former 650 to the link line conductors C688 and
C6889.

At the springs 663, an alternative circuit is
prepar’ed for energizing the supervisory lamp 511
in series with the relay R530 when the switch 658
is operated to its off-normal position. Also, the
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springs 68! are closed to complete an obvious al-
ternative circuit for maintaining the busy lamp
698 energized. At the springs 6§88 an alternative
circuit extending by way of RA682 is completed
for maintaining the relay R685 energized. When
the switch 157 is operated to its off-normal posi-
tion, the springs 758 and 162 are closed to con-
nect the line conductors C588 and CE89 of the
link line 552 to the line terminals of the trans-
former windings 712 and 113 embodied in the re-
peating transformer 171, thereby to complete the
desired jumper connection between the calling
and called talking circuits. Also, when the switch
151 is moved to its off-normal position, the springs
153 are closed to prepare the ahove-mentioned
alternative eircuit for energizing the supervisory
lamp 511 in series with the relay R830. At the
springs 766 an obvious alternative circuit is com-
pleted for maintaining the busy lamp 763 ener-
gized, and at the springs 761 an obvious alterna-
tive circuit is completed for maintaining the re-
lay R195 energized. Following the operation of
the connecting switches 658 and 757 to the ofi-
normal position to establish the desired jumper
connection, the call and answer key switches 686
and 164 may be returned to normal, thereby to
disconnect the operator’s substation equipment
from the established connection. It will be noted
that, when these two switches are restored to
normal, the line conductors C347 and C548 of
the link line 552 are disconnected from the line
terminals of the two repeating transformers 659
and 771, Also, the circuit for supplying ener-
gizing current to the transmitter 500 is inter-
rupted at the springs 687 and T85. At the
springs 670 of the switch 666, the multiple cir-
cuit for energizing the busy lamp 888 is opened,
while, at the springs 671, the operating circuit
for the relay R895 is interrupted. At the springs
167 of the switch 784, a point is opened in the
above-traced operating circuit for the relay R180
and, at the springs 168, a point is opened in the
multiple circuit for energizing the busy lamp
763. Finally, at the springs 769, the operating
circuit for the relay R185 is interrupted, this re-
Iay being held energized over the holding circuit,
described above, which is completed in response
to operation of the connecting switch 157 to its
off-normal position. Following the completion of
the jumper connection in the manner just de-
scribed, the two busy lamps 638 and 163 are both
energized to indicate that the respective associ-
ated trunk lines 83f and §32 are busy. Since the
relay R695 is operated, the line signal lamp 619
is deenergized at this time. Tt will be apparent
from the foregoing description that the super-
visory lamp 5i{l and the relay RE30 are main-
tained energized over the circuit traced previous-
1y, until such time as the call is answered at the
called substation, this circuit being interrupted,
in ihe manner described akove, in response to
the operation of the relay R182. Thus, when the
desired talking connection between the calling
and called substations is fully completed, only
the two busy lamps 698 and 783 are energized. .
1If, following the completion of a talking con-
nection between the calling and called substa-
tion, in the manner just described, the called
subscriber desires to resignal the operator in the
exchange B, he may do so by momentarily oper-
ating the hook switch provided at the substation
Ts between its two operating positions-one or
more times. Each time the hook arm 3437 is
moved to its normal position to disengage the
contact 3458, the loop circuit extending to the
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called substation Ts is interrupted and the relays
R3470 and R3110 are deenergized, causing the
last-mentioned relay to restore. Obviously, if the
hook switch arm 3457 is held in its normal posi-
tion for too long a time interval, the relay R3470
also restores. When, however, the loop circuif
is recompleted by releasing the hook switch arm
3457 so that it again engages the contact spring
3456, the two relays R3110 and R3470 are again
energized in series with each other and with the
impedance element 3218.

The relay R3110 restcres each time the hook
switch provided at the called substation T5 is
returned to its normal position and, upon re-
storing, reverses battery back over the trunk line
61 so that the polarity of the current traversing
the lower winding of the relay R2100 is reversed
with respect to the polarity of the current trav-
ersing the upper winding of this relay. Thus,
the relay R21730 is caused to restore to complete,
at RA270(, another alternative circuit for ener-
gizing the slow-acting relay R2610, this circuit
extending from ground at RA2852 by way of
2690, RA2701{ and its associated resting contact,
RA2164 and its associated working contact,
RA2735, (2682, RA285T and the winding of
R2670 to battery., When energized over this cir-
cuit, the relay R2678 operates to initiate the se-
quence of operations described previously; that
is, it completes the operating circuit for R2660
and completes the previously fraced operating
circuits for R2630 and R2645. -When the two
last-menticned relays operate, the conductors of
the trunk line 37 are disconnected from the line
terminals of the transformer windings 2616 and
2617, and are again connected to opposite termi-
nals of the alternating current source provided
in the exchange C, whereby an alternating cur-
rent pulse is transmitted by way of the trunk
line 37 to the repeater illustrated in Figs. 17 and
18. When the relay R2660 operates in response
to the operation of R2610, it completes, at
RA2664, a circuit for energizing the lower wind-
ing of R2150, which circuit extends from ground
at RA2625 by way of R2644, RA2664, C2692,
RA2152, RA2165 and the lower winding of R2750
to battery. The relay R2780 is of the two-step
type such that it operates to close only the “X”
contacts associated with RA2751 when its lower-
ing winding is alone energized. When these “X”
contacts are closed, a path is completed for
short-circuiting the upper winding of R2150, this
path extending from ground at RA2TI3 by way
of RA2126, RA2151, the upper winding of R2750,
RA2T65, RA2752, C2692, RA2664 and RA2644
back to ground at RA2625. The relay R2660,
upon operating, also completes, at RA2662, the
operating circuit for R26§55, which latter relay,
upon operating, opens at RA2651, the operating
circuit for R2618, thereby to initiate the sequen-
tial restoration of the three relays R2670, R2660
and R2555. When the relay R2863 restores, it
opens, at RA2664, a point in the above-traced
path short-circuiting the wupper winding of
R2758, permitting the two windings of the last-
mentioned relay to be energized in series. The
relay R2788 now completes its operation to open,
at RA2752, a further point in its operating circuit
and to complete, at RA2753, an obvious circuit
for energizing the slow-to-operate relay R2125.
When the relay R2723 operates it opens, at
RAZ2726, a point in the common portion of the
holding circuits for the two relays R2750 and
R2i63, causing both of these relays to restore
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and open further points in their respective hold-
ing circuits. The relay R2769, upon restoring,
also opens, at RA2164 and its associated working
contact, s point in the above-traced alternative
operating circuit for the relay R2670, causing the
last-mentioned relay to remain in its restored

position. With R287T0 restored, the two relays

R2660 and R2655 are prevented from reoperating
and the respective operating circuits for R2630
and R2645 are interrupted. More particularly,
when the relay R2670 first restores to initiate
the sequential restoration of R2660 and R2635,
the two relays R2638 and R2645 also restore to
disconnect the conductors of the trunk line 37
from the alternating current source provided in
the exchange C and to reccnnect these conduc-
tors to the repeating transformer windings 2616
and 2617. Thus, the pulse.of alternating current
transmitted by way of the trunk line 37 to the
repeater shown in Figs. 17 and 18 is terminated.

.When the alternating current source provided

in the exchange C is connected to the conductors
of the trunk line 87, the alternating current re-.

lay RIi815 embodied in the repeater illustrated
in Figs. 17 and 18 is energized and operates to
complete, at RAI811, the previously mentioned
circuit for energizing the lower winding of the
relay R1720, it being pointed out that the relays
RI1700, RIT05, RITiZ and R{7138 are the only
ones of the relays embodied in the indicated re-
peater which are operated at the time the relay
R18{5 operates. The circuit for energizing the
lower winding of the relay RI728 may be traced
as extending from ground at RAI8iT by way of
C1790, RAIT3T’, RAI723, RAITIT and the lower

winding of R1720 to battery. 'The relay RIT20°

is of the two-step type such that it partially op-

75

repeater illustrated in Figs, 26 and 27, whereby
the direction of current flow through the lower
winding of: R27180 is again reversed. The two
windings of R2108 are now cumulatively ener-
gized and this relay is caused to reoperate to re-
complete, at RA2101, the previously traced al-
ternative operating circuit for the relay R2670.
The four relays R2638, R2645, R2655 and R2660

_ respond to the reoperation of R2670 in the exact
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erates to close only the “X” contacts associated

with RAIT21 when its lower winding is alone en-

ergized. When these “X” confacts are closed,’

the relay R1720 completes a path for short-cir-
cuiting its upper winding, which path may beé
traced as extending from ground at RAI733 by
way of RAITA1, RAI121, the upper winding of
RI7120, RAITIT, RA1723, RAIT3T and CI780 back
to ground at RA1817. 'When the alternating cur-
rent pulse transmitted by way of the trunk line
37 is terminated in the manner explained above,
the relay R{815 restores to-open, at RALSIT, a
point in the path short-circuiting the upper
winding of R1720, permitting the two windings

of the last-mentioned relay to be energized in-

series. The relay R1720 now fully operates to
complete, at RAIT122, an obvious operating cir-
cuit for the slow-to-operate relay RIT7408. The
relay (748, upon operating, opens, at RA{T41,
a point in the common portion of the respective
holding circuits for RI7i2 and R 1728, causing
hoth of these relays to restore. The relay RI1T12,

upon restoring, reverses the direction of current .

flow over the previously traced circuit including
the upper. winding of the supervisory relay R799,
causing the last-mentioned relay to restore to
recomplete, at RAT91, the previously traced cir-
cuit for energizing the supervisory lamp 5li
and the relay R530 in series.

As pointed cut above, when the hook switch
arm 24587 is released, after momentarily being
operated to its normal position, it is moved into
engagement with the contact spring 3456 to re-
complete the previcusly traced circuit for ener-
gizing the relay R3476 in series with the relay
R2110, causing both of these relays to reoperate.
The relay R31i0, upon reoperating, again re-
verses battery back over the trunk line 61 to the
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manner explained above; that is, the relay R2645
opens a point in the link circuit extending by
way of the trunk line 37 to the repeater illus-
trated in Figs, 16 and 17; the relay R2630 con-
nects the line conductors of the trunk line 37 to
the alternating current source provided in the
exchange C; and the relay R28668 reoperates to
complete, at RA2664, the previously traced cir-
cuit for energizing the lower winding of R2160.
When its lower winding is energized, the relay
R2760 again partially operates to recomplete,
at the “X” contacts associated with RA2T61, the
previously traced path for shori-circuiting its
upper winding. The relay R2655, upon oper-
ating, opens, at RA2857, the operating circuit
for R2670, thereby to initiate the sequential res-
toration of R2670, R2660, and R2655 in the order
named. TUpon restoring, the relay R2670 opens
the respective operating circuits for R2630 and
R2645, thereby to terminate the pulse of alter-
nating current which is transmitted by way of
the trunk line 37 to the repeater shown in Figs.
17 and 18. The relay R2860, upon restoring,
opens, at RAZ564, a point in the path short-cir-
cuiting: the upper winding of R2769, causing the
last-mentioned relay to complete its operation to
open, at RA2164, a point in the operating circuit
for the relay R2870, thus preventing the three
relays R2678, R2660 and R2655 from continuing
their “cyclic operation. Also, the relay R2180
upon fully operating, reprepares the previously
traced circuit for energizing the lower winding of
R2759. Following the operation of R2760, the
relay equipment embodied in the repeater illus-
trated in Figs. 26 and 27 is returned to the con-
dition which prevailed when the connection was
initially “established between the calling and
calied substations.

The relay RI818, embodied in the repeater
illustrated in Figs. 17 and 18, responds to the
alternating current pulse transmitted by way of
the trunk line 37 in response to the recompletion
of the loop circuit extending to the called sub-
station by reoperating to recomplete, at RAI8IT,
the previously traced circuit for energizing the
lower winding of RiTi2. The relay RIT12 again
partially operates to complete, at RAITI3, the
previously traced path for short-circuiting its up-
per winding. At the end of the alternating cur-
rent pulse, when the relay Ri815 restores, this
short-circuiting path is interrupted at RAI8I1T,
permitting the two windings of R1712 to be ener-
gized in series. The relay RITI2 now completes
its operation to again reverse the direction of
current flow through the upper winding of the
supervisory relay. R7199, causing the last-men-
tioned relay to reoperate. Upon reoperating; the
relay RT80.opens, at RAT91, a point in the above-
traced circuit for energizing the supervisory lamp
511 in series with the relay, R539, thereby to
extinguish the lamp 511 and to terminate the
operation of the signal device 535..

It will be apparent from the foregoing descrip-
tion that the sequence of operations just described
occurs each time the hook switch provided at the
called substation Ts is operated from its off-nor-
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mal position to its normal position and then back
to its off-normal position. Hence, if the hook
switch is operated up and down a number of
times, the supervisory lamp &{! and the signal
device 535 provided at the operator’s position are
caused intermittently to operate, thereby to in-
dicate to the operator that she is being recalled
by one of the parties conversing over the con-
nection in which the link line %52 is included.
In order to reenter the connection, it is only
necessary for the operator to actuate one of the
two call and answer key switches 764 and 686
to the off-normal position, thereby to reconnect
her telephone substation apparatus to the es-
tablished talking circuit in an obvious manner
so that she may converse with the called party
to ascertain what service or information is de-
sired.

Ag indicated previously; if the desired called
substation is associated with a line of the multi-
plex type extending to the exchange C, it is
necessary to transmit a third series of impulses
by way of the incoming connector switch illus-
trated in Figs. 31 and 32 to the station selecting
apparatus associated with the selected called line.
In order to condition the contrcl apparatus of
the incoming connector switch to repeat the im-
pulses to the station selecting apparatus asso-
ciated with a subscriber’s line of this type, the
relay R3225 is provided, which relay is arranged
to operate immedijately the called multiplex line
is selected. More particularly, each of the con-
tacts included in the contact level 3275 and cor-
responding to a line of the multiplex type is con-
nected to ground so that, if the wiper 3254 is
left standing in engagement with the contact of
a set terminating a line of the multiplex type,
the relay R3228 is energized over a circuit ex-
tending by way of the wiper 3254, RA3239 and
the winding of R3225 to battery. Upon operat-
ing, the relay R3225 opens, at RA3225, a point
in the incomplete circuit for impressing ringing
voltage ‘upon the conductors of the called line.
At RA3228 and its associated working contact,
the relay R3225 prepares a path for impressing
negative battery potential upon the positive line
conductor of the selected called line. Shortly
after the line is selected, the line switching relay
R3242 is caused to operate in the manner ex-
plained previously, provided the line is idle. Upon
operating, the relay R2240 completes the above-
mentioned path for impressing negative battery
potantial upon the positive side of the selected
line. This path extends from the negative ter-
minal of the exchange battery by way of the re-
sistor 3417, RA3128, C3193, RA3228, RA3239’,
C3186, RA3{08, C3199, RA3248 and the wiper 3256
to the positive line conductor of the selected called
line. At RA2244, the relay R3240 also completes
the vreviously traced path for impressing ground
potential upon the control conductor of the se-
lected multiplex line, whereby the station select-
ing apparatus associated with this line is seized
and conditioned to operate in response to the
impulses comprising the third series of impulses
transmitted to the incoming connector switch and
the fifth digit dialed at the operator’s position
in the exchange B. The line relay R3(25 re-
sponds to the impulses of this digit by repeatedly
opening, at RA3128, the above-traced path for
applying negative batbtery potential to the posi-
tive side of the selected called line, and the sta-
tion selecting apparatus associated with the se-
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necting the line conductors of the called line to
the substation apparatus provided at the desired
called substation in the usual manner. Af the
beginning of the first impulse of the impulse series
the relay R3125 restores to complete the above-
traced circuit for energizing the winding of R3(50
in parallel with the lower winding of R317¢, caus-
ing both of these relays to reoperate. At this
time, the branch of this circuit which includes
the winding of the rotary switch operating mag-
net 3257 is interrupted at the operated armature
RA324% of the switching-through relay R324%,
Upon operating, the relay R3180 completes the
operating circuit for R3165, which latter relay,
in turn, operates to complete an alternative cir-
cuit for energizing the busy relay R3208. 'This
alternative circuit may be traced as extending
from ground at RA3141 by way of C3179, RA3244,
C3184, RA3158, RA3166, RA3I6T, C3183 and the
lower winding of R3200 to battery. The relay
R3289, upon operating, prepares, at RA3201, its
holding circuit as traced ahbove and prepares, at
RA3204, a circuit, traced hereinafter, for ener-
gizing the relay R3220. At the end of the third
series of impulses fransmitted to the incoming
connector switch, the line relay R3125 is held
operated and the three relays R3160, R31{65 and
R3110 are caused to restore in the manner ex-
plained previously. Upon restoring, the relay
R3185 completes the above-traced holding circuit
for the busy relay R3260. The relay R3165, upon
restoring, also completes the above-mentioned cir-
cuit for energizing the relay R3220, this circuit
extending from ground at RA3141 by way of
C3179, RA3244, C3184, RA3156, RA2I66, C3i81,
RA3227, RA3204 and the winding of R3229 to
battery. When energized over this circuit, the
relay R3220 operates to complete, at RA3221, the
previously traced circuit for connecting the ring-
ing current source to the negative line conductor
of the selected called line, thereby to energize the
signal device provided at the called substation.
The operation of the relay R3220 to complete the
previously traced ringing current circuit is also
effective to cause ringing current to be projected
over the established talking loop extending to the
oberator’s position in the exchange B, thereby to
signal the operator that the desired called sub-
station is being rung.

When the call is answered at the called sub-
station, ground potential is impressed upon the
negative line conductor of the called line to com-
plete a circuit for energizing the ring cut-off relay
R3230, this circuit extending by way of the
grounded line conductor, the wiper 3251, RA3241,
C31i15, RA3I01, C3174, RA3237, RA322( and the
winding of R3280 to battery. When energized
over this circuit, the relay R3230 operates to com-
plete, at RA3231, the operating circuit for the
relay R32385, which latter relay, upon operating,
completes, at RA3238, its holding circuit and
opens, at RA3239, the operating circuit for the
relay R3225, causing the last-mentioned relay
and the relays R3220 and R3230 to restore in the
order named. At RA3237 and RA3239’, the relay
R3235 completes a circuit for applying talking
battery voltage to the conductors of the selected
called line, one branch of this circuit extending
from the negative terminal of the exchange bat-
tery by way of the winding of the line balancing
impedance element 3216, RA321 {, RA3237, C3114,
RA3101, C3115, RA324( and the wiper 825( to the
‘hegative line conductor of the called line, and the
- other branch extending from the positive or
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grounded side of the exchange battery by way of
the winding of R3110, C3198’, RA3215, RA3239’,
C3186; RA3106, C3199, RA3248 and the wiper 3256
to the positive conductor of the selected called line.
The relay R3118 is energized over this circuit and
operates its armatures RA3111, RA3{12, RA3{ 14
and RA3115 to reverse battery back over the loop
circuit extending. to the repeater illustrated in
Figs. 26 and 27, thereby to cause a supervisory
pulse of alternating current to be transmitted by
this repeater to the switching equipment located
in the distant exchange B in the manner pre-
viously described. The opsrated switching equip-
ment in the exchange B responds to the alternat-
ing current pulse by operating to open the circuit
for energizing the supervisory lamp provided at
the operator’s position in this exchange and asso-
ciated with the link line being used in the con-
nection, all in the manner explained previously.
The manner in which a connection routed to
a substation conhected to a line of the multiplex
type is released is pointed out with particularity
hereinafter. .

As indicated previously, if the wipers of the

rotary switch 3250 embodied in the incoming con- o

nector switch illustrated in Figs. 31 and 32 are
operated into engagement with the contacts ter-
minating the conductors of a desired line at g
time when the line is busy, busy tone is returned

over the calling loop cireuit to the operator in -«

the distant exchange B to indicate that the de-
sired connection can not immediately be-obtained,
Thus, if the call originating at the operator’s
position in the exchange B and intended for
substation Ts associated with the line 66 is ini-
tiated at a time when the line 60 is busy, the
slow-to-release busy relay R3200 is caused to
-operate immediately the wipers of the switch 3250
are operated into engagement with the contacts
terminating the conductors of the called line.
More particularly, when the called line 69 is busy,
ground potential is present Upon the control con-
ductor C3482 thereof. Accordingly, the busy re-
lay R3208 is emergized over a circuit extending
by way of C3482, the wiper 8253, C3184, RA3(56,
RAS168, RA3I67, C3i83 and the lower winding of
R3200 to battery. When its lower winding is
energized over this circuit, the relay R3200 op-
.erates to prepare, at RA3261, a holding circuit for
itsell and to prepare, at RA3204, a point in the
above-traced operating circuit for - the - relay
R3228. At RA3281 and its associated resting con-
tact, the relay R32060 opens a point in the circuit,
traced previously, for energizing the lower wind-
ing of the line switching relay R3240. At RA3203,
-the relay R3200 opens a point in the circuit,
traced previously, by way of which the lower
winding of R3170, the winding of R3160 and the
winding of the rotary switch operating magnet
3257 are energized during impulsing, thereby to
prevent further operation of the calling device
provided at the operator’s position from effecting
further operation of thé rotary switch 3259. At
RA3206, the relay R3200 effectively connects the
‘busy tone conductor C3259 to the line conductor
C3198 of the trunkline incoming to the connector
switch of Figs. 31 and 32, thereby to cause busy
tone current to be projected back over the es-
tablished talking circuit through the receiver pro-
vided at the operator’s telephone station located
in the exchange B. The resulting busy tone sig-
nal indicates to the operator that the line ex-
tending to the called substation is busy. Shorily
-following the operation of the busy relay R3200,
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the three relays R3160, R3165 and R3170 are
caused to restore in the manner explained pre-
viously. The relay R3185, upon restoring, com-
pletes the above-mentioned holding circuit for
the busy relay, this circuit extending from ground
at RABI&41 by way of RA3I151, C3180, RA320i,
RA32(2, C3i82, RA3I8T, C3183 and the lower
winding of R3208 to battery. Thus, the busy
relay is held energized and remains operated.

As indicated previously, provisions are made
whereby, on a toll call routed by way of an op-
erator’s position in the exchange B or the oper-
ator’s position in the exchange C, a talking con-
nection may be established to the called line even
though the line is busy. Thus, in the call under
consideration, if the operator in the exchange B
desires to offer the call to one of the parties
conversing over the previously established con-
nection, she may cause the apparatus utilized
in the partially completed connection to operate
-and set up a talking circuit bridging the previ-
ously established connection by momentarily op-
erating the toll offering switch 753 to its off-
normal position to apply ground potential to the
line conductor C854 of the trunk line 39. When
ground potential is applied to C854, the respec-
tive  lower  windings of RIT165 and RITi0 are
-short-circuited over a path which may be traced
-as extending by way of the grounded. conductor
C854, RAI1206, Ci218, the wiper (372, Ci380,
RAI1715, the lower winding of R{T1i0 and the
lower winding of RI1785 back to ground. When
its' lower winding is :short-circuited over this
path, the differentially wound relay Ri718 oper-
ates to complete, at RAITiI, a circuit for ener-
gizing the upper winding of R17124, this circuit
extending ' from ground at RAIT33 by way of
RAITII and the upper winding of R1724 to bat-
tery. At RAIT25, the relay RI724, upon oper-
ating, - completes a holding circuit for itself,
which holding circuit extends from ground at
RAI133 by way of RAI725 and the upper winding
of R17124 to battery.  Shortly following the op-
eration of RI724 and when the toll offering
switch 753 is released to open the above-traced
path short-circuiting the lower winding of Ri71 g,
the two windings of the last-mentioned relay are
again energized in opposition, and this relay re-
stores to open, at RAITI1, the operating cireuit,
as traced above, for the relay R1724, At RA1729,
the relay Ri7124, upon operating, applies ground
potential to the second contact. of the outer row
of contacts embodied in the minor switch 1770,
thus preparing a circuit, traced hereinafter, for
energizing the lower winding of the relay R{724.
At RAIT26, RAI127 and RAI128, respectively,
the relay R {724, upon operating, completes op-

-erating circuits for the three relays R1830, R1849
and RI820; the operating circuit for the relay
R1830 extending from ground at RA1726 by way
of RAI134, CIT19 and the upper winding of
-R1838 to battery; the operating circuit for R840
'extending-frOm ground at RAI121 by way of
‘RA1135, CI181 and the winding of R1840 to bat-
~tery; and the operating circuit for Ri820 ex-
tending from ground at RAI728 by way of
"RAI1317, C1184 and the winding of R1820 to bat-
tery. The relay Ri840, upon operating, connects
the line conductors C1885 and Ci886 of the trunk
line 37 to the alternating current source .pro-
vided in the exchange B, and the relay Ri820
disconnects the line terminals of the repeating
transformer windings 1818 ‘and 18719 fiom the
‘enumerated line conductors of the trunk line 31
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to prevent the alternating current from being
returned to the operator’s felephone set, all in
the manner previously explained. The relay
Ri830, upon operating, prepares, at RAI1831, a
circuit for energizing the operating magnet 1112
of the minor switch (176 and Dprepares, at
RAI1833, an operating circuit for the relay RI1895.
At RAI1832, the relay R1830 completes a circuit
extending by way of RAI812 for energizing the
slow-acting relay Ri888. When the relay Ri80%
operates, it completes, ab RA{801, a holding cir-
cuit for RI830 and completes, at RAI804, the
previously mentioned circuif for energizing
R1805. The holding circuit for the relay Ri830
extends from ground at RA1831 by way of RA1801
and the upper winding of RI830 to battery and
the circuit for energizing the relay Ri885 ex-
tends from ground at RA(833 by way of RAI804
and the winding of Ri805 to battery. The relay
R1805, upon operating, shunts, at RAI836, the
armature RA182¢ to provide a multiple holding
circuit for R1838 and completes, at RAI88T, the
operating circuit for the relay RI8!0. The relay
R1810, upon operating, opens at RA1812, the op-
erating circuit for R1889 as traced above, there-
by to initiate the sequential restoration of the
two relays RI1885 and RI1810. Thus, the cyclic
operation of the three relays R13089, R18985 and
RI810 is initiated. During each cycle of opera-
tion of the three relays R1866, R1885 and RI819
and when the relay R{8i0 operates, the above-
mentioned circuit for energizing the operating
magnet 1772 embodied in the minor switch 170
is completed, this circuit extending from ground

at RAIS21 by way of RAI8II, CIT9T and the g

winding of the magnet (172 to battery. Obvi-
ously, this operating circuit is also interrupted
during each cycle of operation of the three enu-
merated relays when the relay RI8{0 restores.
Thus, during each cycle of cperation of the three
relays R1808, Ri8085 and RI8(0, the wiper iT17I
of the switch 1778 is stepped one step so that,
at the end of the second cycle of operation of
the three relays noted, this wiper engages the

respective second contacts of the bank contact <

field embodied in the switch [778. When the
wiper 1771 is cperated to this position, the above-
mentioned circuit is completed for energizing the
lower winding of R1724, which circuit extends
from ground at RA{729 by way of the wiper
{174 and the lower winding of R{1724 to battery.
The relay R1724 is differentially wound so that
it restores when both of its windings are ener-
gized. At RA!725, the relay RiT24, upon re-
storing, interrupts its holding circuit as traced
above. Upon restoring, the relay RI1724 also
opens, at RAI{727 and RAI1728, respectively, the
above-traced operating circuits for the relays
RI1840 and RI826, causing both of these relays to
restore to terminate the alternating current
pulse transmitted over the trunk line 87 and to
reconnect the conductors of this trunk line to the
line terminals of the repeating transformer
windings 1878 and 1873.  The relay R1724, upon
restoring, also opens, at RAIT126, a point in the
above-traced operating circuit for the relay
R1839, causing the last-mentioned relay to re-
store when the two relays RI1880 and R1805 re-
store to open the holding circuit for RI1830.
When the relay R(830 falls back, it opens points
in the respective operating circuits for R1800 and
R 1885, thereby to arrest the cyclic operation of
these two relays and the relay RI818. It is
pointed. out that, when the wiper {711 of the
minor switch {778 is stepped to ifts first off-
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normal position, the off-normal springs 114 are
closed to prepare a circuit for energizing the
release magnet 1773, This circuit is completed
in response to the restoration of R1830 and ex-
tends from ground at RAIB3I by way of Ci189,
the off-nmormal springs 1774 and the winding of
the magnet {113 to battery. When energized
over this circuit, the magnet IT13 attracts its
operating armature, not shown, to cause the
wiper {711 of the switch 1710 to be returned to
its home position in the usual manner.

From the foregoing description, it will be ap-
parent that the duration of the alternating cur-
rent pulse fransmitted by way of the trunk line
37 to the repeater illustrated in Figs. 26 and 27
is primarily determined by the time required for
the wiper 1171 of the minor switch (71719 to be
operated to its second off-normal position. More
particularly, the duration of this pulse is of in-
termediate length as compared with the short
seizing pulse transmitted over the trunk line 37
in the manner described above and the long re-
lease pulse which is transmitted over the trunk
line 371 to initiate the release of the repeater
illustrated in Figs. 26 and 27 when the connec-
tion is cleared out at the operator’s position in
the exchange B.

The alternating current relay R2650 responds
to the alternating current pulse transmitted over
the trunk line 37 in the manner just described
by operating to open, at RA2652 and its associ-
ated resting contact, the previously traced hold-
ing circuit for the slow-to-release relay R2665.
At RA2652 and its associated working contact,
the relay R2650 completes the previously traced
circuit for energizing the lower winding of the
relay R2600 and the winding of the slow-acting
relay R27105 in parallel.. At RA2706, RA2707 and
RA2708, the relay R2105 prepares paths, traced
hereinafter, for applying ground potential to
each of the two line conductors C2675 and C2695.
The relay R2608, upon operating, prepares, at
RA260f, a point in the operating circuit for
R2620; prepares, at RA2603, the circuit for en-
ergizing its own upper winding; and completes,
at RA2602, the previously traced path for short-
circuiting the lower winding of R2610.

When the relay R2605 restores in response to
the operation of the relay R2650, it completes,
at RA2608, a circuit for energizing the lower
winding of the relay R2640, which circuit may be
traced as extending from ground at RA262% by
way of RA2608 and the lower winding of R2640
to battery. The relay R2640 now operates to
prepare, at RA2641, the operating circuit for the
rotary switch operating magnet 2787 and to ini-
tiate the cyclic operation of the three relays
R2610, RZ660 and R2635 in the manner ex-
plained previously. During each cycle of opera-
tion of these three relays, the magnet 2787 is
energized and deenergized so that the wiper 2786
of the minor switch 27185 is operated away from
its home position. When the wiper 2786 is op-
erated off normal, the off-normal springs 2789
are closed fo prepare the operating circuit for the
release magnet 2788, The stepping operation of
the minor switch 2785 continues until the alter-
nating current pulse being transmitted by way
of the trunk line 37 is ended. At the conclusion
of this pulse, the alternating current relay R2656
is deenergized and restores to open, at RA2652,
a point in the above-traced circuit for energizing
the lower winding of R2600 in parallel with the
winding of R2705. During the time interval re-
quired for the slow-acting relay R2165 to release



2,254,113

after its operating circuit is opened, ground po-
tential is impressed upon each of the line con-
ductors C2675 and C2695 over the paths men-
tioned above. More particularly, these paths are
completed in response to the restoration of R2650
and commonly extend from ground at RA2652
by way of RA2623, RA2607 and C2617 to RA2706
where they divide, one path extending by way of
RA2707 to the line conductor.C2675, and the

other path extending by way of C2681, RA2613, .

2686, RA2715, RA2708 and C2685 to the oppo-
site line conductor C269%. Obviously, when the
relay R2105 restores its armatures RA2106,
RA210T and RA2708 shortly following the resto-

ration of the alternating current relay R2650, the :

paths just traced are interrupted. When the
relay R2105 restores, an alternative circuit is
completed. for energizing the slow-to-release
relay R2605, this circuit extending from ground
at RA2652 by way of RA2623, RA2607, C2611,
RA2106, C2676, RA2621 and the winding of
R2605 to baltery. When energized over this cir-
cuit, the relay R2605 reoperates to recomplete its
holding circuif, as traced previously, and to in-
terrupt, at RA2608, the above-traced eircuit for
energizing the lower winding of the relay R2640.
Shortly thereafter and when the relay R2660
restores to open the holding circuit for the relay
R2640, the last-mentioned relay also restores to
open points in the respective operating circuits
for the two relays R2670 and R2660 and the op-
erating magnet 27871 of the minor switch 27185.
Upon restoring, the relay R2640 also completes
the circuit, traced previously, for energizing the
release magnet 2788, which magnet, upon oper-
ating, causes the wiper 2186 of the minor switch
2785 to be restored to its normal position in the
usual manner. When the wiper 2786 is re-
turned to its home position, the off-normal
springs 2788 are opened to interrupt the operat-
ing circuit for the release magnet 2788.

When the alternating current relay R2650 re-
stores, at the end of the alternating current pulse
transmitted over the trunk line 37 and in the man-
ner just described, it opens, at RA2652, a point
in the path short-circuiting the lower winding of
R2§16, permitting this winding to be energized in
series with the lower winding of R2600. The re-
lay R2619 now operates to complete, at RA2611,
the circuit for energizing the upper winding of
the relay R2688. The differentially wound relay
R2ZEEH now restores to open, at RA2602, a point
in the circuit for energizing its lower winding in
series with the lower winding of R2610, thus
causing the relay R2610 also to restore. During
the interval when the relay R2610 is operated,
the loop circuit extending to the incoming con-
nector switch of Figs. 31 and 32 is interrupted
2t RA2613, but the interruption of this loop cir-
cuit is without effect at this time. Following
the restoration of the relay R2610, the apparatus
embodied in the repeater illustrated in Figs. 26
and 27 is returned to the condition which pre-
vailed before the alternating current control
pulse was transmitted thereto.

During the interval when ground potential is
applied to the line conductor C2675 in the man-
ner described above, the upper winding of the
relay R3128 is energized in series with the upper
winding of the relay R3125 over a circuit extend-
ing by way of the grounded conductor C2675,
RA2T11, C2880, RA3102, RA3112, RC3113, the
upper winding of R3120 and the upper winding
of R3125 to battery. When ground potential is
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simultaneously applied to the Iline conductor

-C2895, the series connected lower windings of the

relays R3128 and R3125 are short-circuited over
a path which may be traced as extending by way
of the grounded conductor C2695, RA2119, C2891,
RA3105, RAZ(15, RC3!16, the lower winding of
R3120 and the lower winding of R3125 back to
ground. Since its lower winding is deenergized in
response to the completion of this short-circuit-
ing path, the differentially wound relay R3i20
now operates to complete, at RA3{21, a circuit
for energizing the relay R3210, which circuit may
be traced as extending from ground at RA3{4{
by way of C3179, RA3244, C3187, RA3172, RC3113,
C3188, RA32(32, C3188, RA3{21, C3i85 and the
winding of R8218 to battery. When energized
over this circuit, the relay R3210 operates to
complete, at RA3213, a path for short-circuiting
the upper winding of R3200, this path extending
from the upper terminal of the upper winding of
R3200 by way of 3188, RA3fi21, C3i85 and
RA3213 to the lower terminal of the upper wind-
ing of R3288. The completion of this short-cir-
cuiting path renders the relay R3209 slow to re-
lease. At RA3212 and its associated resting con-
tact, the relay R32i0 opens a point in the pre-
viously traced holding circuit for the relay R3269.
At RA3212 and its associated working contact,
the relay R3210 completes an alternative holding
circuit for the relay R3280, this alternative hold-
ing circuit extending by way of the grounded
control conductor C2482 of the busy called line 60,
the wiper 3253, RA3212, C3182, RA3{5T, C3183
and the lower winding of R3200 to battery. : A
RA3214, the relay R3218 opens a point in the pre:
viously traced circuit for projecting busy -tone
current by way of the established circuit extend-
ing to the operator’s position in the exchange B,
thereby to terminate the busy tone signal. At
RA22{! and RA32{5 and their respective asso-
clated resting contacts, the relay R3210 discon-
nects the line conductors C3116 and C3188, re-
spectively, from the terminals of the impedance
element 3218 and the battery reversing' relay
R2I118. Af these same armatures and their re-
spective associated working contacts, the relay
R3210 connects the indicated line conductors
C23176 and C2i98 to the line conductors of the
selected called line 60 so that a talking connec=
tion is completed between the operator’s tele-
phone set and each of the two substations being

used in the previously established connection.

Upon the completion of this talking circuit, the
operator may break in upon the ensuing con-
versation, offer the toll call to the called sub-
scriber and request the parties to hang up so
that the toll call may be forwarded to the de-
sired called substation. It will be noted that
the bridging connection which is established
through the connector switch of Figs. 31 and 32
to the called line includes the two condensers
3151’ and 3452’ and further that no direct current
bridge is placed across the conductors of the
called line. Thus, the release of the previously
established connection including the called line
is in no way affected by the completion of the
bridging connection. .

As indicated above, when the supervisory pulse
of alternating current transmitied by way of the
trunk line 37 to the repeater illustrated in Figs.
26 and 27 is terminated, the relay R2785 is caused
to restore to open the path-by way of which
ground potential is applied to each of the two

frunk line conductors C289%0 and C2891. As g
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result, the lower winding of the differentially
wound relay R3120 is again energized and this
relay restores to open, at RA2{2{, a point in the
path short-circuiting the upper winding of the
busy relay R3288. The upper winding of the relay

2280 is now energized in series with the wind-
ing of R3218 over a circuit which may be traced
as extending from ground at RA3{4{ by way of
C38179, RA3244, C318%, RA3IT2, RC3i13, C3185,
RA2282, the upper winding of R3200, RAS2!3
and the winding of R32{8 to battery. IFollowing
the restoration of the differentially wound relay
R2i28, no further relay operations occur in the
incoming connector switch illustrated in Figs. 31
and 32 until the previcusly established connec-
tion including the desired called line is released.

When the previously established connection is
cleared out at both ends thereof, the line circuit
associated with the line 80 is caused to restore
to normal, in the manner explained subsequently,
to remove ground potential from the control con-
ductor C3482 and to impress negative potential
upon this control conductor. When ground po-
tential is removed from the control conductor
C3482 the lower winding of the busy relay R32§8
is deenergized. Following the deenergization of
this winding, the busy relay R3208 is only ener-
gized by the current traversing its upper wind-
ing, such energization being insufficient to main-
tain the relay operated but being of a value such
that the restoration of the relay is delayed for
a substantial time interval. At the end of this
time interval, the relay R3209 restores to open,
at RA3202, a point in the previously traced cir-
cuit for energizing its upper winding in series
with the winding of the relay R3210, whereby
the last-mentioned relay is caused to restore. At
RA3205, the relay R3200 opens a further point
in the path for applying busy tone voltage to
the talking circuit extending to the operator’s
position in the exchange B. At RA3234, the re-
lay R3200 opens a point in the incomplete oper-
ating circuit for the relay R3228. At RAS320!
and its associated resting contact, the relay
R3200, upon restoring, completes the previously
traced circuit for energizing the lower winding
of the line switching relay R3240. When the
relay R3240 operates, ringing current is pro-
jected over the selected called line for the pur-

pose of energizing the signal device provided ab °

the called substation in the manner explained
previously. Also, the relay R3240, upon oper-
ating, completes the previously traced circuit by
way of which ring-back tone current is projected
back over the talking circuit to the operator’s
telephone set in the exchange B, thereby to sig-
nal the operator that the ringing operation is
being performed. When the call is answered at
the called substation, the desired talking circuit
is completed in the exact manner described above.
By way of summarizing the relay operations
which occur when the call is answered at the
called substation, it is pointed out that the two
relays R3230 and R3235 are caused sequentiaily
to operate in the order named when the loop
circuit extending to the called substation is com-
pleted, which relays, upon operating, arrest the
ringing operation and complete the talking cir-
cuit to the called substation. The relay R3238,
upon operating, also completes the operating cir-
cuit for the battery reversing relay R311{90, which
latter relay, upon operating, initiates the opera-
tion of the repeater illustrated in Figs. 26 and 27
to transmit a supervisory pulse of alternating
current by way of the trunk line 37 fo the re-
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peater illustrated in Figs. 17 and 18. The last-
mentioned repeater responds to the supervisory
pulse of zlternating current by reversing battery
over the loop extending to the operator’s posi-
tion, whereby the supervisory relay RT80 is
caused to restore to extinguish the supervisory
lamp 5il. .

The release of the connection established be-
tween the substations T: and Ts, in the manner
hereinbefore explained, is partially under the
control of the calling party at the substation T:
and partially under the control of the operator
located at the operator’s position in the exchange
B. More particularly, the release of the finder-
connector link iilustrated in Figs. 19 and 20 and
by way of which the call is forwarded from the
substation Ti to the operator’s position is under
the control of the calling subscriber, whereas the
release of the operated switching equipment, by
way of which the connection is routed from the
operator’s position to the called substation Ts,
is under the control of the operator in the ex-
change B. In any case, a disconnect signal is
given to the operator when the connection is
cleared out at either the calling or called sub-
stations. 'Thus, if the calling subscriber at the
substation T: restores his receiver to its hook,
the hook switch arm 2187 is moved out of en-
gagement with the associated spring 2156 to in-
terrupt the previously traced loop circuit by
way of which the relay R21i0 is being held en-
ergized inh series with the two windings of RE85,
causing both of these relays to restore. The
relay RE85, upon restoring, completes, at RA686,
the previously traced circuit extending by way
of the switch spring 683 for energizing the super-
visory lamp. Bi! in series with the relay R530,
thereby to cause the lamp 511 to be illuminated
and the signal device 535 to operate. The re-
sulting continuous illumination of the lamp 511
and continuous operation of the signal device
535 indicate {o the operator that the connection
has been cleared out at one end thereof and is
no longer desired.

The supervisory lamp 5il and signal device
535 are also energized when the connection ex-
tending to the called substation Ts is cleared out
at this substation. Thus, it is pointed out above
that, when the called party at the substation Ts
restores his receiver to its hook, the hook switch
arm 3457 is moved out of engagement with the
associated switch spring 8456 to open the previ-
ously traced circuit by way of which the relays
R3470 and R3{13 and the impedance element
3216 are being held energized in series. The two
relays R3470 and R3110 restore when this series
circuit is interrupted, the last-mentioned relay
operating to reverse battery back over the trunk
line 61 extending to the repeater illustrated in
Figs. 26 and 27. This repeater responds to the
battery reversal in the manner previously de-
scribed by causing a pulse of alternating current
to be transmitted by way of the trunk line 37
to the repeater illustrated in Figs. 17 and 18.
The control apparatus embodied in the last-
mentioned repeater responds to the pulse of al-
ternating current by reversing battery back over
the line conductors of the operated incoming
connector switch illustrated in Figs. 12 and 13,
thereby to reverse the direction of current flow
through the upper winding of the relay RT90.
The two windings of the relay R190 are differen-
tially energized and the relay restores to recom-
plete, at RAT8{, the previously traced circuit
extending by way of the switch springs 189 for
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‘energizing the supervisory lamp 511 in series with
the relay R530. The resulting continuous illumi-
nation of the lamp 511 and the continuous oper-
ation -of the signal device 535 serve to signal
the- operator that the connection may be re-
leased. ) .
As indicated above, the release of the finder-
connector link illustrated in Figs. 19 and 20 is
accomplished without the intervention of the
operator in the exchange B. More particularly,
when the relay R685 restores in response to the
release of the connection at the calling substa-
tion Ty, it interrupts, at RA687, the operating
circuit for the slow-acting relay R690, which
latter relay, upon restoring, interrupts, at RA€92,
the operating circuit for the relay R695 and
opens, at RA691, a point in the path, traced pre-
viously by way of which ground potential is im-
pressed upon the control conductor C851 of the
trunk line 36. 'The removal of ground potential
from: this control conductor results in the de-
energization of the two operated relays R2040
and R20858, causing both of these relays to re-
store. The relay R2040, upon restoring, com-
pletes, at RA2045, the previously traced circuit
for energizing the release magnet 2033 whereby
the wipers of the Strowger switching mechanism
{908 are returned to rotary and vertical normal
in the usual manner. At this time, the off-nor-
mal springs 2034 are opened to interrupt the
operating circuit.for the release magnet 2033,

Also, the off-normal spring 2916 is moved from-

engagement with the-associated spring 2§17 and
into engagement with the - associated spring
2016’, thereby to mark the link illustrated in Figs.
19 and 20 as idle in the bank contacts of the
distributor switch 2200. Thus, the finder-con-
neector link illustrated in Figs. 19 and 20 is com-
bletely released and is available for use in com-
pleting another connection.

When ground potential is removed from the
control conductor C851 of the trunk line 36 in the
manner just described, the line circuit associated
with the calling line 34 is released in the manner
explained previously. Thus, when ground po-
tential is removed from the control conductor
C851, the cut-off and lockout relays R2120 and

- R2130, respectively, are caused to restore in

the order named. The relay R2120, upon re-
storing, opens, at RA2122, the holding circuit for
R2189, causing the last-mentioned relay to re-
store. Thus, all of the relays embodied in the

line circuit associated with the calling line 34 are |

restored to normal and the line is marked as
idle in the bank contacts of the numerical
switches having access thereto.

When the operator in the exchange B receives
the disconnect signal in the manner just ex-
plained, she may release the link line 552 and
initiate the release of the operated switch train
extending to the called substation Ts by re-
storing the two key switches 658 and 757 to
norinal. When the switch 757 is returned to its
normal position, the springs 161 are opened to
interrupt the operating circuit for the relay R195
and the springs 768 are opened to interrupt the
circuit for energizing the busy lamp 763. Upon
restoring, the relay R795 interrupts, at RA795,
the circuit for energizing the lower winding of

.R186 and opens, at RAT9T, a point in the loop
circuit by way of which the upper winding of
R788 is being held energized in series with the
two windings of the line relay RI705 embodied
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in the repeater illustrated in Figs. 17 and 18. At
the time this loop circuit is interrupted, only the
three relays R1760, R1795 and RIT30 of the in-
dicated repeater are operated. The relay R1705,
upon restoring, opens at RAIT06 the operating
circuit for the hold relay RI700. When the relay
RI1790 restores, it opens, at RAIT02, a point in
the previously traced operating circuit for R1139.
At RAI701, the relay RI708;, upon restoring,
opens cone path and completes an alternative
path for impressing ground potential upon the
control conductor Ci379 of the trunk line 32 in-
coming tc the repeater, this alternative path
extending from ground at RAI732 and by way of
RAIT3{ to the control: conductor CI1379.- At
RAIT66 and RAI107, respectively, the line relay
RIT85, upon restoring, completes alternative op-
erating circuits: for the two relays R1840 and
R182§; the circuit for energizing R840 extend-
ing from ground at RAI706 by way of RAIT35,
Ci181 and the winding of R1840 to battery; and
the circuit for energizing R1820 extending from
ground at RA{70T by way of RAIT37, C1784 and
the winding of R1820 to battery. Upon operat-
ing, the relay R1840 connects the line conductors
C1885 and C1888 of the trunk line 37 to opposite

. terminals of the alternating current source pro-
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vided in the exchange B. The relay R1820, upon
operating, disconnects the line terminals of the
transformer windings 1878 and 1879 from the two
line conductors of the trunk line 31, in the man-~
ner explained previously., When the relay R1700
restores, it completes, at RAIT02, a circuit for
energizing the upper winding of R1838, this cir-
cuit extending from ground by way of RAIT02,
RAI1734, CI719 and the upper winding of R1838
to battery. The relay Ri830 now operates to
prepare, at RAI831, a circuit for energizing the
operating magnet 1772 of the minor switch 1770
-and a holding circuit for itself. At RAI833, the
relay R1830 prepares a circuit for energizing the
slow-to-operate relay R1805. At RAI1832, the
relay R1830 completes a circuit extending by way
of RAI812 for energizing the slow-acting relay
RI800. The relay RI800, upon operating, com-
pletes at RAI801 the above-mentioned holding
circuit- for R1839, which circuit extends from
ground at RAI83( by way of RAIS0I and the-
upper winding of R1832 to battery. At RAI1804,
the relay R1800 completes the above-mentioned
circuit for energizing the relay R1805, and the
latter relay, upon operating, completes, at
RAI18087, an obvious circuit for energizing RI810.
The relay R1865 also completes, at RAI806, an
obvious multiple holding circuit for the relay
R1830. When the relay R1810 operates, it opens,
at RA1812, the operating circuit for R1800, there-
by to initiate the sequential restoration of the
three relays R18680, R{885 and R840 in the order’
named. - When the relay RI1810 restores, it again
completes, at RAI812, the operating circuit for
R 1800 whereby the three enumerated relays are
caused again sequentially to operate. The cyclic
operation of the three relays R1800, R1805 and
RI810 continues until the relay R1830 is -deener-
gized and restores. During the period of each
cycle of operation of the three enumerated relays
when the relay RI810 is energized, the above-
mentioned circuit is completed for energizing the
operating magnet 1772 of the minor switch 1719,
this circuit extending: from ground at RAI831 by
way. of RA1811, CIT9T and the: winding of the
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magnet {772 to battery. Obviously, this circuit
is also interrupted once during each operating
cycle of the three cyclically operating relays.
Tach time the operating magnet 1772 is ener-
gized, it cooperates with its associated ratchet
and pawl mechanism to step the wiper §711 one
step. When the wiper 1771 is moved to its first
off-normal position, the off-normal springs 1174
are closed to prepare a circuit for energizing the
release magnet £773. Operation of the switch
1776 continues until the wiper 1771 is operated
to its fifth off-normal position, at which time a
path is completed for short-circuiting the wind-
ing of Ri788. The path for short-circuiting the
winding of the relay Ri739 may be traced as
extending from ground at RA1733 by way of the
respective fifth contacts of the two contact sets
embodied in the switch {718 and the bridging
wiper 1771 extending therebetween, the winding
of R1788 and RA1788 back to ground at RAITET.
When this short-circuiting path is completed, the
relay RI780 is deenergized and restores to open,
at RA173%, RAIT35 and RAIT817, the above-traced
alternative operating circuits for the relays
Ri839, RI240 and R1828. The relay RI184% now
restores to terminate the relatively long pulse of
alternating current transmitted by way of the
trunk line 37 to the repeater illustrated in Figs.
26 and 27. In cooperation with the relay R1820,
the relay RI840 also functions to reconnect the
line conductors C$455 and C{886 of the trunk line
27 to the line terminals of the two repeating
transformer windings (878 and (873. When,
shortly following the interruption of the operat-
ing circuit for R1838, the two relays R{8588 and
R 1235 restore, the holding circuit for R1833 is
opened, permitting the last-mentioned relay to
restore to open points in the respective operating
circuits for R{889 and R1885. Thus, the cyclic
operaticn of the three relays R1800, RI885 and
RI818 is arrested. Upon restoring, the relay
R183% also completes, at RAI831, the above-
mentioned circuit for energizing the release mag-
net 1773 of the minor switch {779, which circuit
may ke traced as extending from ground at
RAI83! by way of C1789, the closed oif-normal
springs £774 and the winding of the release mag-
net 1713 to battery. The resulting operation of
the release magnet 1773 causes the wiper 1771
cf the switch {738 to be returned to rotary nor-
mal in the usual manner, at which time the
springs {174 are opened to interrupt the operat-
ing circuit for the release magnet (773.
relay Ri738, upon restoring, not only initiates
the restoration of the six relays R1888, R{8&5,
RI1516, R1822, R1830 and RI1848 in the manner
just described, but, in addition, opens at RAI738
a further point in its own holding circuit, inter-
rupts, at RA173{ and RA!733, two additional
points in the calling lgop circuit, and initiates
the release of the preceding operated incoming
connector switch illustrated in Figs. 12 and 13.
More particuiarly, the relay RI738, upon restor-~
ing, cpens, at RALT33, the above-traced alterna-
tive path for impressing ground potential upon
the contrsl conductor Cid19 of the trunk line 82
incoming to the repeater illustrated in Figs. 17
and 18,
this control conductor, the switching-through
relay R1288 is deenergized and restores. - The re-
lay R{%89, upon restoring, completes, at RA1205,
a circuit for energizing the release magnet 1248,
this circuit extending from ground by way of the

The
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resistor 1238, RA1244, RAi285, the off-normal
springs 1207 and the winding of the magnet 1208
to batiery. The resulting operation of the re-
lease magnet 1288 causes the wiper carriage
structure embodied in the Strowger switching
mechanism 378 to be returned to normal in the
usual manner, at which time the off-normal
springs 1287 are cpened to interrupt the operat-
ing circuit for the release magnet. Following
the operation of this magnet and the return of
the wiper carriage structure to normal, the in-
coming connector switch illustrated in Pigs. 12
and 13 and the repeater shown in Figs. 17 and 18
are fully released.

‘When the release pulse of alternating current
is transmitted by way of the trunk line 37 from
the repeater illustrated in Figs. 17 and 18 to the
repeater illustrated in Figs. 26 and 27 in the
manner just explained, the relay R2858 is ener-
gized and operates to open, at RA2852 and its as-
sociated resting contact, a point in the previously
traced holding circuit for R2605. At RA2852 and
its associated working contact, the relay R28%)
completes the previously traced circuit for ener-
gizing the lower winding of R268¢ and the wind-
jng of R2185 in parallel. Since the duration of
the release pulse is quite long, the relay R2850 is
held operated for a time interval exceeding the
period required for the slow-to-release relay
R2885 to restore. Upon restoring, the relay
R2805 completes the previcusly traced circuit for
energizing the lower winding of RZ%40. When
the relay R2540 operates, ii performs the func-
tions described previously; that is, it prepares
the previously traced operating circuits for the
relay R28690 and the rotary switch cperating mag-
net 2787, and completes the operating circuit for
Thus, the cyclic
operation of the three relays R2578, R2850 and
R2655 is again initiated. During each cycle of
operation of these relays, the previously traced
operating circuit for the rotary magnet 2787 is
completed. Thus, the wiper 2789 is driven over

the contacts of its associated contact field at

the rate of one step for each operating cycle of
the three relays R2659, R2650 and R2670. When
the wiper 2786 is moved into engagement with its
respective associated third contacts, a circuit is
completed for energizing the slow-to-release re-
lay R2120, this circuit extending from ground at
RA2852 by way of C2833, RA2733, RA211§,
C2688, RA2614, C2681, the wiper 2786 bridging
the third contacts of the bank contact field em-
bodied in the minor switch 2785, and the winding
of R2720 to battery. When energized over this
circuit, the relay R2128 operates to open, at
RA27122 and. RC2723, the originally completed
holding circuit for the relay R2712 and to com-
plete a circuit for holding the relays R2719 and
R2728 energized until the release pulse being
transmitted by way of the trunk line 37 is ter-
minated. The last-mentioned circuit extends
from ground at RA2652 by way of C2883, RA27133
and RA2TiI8 to RA2724 where it divides, one
branch extending through the winding of R2728
to battery and the other branch extending by
way of RAZTZ{, RA2722 and the windings of
R2Y4§ to battery., Following the operation of
the relay R2728, the relay R2719 is held energized
until the alternating current release pulse being
transmitted by way of the trunk line 37 is ter-
minated. When the release pulse is terminated,
the circuit just traced is interrupted at RA2752.
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The relay R2710 restores immediately this circuit
is interrupted, but the relay R2720, due. to its
slow-to-release characteristic, remains operated
for a short time interval thereafter. Upon re-

storing, the relay R2710 opens, at RA2T14, a point

in its original holding circuit and interrupts, at
RA2111, RA2T15 and RA2719, three points in the
loop circuit extending from the line terminals
-of the repeating transformer 2615 to the op-
erated incoming connector switch illustrated in
Figs. 31 and 32.- At RA27T18, the relay R2T10,
upon restoring, opens 2 point in the holding cir-
cuit for R2628, causing the last-mentioned relay
to restore. At RA2T16, the relay R2T10 opens:a
point in the operating circuit for the two relays
R2680 and R2105, causing both of these relays to
restore. When the relay R2620 falls back, it
opens, at RA2625, a. point in the above:ztraced
operating circuit for the relay R2640. The hold-
ing circuit for the relay R2648 is opened during
the period of the next cycle of operation of the
three relays R2655, R2560 and R2670, when the
two relays R2668 and R2670 are restored. Upon
restoring, the relay R2640 -opens points in the
respective operating circuits for the two relays
R2660 and R2678 and the operating magnet
2781, thereby to terminate the operation of the
minor switch 2785 and the cyclic operation of the
three relays R2670, R2660 and R2655.
RA2641, the relay R2848, upon restoring, com-
pletes the previously traced operating circuit for
the release magnet 2788. The resulting operation
of the magnet 2788 causes the wiper 2786 of the
minor switch 2785 to be returned fo its normal
position in the usual manner.. When this wiper
reaches its home position, the off-normal springs
‘2788 are opened to interrupt the operating circuit
for the release magnet 2788. Following the re-
lease of the minor switch 2785 in the manner Just
explained, the repeater illustrated in Flgs 26
and 27 is fully released.

The release of the incoming connector switeh
illustrated in Figs. 31 and 32 is initiated when the
relay R27T10 of the repester illustrated “in Figs.
26 and 27 restores. More particularly, when this
relay restores to open the loop circuit extending
to the indicated incoming connector switch, the
line relay R3125 restores to interrupt, at RA3126,
the operating circuit for the slow-acting hold
relay R3123. The hold relay R3i30, upon re-
storing, opens, at RA3132, the operating circuit
for the relay R3140, which latter relay, upon fall-
ing back, opens, at RA3141, a point in the com-
mon  portion of - the respective holding circuits
for the relays R3{50, R3155, R3200, R3235 and
R3248, causing any operated ones of ‘these relays
to restore. At RA2143, the relay R3140 com-
pletes a path for applying ground to the con-
ductor C3{9{, which conductor is multipled to
certain of the contacts of the contact set 3216

At
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grounded test wiper 3255, C3185, -RA3ITI,

‘'RA3144, RA3104, the lower winding of R3150 and

the winding of R3155 to battery. When its lower
winding is energized over the circuit just traced,
the relay R3150 partially operates to close the
“X” contacts associated with. RA3152 but such
operation is without effect at this time. The re-
lay R3155, on the other hand, fully operates to
complete, at RA3159 and RA3158, a holding . cir-
cuit for-itself, which circuit extends by way of
the grounded wiper 3255, C3195, RA3159, RA3158,
the lower winding of R3150 and the windirig of
R3155 to battery. The relay R3{55, upon op-
erating, -also completes the above-mentioned re-
lease circuit for energizing the operating magnet
3257 of the rotary switch 3250. The last-men-
tioned circuit extends by way of the grounded test
wiper 3255, C3195, RA3159, RA3{58, RA3104,
RA3144, RA3IST, C3194, the armature 3258 and
the winding of the magnet 3257 to battery. Due
to the circuit interrupting action of the contact
springs associated with the armature 3258 and,

* further, to the fact that ground potential is pres~
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embodied in the bank contact field of the rotary

switch 3280. This path may be traced as ex=
tending from ground at RA3i03 by  way of
RA3126 and RA3143 to C319l. When this path
is completed, the contacts numbered from one
to twenty-four of the contact set 3216 are
grounded, thereby to prepare a release circuit for
causing the rotary magnet 3257 to returnthe
wipers of the switch 3250 to hormal. At RA3144,
the relay R3140, upon. restoring, completes an
alternative circuit for energizing the lower wind-
ing of R3150 in series with the winding of R315%,
this alternative circuit extending by way of the
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ent upon all of the contacts of the contact set
32176 other than the twenty-fifth contact, the op-
erating magnet 3257 operates in a buzzer-like
manner to drive the wipers of the switch 3250
until they -are moved into engagement with their
respective associated twenty-fifth contacts which
constitute the home position of the switch.
When the wipers of the switch 3260 are driven to
the home position, the test wiper 3255 is discon-
nected from ground to interrupt the release cir-
cuit with the result that the operation of the
switch 3250 is arrested. Also, when. ground po-=
tential is removed from the wiper 3255, the re-
lays R3150 and R3{55 are deenergized and re-
store. Following the restoration of the relay
R3185, all of the relay equipment embodied in
the incoming connector switch illustrated. in Figs.
31 and 32 is released and this switch is pre-
pared for use-in connection with another call.
The release of the line circuit illustrated in
Fig. 34 and associated with the- called line -60
is initiated when the relay R3140 restores. Thus,
when- the ‘relay -R3140 falls back, it opens, at
RA3141, a point in the path, traced previously,
by way of which ground potential is impressed .
upon the control conductor C3482 of the line 69.
The removal of ground potential from the con-
trol conductor C3482 results in the deenergiza-
tion of the cut-off relay R3440 embodied in the
line circuit associated with the called line’ 60.
When the cut-off relay R3440 restores, it inter-
rupts, at RA3445, the operating circuit for the
slow-acting lockout relay R3430. The last-men-
tioned relay restores, after an interval, to repre-
pare, at RA3432, the start circuit extending to
the distributor illustrated in Fig. 30 associated
with the switching selector repeaters located in
the exchange C. Following the release of the
lockout relay R2430, the line circuit associated
with the called line 68 is restored to normal.
Thus, the connection between the calling and
called substations T: and Ts is fully released. -

Subsection E—Extension. of the connection by
way of the exchange C to a substation line
terminating ot the exchange D when the
operator in the exchange B is.on duty

As indicated previcusly, a call ovlgxnatmg at
a substation associated with a line terminating
at the exchange B and ‘intended for a substa-
tion associated with a line extending to the.ex=
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change D is normally routed to the operator’s
position in the exchange A and from this ex-
change through the gubornatic switching appa-
yatius in the exchange D to the desired substation
line terminating at the exchange D. In special
6r emergency cases such & connection may be
routed from the operator’s position in the ex-
change B through the automatic switching appa-
ratus provided in the exchanges B, C and D to
the desired substation line without the inter-
vention of an operator located in the exchange A.
Thus, if the operator in the exchange B, upon
answering the call forwarded to her position from
the calling substaticn Ti1 in the manner ex-
plained in this section—subsection A, is informed
by the calling subscriber that the desired sub-
station is associated with a line terminating at
the exchange D, she may cause the desired con-
nection to be set up by seizing the incoming con-
nector switch illustrated in Figs. 12 and 13 and
thereafter dialing the appropriate line selecting
digits. 'The connection is progressively for-
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the last-mentioned switch is seized, a single digit
of one impulse must be transmitted thereto in
order to cause the switch to select the trunk line
64 extending to the repeater 57. The manner in
which this switch responds to the one impulse of

- the trunk selecting digit is identical with its mode
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warded through the indicated incoming con-

nector switch, over one of the trunk lines in the
group including the trunk line 37, through the
repeaters associated with the respective ends of
the selected trunk line, through the incoming
connector switch located in the exchange C and
associated with the selected trunk line, over the
trunk line 85, through the repeaters 57 and 66,
and through the incoming connector switch 69
to the desired called substation line extending
to the last-mentioned exchange as successive
digits of the directory number designating the
called substation are dialed. More particularly,
the connection may be forwarded by way of the
incoming connector switch illustrated in Figs.
12 and 13, over the trunk line 32, through the
repeater illustrated in Figs. 17 and 18, over the
trunk line 37 and through the repeater illustrated
in Figs. 26 and 27 to the incoming connector
switch illustrated in Figs. 31 and 32 in the exact
manner described in the preceding subsection
with reference to the call forwarded to the sub-
station Ts. In the present case, however, since
it is necessary to transmit the impulses of two
or more digits to the incoming connector switch
69 located in the exchange D, it is also neces-
~ sary that the incoming connector switch, illus-
trated in Figs. 31 and 32, operate to switch the
loop eircuit through to the repeater 51 which
terminates one end of the trunk line 85 extend-
ing to the exchange D in order that this repeater
may respond to the impulses of the final digits
dialed and relay the impulses to the switching
equipment located in the distance exchange D.
With the arrangement illustrated, only the single
trunk line §5 is provided for interconnecting
the exchanges C and D. This trunk line extends
between the repeater 66 located in the exchange
D and the repeater 31 located in the exchange
C, both of which repeaters are identical in ar-
rangement with the repeater illustrated in Figs.
26 and 27. The incoming connector switches
provided in the exchange C have access to the
repeater 57 over the trunk line §4, which trunk
line includes two line conductors and a control
conductor terminating at the respective first
contacts of the contact sets 3271, 3274 and 3271

embodied in the bank contact field of the rotary 7

switch 3250.

After the connection has been routed frcm the
operator’s position in the exchange B to the in-
coming counector switch illustrated in Figs. 31
and 32, in the manner explained previously. and
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of operation as explained in the immediately pre-
ceding subsection. At the end of the digit, the
wipers 3251 to 3258, inclusive, of the rotary switch
3250 are left standing in engagement with their
respective associated first contacts so that the
test circuit including the lower winding of the
busy test relay R3208 is completed. If the trunk
line 64 is engaged in ancther call at the time it
is selected by the incoming connector switch, the
incoming connector switch operates to cause busy
tone to be returned to the operator in the ex-
change B in the exact manner described in the
preceding subsection. On the other hand, if the
trunk line 64 is idle at the time it is selected, the
line switching relay R3240 is caused to operate
in the manner explained previously. Upon op-
erating, the relay R3240 completes, at RA3244 and
RA3245, its holding circuit as traced above. At
RA3248, the relay R3249 opens a point in the cir-
cuit for energizing the rotary switch operating
magnet 3251, thereby to prevent further impulses
dialed at the calling operator’s position from caus-
ing further operation of the rotary switch. At
RA3243, the relay R3240 completes a circuit for
energizing the switching-through relay R3109,
this circuit extending from ground at the first
contact of the contact set 3213 by way of the
wiper 3252, RA3243, C3178 and the winding of
R21060 to battety. When energized over this cir-
cuit, the relay R32{00 operates to complete, at
RA310i and RA3166 and their respective asso-
ciated working contacts, an uninterrupted metal-
lic loop circuit extending from the repeater il-
lustrated in Figs. 26 and 27 through the incom-
ing connector switch illustrated in Figs. 31 and
32 and over the line conductors of the trunk line
64 to the repeater 571, thereby to cause the seizure
of the repeater 57 in the manner explained in de-
tail previously with reference to the correspond-
ing repeater illustrated in Figs. 17 and 18. The
loop circuit which is completed in response to the
operation of the relay R3100 may be partially
traced as extending from the negative line con-
ductor of the trunk line 64 by way of the wiper
3251, RA3241, C3115, RA3184, C2880, RA2TII,
C2675, the repeating transformer winding 2518,
RA2613, C2686, RA21i5, the lower winding of
R21700, the resistor 2701’, the transformer wind-
ing 2619, C2685, RA2T19, C2891, RA3(06, C3198,
RA3248, the wiper 3256 and the first contact of
the contact set 3277 to the opposite positive line
conductor of the trunk line €4.

When the alternating current repeater 57 is
seized through the completion of the loop circuit
just described, it operates to return ground po-
tential over the control conductor of the trunk
line 64, thereby to complete a holding circuit for
the relay R3240, which holding circuit may be
traced as extending by way of the grounded con-
trol conductor of the trunk line 64, the wiper 3253,
RA3244, RA3245 and the upper winding of R3240
to battery. The repeater 51 also functions, in
the manner explained previously with reference
to the corresponding repeater illustrated in Figs.
17 and 18, to. transmit a seizing pulse of alter-
nating current by way of the trunk line 65 to
the repeater 66 located in the distant exchange D.
The last-mentioned repeater responds to the
seizing pulse, in the manner explained previously
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with reference to the Sixnilar repeater illustrated -

in Figs. 26 and 27, by completing a loop circuit to

the incoming connector switch 69, whereby this
incoming connector switch is seized and condi-
tioned to respond to the impulses relayed thereto
through the repeater chain comprising the re-
peater illustrated in Figs. 17 and 18, the repeater
illustrated in Figs. 26 and 27, the repeater 57, and
the repeater 66,

To continue with the operatlon of the 1ncom1ng
connector switch illustrated in Figs. 31 and 32,
when the  relay R3100 operates, it opens, at
RA3102 and RA3185 and-their respective .asso-
ciated resting contacts, two points in the operat-
ing -circuit for the line relay R3i25. At RA3i02
and -its associated working- contact,. the - relay
R3160 completes a new circuit for energizing the

line relay R3!25, which ecircuit . extends from.

ground at the:-lower terminal of the lower wind-
ing of R3125 by way of this winding, the lower
winding of R3(20, RC31{1{6, RA2{I5, the resistor

3108, RA3102, RA3I{2, RC3113, the upper wind-
ing of R3128 and the upper winding of R3i25.to

battery. Due to the relatively high resistance of
the resistor 3188, the current traversing the cir-
cuit just traced is insufficient to maintain the line
relay R3125 operated but is of sufficient magni-
tude to delay the release of. the line relay R3125
for a substantial time interval. At RA3(03 the
relay R3100 opens a point in the operating circuit
for the relay R3138, thereby to. cause the se-
quential restoration of R3130 and R3140. At
RA3103, the relay R31808 also opens a point in
the circuit, traced previously, for energizing the
rotary switch operating magnet 32571, At
RAZiI04, the relay R3100 opens a point in the
previously traced alternative operating circuit for
the relay R3{§5. When the relay R3{40 falls

. back, it opens, at RA314F, a point in the common
portion of the respective holding circuits for the
two relays R3i58 and R3{55, whereby both of
these relays are caused to restore. Following the
restoration of the relays R3125, R3139, R3140 and
RSISB no further relay operations occur in the
incoming connector switch illustrated in Figs. 31
and 32 until the connection is released.

‘As indicated above, the impulses of the final
two or three line selecting digits dialed at the
operator’s position in the exchange B are relayed
through the operated repeater chain to the in-
coming connector switch 69 located in the dis-
tant exchange D. This incoming connector
switch ‘is of identical arrangement with that
shown in Figs. 31 and 32 and responds to the
impulses transmitted thereto by selecting the
desired called subscriber’s line as for example
the line 74 extending to the called substation T7.
In this case, as in the case-of the incoming con-
nector switch illustrated in Figs. 31 and 32, the
operation 'of the incoming connector switch 69
is different depending upon the character of the

line being called. Thus, if the called line is of.

the single party or duplex type, such, for exam-

ple, as the line 74, only two series of impulses are.

transmitted to the incoming connector switch 69.
On the other hand, if the called line is of the
nmultiplex type, three series of impulses are trans-
mitted to the switch 69, the third series of im-
pulses being repeated by the switch 69 to the line
selecting apparatus individually associated with
the selected subscriber’s line. After the. called
line is selected, it is tested to determine the idle
or busy condition thereof. If the. line is occu-

pied with another call, busy tone is returned over

the .connection to the operator’s position in the
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eXchange B. After receiving busy tone, the oper-
ator may cause a toll offering connection to be
established: to the busy called line in a manner -
which will be clearly apparent.in view of the
general description appearing in Section I and
the detailed description appearing in the imme-
diately preceding subsection of the specification.
If the selected line is. found to be idle, ringing
current is.projected over the called line to signal
the called substation. ~Assuming that the called
line is idle, the incoming connector switch 69
operates to reverse battery over the trunk line
extending to the repeater 66  when the call is
answered at the . called .substation. This ‘re-
peater responds tc the battery reversal by oper-
ating to“transmit ‘a supervisory pulse of -alter-
nating current over- the trunk line 65 to the
alternating current repeater 571. The last-men-

tioned repeater, in turn, responds to the super-

visory pulse of alternating current by reversing
battery back over the trunk line 64 and through
the incoming connector switch. shown in Figs, 31
and 32 to the repeater shown in Figs. 26 and 27.
Whern the battéry is reversed over the line con-
ductors of the trunk line 61, the repeater shown
in Pigs. 26 and 27 operates to transmit a super-
visory pulse of alternating current by way of the
trunk line 37 to the repeater shown in Figs. 17
and 18, causing the last-mentioned repeater to-
reverse  battery over the trunk line 32 and
through - the incoming connector switch shown
in Figs. 12 and 13 and thus cause the operaftion
of the supervisory relay RT190 embodied in the
operator’s position equipment located in the
exchange B. When this: relay operates the
supervisory lamp 8il is deenergized and the
operation of the signal device 535 is arrested
so that the operator is informed that the desired
connection is fully established.

“If, after the connection is fully established to
called substation T+, the called party desires to
resignal the operator in the distant exchange B,
he may do so by operating the hook switch pro-
vided at the called substation up and down, in
the usual manner, one or more times, thereby.
momentarily to interrupt the loop circuit ex-
tending from the incoming connector switch 68
to the called substation. The:four repeaters 66,
51, 50 and. 24 respond to the momentary inter-
ruptions of the loop circuit extending to the:
called substation, in the manner explained in
the preceding subsection, to cause the restora-
tion and operation of the supervisory relay R790.
Thus, each time the indicated loop circuit -is
opened and closed, the four enumerated repeat-
ers cooperate to cause the momentary restora-
tion of R138, which relay, upon restoring, com-
pletes the circuit for energizing the signal lamp
511 and the relay R530, whereby the lamp 811
is energized and operation of the signal device
535 is initiated. At the end of the conversation
and when the connection is cleared out at the
called substation T4, the four enumerated re-
peaters again cooperate to cause the restoration
of the relay R790. At this time, the indicated
relay remains in its restored position so that the
lamp 511 is continuously energized and the sig-
nal device 535 continuously operates, whereby a
disconnect signal is given to the operator in the
exchange B. The same disconnect signal is given
to. the operator, in the manner explained previ-
ously, when the connection is cleared out at the
calling substation Ti. ~Also, the operated switch
frain by way of which the connection is routed
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from the calling substation T; to the operator’s
position in the exchange B is released in the
exact manner set forth in the preceding sub-
section. The repeater illustrated in Figs. 17 and
18, the repeater illustrated in Figs. 26 and 21,
and the incoming connector switch illustrated
in Figs. 12 and 13 are released in the manner
previously explained when the operator in the
exchange B clears out the connection. During
the release of the repeater 58 illustrated in Figs.
26 and 27 and when the relay R2T{0 restores,
the previcusly traced loop circuit extending
through the incoming connector switch of Figs.
31 and 32 to the repeater 57 is interrupted.
When this loop circuit is opened, the repeater
5T is released, in the manner explained in the
preceding . subsection with reference to the re-
peater shown. in Figs. 17 and 18. During the
release of this repeater, a relatively long release
pulse of alternating current is transmitted by
way of the trunk line 85 to the repeater 66.
During its release, the repeater 87 also removes
ground potential from the control conductor of
the trunk line 64, thereby to deenergize the line
switching relay R3248. When the last-men-
tioned relay restores, it opens, at RA3243, the
operating circuit for the switching-through relay
R3:00, which latter relay, upon restoring, com-
pletes at RA3i33 and RA3184, the previously-
traced circuit for energizing the lower winding
of R3!50 in series with the winding of R3155.
When the relay R3i85 operates it completes
the previously traced circuit for energizing the
rotary switch operating magnet 3251 by way of
the circuit interrupting contacts associated with
the armature 3253. Thus, the rotary switch 3250
is caused to operate buzzer fashion to return
the wipers 325! to 3256, inclusive, to their re-
spective home positions, at which time the relays
R3i59 and R3155 are deenergized and restore
and the operating circuit for the magnet 3251
is opened. Thus, the incoming connector switch
illustrated in Figs. 31 and 32 is fully released.
When the alternating current release pulse is
transmitted from the repeater 5T over the trunk
line 65 to the repeater 66, the last-mentioned
repeater is released, in the manner explained
in the preceding subsection with reference to the

similar repeater shown in Figs. 26 and 27. Dur-

ing the release of the repeater 86, the loop circuit
extending to the operated jncoming connector
switch 59 is opened and this incoming connector
switch is restored to normal in the manner ex-
plained previously with reference to the corre-
sponding incoming connector switch of Figs. 31
and 32. Thus, the connection from the opera-
tor’s position in the exchange B to the desired
called substation is completely released.

Subsection F.—Extension of the connection by
way of exchanges B, C and D to the operator’s
position 10 in the exchange A

As indicated in Section 1 of the speci.ﬁcation,‘

the connection as routed to the operator’s posi-
tion in the exchange B may be extended by way
of the automatic switching apparatus in the ex-
changes B, C and D, respectively, and the trunk
line 13 to the operator’s position I8 in the ex-
change A. Normally, this method of routing
the connection from the exchange B to the
exchange A is not necessary, since one of the
trunk lnes in the group including the line 12
may be utilized for forwarding the connection
from the exchange B directly to the exchange
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A. TIn cases of emefgency, however, when the
trunk lines of the group including the line {2
may be out of service, the alternative routing
of calls through the exchanges C and D to the
exchange A may be necessary. The manner in
which the connection is forwarded from the
operator’s position in the exchange B, through
the switching equipment in the exchange C, over
the trunk line 65 and through the alternating
current repeater 66 to the incoming connector
switch 89 is exactly the same as described in
the preceding sub-section of this section. Fol-

" Jowing seizure of the incoming connector switch
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9, a single digit of one impulse is dialed at the
operator’s position in the exchange B, this im-
pulse being repeated through the repeater chain
comprising the repeaters 24, 50, 87 and 66 to
the incoming connector switch 68 to cause the
wipers of this switch to be operated into engage-
ment with the contacts terminating the trunk
line extending to the repeater T12. Thus, the
repeater 12 is seized and a loop circuit is com-
pleted between this repeater and the repeater 686.
When the repeater 12 is seized by the incoming
connector switch 69, it operates to transmit a
seizing pulse of alternating current by way of
the trunk line 13 to the equipment (0b provided
at the operator’s position (0 in the exchange A,
The equipment {0p provided at this position is
in all respects identical with the ‘equipment {0a
and shown in Fig. 4, the operation of which is
explained in this section—subsection C. More
particularly, the equipment 10p provided at the

~operator’s position 10 responds to the seizing
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pulse of alternating current transmitted by way
of the trunk line 13 by causing the line signal
lamp embodied in the apparatus 10 to be illumi-
nated to signal the operator that an incoming
call awaits attention. When the operator at the
position 10 answers the call by inserting her line
connecting and answer plug in the answer jack
included in the apparatus (0», this apparatus
operates to. cause a Supervisory pulse of alter-
nating current to be transmitted back over the
trunk line I3 to the alternating current repeater
72. The last-mentioned repeater responds to the
supervisory pulse of alternating current by re-
versing battery back through the incoming con-
nector switch 69 to the repeater 66, which latter
repeater responds, in the manner explained
above, to cause a supervisory pulse of alternating
current to be transmitted by way of the trunk
line 65 to the alternating current repeater 57.
The repeater 51, in turn, reverses battery back
over the trunk line 64 and through the incoming
connector switch 53 to the alternating current
repeater 50 illustrated in Figs. 26 and 27. The
repeater 59 responds to the reversal of battery
thereto by transmitting a supervisory pulse of
alternating current over the trunk line 31 to
the repeater 24 located in the exchange B and
illustrated in Figs. 17 and 18. Finally, the re-
peater 24 responds to the last-mentioned super-
visory pulse of alternating current by reversing
battery through the incoming connector switch
of Figs. 12 and 13 to the apparatus provided at
the operator’s position in the exchange B,
whereby the relay R190 is caused to operate to
open the circuit for energizing the signal lamp
5{i. Thus, when the call is answered at the
operator’s position 19, the supervisory lamp 5t
is deenergized to indicate to the operator in the
exchange B that the call has been answered.
After the connection has been routed to the oper-
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ator’s position 18 in the exchange A, it may be
extended to the desired called substation in the
manner conventionally followed in manual office
practice.

The release of the operated switch train by way
of which the connection is set up between the
operator’s position in the exchange B and the
operator’s position in the exchange A is partially
under the control of the operator in the exchange
B and partially under the control of the oper-
ator at the position 19 in the exchange A. Thus,
when the operator in the exchange B clears out
the connection by restoring the connect keys to
normal, the incoming cobnector switeh illus-
trated in Figs. 12 and 13, the repeater 24 illus-
trated in Figs. 17 and 18, the repeater 50 shown
in Figs. 26 and 27, the incoming connector switch
53 shown in Figs. 31 and 32, the repeater 51, and
the repeater 66 are all released in the manner
explained in the preceding subsection. The equip-~
ment provided at the eperator’s position 10, the
alfernating current repeater 72 and the incom-
ing connector switch 69, on the other hand, are
only released when the operator at the position
10 in the exchange A withdraws her line con-
necting plug from the answer jack embodied in
the apparatus 10b. When this operation is per-
formed, the apparatus 10» and the alternating
current repeater 712 are released in the exact
manner described in this section—subsection C
with reference to the apparatus (0., shewn in
Fig. 4 and the repeater illustrated in Figs. 10
and 11. During the release of the repeater 12,
ground potential is removed from the .control
conductor embodied in the trunk line extending
from the incoming connector switch 68 to the
repeater 12, so that the operated relays in this
connector switch and corresponding to the relays
R3100 and R3240 of the incoming. connector
switch 53 are caused to restore to initiate the re-
lease of the connector switch 69 in the manner
explained in this section—subsection E. :

Subsection G.—Extension of the connection
through the exchange A to ¢ substation asso-
ciated with a line terminating at exchange D

As pointed out in the preceding subsection,
calls initiated at substations associated with lines
terminating at the exchange B and intended for
substations associated with lines terminating at
the exchange D are normally routed to an oper-
ator’s position in the exchange A and are com-
pleted with the assistance of the operator in the
exchange A who answers the call. FPor example,
if the call initiated at the substation T1 and for-
warded to the operator’s position in the exchange
B is intended for the substation T7 associated
with the line 74 terminating at the exchange D,
the operator who answers the call in the exchange
B may forward the connection to an operator’s
position in the exchange A in the manner ex-
plained in this section—subsection B. Assuming
that the call is routed to the exchange A over the
trunk line {2 to the equipment 19, provided at
the operator’s position 8, the operator who an-

- swers the call may forward the connection to the
desired called substation by utilizing the equip-
ment {8» which terminates the inter-office trunk
line 13. More particularly, the connection may
be forwarded from the answering operator’s posi-
tion in the exchange A to the desired called sub-
station T% in the exchange D in the exact man-
ner described in Section 9-—subsection D. The
manner in which the inccming connector switch
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the called line T4, operates to select the called
line and to perform the auxiliary functions in-
cident to the completion of the connection is
exactly the same as described previously in this
section—subsection C with reference to the cor-
responding incoming connector switch shown in
Pigs. 31 and 32, )

Subsection H~—Extension of the connection from
the operator’s position in the exchange B to a
substation. associated with a line terminating
at the exchange F

If the call, as initiated at the substation Ti
and extended to the operator’s position in the
exchange B, is to be forwarded to a substation
associated with a’line extending to the exchange
F, the operator in the exchange B may cause the
desired connection to be set up by first operating
the switch 107 embodied in the apparatus asso-
ciated with the trunk line 42 to its off-normal .
position to seize the trunk line 42 and there-
after dialing the appropriate digits of the direc-
tory number designating the called substation.
More particularly, when the switch 167 is oper-
ated to its off-normal position, the line terminals
of the repeating transformer windings 716 and
1T are connected to the line conductors C541
and C548 of the link line 553 and the springs
111 are closed to complete an obvious circuit for
energizing the relay R745 in parallel with the
busy lamp 760. At the springs 789, a circuit, ex-
tending by way of Cb46, is completed for ‘ener-
gizing the transmitter 580 in series with the
transformer winding 5985 and the retard coil 561.
At the springs 110, a circuit, traced hereinafter,
is prepared for energizing the relay R71380. The
relay R145, upon operating, completes, at RAT4T,
an obvious circuit for energizing the upper wind-
ing of the relay RT140 and prepares, at RAT46, a
circuit, traced hereinafter, for energizing the
supervisory lamp 511 in series with the winding
of the relay RB30. At RAT748, the relay RI145
connhects the lower winding of R140 in series with
the resistor 137 across the-line conductors of
the trunk line 42 extending to the exchange P,
thereby to complete a loop circuit to the-incom-
ing connector switch provided in the exchange
F and terminating the distant end of the trunk
line 42. More particularly, this loop circuit may
be partially traced as extending by way of the
upper conductor of the trunk line 42, the switch
springs 824 and 825, C839, RAT32, RC135, the
transformer winding Ti9, the resistor - 137, the
lower: winding of R740, RAT48, the transformer
winding 121, RC736, RA734, C840 and the switch
springs 828 and 827 to the opposite line conduc-
tor of the trunk line 42. The resulting seizure
of the incoming connector switch terminating
the distant end of the trunk line 42 results in the
conditioning of this switch to respond to the op-
eration of the calling device 508 provided at the
operator’s position in the exchange B. The dif-
ferentially wound relay RT48 operates, when -its
lower winding is energized over the above-traced
loop circuit and, upon operating, opens, at RATAH,
& point in the circuit for energizing the super-
visory lamp 511 in series with the winding of the
relay R530." As previously explained, during each
back stroke of the dial embodied in the device
508, the shunt springs 508 are closed to complete
the previously traced operating circuit for R549,
which relay, upon operating, completes, . at
RA542, the previously mentioned  circuit for en-
ergizing R130.  This circuit may be traced as
extending from ground by way of the shunt




88

springs 589, RAB542, C549, the switch springs
118 and the winding of R130 to battery. Upon
operating, the relay R133 disconnects the line
conductors C839 and C848 of the link line 833
from the line terminals of the repeating trans-
former windings T{9 and 721 and connects the
indicated line conductors to the pulsing springs
510 of the calling device 508. During the back
stroke of the dial embodied in the calling device
508, the springs 510 are opened a number of times
to interrupt the loop circuit extending to the
seized incoming connector switch provided in the
exchange F, the number of interruptions being
determined by the particular digit dialed. = At
the end of each back stroke of the dial, the shunt
springs 589 are opened to interrupt the operat-
ing circuit for the relay R840 and the above-
traced operating circuit for the relay R138. The
relay R130, upon restoring, disconnects the con~
ductors of the link line 833 from the pulsing
springs §5i0 and reconnects these conductors to
the line terminals of the transformer windings
119 and 721. The operated incoming connector
switch in the exchange F responds to the im-
pulses of the first digit by selecting a particular
group of lines including the called line, while the
impulses of the second digit serve to cause the
incoming connector switch to select the called
line from the selected group of lines. If the de-
sired substation is associated with a line of the
multiplex type, a third series of impulses Iis
transmitted by way of the trunk line 42 to the in-
coming connector switch in the exchange F, and
the impulses of this series are repeated by the
control apparatus provided in the operated in-
coming connector switch fo the station selecting
apparatus associated with the selected line. The
arrangement of the operated incoming connector
switch provided in the exchange F is similar to
that of the switch illustrated in Figs. 31 and 32
and described previously in that it performs the
usual functions of testing the called line to de-
termine the idle or busy condition thereof, re-
turning busy tone over the calling loop to signal
the calling operator in the event the called line
is busy, and projecting ringing current over the
selected called line to energize the signal device
at the called substation in the event the selected
called line is idle at the time it is seized. If the
called line is busy, the operator may cause a toll
offering connection to be established to the called
line by operating the toll offering switch 753’ to
unbalance the loop circuit extending to the oper-
ated incoming connector switch provided in the
exchange F. The manner in which this incom-
ing connecfor switch operates to establish the
toll offering connection is similar to the oper-
ation of the incoming connector switch of Figs.
31 and 32 to establish a similar type of connec-
tion. When the call is answered, the incoming
connector switch provided in the exchange P
functions to reverse battery back over the trunk
line 42, thereby to reverse the direction of cur-
rent flow through lower winding of the differ-
entially wound relay RT40. The two windings of
this relay are now cumulatively energized so that
the relay operates to open a point in the pre-
viously-mentioned circuit for energizing the
supervisory lamp 511 in series with the winding
of R530. In order to complete the desired con-
versational circuit between the calling and called
substations, the operator in the exchange B may
utilize one of the link lines, as, for example, the
line 552, to establish a tie or jumper connection
between the established talking circuits extend-
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ing to the calling and called substations. If the
link line 552 is used for this purpose, the two line
connecting switches 658 and 184 are operated to
the off-normal position so that the line terminals
of the transformer windings 651 and 6§52 are con-
nected by way of the conductors C388 and C689
to the line terminals of the two transformer
windings 1716 and 1i7. When the switch 791 is
operated to its off-normal position, the springs
704 are closed to complete an obvious alternative
circuit for maintaining the busy lamp 760 and
the relay R145 energized. Af the springs 703 a
point is prepared in the above-mentioned circuit
for energizing the supervisory lamp 5f! in series
with the winding of the relay R53). Following
the completion of this tie connection and the an-
swering of the call at the called substation, the
desired talking circuit between the calling and
called substations is fully established. After the
tie connection described above is completed, the
operator may restore the two call and answer

. switches 666 and T27 to normal so that the link
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line 553, extending to the operator’s telephone
equipment, is released.

At the end of the conversation and when the
connection is cleared out at either the calling
or the called substation, the supervisory lamp
511 is illuminated to give the operator in the
exchange B a disconnect signal. The manner in
which this lamp is energized when the calling
party at the substation T: hangs up is explained
in this section—subsection D. When the con-
nection is cleared out at the called substation,
the operated incoming connector switch provided
in the exchange F again operates to reverse bat-
tery back over the trunk line 42, thereby to
reverse the polarity of the current traversing
the lower winding of R740. This relay is now
differentially energized and restores to complete,
at RAT41, the above-mentioned circuit for ener-
gizing the signal lamp 5i§ in series with the
winding of the relay R530, this circuit extending
from ground at RAT46 by way of RAT41, the
switch springs 703, C543, the filament of the
lamp 511 and the winding of R530 to battery.
The resulting continuous iliumination of the
lamp 511 indicates to the operator that the con-
nection is no longer desired. As explained pre-
viously, if the key switch 513 occupies its off-~
normal position, the visual signal provided by
the lamp 511 is supplemented by the operation
of the buzzer 535, which buzzer is energized in
response to the operation of the relay R530.

‘The release of the switching equipment utilized
in extending the connection from the calling
substation T:1 to the operator’s position in the
exchange B is accomplished in the manner ex-
plained in this section—subsection D. The re-
lease of the switch train, by way of which the
connection is routed from the operator’s posi-
tion in the exchange B to the called substation
in the exchange F, is under the control of the
operator in the exchange B. More particularly,
when the operator restores the switech 7101 to
normal, the springs 704 are opened to interrupt
the parallel circuit for energizing the busy lamp
760 and the relay R7145. Also, when the two key
controlled switches 1801 and 658 are restored to
normal, the link line 552 is released for further
use. When the relay Ri145 restores, it interrupts,
at RAT41, the circuit for energizing the upper
winding of RT40 and opens, at RAT48, a point
in the loop circuit extending by way of the trunk
line 42 to the operated incoming connector switch
located in the exchange F, This incoming con-
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nector switch is released in response to the in-
terruption of the loop circuit in the manner
explained above with reference to the incom-
ing connector switch shown in Figs. 31 and 32.
Thus, the connection is entirely released.

Subsection I.—Exiension of the connection from

the operator’s position in the exchange B to a
* substation associated with a line terminating
at the exchange E

If the call initiated at the substation T:i and
forwarded to the operator’s position in the ex-
change B is to be extended to a substation, as,
for example, the substation Ts, associated with
a line terminating at the exchange E, the opera-
tor may cause the desired connection to be
established by seizing the incoming connector
switch illustrated in Figs. 12 and 13 in the man-
ner explained in this section—subsection D, and
thereafter dialing the appropriate line selecting
digits. The indicated incoming connector switch
responds to the impulses of the first two digits
dialed by the operator, in the manner set forth
in subsection D of this section, to select a trunk
line extending to an idle repeater in the group
including the repeater 20. If it be assumed, for
example, that the line 31 is the first available
idle trunk line in this group, the rotary move-
ment of the wipers embodied in the switching
mechanism 1370 is arrested when these wipers
are positioned upon the contacts terminating
the conductors of the trunk line 31. Following
the selection of this line, the incoming connector
switch of Figs. 12 and 13 operates to switch the
calling loop circuit through to the repeater 20,
thereby to energize the line relay R16b65. One
branch of the calling loop circuit may be par-
tially traced as extending from ground at the
lower terminal of the upper winding of RI555
by way of this winding, the upper winding of
RI163C, RCI629’ and RAI829 to the trunk line
conductor Ci682, while the opposite branch of
the loop circuit may be partially traced as ex-
tending from battery at the upper terminal of
the lower winding of RI855 by way of this wind-
ing, the lower winding of R16388, RCI1626 and
RAI(625 to the opposite trunk line conductor
C1681. TUpon operating, the relay R1655 com-~
pletes, at RAI656, an obvious circuit for ener-
gizing the slow-acting hold relay R1660 and pre~
pares, at RAI657, a loop circuit extending to the
incoming connector switch shown in Figs, 24
and 25 and located in the exchange E. The hold
relay RI668, upon operating, completes, at
RAI661, an obvious path for impressing ground
potential upon the control conductors C1683 and
C1686 of the frunk lines 81 and 38, respectively,
thereby to maintain these trunk lines marked
as busy in the bank contacts of the connector
switches having access thereto and to prevent
the release of the operated incoming connector
switeh illustrated in Figs. 12 and 13. At RA1662,
the relay RI650 completes an obvious circuit for
energizing the siow-to-release line switching re-
lay RI665, causing the last-mentioned relay to
operate and complete, at its armatures RAI666
and RAIL667, the above-mentioned loop circuit
extending by way of the trunk line 31 to the
incoming connector switch of Figs. 24 and 25.
At RAI1662, the relay RI1660 also completes an
obvious circuit for energizing the polarizing
winding of the electropolarized relay R1640, but
the last-mentioned relay does not operate at
this time. The loop circuit extending to the
incoming connector switch of Figs. 24 and 25
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may be traced as extending from ground at the
lower terminal of the lower winding of R2420 by
way of this winding, the lower winding of R2415,
RA2414, RA2403, C24711, RAI661, RAI657, the
transformer winding 1674, the left winding of
R1640, the transformer winding 1673, RAI666,
C2476, RA2401, RA2412, the upper winding of
R2415 and the upper winding of R2420 to battery.
Due to the direction of current flow through
the left winding of the polarized relay R1640,
this relay does not operate at this time.  Also,
the relay R2415, which is of the differentially
wound. type, does not operate when both of its
windings are energized over the loop circuit just
traced. The line relay R2420, however, operates
to open, at RA2422, a point in the circuit, traced
hereinafter, for energizing the two relays R2440
and R2450 and the operating magnet 2561 of the
rotary switch 2550. At RA2423, the relay R2420
prepares a path, traced hereinafter, for im-
pressing negative battery potential upon the
positive line conductor of a selected called line.
At RA2421 and its associated working contact,
the relay R2420 completes an obvious circuit
for energizing the slow-acting hold relay R2425,

" which latter relay now operates to open, at

RA2426, one of the multiple paths for impressing
ground potential upon the all-switch-busy con-
ductor C2404 and to complete, at RA2427, an
obvious circuit for energizing the relay R2430.
The relay R2430, upon operating, opens, at
RA2432 and its associated resting contact, a
point in the circuit, traced hereinafter, for ener-
gizing the relay R2400 and completes, at RA2432
and its associated working contact, an obvious
path for impressing ground potential upon the
control conductor C2409, thereby to mark the
incoming connector switch of Figs. 24 and 25 as
busy in the contacts of the switching selector

- repeaters having access thereto. At RA2431, the

relay R2430 prepares holding circuits for certain
of the relays mentioned hereinaiter and, at
RA2433 and RA2434, it prepares points in the
above-mentioned circuit for energizing the
rotary switch operating magnet 2561 in parallel
with the two relays R2440 and R2450. At
RA2434’, the relay R2430 opens & point in the
circuit, traced hereinafter, for energizing the
relay ‘R2435. Following the operation of the
relay R2430, the incoming connector switch il-
lustrated in Figs. 24 and 25 and provided in the
exchange E is conditioned to respond to the
thirg series of impulses dialed at the calling
operator’s position in the exchange B. During

2 operation of the calling device provided at the

operator’s position, the calling loop -ecircuit,
which is now extended through to the repeater
20, is interrupted in the usual manner to cause
the alternate restoration and operation of the
line relay R1655. More particularly, this relay
restores during the open circuit period of each
impulse dialed at the calling substation and in-
terrupts, at RA1657, the-loop circuit extending
to the operated incoming connector switch of
Figs. 24 and 25. At RAI656, the relay RI650
opens the operating circuit for the hold relay
R1660, but the last-mentioned relay, due to its
slow-to-release characteristic, remains operated
during impulsing,

Each time the loop circuit extending by way
of the trunk line 31’ to the incoming connector
switch of Figs. 24 and 25 is interrupted, the line
relay R2420 restores. When the relay R2420

. restores at the beginning of the first impulse of

the first series of impulses transmitted over the
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trunk line 34’ to the incoming connector switch,
it opens, at RA2421, the operating circuit for
the hold relay R2425 and completes, at RA2421
and RA2422 and their associated resting-con-
tacts, the above-mentioned circuit- for energizing
the winding of R2449 in parallel with the lower
winding of R245% and the winding of the rotary

switch operating magnet 2581. This circuit may

be traced as extending from ground at RA2421
by way of RA2433- to RA2463, where it divides,
one branch extending through the lower winding
of R2458 to battery, a second branch extending
through the winding of R2448 to vattery, and
the third branch extending by way of RA2422,
RA2334, C2488, RA2536 and the winding of the
magnet 2561 to battery. When energized over
this circuit, the two relays R24406 and R2460 both
operate. The operating magnet 2561 also- op-
erates to condition the associated ratchet and
pawl mechanism to step the wipers of the rotary
switch 2558 to their respective first off-normal
positions. Upon operating, the relay R2440 com-
pletes, at RA2641, an obvious holding circuit
for the relay R2456 and completes, at RA2442,
an obvious path shunting the armature RA2463
of the busy test relay R2460. The relay R2450,
upon operating, ovens, at RA2451, a point in the
circuit, traced hereinafter, for energizing the
lower winding of the line switching relay
R2530 and prepares, at RA265{ and RA2452, a
circuit, traced hereinafter, for energizing the
busy test relay R2460. At RAZ2854 and RA2455,
the relay R2459 completes a circuit for energiz-
ing the two relays R2485 and R2435, this circuit
extending from ground at RA2431 by way of
C248§, RA2534, C2585, RA24E5, RA2454, C2492,
the test wiper 2554 and its associated twenty-
fifth contact, C2484;, RA2438, the lower winding
of R2805 and the winding of R2435 to battery.
When its lower winding is energized over the
circuit just traced, the relay R2485 operates to
complete, at RA2486, a holding circuit for itself,
which holding circuit extends from ground at
RAZ2431 by way of RA2408 and the upper wind-
ing of R2405 to battery. At RA2498, the relay
R24685 prepares a circuit, traced hereinafter, for
energizing the relay R25{9. The relay R2435,
upon operating, completes, at RA2438  and
RA2439, a holding circuit for itself, which circuit
may- be traced as extending from ground at
RA2431 by way of C2481, RA2534, C2485, RA2455,
RA265F, RA2438, RA2438, the lower winding
of R2405 and the winding of R2435 to battery.
Following the completion of this holding circuit,

the relay R2435 opens, at RA2439-and its asso-

ciated resting contact, a point in its operating
circuit as traced above. At RA2438, the relay
R2435 opens a point in the circuit, traced here-
inafter, for energizing the lower winding of the
busy test relay R2460. At RA2431, the relay
R2435 prepares a point in an alternative circuit,
traced hereinafter; for energizing the rotary
switch operating magnet 2561.

At the end of the open circuit period of the
first impulse, when the line relay R2420 is caused
to reoperate, the operating magnet 2551 is deen-
ergized and, in cooperation with its associated
ratchet and pawl mechanism, steps the wipers of
the rotary switch 2550 from their respective home
positions to their respective first off-normal posi-
tions. Similarly, during each succeeding impulse
of the first impulse series transmitted to the in-
coming connector switch of Figs. 24 and 25, the
operating magnet 2561 of the switch 2550 is al-
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ternately-energized and deenergized to-drive the
wipers: 2551 to 2555; inclusive, over the contacts
of their respective-associated contact levels until;
at the end-of the first impulse series, the wipers
are left standing in engagement with the con-
tacts which correspond to the number of impulses
in the series. During this series of impulses,
the relay R2448, due to its slow-to-release char-
acteristic, is held operated to maintain the relay
R2450 energized.

In the illustrated arrangement of the incom-
ing connector switch of Figs. 24 and 25, the lines
terminating at the bank contacts of the rotary
switch 2359 are divided into three groups. The
first off-normal position of this rotary switch
represents the preliminary or starting position
for the selection of lines in the first line group,
the lines of this group being terminated at the
contact sets numbered from 2 to 8, inclusive.
The ninth off=normal position of the switch rep-
resents the preliminary or starting position for
the selection of lines in the second line group,
the lines of this second group being terminated
at the contact sets numbered from 10 to 19, in-
clusive. The twentieth off-normal position of the
rotary switch is reserved as the- preliminary or
starting position for the selection of the lines of
the third group, which lines are terminated at
the contact sets numbered from 21 to 25, inclu-
sive. Finally, the twenty-fifth set of contacts em-
bodied in the rotary switch 2556 represents the
home or normal position of the switch. With
this arrangement, a first impulse series, com-
prising a single impulse, followed by a second

. series of from one to seven impulses, depending

upon the line being called, must be transmitted
to the incoming connector switch in order to se-
lect a subscriber’s line in the first line group.
If the desired line is in the second group of sub-
seribers’ lines, a first series of two to nine im-
pulses, followed by a second series of from one to
ten impulses must be transmitted to the incom-
ing connector switch for the purpose of causing
the wipers of the rotary switch 2830 to be oper-
ated into engagement with the contacts terminat-
ing the called line. In order to select a line in
the third group of lines, a first series of ten im-~
pulses, followed by a second series of from one to
five impulses, depending upon the line being
called, are required to cause the desired line se-
lection to be performed on the part of the in-
coming connector switch.

In the call under consideration, if the line T8
extending to the called substation To is assumed
to be the-third line in the first group of lines, a-
first impulse series comprising a single impulse,
followed by a second impulse series of three im-
pulses, must be transmitted to the incoming con-
nector switch of Figs. 24 and 25 in order to cause
the wipers 2551 to 2555, inclusive, to be operated
into engagement with the contacts terminating
the conductors of the called line. At the con-
clusion of the first impulse series, therefore, the
enumersted wipers are left standing in engage-
ment with their respective associated first con-
tacts. During the interdigit pause between the
first- and second series of impulses transmitted
to the incoming connector switch, the line relay
R2420 is held operated for a sufficient time inter-
val-to permit the slow-acting relay R2440 to re-
store. Upon restoring, the relay R2440 opens, at
RA2441, the holding circuit for R2450 and inter-
rupts, at RA2442, a point in the previously traced:
alternative circuit for energizing the rotary
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switch operating magnet 2561. When the relay

R2450 restores, it opens, at RA2451 and RA2452,"

a point in the circuit for energizing the busy test
relay R2480 and reprepares, at RA2451, the above-
mentioned circuit for energizing the line switch-
ing relay R2530. At RA2454 and RA2455, the
relay R2450 interrupts the previously traced hold-
ing circuit for the relay R2435, permitting the
last-mentioned relay to restore. Following the
restoration of R2435, the control apparatus em-
bodied in the incoming connector switch of Figs.
24 and 25 is conditioned to respond to the second
series of impulses transmitted thereto.

During the impulses of the second series, the
line relay R2420 operates repeatedly to complete
the previously traced operating circuit for the
magnet 2561 so that the wipers of the rotary
switch 2550 are moved over their respective asso-
ciated contacts at the rate of one step.for each

impulse. .Hence, at the conclusion of the second:

series of impulses, the wipers are left standing
in engagement with the contacts terminating the
conductors of the desired called line.
relays R2440 and R2450 are caused to reoperate
at the beginning of the first impulse of the second
series and remain operated until shortly following
the end of the impulse series. : .
Before describing the operation of the incoming
connector switch to test the called line for the
purpose of determining the idle or busy condi-
tion thereof, the mode of operation of this switch
to select lines of the second and third line groups
will briefly be considered. In this regard,. it is
pointed out above that, to select a line in the
second group of lines, a first impulse series of two
or more impulses must be transmitted to the
switeh so that, at the end of the series, the wipers
2551 to 2555, inclusive, occupy positions interme-
diate their first and tenth off-normal positions.
With the wipers occupying one of these interme-
diate positions, a circuit is completed, during the
interdigit pause between the first and second
series of impulses transmitted to the switch and
in response to the restoration of the relay R2450,
for energizing the operating magnet 2561 by way
of the circuit interrupting. contacts associated
with the armature 2562. Also, an alternative
holding circuit is completed for maintaining the
relay R2435 energized. This alternative holding
circuit for R2435 may be traced as extending
from ground as connected to the multipled. con-
tacts numbered from 2 to 8, inclusive; of the con-
tact level associated with the test wiper 2554, by
way of this wiper, C2492, RA2438, RA2439, the
lower winding of R2405 and the lower winding of
R2435 to battery. The circuit for energizing the
rotary switch operating magnet 2561 may be
traced as extending by way of the grounded test
wiper 2554, C2492, RA2454, RA24317, C2489, the
armature 2562 and the winding of the magnet
2561 to battery. Due to the circuit interrupting
action of the armature 2562, the operating mag-
net 2561 operates, buzzer fashion, to drive the
wipers of the rotary switch 25506 until they are
moved to the preliminary or starting position for
the selection of lines in the second group, which
position, in the arrangement illustrated, com-
prises the ninth off-normal position of the switch.
When the test wiper 2554 is moved to this ninth
off-normal position, it is disconnected from
ground to interrupt the alternative operating cir-
cuit for the magnet 2561 and to open a point in
the above-traced alternative holding circuit for
the relay R2435. Thus, the operation of the mag-

The two.
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to restore. The manner in which the wipers of
the switch 2550 are operated from the ninth off-
normal position to a position corresponding to a
desired line in the second group is exactly the
same as set forth above with reference to the op-
eration of the incoming connector switch to select
the line 76 included in the first line group.

As indicated above, in the event ‘the desired
called line ig included in the third group of lines
terminating.at the contact sets numbered from 21
to 24, inclusive, of the switch 2550, a first series of
ten impulses is transmitted to the incoming con-
nector switch so that the wipers of the rotary
switch 2550 are operated to their respective tenth
off-normal positions. It will be observed that the
tenth to nineteenth contacts of the level asso-
ciated with the test wiper 2554 are also multipled
together and connected to ground so that the
above-~traced alternative holding circuit for R2435
and the alternative operating circuit for.the ro-
tary switch operating magnet 2581 are completed
during the interdigit pause between the first and.
second series of impulses and in response to the.
restoration of the relay R2458. Thus, the mag-
net 2551 is caused to operate, buzzer fashion; to
drive the wipers of the switch 2550 until they are
positioned upon the contacts representing the
preliminary or starting position for the selection
of lines in the third group. More particularly,
when the wipers are operated to their respective
twentieth off-normal positions, ground potential
is. removed from the test wiper 2554 to cause the
deenergization and restoration of the relay R2435
and to arrest the operation of the rotary switch
operating magnet 2561, Following the opera-
tion of the wipers 2551 to 2555 to the preliminary
or starting position for the selection of lines in
the third Iline group, the incoming connector
switch operates to select a desired line in this.
group in the exact manner described above with
reference to the selection of the called line 16 in-
cluded in the first line group. Lo

 If the called line 16 is idle at the time it is se-
lected by the incoming connecter switch of Figs.
24 and 25 in the manner explained above, nega-.
tive battery potential is present. upon the con-
trol conductor thereof. On the other hand, if
the line is busy ground potential is present upon
the control conductor of the line. Assuming the
line fto be idle, when the relay R2450 restores
shortly following the end of the second series of
impulses transmitted to the incoming connector
switch, the above-mentioned circuit is completed
for energizing the lower winding of the switching
relay R2530,this circuit extending from ground at
RA2431 by way of RA2461, C2483, the lower wind-
ing of R2530, C2482, RA2451,RA2436, RA240T and
C2484 to battery as impressed upon the control-
wiper 2552 over the control conductor of the
called line. When its lower winding is energized
over this circuit, the slow-to-operate relay R2530
partially operates to-complete, at the “X” con-
tacts associated with RA2535, a circuit for ener-
gizing its-upper winding, which circuit may be
traced as extending from ground at RA2431 by
way of C2481, RA2535 and the upper winding of
R2530 to battery. When its upper winding is en-
ergized, the relay R2530 fully operates to. com-
plete, at RA2534, a path for impressing ground

- potential upon the control- conductor of the se-

lected called line, this path extending from-
ground at RA2431 by way of C2481, RA2434 and
the test wiper 2552 to the control conductor of
the called line. At RA2538, the relay R2530 opens
a point in the previously traced circuit for ener-
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gizihg the rotary switch operating magnet 2561.
At RA2538, the relay R2530 opens a point in:the:
path, traced hereinafter, for connecting the busy
tone current source provided in the exchange E
to the positive side of the loop circuit extending to
the calling operator’s position. At RAZ532 and
RA2531, the relay R2830 completes a circuit for
projecting ringing current over the line to ener-
gize the signal device provided at the called sub-
station. In the event the called line is of the
duplex type, similar to that shown in Fig. 21, the
path of the ringing current may be traced as ex-
tending from the ungrounded terminal of the
ringing current source, not shown, by way. of
the exchange battery provided in the exchange
E, the winding of the slow-acting ring cut-off re-

lay R2540, RA2511, RA2521, RA2532, the wiper

2551, the negative side of the line extending to
the called substation, and through the series con-
nected condenser and ringer provided at: the
called substation to the grounded terminal of the
ringing current source. On the other hand, if the
called substation is of the single party type, such
that the series connected ringer and condenser
provided thereat are bridged between the line
conductors of the called line, the return path of

the ringing current may be traced as extending.

by way of the positive side of the called line, the
wiper 2555, RA2537, RA2528, and RA2513 to the
grounded terminal of the ringing current source:
A portion of the ringing current is by-passed over
the path including RA2531, the condenser 2558,
C2419 and the loop circuit extending to the re-
peater 20 in the usual manner, so that a ring-
back tone signal is transmitted to the calling op-
erator toindicate that the ringing operation is be-
ing performed.

When the call is answered at the called sub--

station T, a direct current bridge is connected
bhetween the line conductors of this line so that
the ring cut-off relay R2540 is energized over the
loop circuit just described. This relay now op-
erates to complete, at RA254(, an obvious cir-
cuit for energizing the slave relay R2520, which
latter relay, in turn, operates, to complete, at the
“X” contacts associated with RA2523, a holding
circuit for itself. The holding circuit for the re-
lay R2520 extends from ground at RA2431 by way
of C2481, RA2523 and the winding of R2520 to
battery. At RA2521, the relay R2529 opens a
point in the common portion of the above-de-
scribed circuits for projecting ringing current
over the called line and for transmitting ring-
back tone current back over the loop circuit ex-
tending to the repeater 28. At RA2524, the relay
R2520 opens a point in the circuit, traced here-
inafter, for energizing the relay R2510. At
RA2521 and RA2825 and their respective asso-
ciated resting contacts, the relay R2520 opens two
points in the circuit for energizing the ring cut-
off relay R2548, whereby the last-mentioned re-
lay is ecaused to restore, to open, at RA2541, the
operating circuit for R2520. At RA2521 and
RA2525 and their respective associated working
contacts, the relay R2520 completes the desired
talking connection between the calling operator’s
position and the called substation Ts. The com-
pletion of this talking circuit results in the ener-
gization of the battery reversing relay R2410 in
series with the winding of the line balancing im-
pedance element 2498; More particularly, this
circuit may be traced as extending from ground
at the upper terminal of the winding of R2410 by
way of this winding, RA2474, C2495, RA2525;
RA253T, the wiper 2585, the loop circuit extending:
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to'the called substation, the wiper 2551, RA2532,
RA2521, C2479, RA24T1 and the winding of the
impedance element 2498 to battery. The current
traversing this circuit serves to energize the
transmitter provided at the called substation in
the usual manner.

When-energized over the circuit just traced, the
relay R2410 operates to reverse,; at its armatures
RA2411 to RA24i4,; inclusive, battery potential
back over the loop circuit extending to the re-
peater 20, thereby to reverse the direction of
current flow. through the left winding of the po-
larized relay R1640. The last-mentioned relay
now operates to complete, at RA1542, an obvious
circuit for energizing the battery reversing relay
RI1620. At RAI641, the relay R1640 completes an
obvious circuit for energizing the relay Ri645.
The relay R1629, upon operating, moves its arma-
tures RAI624 and RAI628 into engagement with
their: respective associated armatures RA1625
and RA1629, thereby to reverse battery back over
the-loop extending through the operated incom-
ing connector switch of Figs. 12 and 13 to the
trunk line terminating apparatus shown in the
upper portion of Fig. 7. The resulting reversal of
current flow through the upper winding of RT190
causes this relay to operate and open the circuit
for energizing the supervisory lamp associated
with the link line utilized in completing the con-
nection, all in the manner explained previously.
At RAI162T and RAI62T’, the relay RI1628, upon
operating, completes obvious paths for short-cir-
cuiting the two windings of R1639, thereby to re-
move the impedance of these windings from the
voice frequeney current transmission circuit. At
RA1622 and RC1623, the relay RI162€, upon op-
erating, disconnects the control conductor C1686
of the trunk line from ground. At RAI521 and
RA1622; the relay RI1620 completes the previous-
1y mentioned path for impressing booster battery
potential upon. the control conductor C{688, this
path extending from the negative terminal of the
booster battery source 1687 by way of the resistor
1688, RAI651, RAI652, RAI521 and RAI1622 to the
control conductor C1686. The application of
booster battery potential to this control con-
ductor is without effect on the type of call here
being considered. The relay RI1645, upon oper-
ating, opens, at RA1646 and its associated resting
contact, a point in the previously traced circuit
for energizing the slow-to-release relay R1650 and
completes, at RAI1646 and its associated working
contact, a holding circuit for itself, which hold-
ing circuit extends from ground at RA1661 by way
of C1683, RA1646 and the winding of RI1645 to
battery. After a short time interval, the relay
R 1659 restores to open, at RAI651 and RA1652, a
point in the above-traced path for impressing
booster battery potential upon the control con-
ductor C1686 and to complete, at RAI652 and
RCI683, an alternative path extending from
ground. at RAI661 for maintaining ground po-
tential upon the indicated control conductor.
Following the restoration of the relay RI1653, no
further operation of the apparatus embcdied in
the operated switch train extended to the called
substation Tg occurs until the connection is re-
leased or until one of the called subscribers at-
tempts toresignal the operator in the exchange B.

If the called subscriber at the substation To
desires to-recall the operator in the exchange B,
he may do so by momentarily operating the hook
switch provided at the called substation to open
the- loop- circuit extending to the called sub-
station and thus cause the deenergization of the
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battery reversing relay R24{0. This relay, upon
restoring, reverses battery back over the loop
extending to the repeater 29, thereby to reverse
the direction of current flow through the left
winding of the relay R{640. The relay R1640
responds by restoring to open the operating cir-
cuit for the battery reversing relay R1620, which
latter relay, in turn, restores, to reverse battery
back over the loop extending to the trunk line
terminating apparatus shown in the upper por-

tion of Fig. 7. The relay R198 now restores to-
recomplete the circuit for energizing the super--

visory lamp associated with the link line, such
for example, as the line 552, utilized in complet-
ing the desired connection. Obviously, each time
the loop circuit extending to the called substation

is recompleted, following the momentary opera--

tion of the hook switch provided at the called
substation to its normal position, the four relays
R2410, R1640, R1620 and R199 are caused to re-
operate, in the order named, whereby the above-
mentioned supervisory lamp is deenergized. The
intermittent illumination of this lamp serves fo
indicate to the operator that she is being re-
called, whereupon she may reenter the connec-
tion and converse with the called subscrlber to
determine the service desired.

As explained previously, if the connectlon as
routed to the incoming connector switch shown
in Figs. 24 and 25 from the operator’s position
in the exchange B is to be eéxtended to a sub-

scriber’s line of the multiplex type, a third series

of impulses must be transmitted to the incoming
connector switch in order to cause the station
selecting apparatus associated with the called
line to select the desired substation. For the
purpose of conditioning the control apparatus
embodied in the incoming connector switch to
repeat the impulses of the third series to the
line selecting apparatus associated with a line of
the multiplex typs, the relay R2510 is provided,
which relay is arranged to be energized when

the wipers of the rotary switch 2550 are operated:
into engagement with the confacts terminating-

a line of the multiplex type. More particularly,
each of the contacts of the level associafed with
the wiper 2553 which corresponds to a line of the

multiplex type is connected through' a resistor to-

the exchange battery to provide a circuit for
energizing the relay R25{0. Thus, the twenty-

second contact of the contact level associated-

with the wiper 2553 is connected through a re-
sistor 2571 to the negative ferminal of the ex-
change battery provided in the exchange E.
Hence, when the wipers 2851 to 25955, inclusive,
are operated into engagement with their respec-
tive associated twenty-second contacts in re-
sponse to the dialing of two line selecting digits
designating the line terminated at the twenty-
second contact set of the rotary switch 2550,
the above-mentioned circuit is completed for
energizing the relay R2518, this circuit -extend-
ing from ground at RA2408 by way of C2483,
the winding of R2518, RA2524; the wiper 2553 and
the resistor 2578 to battery. Af the end of the
second series of impulses transmitted to the in-
coming connector switch and when the relay
R2453 restores in the manner explained above,
the switching relay R2530 is caused to operate
to perform the functions described previously.
At RA2534, the relay R2538 completes the pre-
viously traced path for impressing ground poten-
tial upon the control conductor of the selected
multiplex line., When energized over the circuit
traced above, the relay R2510 operates to open,
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at RA2511, a point in the previously traced cir-
cuit for projecting ringing current over the
selected called line and to prepare, at RA2512,
a circuit, traced hereinafter, for energizing the
relay R2500. At RA2513, the relay R2510 opens
a point in the path for impressing ground poten-
tial upon the positive line conductor of the
selected called line and completes the previously
traced path for impressing negative battery
potential upon the positive side of the selected
called line. The last-mentioned path may be
traced as extending from the negative terminal
of the exchange battery provided in the ex-
change E by way of the resistor 2422’, RA2423,
C2491, RA2513, RA2525, RA2531, and the wiper
2555 to the positive line conductor of the selected
line. - When ground potential is impressed upon
the control conductor of the selected line, the.
station selecting apparatus associated ‘with the
line is seized and conditioned to respond fo nega-
tive battery impulses transmitted thereto over
the positive side of the selected line. :
During the impulses of the third impulse se-
ries transmitted to the incoming connector
switch of Figs. 24-and 25, the line relay R2420
responds by opening -and closing, at RA2423, a

. point in the above-traced path for impressing
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negative battery potential upon the positive side
of the selected line.. The station selecting ap-
paratus responds to the pulses of negative bat-
tery potential transmitted thereto over this path
by selecting the particular substation- desired
by the calling party. At the beginning of this
third series of -impulses,- the two relays R2440
and R2450 are again caused to operate, in the-
manner explained ‘previously. Upon operating,
the relay R2450 completes. a circuit for energiz-
ing the lower winding of the busy test relay
R2460, this circuit extending from. ground at
RA2431 by way of C2481, RA2534, C2434, RA2407,
RA2436, RA2451, RA2452 and the lower winding
of R2460 to battery. When its lower winding -is
energized over this circuit, the relay R2460 op-
erates to prepare, at RA2461, a holding. circuit for

-itself, this holding circuit being completed short-

"ly following the end of the third series of im-
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pulses transmitted to the incoming connector
switch when the relay R2450 restores, and ex-
tending from ground at RA2431 by way of.
RA2461, RA2472, RC2453, RA2452 and the lower
winding of R2460 to battery. At RA2464, the
relay R2460 prepares a point in the operating
circuit for the relay R2500. When the relay
R2450 restores at the end of the third series of
impulses, it completes this operating circuit for
the relay R2500, which circuit may be traced as
extending from ground ‘at RA2431 by way of
C2481, RA2534, C2484, RA2407, RA2436, RA2451,
C2482, RA2512, C2487, RA2464, C2486. and the
winding of R25080 to battery. Upon . operating,
the relay R2500 completes, at RA2501, the pre-
viously traced circtit for projecting ringing cur-
rent over the selected called line fo energize the
signal device provided at the called substation
and for transmitting ring-back tone current back
over the loop circuit extending to the repeater
20. Thus, the usual ring-back tone signal is
transmitted to the calling telephone station.
When the call is answered at the called substa-
tion, the substation selecting apparatus asso-
ciated with the called line operates to impress
ground potential upon the negative side of the

* selected called line, thereby to complete the pre-

76

viously traced circuit for energizing the ring cut-
off relay R2540. Upon opérating, the relay
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R2540 completes, at RA254{, the operating cir-
cuit for the relay R2528, which latter relay, in

turn, operates to complete its holding circuit and”

to open, at RA2521, a point in the circuit by way
of which ring=back tone current is transmitted
to the repeater 20 and a point in the operating
circuit: for the relay R2540. At RA2E2I and
RA2525 and their respective associated working
contacts, the relay R2529 completes the talking
connection between the calling and called tele-

phone stations and, in so doing, completes the

previously traced circuit for energizing the bat-
tery reversing relay R2418 in series with the line
balancing impedance element 2498. At RA2624,
the relay R2520 opens a point in the above-
traced operating circuit for the relay R25{0,
causing the last-mentioned relay to restore to
open, at RA2512, the operating circuit for the
relay R2500. Following the restoration of the
three relays R2500, R2510 and R2549, no further
relay operations occur in the incoming connector
switch shown in Figs. 24 and 25 until the con-
nection is cleared out at the called substation
or until the connection is released at the op-
erator’s position in the exchange B.

As indicated previously, if a line selected by

25 is busy at the time the wipers of the rotary
switch 2558 are operated into engagement with
the contacts terminating the conductors thereof,

the control apparatus embodied in the incoming-

connector switch operates to return busy tone
through the operated switch train to signal the
calling operator in the exchange B. Thus, if the
line 76 is busy at the time the call initiated at the
operator’s position is routed thereto, ground po-
tential is present upon the control conductor
thereof so that, when the wiper 2§52 is moved
into engagement with the contact terminating
this control conductor, a circuit is completed for

energizing the lower winding of the busy test re--

lay R2489, this circuit extending by way of the
grounded wiper 2552, C2484, RA2487, RA24386,
RA2451, RA2452 and the lower winding of R2460
to battery. When energized over this circuit, the
relay R24590 operates to prepare, at RA2461, a
holding circuit for itself and to open, at RA2463,
a point in the previously traced circuit for en-
ergizing the rotary switch operating magnet
2561. At RA2461 and its associated resting con-
tact, the relay R2480C opens a point in the above-
traced operating circuit -for the line switching
relay R2830.
pares the previously traced operating circuit for
the relay R2580. At RA2465, the relay R2459
completes the above-mentioned path for effec-
tively connecting the high potential terminal of
the busy tone current source provided in the ex-
change E to the positive side of the loop circuit
extending to the repeater 28. This path may be
traced as extending by way of C2587, the con-
denser 2559, RA25388, C2497, RA2475, and RA2465
to the positive side of the talking circuit, and the
completion thereof results in the transmission of-
the usual busy tone signal to the calling operator
to indicate that the desired line is busy. Short-
ly following the operation of the relay R248Q,
the relay R2450 ‘restores to complete the pre-
viously traced holding circuit for R2460.

When the operator in the exchange B receives
the busy tone signal, she may either initiate the
release of the partially established connection,
in the manner explained hereinafter, or she may

break in upon the previously established connec- 7%

At RA24€4, the relay R2469 pre-
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tion extending to the called substation Ts and of-
fer the call to the called subscriber. In order
to break in upon the previously established con-
nection extending to tize called substation Ty, the:
operator in the exchange B momentarily operates
the toll offering switch 753 to its off-normal po-
sition, thereby to impress greund potential upon
the positive side of the loop circuit extending to
the repeater 29. When ground potential is im-
pressed upon the line conductor C1§82, the se-
ries connected upper windings of the differential--
ly wound relay R1830 and the line relay R1685:
are short-circuited, while the respective lower:
windings of these two relays are held energized.
The relay R1638 now operates to complete, at
RAI163{, an obvious path for impressing ground
potential upon the trunk line conductor C2487
of -the trunk line 31’ and a path extending by
way of the winding 1673, the left winding of the
polarized relay R840, the transformer winding
1574, RA1857 and RAI86T for impressing ground
potential upon the other conductor C2477 of the
trunk line 21’. When these two paths are com=-
pleted, the respective lower windings of the two-
relays R2415 and R2428 embodied in the incom-
ing connector switch of Figs. 24 and 25 are de-

- energized, causing the differentially wound re-

lay R2415 to operate. TUpon operating, the relay
R2415 completes, at RA2418, & circuit for ener-
gizing the relay R2470, this circuit extending
from ground at RA2421 by way of C2481, RA2534,
C2485, RA2455, RC2455, RA24E2, RA24{% and
the winding of R2270 to baitery. When ener-
gized over this circuit, the relay R2410 operates
to complete, at the “X” contacts associated with
RA2413, a path extending by way of RA2£16 for
short-circuiting the upper winding of R2450,
thereby to render the relay R2488 slow to re-
lease. At RA2472, the relay R2470 opens the

* original holding circuit for R2469, as traced pre-

viously, and completes an alternative holding cir-
cuit therefor, this alternative circuit extending
by way of the grounded wiper 2552, C2484,
RA2472, RC2453, RA2452 and the lower winding
of R2450 to battery. When the relay R2415 re-
stores, in response to the release of the tol]l of-
fering switch 753, it opens, at RA2418, a point
in the above-traced path short-circuiting the up-
per winding of R2£60, permitting this winding
to be energized in series with the winding of
R2478 over a circuit extending from ground at
RA2431 by way of C2481, RA2584, C2485, RAZA5ES,
RC2456, RA2462, the upper winding of RZ453,
RAZ2413 and the winding of R2470 to battery.
With the relay R2478 operated, the above-traced
path by way of which busy tone current is pro-
jected over the established talking circuit to the
calling operator’s position is interrupted at
RA2475.. At its two armatures RA247! and
RA2474 and their respective associated working
contacts, the relay R2478 completes the desired
talking connection to the called line, whereupon
the operator may offer the call to the called sub-
It will be noted
that the two. condensers 2428 and 2429 are in-
cluded in the talking circuit which is extended
to-the-called line and, further, that talking bat-
tery is not impressed upon the loop circuit ex-

- tending to the called substation through the

windings of the battery reversing relay R2418
and the line balancing impedance element 2498,
Thus, the completion of the bridging connection
to the previously established talking circuit can

¢ in no way interfere with the release of the op-
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erated switch train by way of which the pre-
viously established talking circuit extends.

If the called subscriber accepts the toll call
offered by the operator in the position B, the
parties conversing over the previously established
connection are instructed to hang up thereby to
release the previously established connection and
to free the called line 76. During the release of
this previously established connection, ground
potential is removed from the control conductor
of the called line 16 and battery potential is sub-
stituted therefor. As a result, the lower winding
of the busy test relay R2460 is deenergized. The
busy test relay R2460 is now energized only by
the current traversing its upper winding, which
current is insufficient {o. maintain the relay op-
erated, but refards the release thereof for a sub-
stantial time interval. At the end of this in-
terval, the relay R246080 restores to open, at
RA2462, the above-traced circuit for energizing
its upper winding and the winding of R2470 in
series, permitting the last-mentioned relay to
restore. At RA246{ and its associated resting
contact, the relay R2460 completes the previously
traced circuit for energizing the lower winding
of the line switching relay R2530. At RA2465,
the relay R2460 interrupts the above-traced path
for connecting the busy tone current scurce to
the positive side of the talking circuit extending
to the calling operator’s position. When the re-
lay R2470 restores, it reprepares, at RA2471 and
RA2474, two points in the loop circuit to be ex-
tended to the called substation and opens, at
RA2473, a point in its holding circuit as traced
above. The relay R2530 operates, after an in-
terval, to complete its holding circuit and to com-
plete the above-traced circuit for projecting
ringing current over the called line to energize
the signal device at the called substation, all in
the manner explained previously.. When the call
is answered at the called substation, the incom-
ing connector switch of Figs. 24 and 25 oper-
ates to complete the desired talking circuit in the
exact manner set forth above.

The release of an established connecmon ex-
tending to one of the lines terminating at the
bank contacts of the incoming connector switch
shown in Figs. 24 and 25 is entirely under the
control of the operator in the exchange B. Thus,
if the called subscriber is the first to hang up,
the four relays R2410, RI1640, R1620 and R790
are caused sequentially to restore, in the ‘order
named and in the manner explained previously,
to cause the energization of the supervisory
lamp individual to the link line utilized in com-
pleting the connection between the calling and
called substations. The continuous illumination
of this lamp indicates to the operator that the
connection routed by way of the link line is ready
to be released. The manner in which the incom-
ing connector switch shown in Figs. 12 and 13
is released when the operator in the exchange
B clears out the connection is in all respects
identical with the release of this switch as de-
scribed in the preceding subsection. During the
release of this switch, the loop circuit extending
to the repeater 20 is interrupted, whereby the
line relay R1655 is deenergized and restores.
Upon restoring, this relay opens, at RAI65T, a
point in the loop circuit extending to the operated
incoming connector switch of Figs. 24 and 25
and interrupts, at RA1656, the operating circuit
for the hold relay R1660. The last-mentioned
relay now restores to open, at RA1662, the circuif
for energizing the right winding of the polarized
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the line circuit 2I.

‘to restore.

-enumerated contacts.

‘magnet 2561
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relay RI640 in parallel with the winding of
RI1665. At RAI661, the relay opens the holding
circuit for Ri645, causing the last-mentioned
relay to restore. When the relay RI1665 restores,
the line conductors of the trunk line 31’ are

_disconnected from the line terminals of the re-

peating transformer 1670 and are connected to
the line conductors of the link line extending to
Following the restoration
of RI665, the repeater 20 is completely released
and is conditioned for further use. In this re-
gard, it is pointed out that when the hold relay
R1660 restores it opens, at RA1661, the path for
impressing ground potential upon  the control
conductor C1683 and completes a path extending
by way of the resistor 1663 for impressing nega-
tive battery potential upon the indicated control
conductor, thereby to mark the repeater 20 as
idle in the numerical sthches having access
thereto.

‘When the loop circuit extendmg to the incom-
ing connector switch shown in Figs. 24 and 25
is interrupted, the line relay R2420 is deenergized
and restores. Upon restoring, the relay R2420
opens, at RA242{, the operating circuit for the
hold relay R2425, which latter relay restores,
after an interval, to open, at RA2427, the operat-
ing circuit for R2430. When the relay R2430
falls back, it reprepares, at RA2432, the operating
circuit for the relay R2480 and opens, at RA2431,
a point in the common portion of the holding
circuits for R2405, R2450, R2470, R2520 and
R2530, causing any operated ones of these relays
At RA2433, the relay R2430 com-
pletes a path for impressing ground potential
upon the first, ninth and twentieth contacts of
the contact level associated with the test wiper
2554, this path extending from ground at RA2421
by way of RA2433 and C2480 to each of the three
At this time, ground po-
tential is present upon all of the contacts of the
level associated with the test wiper 2554 with
the exception of the twenty-fifth contact, which
latter contact represents the home position of the
switch. Hence, when the relay R2430 restores,
it completes, at RA2434’, an alternative circuif
for energizing the relay R2425, this circuit ex-
tending by way of the grounded test wiper 2554,
C2492, RA2454, RA2424’, and the winding of
R2435 to battery. When energized over this

‘eircuit, the relay R2435 operates to complete, at

RA2437, an alternative circuit for energizing the
rotary switch operating magnet 2561, this circuit
extending by way of the grounded test wiper
2554, C2492, RA2454, RA2431, C2489, the arma-
ture 2462 and the winding of the magnet 2561 to
battery. Due to the circuit inferrupting action
of the contacts associated with the armature
2562, the magnet 256! . operates, buzzer fashion,
to drive the wipers of the rotary switch 2550 until
they are moved into engagement with their re-
spective twenty-fifth contacts representing the
home position of the switch. When the test
wiper 2554 is moved out of engagement with its
associated twenty-fourth contact, ground poten-
tial is removed therefrom so that no further
circuit is available for energizing the operating
and the operation of the rotary
switeh 2550 is arrested. When ground potential
is removed from the wiper 2554, the relay R2435
is deenergized and restores. Thus, the control

-apparatus embodied in the incoming connector

switch of Figs. 24 and 25 is returned to normal
and this switch is conditioned for further use.
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Subsection J~—~Trunk call routed from exchange
B directly to exchange E

As pointed out in Section 1 of the specifica-
tion, a call originating at a substation associated
with a line terminating at the exchange B may
‘be routed directly to a substation Iine terminat-
ing at the exchange E without the intervention
of the operator located in the exchange B or the
intervention of the operator located in the ex-
change A. Thus, the connector portion of the
finder-connector link shown in Figs. 19 and 20
has direct access to one or more repeaters asso-
ciated with trunk lines extending to the exchange
E. With this arrangement, if a calling subscriber
at a substation associated with a line terminat-
ing at the exchange B dials the appropriate line
selecting digits, the connection is forwarded over
one of the last-mentioned group of trunk lines
to an incoming connector switch located in the

exchange E. For example, if the above-described

call originating at the substation T: is to be
routed to a substation line terminating at the
exchange E and the local finder-connector link
shewn in Figs. 19 and 20 is assigned to the use

of the call, the calling subscriber, upon dialing -

the line selecting digits designating the group of
trunk lines extending to the exchange E may
initiate the operation of the connector portion
of this link to seize an idle one of the group of
repeaters individually associated with the trunk
lines extending to the exchange E. Thus, if the
repeater 23 associated with the trunk line 31’ is
the first available idle trunk line of the indicated
group, the connector portion of the local finder-
connector link shown in Figs. 19 and 20 operates
in the manner explained previously to seize the
trunk line 38 extending to this repeater. When
the trunk line 38 is seized, the calling loop cir-
cuit is switched through to the repeater 28 and
the line relay RI853 is energized thereover.
From this point on, the manner in which the
connection is routed to the desired line terminat-
ing at the exchange E is exactly the same as
explained in the preceding subsection. When

the call is answered at the called substation to:

cause the sequential operation of the relays
R1640 and R{§2¢ in the manner previously ex-
plained, the resulting reversal of battery over
the line conductors C{68{ and C1882 of the trunk
line 34 is without effect. On the other hand, the
momentary application of booster hattery po-
tential to the control conductor Ci588 caused by
the operation of the relay R1628 and the subse-
quent restoration of the relay R{550, in the man-
ner explained above, is effective to energize the
operating magnet of the call metering device
_associated with the calling substation. Thus, in
the case here being considered, wherein the call
originates at the substation Ti, the operating
magnet 2176 of the metering device associated
with this substation is energized in response to
the operation of the relay RI820 over a circuif
which may be traced as extending from the neg-
ative terminal of the booster battery source 1887
by way of the resistor 688, RA1651, RA16E2,
"RAI82!, RAI622, the control conductor C1686,
the wiper 1982, CI1987, C2042, the springs 2089,
RA2023, RA2852, RA205R, the wiver 2972, C21T8,
RA2123, RA2!51 and the winding of the magnet
2178 to ground. The resulting momentary opera-
tion of the operating magnet 2(78 causes the me-
tering device associated with the calling substa-
“tion T1 to register the call. Aside from this dif-
ference pertaining to the feature of utilizing re-
verse battery for supervisory purpcses when the
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call originates at the operator’s position in the
exchange B and the use of booster battery con-
trol of the call registering device associated with
the calling substation when the call criginates at
a local substation, the mode of completing the
connection directly to the desired substation line
terminating at the exchange E and of releasing
the connection following its completion is sub-
stantially the same as described in the preceding
subsection.

Subsection KE.—Trunk call routed from the ex-
change B directly to the exchange F

- The arrangement of the system iz such that,
when the operator in the exchange B is not on
duty, - calls originating at substations associated
with lines terminating at this exchange and in-
tended for substations connected to lines extend-
ing to the exchange F may be routed to the desired
substation without the intervention of an oper-
ator. 'Thus, when the operator in the exchange
B is not on duty, the contact springs of the
transfer switch 800 occupy the positions illus-
trated in the drawings so that the conductors
of the trunk line 41 are connected by way of the
contact springs 824, 826, 827 and 829 to the con~
ductors of the trunk line 42 extending to the
automatic switching equipment provided in the
exchange F. With this arrangement, if a calling
subscriber at a substation associated with a line
‘terminating at the exchange B initiates a call
and dials the appropriate line selecting digits,
the connection may be forwarded by way of the
repeater illustrated in Fig. 14, the trunk lines
4i and 42 and the automatic switching equip-
ment provided in the exchange F to the desired
called substation. For example, if the above-
described call originating at the substation Ti
is to be routed to a substation line terminating
at the exchange F and the local finder-connector
link shown in Figs. 19 and 20 is assigned to the
use of the call, the calling subscriber, upon dial-
ing the line selecting digits designating the trunk
line 87’ may initiate the operation of the con-
nector portion of this link to seize the trunk line
3T’ extending to the repeater shown in Fig. 14.
When this trunk line is seized, the calling loop

.circuit is switched through to the indicated re-

peater and the line relay R.{4380 is energized there-
over. Upon operating, the relay RI1438 com-
pletes, at RAI432, an obvious circuit for ener-
gizing the slow-acting hold relay R1485, which
latter relay, upon operating, completes, at
RAI408, an obvious circuit for energizing the
slow-to-release relay R1400 in parallel with the
lower winding of the relay R{429. At RA{I43(,
the line relay RJI430 prepares a loop circuit to
the automatic switching equinment provided in
the exchange F. At RAI40T, the hold relay
R1485, upon operating, completes an obvious path
for impressing ground potentizl upon the con-
trol conductors C1378 and C!48!, thereby to
mark the repeater of Fig. 14 as busy and to
maintain the local finder-connector link of Pigs.
19 and 20 operated. At RA!&07, a circuit is also
completed for energizing the slow-to-release re-
lay R1415, this circuit extending from ground
by way of RAI48T, RAI4!! and the winding of
RI415 to battery. When the relay R{408 oper-
ates, it completes, at RAIES! and RAI1482 and

‘their respective asseciated working contacts, the

ahove-mentioned loop circuit to the exchange F,
thereby to cause the seizure of the incoming
connector switch terminating the distant end of
‘the trunk line 42. When this loop circuit is
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completed, the upper winding of the relay R1420
is energized thereover but at this time the direc-
tion of current flow over the loop and through
the upper winding of R{420 is such that the re-
lay- does not operate. When the relay Ri415
operates, it prepares, at RAI416 and RAI4IT a
path, traced hereinafter, for impressing booster
battery potential upon the control conductor
CI461 of the trunk line 31. Following the com-
pletion of the loop circuit in the manner ex-
plained above, the repeater shown in Fig. 14 is
conditioned to repeat the impulses of additional
digits dialed at the calling substation to the
operated incoming connector switch terminating
the trunk line 42 and located in the exchange
F. During the dialing operation, the line relay
R 1430 follows the impulses and, by interrupting,
at RAI431, the loop circuit extending to the ex-
change F, functions to repeat the impulses to the
incoming connector switch terminating the dis-
tant end of the trunk line 42. Thus, the con-
nection may be routed to the desired called line
in the exact manner explained above with ref-
erence to the incoming connector switch shown
in Figs. 24 and 25 and located in the exchahge
E. Assuming that the called line is idle, and,
further, that the call is answered at the called
substation, the battery reversing relay provided
in the operated incoming connector switch op-
erates to reverse the direction of current flow
over the loop circuit extending back to the re-
peater shown in Fig. 14. The relay R1420 re-
sponds to this battery reversal by operating to
complete, at RAI1422, an obvious circuit for en-
ergizing the relay RI410 and to complete, at
RAI1421, an obvious circuit for energizing the
battery reversing relay R1440. When the last-
mentioned relay operates, it short-circuits, at its
two armatures RAI441 and RAI447’, the re-
spective windings of the differentially wound re-
lay R1435 and actuates its armatures RA1442,
RAI1443, RA 1445 and RA1446 to reverse the bat-
tery connections to the line conductors CI375
and C1377 of the trunk line 35. This last-men-
tioned operation on the part of the relay Ri440
is without effect on the type of call here being
considered. At RAi449 and RC1449’, the relay
R1440 disconnects the control conductor Ci461
from ground and, at RAI448 and RA{449, it
completes the above-mentioned path for im-
pressing booster battery potential upon the indi-
cated control conductor. This path may be
traced as extending from the negative terminal
of the booster battery source, not shown, by way
of the resistor 1456, RA1416, RAI417, RAI448
and RA{449 to the control conductor C1461, and
the completion thereof results in the energiza-
tion of the call registering device associated with
the calling substation in the manner explained
previously. The relay R1410, upon operating,
completes, at RAI411, a holding circuit for itself,
which holding circuit extends from ground at
RAI140T, by way of RAI41{ and the winding of
RI410 to battery. At RAI4I1 and its associated
resting contact, the relay RI410 opens a point
in the above-traced operating circuit for the
slow-to-release relay RI4{5. 'The last-mentioned
relay restores, after an interval, to open, at
RAI1416 and RA{411, a point in the above-traced
path for impressing booster battery potential
upon the control conductor C{461. At RAIAIT
and RCA4!8, the relay RI415, upon restoring,
completes an alternative path for grounding the
indicated control conductor, this alternative path
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RCI418, RAI41T, RA1448 and RA 1449 to the con-
trol conductor CI461.

The release of the connection as established
by way of the repeater shown in Fig. 14 and the
trunk lines 41 and 42 to a substation. associated
with a line ferminating at the exchange F is
under the control of the calling subscriber. More
particularly, when the call is cleared out at the
calling substation, the loop circuit extending
through to the repeater of Fig. 14 is interrupted
to cause the deenergization and restoration of
the line relay R1430. This relay, upon restoring,
opens, at RAI431, the loop circuit extending to
the operated incoming connector switch in the
exchange F and interrupts, at RA1432, the above-
described operating circuit for the hold relay
R1405. When the loop circuit extending to the
operated incoming connector switch located in
the exchange F is interrupted, the release of this
switch is initiated in the manner explained previ-
ously with reference to the incoming connector
switch shown in Figs. 24 and 25. When the hold
relay  RI405 restores, it opens, at RAI1406, the
above-described circuit for energizing the relay
R1400 in parallel: with the lower winding of
R1420, causing both of these relays to restore.
At RAI40T and its associated working contact,
the relay R1405 ocpens the above-traced holding
circuit for the relay RI410 and interrupts the
path for maintaining ground potential upon the
control conductors C1376 and Ci1461. At RAI40T
and its associated resting contact, the relay
R1405 completes a path extending by way of the
resistor 1455 for impressing negative battery
potential upon each of the two enumerated con-
trol conductors, thereby to mark the repeater
shown in Fig. 14 as idle. When the relay R1420
restores, it opens, at RAI421, the operating cir-
cuit for the battery reversing relay R1440, caus-
ing the last-mentioned relay to restore. Thus,
the repeater shown in Fig. 14 is entirely released
and is conditioned for further use. The release
of the local finder-connector link illustrated in
Figs. 19 and 20 is initiated when ground potential
is removed from the control conductor Ci46{ of
the trunk line 31/, the manner in which the re-
lease of this link is effected being exactly as set
forth previously in this section—subsection.C.

SECTION §

Subsection A.—~Local connection completed be-
tween two substations associated with lines
terminating at the exchange C.

Referring now more particularly to. the oper-
ation of the apparatus illustrated in Figs. 28, 29,
30, 33 and 34 to set up a connection between two
substation lines terminating at the exchange C
and considering, by way of example, a call initi-
ated at the substation T: and intended for the
subscriber at the substation T, the operation of
the apparatus is initiated when the calling sub-
seriber at: the substation T4 removes his receiver
from its hook. The usual direct current path
bridging the line conductors C2875 and C28171 of

5 the calling line 58 is completed when the receiver

at the substation T4 is removed from its support-
ing hook or cradle. The line circuit 55 responds
to the completion of this path by operating to
impress battery potential upon the control con-
ductor C2876 of the line 59, thereby to mark the
calling line 59 in the bank contacts of the finder
;witch 2800. The line circuit 55 also operates to
impress ground upon the distributor start con-
ductor. C3433, thereby to initiate the operation
of the distributor illustrated in Fig. 30. More







