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1

This invention relates to dial switching tele-
phone systems and more particularly to ecircuits
and apparatus for transferring information for
assisting in the establishment of connections be-
tween parts of the system.

The invention is particularly adapted for use
in a cross bar system of the type disclosed in the
application of A. J. Busch, Serial No. 57,394 filed
October 29, 1948. In a system of this type, sub-
scriber lines. terminate at the cross-points of
eross bar switches on line-link frames and trunks
for interconnecting subseriber lines, for extend-
ing incoming connections to such lines or for
extending outgoing connectios from such lines
terminate at the cross-points of cross bar switches
on trunk-link frames. Also, originating regis-
ters for securing information from calling lines
to be used in establishing connections terminate
at cross-points of cross bar switches on trunk-
link frames,

A subscriber may originate a call by removing
the receiver from the switchhock thereby oper-
ating an associated line relay on the line-link
frame. The operation of the line relay ‘causes
the line-link frame to engage a marker or com-
mon control circuit through a line-link marker
connector which connects only such leads as are
used for a dial tone connection to an originating
register. 'The line-link frame identifies itself
through -the line-link marker connector to the
marker by the frame number and the line-link
marker connector informs the marker that a
dialing connection is to be established. The line-
link marker connector also tells the marker
whether the call is on a line-link frame equipped
with all dial, or all multifrequency or mixed types
of lines so that the marker may seize an originat-
ing register of the proper type.. The marker then
proceeds to select an originating register to re-
ceive dial pulses-and to receive the location of
the position of the calling line on the line-link
frame, Originating registers are distributed over
the trunk-link frames and are connected to the
calling line by the marker.

The location of the calling line is begun as soon
as the marker is seized and continues while the

marker is selecting an originating register. Line

location is made in terms of the line-link frame,
vertical group, herizontal group and vertical file.
A line-link vertical group of subscriber lines. is
five verticals wide and ten switches high and the
largest line-link frame contains fourteen vertical
groups. Following the marker seizure the marker
determines which vertical group contains the line
awaiting service and since each vertical group

15

20

2

contains a maximum of fifty lines the location of
the calling line is established within fifty lines.

A line-link horizontal group c¢f subscriber lines
is one switch high and the width of the supplied
line of switches and the marker determines in
which of the horizontal groups the subscriber
line is located.. The line to ke served is thus
located within five lines as determined by the
vertical and horizontal groups.

The line location does not proceed past the
horizontal group selection until the marker has
seized the trunk-link frame and, before the line
iccation can be fully compieted, the marker must
also seize the line-link frame through the line-
link connector. Following trunk-link frame seiz-
ure the marker seizes the line-link frame which
has identified itself through the marker con-
nector. The marker upon seizing the line-link
frame receiveg information concerning the verti-
cal file in which the calling line is located. A

_line-link vertical file of subscriber lines is one

25
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vertical wide and ten switches high. One vertical
group contains five vertical files. The marker
tests the five lines found in the vertical and hori-
zontal groups selected and records the file in
which the calling line is found.

If there is more than one cali awaiting service
the marker decides on a preference basis which
one it shall serve.

The class of service of the calling line is identi-
fied by the marker after the calling line has been
located.  Each vertical file is assigned g class of
service. Therefore, the marker can determine the
class of service after the vertical file is located.
The marker next transmits the line frame num-
bher, the selected line location and the class of
service to the selecled originating register and
at the same time registers this information in
the marker as a check that it has properly trans-
mitted the information.

After the horizontal group has been deter-
mined and the originating register has been
seized, the marker selects one of ten channels
which may be used to connect the calling line
to the originating register, registers the number
of the line link used, transmits the number of the
line link to the originating register and checks
to determine that the register has properly re-
corded the line-link information. Each channel
comprises g junctor, a line link and a trunk link,
After the channel has been established and
checked the marker releases leaving in the origi-
nating register the line-link frame number, call-
ing line location and class of service, and the
line-link number which is the same as the num-
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ber of the channsl selected to establish the con-
nection.

After connection of the originating register to
the calling line the subscriber receives a dial
tone from such register and he then proceeds
to dial the digits of the wanted line number
which are registered in the originating register.
After the entire number has been dialed and
registered the originating register engages a
marker and transfers to the marker all of the
information cencerning the location and class of
the calling line and number of the called line,
and other information which the marker may
need in establishing a connection to the wanted
line. The marker then proceeds to establish a
new connection from the calling line to the
wanted line in gccordance with the information
which it has received whereupon the marker is
released.

If the connection is to be terminated in the
same office as the calling line, the marker seizes
an intraoffice trunk, both ends of which termi-
nate on the trunk-link frame, or if the connec-
tion is to ke terminated in ancther office the

marker selects an idle trunk terminating on the 23

trunk-link frame and extending to the office in
which the desired line ferminates, selects an
idie outgoing sender of the proper type and con-
nects it to the marker over an ocutgoing sender
connector and causes the connection of the se-

lected outgoing sender to the selected outgoing

trunk through an outgoing sender link. The
marker then transmits to that sender such in-
formation concerning the called line as has been

registered in the originating register and marker :o:

to enable the sender to control the establishment
of the desired connection. The sender also reg-
isters the cailing line identification for automatic
accounting purposes. As soon as the trunk-link

frame on which the outgoing trunk terminates 4

has been seized, the marker, from the informa-
tiop concerning the location of the calling line
which has been registered therein, seizes the line-
link frame on which the cailing line is located

and proceeds to select and establish an idle <4

channel to interconnect the calling line and the
outgoing trunk. The originating register re-
leases when the distant office connection has been
established and the marker releases when the
cailing line is connected to the trunk.

A eall incoming from another office enters the
cross bar office on an incoming trunk terminat-
ing on a truunk-link frame. On such an incom-
ing call the incoming trunk becomes connecied
over an incoming register link with an idle in-
coming register of the type adapted to receive in-
formation from the particular calling distant of-
fice. The selected register upon its seizure re-
cords the number of the trunk-iink frame on
which the incoming trunk terminates so that the
marker can later select the incoming trunk, reg-
isters the called numerical digits of the wanted
line secured from the distant office and then
connects itself through an incoming register
marker connector with a marker.
then receives the numerical digits and the trunk-
iink frame number from the register and seizes
the trunk-link frame to gain access to the in-
coming trunk.

As the marker seizes the trunk-link frame it
also seizes the proper number group circuit and
connects to it through the number group con-
nector and transfers to the numker group circuit
the number of the desired line. Thereupon the
number group circuit translates the numerical

o

i

<

The marker ¥

-

o

4

digits into the location of the called line and
causes such line location to be registered in the
marker. After the called line location has been
cbhtained from the number group circuit and the
trunk-line frame has been seized, the marker
seizes the line-link frame on which the desired
line terminates in accordance with the line loca-
tion information secured from the number group
circuit and proceeds to select and establish a
channe] from the inceming trunk to the desired
line. When the channel is established and
tested and the line found to be idle, the marker,
incoming register and register link release.
From the foregoing brief description of the
manner in whieh connections are established, it
will be noted that it is necessary to transfer in-
{formation from one portion of the system to an-
other as, for example, from the line-link frame
to the marker and then to an originating register;

¢ from the originating register to the marker;

from an incoming register to a ‘marker and
thence to a number group circuit; from a num-
ber group circuit to a marker after the number
group has translated the digital information into
the location of the wanted line and from an orig-
inating register and a marker to an outgoing
sender.

It is therefore the object of the present inven-
tion to provide facilities for enabling the transfer
or information concerning the establishment of
telephone connections between different portions
of the system in an accurate, reliable and simpie
wanner.

It is believed that the invention will be best
understood by reference to the following de-
tailed descripbtion when read in connection with
the accompanying drawings in which:

Fig. 1 shows schematically a calling line, a line-
link frame on which such line terminates, a por-
tion of the line-link frame connector, control
circuits appertaining to such frame, and a por-
tion of g line-link frame marker connector;

Tigs. 2 to 5, inclusive, show schematically one
of a group of ten number group circuits apper-
taining to the marker disclosed herein;

ig. 6 shows schematically a portion of an in-
coming register marker -connector;

Tigs. 7 to 11, 114, 12, 19 to'24, 81 to 34, 44 to 59,
57 to 83, 71 to 73 and 80 to 86 disclose such por-
tions of a marker as are deemed necessary to an
understanding of the invention, Figs. 7 to 11, 114,
12, 18 to 24, 31, 44, 57, 58, 71 and 83 ‘to 86 disclos-
ing circuits more particularly concerned with the
present invention for registering information re-
ceived from other equipment assemblies of the
disclosure;

Fiz. 13 shows schematically additional control
relays of the line-link frame and connector shown
in Fig. 1 and additional connector relays;

Ifigs. 14 to 18, 26 to 29, 39 to 42 and 52 to 58
show an originating register;

Fig. 25 shows portions of a line-link marker
connector;

Tigs. 30 and 43 show ‘multicontact relays of an
originating register marker connector;

Fig. 38 shows portions of a trunk-link frame
and .connector;

Fig. 51 shows portions ef a trunk-link con-
nector for connecting a marker with a trunk-

0 link frame and the schematic representation of

an out trunk, out trunk sender link, incoming
trunk and incoming trunk link:

Tigs, 64 to 69 and 74 to 78 show portions of an
outgoing sender;

Figs. 70.and 79 show an outgoing sender con-
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nector for connecting the outgoing sender with
the marker disclosed; and )

Fig. 87 is a diagram showing how the remain-
ing figures of the drawings should be arranged
to disclose the invention,

Only such portions of the circuits of the cross
kar office have been disclosed herein as are
deemed essential to a clear understanding of the
invention.  For a complete disclosure of all of
the circuits, reference may be had to the applica-
tion of A. J. Busch hereinbefore referred to, it
being understood that the disclosure of that ap-
plication is incorporated herein by reference and
is to be considered as a part of the present dis-
closure.

Throughout the specification each apparatus
element will be referred to by letters representing
its functional designation followed by a numeral
enclosed in parentheses indicative of the figure
of the drawing on which the element is to be
found. Tor example, the horizontal group relay
for the horizontal group § shown in Fig, 1 will he
referred to as relay HG(1). Where cables of
conductors are extended from one figure or sheat
of drawings to another, such cables will be
referred to by numbers indicative of the two
figures between which such cables extend. For
example, the cable connecting Fig. 38 with Fig.
26 will ke indicated as cable 3828 and the cables
extending between Figs. 26 and 28 as cables 2§23
and 2826, In most instances, however, in order
to reduce the number of sheets of drawing, the
cables interconnecting figures have not been
shown in full, but each such cable has been shown
only where it leaves a group of bracketed con-
ductors on one figure and enters a group of
bracketed conductors on another figure. For ex-
ample, eable A leaving Fig. 1 is indicated as ex-
tending to Pig. 48 and the same cabile is indicated
cn Fig. 48 ag cable A extending to Fig. 1. In this
case, if a connection were peing traced from Fig.
1 toward Fig. 48, the cable would be referred to
as cable A(1) extending to Fig. 48, or if a con-
nection were being traced from Fig. 48 towards
g, 1, the cakle would be referred to as cable
A(48) extending to Fig. 1.

To illusirate the manner in which registrations
are transferred from cne apparatus assembly of
the cross bar office to another, the establishment
of an intraoffice call, an outgoing call and an
neoming call will be descriked in as much detail
as i1s deemed essential to an understanding of
the invention. It will be first assumed that the
subscriber at substation 188 removes the receiver
from the switchhook to initiate an intraoffice call.

DETAILED DESCRIPTION
Dial tone connection originating call

When the subscriber at tip substation 108
initiates a call the removal of the receiver at
the substation completes a circuit from battery
through the winding of line relay L§8(1), inner
back contact of hold magnet I.(1), over the
switchhook contacts of the line at substation {86,
and over the outer back contact of hold magnet
L{(1) to ground. Line relay L88(1) operates in
this circuit and connects sround to conductors
18f and 162. The connection of ground to con-
ductor {81 is ineffective at this time,

The connection of ground to conductor 102
completes a cireuit through resistance 0(1) and
the winding of vertical group relay VGS8(1) to
battery. Relay VGS8(1) is individual to the
zero vertical group of fifty lines on frame zero
on which the calling line is assumed to terminate
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and is operated in response to the initiation of
a call by any one of the fifty lines. Each vertical
group includes ten horizontal subgroups of five
lines and each horizontal subgroup has an in-

~.dividual conductor such as conductor 102 and an

individual resistance such as { through which
any one of the five lines in that horizontal sub-
group may operate the corresponding group relay.
These subgroup conductors are used subsequently
to identify the horizontal group to the marker.
Relay VGSG(1) at its No. 3 contacts establishes
an obvious circuit for relay DT(1) which operates
for a purpose to be later described.

At its No. 4 contacts relay VG&S0(1) connects
ground to conductor {93 and at its Nos. { and
2 contacts connects batiery through resistance
ST, over contacts 2 and 3 of relay L0(1), contacts
| and 2 of relay VGS8(1), to start conductors
i84 and 185 of the line-link marker connector
individual to line-link frame 8.

Each line-link frame has a line-link marker
connector individual thereto. comprising a con-
trol circuit and a plurality of multicontact relays,
The control circuit for the line-link frame 8 is
shown in Fig. 13 and the multicontact relays for
that connector are shown in Fig., 25. There is
a set of multicontact relays for each marker to
which the line-link frame may be connected. The
multicontact relays MA(25) and MBI{(25) are
individual to the first marker shown in some
detail in Figs. 7 to 12, 9 to 24, 31 to 37, 44 to 50,
57 to 63, 71, 72, 73, 80, 81 and 82.

Multicontact relays MA2(25) and MB2(25) are
individual to an intermediate marker, called
marker 2, and indicated by the first box in the
upper left corner of Fig. 13, while multicontact
relays MAS3(25) and MB3(25) are individual to
& last marker, called marker 3, and indicated by
a second box in the upper left corner of Fig. 13.

The start circuits for the line-link frame con-
nector of frame No. 8 closed by the connection
of battery to conductors {84 and (85, as above
described, may be further traced to contacts ¢
and 3 of relay Z(13). At the same time, the op-
eration of relay VGS0(1) closes a circuit from
ground over its contact 3, contact { of relay L§(1),
conductor 188, contact 2 of relay MK (13), con-
tact 7 of relay TRS(13) to the winding of relay
TM(13) and battery. Relay TM(13) operates fo
initiate the operation of a {iming device for tim-
ing the interval during which a marker should
be connected with the line-link frame. This tim-
ing device has not been disclosed herein.

In order to distribute the use of the markers
by any one line-link frame, relays W(13) and
Z(13) are provided which operate on alternate
calls and are released on alternate calls so that
a different marker preference relay is used on
successive calls. Assuming that relay Z(13) is
unoperated at the present time, conductor {05
will be extended over contact | of relay Z(13),
contact { of relay TRS(13), contact | of relay
TC(13) to conductor {380 which is shown cross-
connected to conductor 1391 extending to the up-
per armsture of relay CBli(25). When relay
Z(13) is operated, conductor 104 is extended over
contact & of relay Z(13), contact & of relay
TRS(13), contact { of relay TC!(13), to conduc-
tor 1392 which is cross-connected to conductor
1283 extending to the upper armature of relay
CBi3(25). Each connector has a chain-busy re-
lay CB and a marker start relay MS for each
marker., While three markers have been indi-
cated in the drawing and several more markers
may be used in an actual installation, only three
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chain-busy relays have been shown for the line-

link marker connector of frame & with their as-
sociated marker start relays. Each connector
control circuit has its two start leads cross-con-
nected to the armatures of two CB relays, prei-
erably at separated points in the CB chain of re-
lays.

Assuming that relay CBi1(25) is nol operated,
the start circuit previously traced to conductor
1301 extends over contact i of relay CBEi(25),
winding of relay MSIL(25), contact & of relay
MS{1(25), contact § of relay MBi2(25), contact
5 of relay MSi3(ZB), cenductor 2583 and to
ground at the marker connector preference cir-
cuit. Relay MSHI(25) operates and locks over
its contact & to ground.

Since the marker must also be associated with
originating registers and incoming registers a
connector is provided for associating the marker
with the originating registers, known as the orig-
inating register marker connector, the multicon-
tact relays of which are shown in Figs. 30 and 43,
and a connector is provided for associating the
marker with the incoming registers, known as
the incoming register marker connector, the mul-
ticontact relays of which are shown in Fig. C.
Each of the control cireuits for these connectors
is provided with a chain of CB relays similar to
the CB relays shown in Fig. 25 and with a ch
of MS relays such as the MS relays shown in #
25, 'The CB relays of the three connector control
circuits are connecied into a2 single chain and
also the MS relays are connected into a single
chain. The CB and MS relays of the originating

and incoming register connecters have not been 3

disclosed herein in order to simplify the dis-
closure. The CB relays for each connecior are
arranged in a continuous chain so that irrespec-
tive of the CB relay to which the start circuit of

a particular connector is connected, all of the .

markers will be available. For example, with con-
ductor 1861 connectaed to the armature of relay
CB1i1{(25), if the first marker is busy resulting in
the operation of relay CB1i(25) as described
hereinafter, the circuit will be egtended over con-
tact 2 of relay CBi1(25) to the armature of the
next CB relay of the chain, over the back con-
tact of that relay if the corresponding marker is
idie and to the winding of the MS relay of such
idle marker.
extended to the armature of the relay CBI2(25),
assumed to be idle, then it is further extended
over the back confact of such armature and
through the winding of relay 2MS12(25) to bat-
tery. On the other hand, if the second start cir-
cuit. is. closed which extends as traced over con-
ductor £383 to the armature of relay CBI5(28)
and the associated marker is busy so that relzy
CBI12 is operated, the start circuit extends over

contact { of relay CBI3 to the armature of relay ¢

CBi1(25) and thence over the back contact of
such relay to the winding of relay MS{i(25). If
will be understood, of course, that there will be a
plurality of CB relays, one for each marker with
contact 2 of each relay connected to the arma-
ture of the subsequent relay in the chain.

Similarly, the marker start relays MS are ar-
ranged in a chain individuai to each marker and
are so arranged that the line-link marker con-
nectors. have preference over the originating
marker connectors and the ating marker
connectors have preference tha incoming
register marker connechors.

The crgss-connec-
tions 2584 at the marker may be used to rearrange

o

the order of preference for any individual marker.

If, for example, the start circuit is &
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‘With relay MS$(25) operated, a- eircuit: is
closed from ground cross-connected to terminal
2582, over contacts 3 of relays of the chain of M3
relays, such as MSi3 and MSi2, contact 4 of relay
Si1(25) and through the winding of marker
connector relay MAIL(25) {o bhattery. In addi-
tion, relay MSi1(258) closes a circuit to tell the
marker that it is to serve a dial tone connection,
which circuit may be traced from ground at the
cross-connection terminal 2583, over contacts:
of relays of the chain of MS relays, such as MSi{3
and MSié, contact 2 of relay MS!i(25), con-
ductor 2364 of cable B(25) extending to Fig. 36
t0- a- cross-connection terminal such as 3683 for
each line-link frame and thence cross-connected
to one of the terminals 3638, 368i or 3602 in. ac-
cordanee with the type of line connected to that
frame. If all of the lines on the frame use dials,
terminal 2683 will be connected to terminal 368t,
thence over conductor 38608 and through the
winding of relay D(35) to battery. If, on the
other hand, all of the subscribers whose lines
appear on g particular line-link frame have
multi-frequency dialing arrangements, the ter-

» minal corresponding to terminal 3585 will be

connected to terminal 3662, thence over con-
ductor $684 and through the winding of relay
MF(35) to battery. If both types of iines appear
on g frame, the terminal corresponding to fer-

95 minal 3883 will be cross-connected tc terminal

3808, thenece over conductor 3§85 and through
the winding of relay ML¥(35) to battery. In the
case of line-link frames which serve both dial
and multifrequency line, the determination eof

. the type of line is made by means of cross~con-

nections on the vertical group relays of Figs. T
and 18, that is, with the line-link frame relay
MIF(35) cperated circuits are prepared over con-
tacts § and 5 of relay MLF(35) by which relay
MF(35) and relay D(35) may be operated as will
ke described hereinafter. In general, relays D
and MF perform similar functions but operate
different route relays which serve to distinguish
the type and location of the originating register

v to be selected in accordance with the: type cof

pulses which they are designed to receive.

Relay MAL(25) when operated as above de-
sceribed, closes a pluralify of contacts for associ-
ating the marker { with the line-link frame §.
In addition, relay MAI!(25) closes a circuit from
ground over its contact i to the winding of re-
lay MB{(25) and battery to cause the operation
of relay MB1(25) to further connect the marker
i withh the line-link frame 8.

Relay MA1(25) closes a circuit from ground at
contact &, over conductor 2565 to the winding of
relay MX(13) and bhattery. Relay ME(13) oper-
ates as an indication that the marker has been
connected to the line-link frame and at its con-
tact 2 opens the circuit of relay THI(13) which
releases. During the time that relay TM(13)
has been cperated, a timing circuit (not shown)
has been in operation to measure a marker selec~
tion timing period. At its contact 8, relay

) MAL(25) closes a circuit extending over con-

ductor 2598, eontact { of relay W(13), winding
of relay W(13) and through resistance Gi to
battery. Relay W(13) operates in this eircuit
and locks over its contact 2 to ground. It also
closes a circuit from battery through resistance
G2, winding of relay Z(i3), contact 2 of relay
¥W(13) to ground. However, relay Z(13) can-
not operate in this circuit. since it is shunted
by ground over its contact 5 from conductor 2838

- over which relay W(13) was operated. In addi-
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tion, relay MAI(25) closes a circuit. (not shown)
for a relay in the marker which establishes an
operating circuit for the CB relays such as
CBI1(25) allocated to the No. | marker assumed
to be taken for use, in the line-link originating
register and in the incoming register connector
circuits to cause such CB relays to operate to
mark such marker as busy and to extend the start
circuits incoming to such connector circuits to
the ME relays corresponding to the next available
marker. However, in the connector associated
with line-link frame 8, the operation of relay
MA(25) has already closed a cireuit from ground
in the marker, over contact 2 of relay MAI!(25),
to a point between resistance Bi{ and the upper
winding of relay CBI11(25) thereby shunting the
winding of relay CBI1(25) to prevent its opera-
tion and the opening of the circuit of relay
MS11(25).

In addition, relay MA{(25) when operated as
previously described, closes a circuit from bat-
tery through the winding of relay CKG3(37),
conductor 3768, the winding of relay CKG2(50),
contact 2 of relay DISI (50), conductor 3781, con-
tact 3 of relay TRI.A(37), conductor 3702, con-
ductor 3587 of cable C(37) extending to Fig. 25
and to ground over contact [2 of relay MAI(25).
Relays CKG3(37) and CKG2(50) establish a
number. of circuits for supplying operating and
locking grounds to the circuits in the marker, one
of which circuits may be traced from ground
over contact T of relay CKG3(37), contact 9 of
relav DISZ(37) and through the winding of re-
lay CEGE(3T) to battery. Relay CRG3(37) upon
operating causes the operation of relay CKG4(48)
which in turn closes 2 circuit which may be traced
in part from ground applied over its contact 2,
contact § of relay LKI{(46), and thence through
the windings of relays LLCI(48) and LLC2(48),
conductor 2836 and through the winding of re-
lay ONW(35) to battery. These relays now oper-
ate.

Response to dial tone connection indication

Relay D upon operating at contacts {, 3, 4, 5,
8,8,9, 13, it and {2, connects ground to conduc-
tors 3504, 3506, 3507, 3508, 3508, 3513, 3514, 3512,
3514 and 3515 respectively. Conductors 3538 and
3568 extend to the trunk-link selection circuits
of the marker and connection of ground thereto
by relay ID(35) causes the operation of relays to
prepare for the connection of a trunk-link frame
as described in the application of R. E. Hersey
Berial No. 57,396 filed concurrently herewith.
Ground on conductor 3586 completes a circuit
through cable A(35) -extending to Tg. 20, over
contact 4 of relay VGK(20), conductor 2808 and
in parallel through the windings of relays
VGGi(19) and VGG2(19) to battery. Relays
VGGI(19) and VGG2(19) prepare the marker
for receiving the vertical group identification of
the calling line. Ground on conductor 35{! com-
pietes a cireuit through cable B(48) extending to
Fig. 21, contact 2 of relay HTK(21), conductor
2161 of cable C(21) extending to Fig. 61, contact
2 of relay DTK(61), conductor 2{88 of cable C
extending ‘to Fig. 21 and through the winding
of relay HGG(20) to battery. Relay HGG©29)
upon optrating, prepares the marker to recsive
the horizontal group of the- calling line: identi-
fication. Ground on conductor 3514 complates a
circuit through the wianding of relay DTi(49),
conductor 4808, winding of relay DT2(47) and
winding of relay DT3(47) to battery. Ground on
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10
the remaining conductors of relay D(35) serve
circuits which will be traced hereinafter.

In addition, relay D(35) completes. a: circuit
from ground over contact { of relay RCY1(50),
conductor 5888, contact 2 of relay D(35), conduc-
tor 3816 extending through cabls C(43) extend-
ing to Fig. 22, contact 2 of relay FTK(10), con-
ductor {008 and through the winding of relay
VEG(22) to hattery. Relay VPG(22) prepares
the marker to identify the vertical file in which
the calling line is located. At contact 7, relay
D(38) completes a eircuit from ground over con-
tact 8 of relay DISI(50), conductor 5841, contact
7 of relay D(25), conductor 3517 to operate a
route relay (not shown) to inform the marker
that it should establish a route to an idle origi-
nating register. "The functioning of the marker
to select an idle originating register is described
in full in the application of A. J. Busch Serial
No. 57,394 previously referred to and in the ap-
plication of R. E. Hersey Serial INo. 57,396 also
hereinbefore referred to.

It may bz noted that relays D(35) and MF(35)
at contacts { to 6§ and & to 12 close identical cir-
cuits, while relay D(85) at contact 7 operates a
route relay over conductor 3817 and relay
MF(35) at contact 7 closes a similar eircuit over
conductor 3518 for a similar route relay. 'The
route relay operated by relay M¥(35) would
cause the selection of an originating register
which would reczive multifrequency impuises.

When relay DT{(49) was operated as pre-
viously described, it closed a circuit from ground
over its contact 2 to conductor 428! which ex~
tends in parallel branches through the winding
of relay CBD(23), through the winding of relay
CBD{(24) and through the winding of relay
LOT(61) to battery. Relay DTI(49) alsc closes
a circuit from ground over contact 18 of relay
CKG2(50), conductor 5882, contact 4 of ralay
RX2(49), contact {2 of rslay DTi(49), conduc-
tor 4982, contact | of relay CKGH(37), conduc-
tor 8723 and through the winding of relay
GTL(38) to battery. Relay GTL{(36) operates in
this circuit and closes a circuit from ground over
contact 2 of relay DIS2(37); conductor 3784, con-
tact & of relay GTL(36), conductor 3593 of cable
E(36) extending to Fig. 45 and thence in par-
allel through the windings of relays GTL2(45),
GTL3(32) and GTL4(32) to battery. The func-
tions of these relays will appear hereinafter.

When relay CKG3(37) operated as previcusly
described, it establishes a circuit which may be
traced in part from battery in series through the
windings of relays TLC2(48) and TLCi48),
conductor 48885 extending to the contrcller and
busy circuit (not shown), thence returaing over
conductor 5837, contact 8 of relay DISI(50},
conductor. 5888, contact 2 of relay TRLA(T),
contact {2 of relay CKG3(37) to ground on con-
ductor. 2708 at the recycle controlier (not
shown).  These relays supply batiery and ground
for the trunk-link control.

The foregoing operations, which are  per-
formed as the result of the operation of the
marker start relay MSE1(25) in the line-link
marker connector, serve to place the marker in
condition to handle a dial tone connection.
While thesz operations have been in progress the
marker has also been receiving an indication of
the location of the calling line so that it may
seize the proper line-link frame when i{ is ready
to connect the line with a selected idle originat-
ing register. ‘

To complstely identify the calling line, infor-
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mation is required which will identify the line-
link frame en which the eailing line terminates
and the lecation of the calling line termination
‘on the line-link frame.

Kach subscriber line terminates on one cross
bar switch vertical of a line-link frame line
switch. Therefore, each vertical unit of this line
cross bar switch may be associated with a par-
ticular subscriber line and the identification of
tihie calling line cross bar switch vertical unit
will identify the calling line on that line-link
frame. For the purpose of line identification,
:he line cross kar switch vertical units are
grouped as follows:

A. Vertical groups

The line-link frame has cross bar switches
mounted on ten horizontal switch levels on the
line-link frame. Rach switch is divided into sub-~
scriber line groups of five adjacent vertical units.
The ten subscriber line groups located in the
same position on each of the ten horizontal levels
are designated the vertical groups. One vertical
group will contain a total of fifty vertical units
and fifty subscriber line terminations. The maxi-
mum number of vertical groups on any one line-
link frame will be fourteen.

B. Horizontal group

The vertical units within the same horizontai
switch level ares designated a horizontal group.
Ons horizontal group will consist of a minimum
of thirty vertical units to a maximum of seventy
vertical ynits. On any line-link frame there will
be ten horizonial groups—see vertvical files. The
ten vertical units located in the same position on
each of the ten horizoutal switch levels are desig-
nated a vertical file. Omne vertical file will con-
sist of one cross bar switch vertical unit in each
of the ten horizontal switch levels. There will
ke five vertical files within one vertical line group.

Line-link frame identification

When the line-link marker connector which
is individua]l to the line-link frame operates, it
identifies that frame to the marker. Since the
marker is arranged to serve a maximum of forty
line-link frames, the frame number may con-
veniently be indicated by separately indicating
the frame tens digit and the frame units digit.
The frame tens digit is indicated by grounding
one of four frame tens conductors and the units
digit is identified by grounding in code two of
five frame units conductors. Specifically, the
conductors which may be grounded by the line-
link frame connector to indicate the frame tens
digit may be identified as conductors 4828, 45214,
£522 and £523 while the units eonductors which
may be grounded by the line-link marker con-
nector may be identified as conductors 4518, 4511,
6512, 4514 and 45147 he code according to which
the units conductors are grounded is such that
for a digit one to nine the sum of the units digits
of the conductor nurmibers is equal to the units
digit of the frame number. For example, to in-
dicate frame units digit five, conductors 4541
and 4514 would be grounded. For units digit
zero, conductors #5i4 and 45i7T would be
grounded.

Since it has heen assumed that the marker
is connectad to line-link frame zero, the onera-
tion of relay MB{(25) grounds units conductors
4514 and 4517 and tens conductor 4520. These
conductors extend through cable B(25) extend-
ing to Fig. 36 to the contacts of relay GTL2(45).
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When relay G'TL2(45) operated as previously de-
scribed, conductors £45i80 to £5{7 and 4520 o
4523 were connected over conductors 44(8 to
6647 and 4620 to 4423 through the windings of
relays FUBM4) to FUI(44) and FTE44) to
T3 (44) respectively. Since conductors 4514,
4817 and £528 are grounded, relays FT8(44),
FU4(44) and PUNM44) operate.

Vertical group identification

When the vertical group relay VGSE8(1) on
the line-link frame operated as the result of ths
operation of the line relay L#8(1), it grounded
conductor {83 which extends to contact 10 of re-
lay MAG(25). Since the marker is equipped to
serve frames having a maximum of fourteen
vertical groups, relay MAL(25) in overating ex-
tends fourteen vertical group identifying con-
ductors, such as conductor 183, to the marker
whence they are connected to contacts of relays
VGGE(19) and VGGE(18). The operation of
these relays as above described, further extends
these vertical group identifying conductors to

windings of the vertical group test relays
vGTa( to VGTE() and VGTIAS) to
VGT18(19). Conductor 183 is extended over

contact {8 of relay MA!(25), conductor 2587
extending through cable C(25) to Fig. 36 thence
through cable A(35) to Fig. 20, contact 8 of relay
VGG1(19), conduector 1830 and through ths
winding of relay VGTE(T) to battery. Relay
VGTR(7) operates in this circuit to identify the
calling line as lecated in the zero vertical group.
If at the same tirae some other line on line-trunk
frame zero is also calling the corresponding ver-
tical group test relay would also be cenerated.

When the marker is ready to receive the line
identificaticn, that is with the vertical group
gating relays VGGI(19) and VGG2(19), hori-
zontal group gating relay HGG(20) and vertical
file gating relay VFG(22) operated, a circuit for
checking their proper operation is closed which
may be traced from ground at contact | of relay
TRAI(12), conductor {364, contact § of relay
MA(25), conductor 2888 extending over cable
C(25) to Tig. 38, contact 3 of relay TR2E(0),
conductor 5883 extending through cable A(50)
to Fig. 20, through the cable A extending to Fig.
47, contact {f of relay HMSI(47), conductor
£108 of the cable extending to Pig. 8, contact |
of relay VEG(22), conductor 2288, contact 12 of
relay HGG(20), conductor 288f, contact | of
relay VGG2(19), contact [ of relay VGGI(19),
conductor £928{ and through the winding of re-
lay GK(20) to batfery. Relay GK operafes in
this circuit if the gating relays are operated and
locks over its contact 3 and conductor 4780 to
its cperating ground independent of the gating
relays.

With relay GK{(29) operated, the operation of
relay VGTA(T) closes a circuit from battery

" through the winding of relay VGR(20), contact
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4 of relay GK(20), conductor 2802, contact 3 of
relay VGTO(7), conductor 2587 and to ground
over the previously traced operating circuit for
relay VGT2(7). A parallel circuit for relay
VGR(20) extends over the contacts of any other
vertical group test relay which may be operated.
Since the circuit of relay VGR(20) is under the
control of the line relay L.88(1), this relay serves
to monitor for disconnection hy the subscriber.

Relay VGR(20) closes a circuit for locking the
operated vertical group test relay or ths preferred
relay if more than one such relay is opsrated. On
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‘the line-link frame all lines requiring special at-
tention are included in vertical group 2 and that
group is given preference over all other groups.
The preference among the other groups is con-
trolled by the sequence relays of the sequence
controller (not shown) where it may be assumed
that relay SQ8 has been operated. It will be
also assumed that no other vertical group test
relay has been operated. Therefore the locking
circuit of relay VGTS(7) may be traced from
ground at contact 4 of relay D(35), over con-
ductor 3507 extending through cable A(35) to
Fig. 20, contact | of relay VGR(20), conductor
2083, contacts | and T of relay TR2ID(8), con-
ductor 800, normally closed contact T of relay
VGT2(7), conductor 790, contact 3 of relay
TR2D(8), conductor 85i extending to the se-
aquence controller and returning over conductor
802 through contact 7 and the winding of relay
VGTB(T) to battery. If some other VGT relay
had been operated, a locking circuit for that relay
would have extended over the normally closed
contact 6 of relay VGTA(7). Therefore with
VGTO(T) operated no other VGT relay can be
locked.

With relay VGR(20) opersted, a cirenit is closed
from battery through the winding of the vertical
group test check relay VTK(20), contact 2 of
relay - VGK(20), conductor. 3586 extending
through cable A(20) to Fig. 35 to ground over
contact 3 of relay D(35). Relay VIK(20) oper-
ates in this circuit locking over its contact 5 to
grounded conductor 3506. At contact {, relay
VTEK(20) closes a supplementary locking circuit
for relay VGTO(7) in parallel with contact | of
relay VGR(20) and at contact £ opens the operat-
ing circuit for relays VGGI(19) and VGG2(19).
Relays VGGI(19) and VGG2(19) release open-
ing the vertical group test circuits and releasing
any non-locked VGT-relays and preventing the
subsequent operation of any other vertical group
test relays.

A check is now made that one and only ons
VGT relay is operated and that relays VGGI1(19)
and VGG2(19) have released. Tor this purpose
a circuit is closed from battery through the
winding of relay VTKI{(20), conductor 2884, con-
tact 5 of relays VGGI(19) and VGG2(19), con-
tact 5 of relay VGT{3(19), contacts 6 of relays
VGTI2(19) . . . VGTI(1), contact 5 of relay
VGTE(7) and to ground.

When relay VTEKI(20) operates, it closes the
locking circuit for relay MS!{(25) which may
be traced from ground over contact § and through
the winding of that relay, contact [ of relay
CB11(25), contact 13 of relay MA!(25), con-
ductor 2549, through cable C(25) to Fig. 38, back
contact of relay MRLI(36), conductor 3688
through cable A(35) to Fig. 20, contact 2 of
relay VTE(20), conductor 2085 of cahls A(20)
to Fig. 35, contact § of relay DIS!(59), eonduc-
tor 5084 and through the winding of relay
QCI(37) to battery. Relay OC!(37) operates in
this circuit in series with relay MSi1(25) and
establishes 5 circuit from battery throush the
winding of relay OC(37), contact | of relay
OC!(37), conductor 3783 to ground at the marker
make-busy circuit (not shown). Relay OC(37)
operates, locks over its contact 4 .to ground on
conductor 3788 and at its contacts 2 and F ap-
plies ground to-conductors 3708 and 3727 which
extend through cable B(37) to Fig. 25 over con-
tacts 2 and 3 of relay MBI (25), conductors 2519
and 2511 and through the windings of relays
TC(13) and TCi(13) to battery. Relays TC(13)

10

20

30

40

50

(s

GO

75

14

and TCI(13) operate in these  circuits, relay
TC(13) locking over its contact 2, contact 3.of
relay W(13), which was operated as previously
described, to ground at contact 7 of relay Z(13).
Relay TC(13) opens the operating circuit for the
marker start relay MSi1(25) but that relay is
held operated in the circuit above traced through
the winding of relay OC{(37). Relay TCI(13)
opens the alfernate marker start circuit.

With relay VTKI((20) operated, a circuit is
closed from hattery through a relay in the cross-
detection circuit (not shown), conductor 5085,
contact {8 of relay DISI(50), conductor 5006,
extending through cable A(35) to Fig. 20, con-
tact § of relay VITKI(20), conductor 2906, con-
tact 2 of relay VGTO(7), conductor 701 extend-
ing through cable A(20) to Fig. 35 through cable
C(36) extending to Fig. 25, contact {{ of relay
MA1(25), conductor 2512 and through the wind-
ing of relay VGAD3(1) fo ground. Relay VGAB(1)
prepares the circuits for identifying the hori-
zontal group in which the calling line is located.
The circuit closed by relay VIKI (20) extends in
multiple to contact 2 of each of the vertical group
test relays so that-the vertical group auxiliary
relays on the line-link frame corresponding to
the operated vertical group test relays in the
marker ‘will be operated in response to the op-
eration of relay VITEI(20).

It may be noted that relay VIKI (20) also closes
a circuit from ground over-its contact 3, con-
ductor 2887 to the lowermost armatures of the
vertical group test relays, the front contacts of
which are cross-connected to conductors 1902
and {803 extending through cable A(20) to Fig.
35 for the purpose of operating either relay
D(35) or relay MP(35) over contacts of relay
ML¥F(35) in the case of a mixed frame as men-
tioned previously.

Horizontal group identification

With relay VGASB(1) operated, conductor 402
grounded by line relay L88(1) is extended to-
gether with nine other similar conductors indi-
vidual to the vertical group zero in the nine other
horizontal levels, to contacts of relay MBI(25)
and then over contacts of horizontal group gating
relay HGG(20) to the windings of the ten hori-
zontal -group test relays HGTH(9) fo HGTH(21).
Ground connected to conductor {02 completes the
circuit- over a contact of relay VGAD(1), con-
ductor 187, confact £ of relay MRBI(25), conductor
2513 through cable B(25) extending to Pig. 38,
through cable B(48) extending to Fig. 21, contact
tH of relay FIGG(20), conductor 2488 and through
the winding of relay HGTH(8) to hattery. Relay
HGTO(9) operates in this circuit. If some other
line in the vertical group zero hut in a different
horizontal group is also waiting for a dial tone
connection, the corresponding horizontal group
test relay will also be opsrated.

With relay GIZ(20) operated as previously. de-
seribed, the operation of relay HGTH(9) closes a
circuit indicating that at least one horizontal

5 group test relay has been operated, which circuit

may be traced from bsttery through the winding
of relay HGR(21), conductor 2§82, contact 1 of
relay GE(20), conguctor 2123, contact { of relay
HGT0(D), conductor $88, conductor 2513 and
thence to.ground at the contact of the line relay
L33(1) as previously traced. Relay HGR(21)
operates: and monitors for a subscriber discon-
nection within ‘the ‘selected horizental group of
the selected vertical group.

If two or more horizontal group- test relays
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~have been operated, one of these relays and the
associated horizontal group will be preferred by
means of a preference circuit controlled by the
sequence circuit (not shown). With relay SQ3
of the sequence circuit assumed to be opsrated,
the operation of the relay HGR(21) closes a cir-
cuit from ground at contact I8 of relay D(35),
conductor 35i2 extending through cable B(48)
to Fig. 21 over contact { of relay HGR(Z1), con-
ductor 2184 extending to the sequence circuit and
returning from the sequence cireuit over contact
6 and through the winding of relay HGTE(9) to
battery. Relay HGTB8(9) is locked in this circuit
opening the locking circuits for any other hori-
-zontal test relays which may have been operated.

With relay HGR(21) operated, horizontal test
check relay HTK(21) operates in a circuit from
battery through its winding, contact 3 of rslay
HGEK (21) to ground over conductor 881{. Relay
HTK operates in this circuit and locks over its
contact 8 to ground on conductor 2514, At con-
tact 2 relay HTK(21) opens the operating circuit
for relay HGG(29) causing the latter relay to
release and disconnect horizontal group test re-
lays from the line-link frame to release any un-
locked horizontal group test relays which may
have been operated and to prevent the subsequent
operation of any other horizontal group test re-
lays which might interfere with the horizontal
group to be served by this marker. At contact §,
relay HTK(21) closes a supplementary iocking
circuit for relay HGT8(9) in parallel with con-
tact | of relay HGR(21). With relay HGG(2D)
released, relay HGT8(9) locked and the remain-
ing horizontal group test relays released, a cii-
cuit is closed to check the completion of these
operations which may be traced from batiery
through the winding of relay HTKI (20), contact
I of relay HGG(20), conductor 2888, contact 4 of
relay HGT8(21), contacts 5 of relays HGTE(21)
to HGTH(9), contact 4 of relay HGTH(8) and to
ground. Relay HTK!{ operates in this circuit.

Further identification takes place after the
marker has seized the line-link frame through
the line-link frame connector which is delayed
until the marker has selected and seized a trunk-
link frame having one or more idle originating
registers. The purpese of this delay is to pre-
vent two markers from competing simultaneously
for the same line-link frame and trunk-link
frame and thereby blocking operation of either
marker. In the selection of an idle originating
register for connection with the calling line, the
marker performs five chief functions, namely
identifying the type of originating register re-
quired, tests for and selects an idle trunk-link
frame connecting with one or more idie originat-
ing registers of the required type, connects with
the selected trunk-link frame, tests for and se-
lects an idle originating register of the required
type and connects the calling line with the se-
lected register.

The type of originating register required is in-
dicated by the operation of relay D(35) or relay
MP(35). As above described, one of these relays
is operated directly from the marker start relay
in the line-link marker connector if all of the
lines on the frame use the same type of pulse
generator, either dial or multifrequency generat-
ing key-set. If some of the lines on the line-link
frame have one type of pulse generator and the
other lines have the other type, the operation of
relay D(35) or relay M¥F(35) is delayed until
after the vertical group identification has taken
place. In the present disclosure it has been as-
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sumed that the line-link frame zero serves only
lines having dials and relay D(35) was operatad
in response to the opsration of relay MS{{(25).
After the marker has determined the typs of
originating register required it will connect with
two leads extending fo each frunk-link frame.
One lead from each frame is designated the
trunk-link frame busy test lead and will be
grounded at the trunk-link frame whenever this
frame is not accessible to a marker. The other
lead designated the trunk frame test lead is
grounded by the presence of one or more idle
originating registers of the desired type asso-
ciated with that frame. The marker tests all of
these leads simultaneously and by its preference
arrangement selects a frame from among those
available to the marker and having idle registers
of the required type.
When relay D(25) was
the originating register
vrizer for onerati
on is not conc
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ora re-
a frame
there is
id) ed that there
is an id : irame dis-
35 closed in 38 and that such register is dis-
close igs. 26 te 29, 39 to 42 and 52 to
fayay

such T ;i
ground connected to conductor 2883 extending
to the marker. Such ground is applied over
contact 7 of relay ON(28), conductor 2881, con~
tact {2 of relay PID3(32), conductor 2382 and con-
tact & of relay MB(28). If there is an idle regis-~
ter on ancther frame availakle fo the marksr,
ground will alse be applied to a conductor at
such frame corresponding to conductor 2538,
The marker will thereupon bid in compestition
with other markers for one of the frames on
which there is an idle originating register.
Hach marker in the office has access to each
trunk-link frame but only one marker at a time
is allowzd to connect to & frame. The circuits
involved in this operation comprise the marke
preference (MP) relays for each frame. The
marker preference relays for the frame shown
in Fig. 38 are the relay MPI(E1) for the first
marker, shown in scme detail herein, relay
MPEZ(E1) for an intermediate marker and rzlay
MP2(B1) for a last marker. It will be assume
that the first marker is successiul in bidding for
the frame on which the idle register disclosed
is located and establishes a cirveuit from batltery
at the marker, over conductor 5188, over the back
contact of relay TRE(51), through the winding
of relay MFPI(51), contacts { of relays MP2(51)
and MP2(E1) and other marker preference ra-
lays of the same chain to ground. Relay MPIi(51)
thereupon operates and locks to ground over ifs
contact 2 and establishes a ecircuit from ground
at its contact &, contact 8 of relay TRE(5L) and
through the winding of relay MC(51) to hattery.
At its contact 3 relay MPi(Bl) establishes a
check circuit to the marker to inform the markser
that it has seized a particular trunk-link frama.
Relay MC(51) upon operating establishes cir-
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cuits extending from battery through the wind-
ings of relays MCA(51), MCB(51), MCC(HD,
and MCD(51) over its contacts 3, 4, 5 and § con-
ductors of cable D(51) extending to Fig. 48 and
contacts of relay TLCI(48) through ballast
lamps LBS2 to LBS3 to battery. Relays
MCA(BL), MCB(51), MCC(1) and MCD(D)
prepare g plurality of circuits for connecting the
marker with fthe trunk-link frame. Relay
MCA(51) connects ground to a conductor (not
shown) multiplied to all of the markers to indi-
cate to the markers that the seized trunk-link
frame assumed to be frame zero is busy.

As a check that the maulticontact relays of
the - trunk-link connector have operated, relay
MCA(51) closes a circuit from ground over its
contact 3, conductor 5181 of cable B(51) ex-
tending to Fig. 63 and thence through the wind-
ing of relay MAKI(83) to battery. In addition,
relay MCD(51) closes a circuit from ground over
its contact 15, conductor 592 of cable B(51) ex-
tending to Fig. 32 and to battery through the
winding of relay MDK(48).

Selection of originating register

When the marker is connected to the selected
trunk-link frame by the trunk-link connector,
a group of twenty busy test leads is extended
from the marker to the trunk-link frame. The
trunk-link connector is further controlled by
the marker to further extend one of these busy
test leads to each originating register of the re-
guired type associated with the selected frame.
The marker then tests for an idle originating
register of the desired type and selects the regis-
ter to serve the calling line. Before the marker
can test for an idle register, it must determine
the location of all the originating registers of
the reguired type.

In each trunk-link frame there are one hun-
dred and sixty terminations to which originating
registers or trunks may be connected. The trunks
and registers associated with a trunk-link frame
are divided into twenty block groups containing
a maximum of twenty registers or trunk circuits.
There will be a maximum of only six such twenty
block groups on a frame since certain trunks
such as incoming trunks are not selectable from
the marker. Within any one ftrunk-link frame

all dial pulsing originating registers will be placed ¢

within one twenty-block group, although the
same twenty-klock group may also contain mul-
tifrequency originating registers or trunks. The
twenty-block group and the location of the regis-
ter of the desired type within the group are de-
termined by the route relay.

On the trunk-link frame the sixty routes are
numbered 00 to % and there are six trunk block
relays numbered 0 to 5 corresponding to the six
possible tens digits of the route numbers.  In
addition, there are ten units terminals on each
trunk-link frame corresponding to the units digits
of each route. Each trunk and each register is
connected with the trunk-link frame by two con-
ductors, a frame conductor and a busy test con-
ductor. In the register or trunk, sround is con-
nected fo the busy test conductor when the trunk
or register is idle, this connection including the
winding of the frame relay. The frame con-
ductors of all trunks belonging to routes having
the same units digit are cross-connected to the
corresponding units terminal. 'The busy test con-
ductors of all trunks or registers corresponding
to routes- having the same tens digit are con-
nected individually to contacts on the corre-
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sponding numbered trunk block relay. The
twenty-block relay extends twenty such busy test
conductors toward the marker. Any number of
these conductors may be assigned to one route.
However, there can be no more than ten routes
assigned to one twenty-block relay because each
such route must have a separate units digit. -

The route relay in the marker operates a trunk
block and test group relay (not shown), the trunk
block relay being effective to establish a circuit
for the proper one of the tens block relays of
the trunk-link frame. It will be assumed that a
circuit is established for the tens block relay
TBO0(51) over contact 1 of relay MC(51) to the
marker wherein it is completed to ground by the
tens block relay of the marker. Relay TB0(51)
operates in this circuit extending the busy test
conductors from the registers and trunks belong-
ing to the group having the tens digit zero asso-
ciated with the frunk-link frame zero. through
the contacts of multicontact relay MCA(51). At
its contact { relay TBO(51) connects ground over
contact 2 of relay MCA(51) and conductor 5103
of cable B(51) extending to PFig. 63 and through
the winding of relay TBK.(63) to battery where-
upon such relay operates to indicate to the marker
that the TB0(51) relay has operated.

With the TBK(63) and MAKI(63) relays
operated to indicate the operation of the twenty-
block and multicontact relays of the trunk-link
connector and a trunk group relay of the marker
operated by the group relay, ground is connected
from contact 3 of relay DCT{(46), contact 6 of
relay CKG4(46), conductor 4600, contact of relay
TBK(63), contact 2 of relay MAKI(63), over
conductor 5104 of cable B(63) extending to Fig.
51 to a cross-connecting terminal 5105 which is
connected to the frame test conductors of the
registers and trunks -associated with routes
identified by markers as having the units digit
zero. Since relay TBO0(51) is operated, only those
circuits associated with group 00, that is, dial
type registers are connected with the marker
over their frame and busy test conductors by the
In idle registers the
frame and busy test conductors are connected to-
gether. In the originating register shown, the
circuit traced to terminal 5105 is extended over

‘conductor 5106 to contact 2 of relay MB(26) of

the idle register, conductor 2603, contact [ .of
relay TMI(52), contact 3 of relay PD(52), con-~
ductor 2604, contact 6 of relay ON(26), winding
of relay F(26), conductor 2605, contact 2 of relay
TB0(51), contact { of relay MCA(51) and thence
to the marker where it extends through the wind-
ing of a trunk test relay to battery. When the
trunk test relay of the marker operates, it re-
duces the resistance of the circuit traced through
the winding of relay F(26) and such relay op-
erates closing a locking circuit for itself over its
contact 4 to conductor §106 to which ground is
connected at the marker as previously traced.
Relay F'(26) when operated, extends a number of
circuits from the originating register to: the
trunk-link connector and closes a circuit from
ground over its contact 3, conductor 2606 of cable
A(26) extending ‘to Fig. 54 and through the
winding of relay P1(54) to battery. Relay F'{ (54)
operates in this circuit preparing for the recep~
tion of the called line designation. - Relay F(26)
also -closes a circuit from ground over its contact
3, conductor 2607 of cable 2638 and through the
winding - of relay ¥B2(33) to battery. Relay
FB(38) operates in this circuit in turn closing a
circuit from -ground over its contact 10 and
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through the winding of relay LV2 (38) to battery
whereupon the latter relay operates.

Each cross-point of a trunk switch closes con-
tacts leading to two trunks or registers, one of
which is said to have an A appearance and the
other of which is said to have a B appearance.
Each trunk and register has an individual relay
such as FB2(33) or an FA relay (not shown)
which serves to asseciate the individual trunk and
ity contacts in the trunk switch with the marker.
There are eight levels of cross-points in each
switch connected to trunks or registers, the re-
maining two cross-points being emrloyed fo ex-
tend the trunk junctor to either the A or B ap-
pearance trunk or register. There is a level relay
such as relay LiV2(38) individual to each of the
eight levels on which trunks and registers appear
and each relay, such as relay FB2(38), operates
the level relay corresponding to the level in which
the associated trunks or registers appear. With
relays FB2(38) and LV2(38) operated, a plu-
rality of circuits are extended through the trunk-
link connector to the marker. With relays
FB2(38) and L.V2(38) cperated, a circuit is closed
to indicate to the marker that those relays have
operated. This circuit may be traced from
ground at contact 2 of relay FB2(38), contact 4
of relay LV2(38), conductor 3328, contact 18 of
relay MCEB(51), conductor 5187 of cable A(51)

extending to Fig. 33, contact & of relay LEI(48), ..

conductor 4681, winding of relay FBK(33) to
hattery on conductor 3308, Relay FBXI(33) op-
erates in this circuit. Relay FB2(38) also
establishes a circuit from ground through the

wind‘ng of relay LC®(88), contact (8 of relay =

FB2(38), contact § of relay LV2(38), conductor
3801, contact If of relay MCRB(51), conductor
5108 of cable A(51) extending to Fig. 33 and con-
tact 10 of relay LK (46) to batiery on conductor
3301,

Relay LCB(38) operates in this: circuit prepar-
ing ecircuits for the ogperating magnets of the
trunk switch having access to the selected reg-
ister: In addition it closes the circuit to inform
the marker that it has operated, which circuit
may be traced from ground over confact 3 of
relay LCGH(38), conductor 3882, contact § of relay
MCB(51), conductor 5{28 of eable A(51) extend-
ing- to Fig. 33 and through the winding of relay
LCK(33) to battery.
tablished the necessary connections with the se-
lected trunk-line frame by which it may deter-
mine the channel to he used in connecting that
frame with the line-link frame on which the
calling line is located.

Connection with line-link frame

In the meantime, the marker has been setting
up similar connections with the line-link frame
on which the ealling line is located through the
line-link frame connector. As soon as the marker
has been signaled and a trunk-line frame has
been seized, a circuit is esfablished which may
be traced in part from battery applied at the
cross-detector cireuit of the marker to conductor
4803, over contact § of relay LLC{ (48), conductor
4891 extending to the cross-detector circuit, over
the contact of the relay therein which has oper-
ated in response to the seizing of the trunk-link

frame, thence over conductor 4388 extending 7

through cable C(36) extending to Fig. 25, contact
{4 of relay MAI{(25) to the winding of marker
‘preference relay MPE(25), Assuming that. no
other marker is attempting to seize line-link frame
0 at this time, the circuit of relay MP{(25) wiil

The marker has now es- .
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extend over contacts 3 of the other marker pref-
erence relays such as relays MP2(25) and
MP3(25) to ground.

Relay MP#H(25) cperates in this circuit lock-
ing to ground over its contact 4 and at contact
2 connects ground to. conductor 25{4 completing
the circuit for relay MCA(1). Relay MCACL
closes cir¢uits from ground through the windings
of relays MCAI{ (1) and MCB(1), over its contacls
3 and T, conductors {88 and {89 extending through
cable A(1) to Fig. 48, contacts 8 and 8 of relay
LLCI(48) and through resistance lamps LBSt
and LBS2 to battery. The operation of relays
MCA{(1) and MCRB(1) extends a large number

5 of circuits from the line-link frame connector to

the marker which are required for vertical fils
identification, class of service identification and
other necessary functions. As soon as relay MCA
operates, it closes a. circuit from ground over its
contact 4 and cenductor {10 of cable A(2) to Fig.
48 and thence through the winding of relay
LFK(48) to battery. Relay LFK(48) operates as
an indication to the marker that the marker has
become connected to the line-link frame but has

. o other spacial function in connection with =z

dial tone call.

When relay HTK!(20) operated as previously
described following the operation and locking ef
relay HGTH(9) to select horizontal group 9 for
service, it connected battery through resistance
lamp HGB48), contact T ef relay LLCI(48),
conductor 4882 extending through cable A(35) fo
Fig. 20, contact 2 of relay HTKI(29), conductor
2810, contact 7 of relay HGTO(9), conductor 224
extending through cable B(21) to Fig, 48, through
cable A(48) extending to Fig. 1, contact 2 of
relay MCA(Q) and through the winding of the
corresponding one of the ten herizontal group
relays of the line-link frame 8, namely relay
Relay BEGHD
operates in this circuil to prepare circuits for
testing the Mne link, for operating the select
magnets and for operating the line group relay.
As an indication to the marker that the hori-

s zomtal group relay has been operated, relay

HGH(1) closes: a circuit from ground over its con-
tact 42, contact { of relay MCA(1), conductsr
Li1 of cable A(1) extending to Fig. 48, through
the winding of relay HGEK(23) and conducior
3302 to battery at the cross-detection cireuit of
the marker. Relay BGK(33) operates in this
circuit.

When relay VTE{(20) operated as ahove de-
scribed, following the operation and locking of

5 Telay VGTO(T) to select vertical group 8 for serv-

ice, it connecied batiery through the winding of
a. cross~-detecting relay (not shown), over con~
ductor 2811, contact & of relay VIKI(20), con~
ductor 2812, contact 8 of relay VGTB(7), con-

»+ ductor 182 extending through cable A(20) to Fig.

35, through cakble A(48) extending to Fig. 1, con-
tact B of relay MCA(1) and through the winding
of the corresponding one of fourteen verticsl
group relays, namely relay VGB3(1) to ground.
Relay VGBR(1) operates in this circuit and pre-
pares circuits for transmitting to the msrker an
indication of the class of serviece fo which the
calling line belongs, which will be describad here-
inafter.

The operation of one vertical group relay and
one horizontal group relay in the line-link framea
connector will identify the line group in which
the calling line. is located. With relay VGB&(1)
and relay HG®8(1) operated, a circuit is closed

5 for the line group relay individual to the line
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group of the calling line. This circuit may be
traced from ground through the winding of line
group relay LG0(1), contact 43 of relay HGO(1),
upper contact of relay VGBO(1), contact 8§ of
relay MCA(1), conductor 112 of cable A(1) ex-
tending to Fig, 48, contact 10 of relay LLCI1(48),
conductor 4803, contact I of relay HGK(33), con-
ductor 2303 and to battery through the winding
of a relay in the cross-detecting circuit (not
shown). Relay LG8(1) operates in this circuit
extending the five vertical file identification leads
of the five lines belonging to the associated line
group to the marker.

Vertical file identification

Relay L00(1) when operated grounded the indi-
vidual conductor 181 which is extended by the
operation of relay LGO(1), over contact 3 of relay
LGO(1), contact 6 of re’ay MCB(1), conductor
113 of cable B(1) extending to Fig. 10, contact 7
of relay MTI1(22), contact 3 of relay VFG(22),
conductor 228! and through the winding of ver-
tical file test relay VEFTD(10) to battery. Relay
VFT0(10) operates in this circuit. If any other
line in this group of five lines were also awaiting
a dial tone connection at this time, the corre-
sponding vertical file test relay would be op-
erated.

As soon as relay VFT0(10) operates, a circuit
is closed from battery over conductor 4400 of
cable A(44) extending to Fig. 22, winding of relay
FR(10), conductor 1080, contact 2 of relay
GK(20), conductor 20i2, contact 8 of relay
VFT0(10), conductor {00!, contact 1 of relay
MT11(22), conductor 113 and ground at the con-
tact of the line relay L190(1) as previously traced.
Relay FR(10) operates in this circuit and moni-
tors on a subscriber disconnect within the selected
vertical file, vertical group and horizontal group.

With relay FR(10) operated one of the vertical
files is preferred for seizure under the control of
the sequence circuit. If it is assumed that relay
SQD0 of the sequence circuit (not shown) has been
operated, relay. VPT0(10) locks over its contact
8, conductor 1202 extending to the sequence cir-
cuit, thence returning over conductor 1803, con-
tact | of relay PR(10), conductor 3513 of cable
C(22) extending to Fig. 48 and to ground over
contact 8 of relay D(35). Relay VFTO(10) at its
contact 5 opens the locking circuits for the other
vertical file fest relays so that even though
another one of these relays may have been oper-
ated it cannot be locked,

Relay FR(10) also closes a circuit from battery
through the winding of relay FTK(10), contact
2-of relay FR(10) and conductor 3516 extending
through cable C(22) to Pig. 48 and thence to
ground over contact 2 of relay D«{35), conductor
5008 and contact { of relay RCYI(50). Relay
FTK(10) locks over its contact 3 to ground on
conductor 3516 independent of relay FR(10) and
closes at its contact | an alternate connection
between conductors 1603 and 3513 in parallel with
contact | of relay FR(10).

- Relay FTK(10) at its contact 2 opens the oper-
ating cireuit for relay VPG (22) causing that relay
to release and open the vertical file test circuits
releasing all of the non-locked vertical file test
relays and leaving relay VFT0(10) operated alone.
As soon as relay VFG(22) and the vertical file
test relays have released, a circuit is closed for
relay FTKI1(10) extending from battery through
the winding of that relay, conductor {004, con-
tact Tof relay VFG(22), conductor 2202, contact 3
of relay VFG4(10), contact 4 of relays VFG3(10),
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VFG2(10) and VFG1(10) to ground over contact
3 of relay VFG0(10). Relay FTKI((10) upon
operating also establishes a circuit for relay
GTLI(22) extending from battery through the
winding of the latter relay, over conductor 2204,
contact 2 of relay FTKI(10), conductor 1066 of
cable C(22) extending to Fig. 48, contact 2 of
relay MDX(48), conductor 4805, contact 6 of
relay DCTI(46), conductor 4602 of cable E(32)
extending to Fig. 51, contact 14 of relay MCD(51),
conductor 5111 of cable F(51) extending to Fig.
54 and to ground over contact 40 of relay Fi(54).

Class of line registration

In order to properly charge the calling sub-
scriber for the call, it is necessary to determine
the class of service to which the calling line be-
longs. It is possible to have as many as thirty
different classes of service in any office and on
any one line-link frame. - Calling subscriber lines
for different classes of service many be grouped on
the line-link frame in any manner subject to one
limitation, namely that all subscriber lines ter-
minating in the same vertical file on the same
line-link frame must be of the same class of
service. The marker is normally equipped with
thirty class of service identification relays but
for convenience only ten such relays have been
shown. These relays are used to determine the
class of service by being connected to class of
service cross-connections on the line-link frame
and in turn operate relays in the marker to in-
dicate the type of line.

When relay VGBO(1) was operated as above
described,. it prepared the five class of service
identification circuits for the five vertical files
included in fhe corresponding vertical group.
When relay FTEKI(10) operated as above de-
scribed, the circuit associated with the vertical
file which has been selected to be served is closed
from ground, contact 4 of relay DTI(49), con-
ductor 4985 of cable C(48) extending to Fig 22,
contact 2 of relay MTI1(22), conductor 2203 of
cable C(22) extending to Fig. 48, contact 2 of re-~

o lay LLCI(48), conductor 48048 of cable C(48) ex-

tending to ¥ig. 22, contact 4 of relay FIKIi(10),
contact 8 of relay VFTO(10), conductor 1005 of
cable B(10) extending to Fig. 1, contact 3 of re-
lay MCB(1), lower contact of relay VGBO(1),
conductor |14 cross-connected at rack (15 to con-
ductor (16, thence over contact 2 of relay
MCB(1), conductor {17 of cable C(1) extending
to Fig. 84 and through the winding of class relay
CS1(84), conductor 8489 and to battery through
the winding of a cross-detecting relay of the
cross~detecting circuit (not shown). Relay
CS1(84) in operating closes a _circuit for relay
2P(83) extending from battery through the wind-
ing of such relay, conductor 8380, contact 4 of
relay CS1(84), conductor 8481 extending through
cable B(84) to Fig. 32, contact 6 of relay
GTL4(32), conductor 3230 of cable A(44) ex-
tending to Fig. 22 and to ground at contact 6 of
relay GTLI(22). Relay ZP(33) overates in this
circuit to indicate that the line is of the two-party
type. s

A efreuit is also establishied in parallel with the
winding of relay 2P(83) over conductor 8402 ex-
tending threugh cabkle A(33) to Fig. 51, contact
23 of relay MCR(51), conductor 5! {5, contact 1
of relay LV2(38), conductor 2811 of cable 3826,
contact 8 of relay F(26), conductor 26i8 of cable
2842 and through the winding of relay 2P(42)
to battery. Relay 2P(42) operates in this circuit
and locks over its contact 4 and conductor §202
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extending through cable 2842 to groungd at com-
tact 8 of relay OIT(28).

Transfer of calling line identification. to
originating register

The marker is now ready to transfer the calling
Hne identification including the elass to the origi-
nating register for storage.

When the frame relay F(26) of the originating
register operates, it closes & circuit fromr ground
at contact | of relay TOG2(33), conductor 3384
of cable £(33) extending to Fig. 51, contact 22 of
relay MCB(51), conductor 5418, contact 18 of
relay LV2(38), conductor 3883 of cable 3828, con-
tact. 6 of relay F(28), and through the winding
of relay $1(28) to battery. Relay S1(26) oper-
ates, closing at its contact 3 a circuit through
the winding of refay OINN(26) which operates, pro-
viding off-nermal grounds for the originating
register circuit.

In erder to transmit the line identification to
the originating register, the marker grounds 1¥
out of 33 conductors leading to the originating
register and at the same t'me will operate 11 out
of 33 relays in the marker so that the marker
may check the cperation of the recording relays
in the originating register.

As set forth above, relay FTEK{(10) was oper-
ated following the identification of the vertical
file of the calling line which completed the iden-
tification of $he calling line to be served. Relay
MDIZ (48) was operated following the operation
of relay MCD(51) in the trunk-link connector
to indicate that the marker had been connected

with the originating register and relay Fi(54) in 3&

the originating register was operated. With these
thres relays operated a circu't is closed as pre-
viously traced for relay GTLi(22), and relay
GTL:£(22) wpon operating, established a circuit
from ground at contact Z of relay OCH(37), con~
ductor 3709 of cakle C(48) extending to Fig. 22,
contaet & of relay GTLI(22), conductor 2283 of
cable A(22) extending to Fig. 44 and thence
through the winding of relay GTU45) to bat-

tery. Relay GTLi(22) provides the grounds for 4

transmitting the line identificat’on to the origi-
nating register and relay GTU45) closes circuits
for transmitting the frame identification to the
originating register.

It will be remembered that the calling line is
located in the line-link frame 8, in horizontal
group 9, vertical group & and vertical file &,
and belongs to class {. In consequence, relays
FT§(44), PUA(44) and FUF(44), horizontal group

test relay HGTH(9), vertical group test relay s

VGTH(T), vertical file test relay VFT8(10), and
class relay C81(84) were operated.

When relay GTU45) operates, it connects the
conduchors grounded by the line-link marker
connector for identifying the lUne-link frame,
through the marker to the trunk-line connector.
It will be remembered that conductors 544, 4517
and 4520 were grounded by the operation of relay
KMBI(25). With relays GTLS(45) and GTU45)
operated, these eonductors are extended over
contacts {8, 1{ and 8 of relay GTL2(45), contacts
8, 16 and 2 of relay GTU45), conductors 4524,
4827 and 4538 of cable E(32) extending to Fig. 51,
contacts 9, 8 and 7 of relay MCD(51), conductors
5124, 5127 and 530 extending through cable
(1) to Fig. 54 and over contacts 23, {8 and {4
of relay Fi(54) to conductors 5614, 5617 and 5630
af cable 5458 which extends throuzh the windings
of relays FUA(56), FUT(58) and FTd(58) to bat-
tery. Relays FTEG(56), FU4(56) and FUTG6)
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operate, locking over their contacts | and 2, con-
ductor 588{ of cable A(b4) extending to Pig. 26
and to ground over cenfact {6 of rzlay ON(26).
Thea lock'ng ground for these relays hold oper-
ated relays PT8(44), FUA(44) and FUT44) in
the marker.

When relay GTL(22) operates, it closes two
out of a possible six circuits under the control
of the vertical group test relay VGT2(7), one of

» which extends from ground at contact 3 of relay

GTLi(22), conductor 2283% and contact 9 of relay
VGTE(9) to conductor 8%, and the other of
which extends from grcund over contact 4 of
relay GTLI(22), conductor 2287, contact 18 of
Condue-
tors 727 and 104 are further extended over con-
tacts & and 2 of relay GTL8(32) and conductors
3267 and 3224 through the windings of relays
VG1(31) and VGA4(31) to battery and in parallel
therewith over cable H(32) extending to Fig. 51,
contacts 18 and {! of relay MCD(51), conductors
5147 and 5144 of cable F(51) extending to Fig.
54, contacts 3% and 3§ of relay F{(54) and. con-
ductors 8547 and 5514 of cable 5455 through the
wind'ngs of relays VGT1(55) and VGA(GBS) fo
battery. Relays VG7(31) and VGA(31) in the
marker operate as well as relays VGI(55) and
VG4(55) in the originating register. The latter
relays close locking circuits for themselves over
their contacts # and 2, conductor 55081 of cable
A(B84) extending to Fig. 26 and to ground over
contact 1{ of relay ON(26). The locking ground
for these relays holds operated relays VGT(31)
and VG4(31) in the marker.

Relay GTLL(22) at contacts | and 2 closes two
out of a possible five circuits under the control
of the horizontal group test relays and with relay
HGTR(9) operated. one of these eircuits extends
fraom ground at contact | of relay GTLI(22), con-
ductor 2248, contact & of relay HGT2(9) to con-
ductor 897, and the other of which extends from
ground. at confact 2 of relay GTLi(22), con-
ductor 2209, contact 9 of relay HGTHA(9) to con-
ductor 984. Conductors 924 and 287 are further
extended through cable A(21) extending to Fig.
32, over eontacts 2 and 3 of relay GTL3(32) and
conductors 3214 and 3217 through the windings of
relays HGA4(31) and HGT(31) to battery and in
parallel therewith through cable E(22) extending
to Fig. 51, contacts {2 and (2 of relay MCD(51),
conductors E{54 and 5{(51, contacts 3% and 29 of
relay Fi(64) and conductors 5524 and 5527 of
cable E488 through the windings of relays
HGE(BE) and HGY(55) . in the oviginativg register
to battery. Relays HGE4(31) and HGT(31) in
the: marker cperate as well as relays HG4(55)
and HGT(35) in the originating register, the
latter relays locking over their contacts I and
2 to ground on conductor 5521 as previously traced
and helding relays HG4(31) and HGI(31) in the
marker operated.

At its contacts 9. 18 and {f, relay GTLI(22)
closes three circuits in cenjunetion with the class
relay C51(84). The first of these circuits extends

; from. ground over contact § of relay GTLI(22),

conductor 2240 of cable A(22) extending to Fig.
44, thenca over contact 5 of relay GTLA(3Z), con~
ductor 328( of cabie B(32) extending to Fig. 84
and contact 2 of relay CSi(64) to conductor §429.
The second of these circuits extends from ground
over contact 18 of relay GTLI(22), conductor
2211 of cable A(22) extending to Fig. 44, thence
over contact & of relay GTT:A(32), conductor 3232
of cable B(32) extending through Pig. 84 and con-
tact 2 of relay CS#(84) to conduetor 841f. The
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third of these circuits extends from ground over
contact 11 of relay GTLI(22), conductor 2212 of
cable A(22) extending to Fig. 44, thence over
contact 3 of relay GTL4(32), conductor 3233 of
cable B(32) extending to Fig. 84, contact 1 of relay
CSi(84) and to conductor 8410. Conductors 8420,
8410 and B41{ extend to the windings of relays
CT8(83), CUL(83) and CUI(83) and bhattery and
in parallel therewith through cable G(84) extend-
ing to Fig. 51, contacts 3, | and 2 of relay
MCD(51), conductors 5176, 5i60 and 5161 of
cable H(51) extending to Fig. 54, contacts 9, 5
and £ of relay Fi(54) and through the windings
of relays CT0(54), CUD(54) and CUI(54) to bat-
tery. Relays CT8(83), CUD(83). and CUI(83) in
the marker operate over the above-traced cir-
cuits. Relays CT0(54), CU8(54) and CUI1(54)
in the originating register also operate over these
circuits and lock over their contacts | and 2 and
conductor 5481 extending through eable A(54) to
Fig. 26 and to ground at contact 12 of relay
. ON(28), this locking ground also serving to hold
the corresponding relays in the marker operated.

It will be observed that the class identification
is translated into a combination of a class tens
indication and a class units indication.. While in
the present disclosure only ten class relays have
been shown, -so that the class tens relay has
little significance, yet in the case where a com-
plete set of thirty class indications is used, the
class tens indication is necessary.

At contact 12 relay GTLI(22) closes one out
of a possible five circuits in cooperation with the
vertical file test relay FVT8(10), which may be
traced from battery over contact 12 of relay
GTLI(22), conductor 2213, contact T of relay
VEFTGH(10), conductor 18I0 extending through
cable A22 to Fig. 44, contact T of relay GTLA4(32),
conductor 3228 and through the winding of relay
VF3(44) to battery and in parallel therewith
through cable E(32) extending to Fig. 51, contact
6 of relay MCD(51), conductor 5i80 of cable
F(51) extending to Fig. 54, contact 28 of relay
Fi(54), conductor 5530 of cable 5455 and through

the winding of relay VF8(55) to battery. Relays A

VE0(44) and VFO0(55) operate, relay VF0(55)
locking over its contacts { and 2 to ground on con-
ductor 5581, the locking ground for relay VE0(55)
serving to hold relay VF0(44) operated.

Having obtained access to the selected originat-
ing register through the trunk-link frame con-
nector and to the calling line through the line-
link frame connector, the marker now proceeds
to select an idle connecting path or channel by
which the calling line may be connected to the
selected register. In the selection of such path
the marker must perform the following functions,
namely: select the ten line links by which the
calling line may be extended; select the ten trunk
links which have access to the selected register;
select the subgroup of junctors by which the
selected line link and the selected trunk link may
be connected; test for and select an idle channel
comprising an idle line link, an idle junctor and
an idle trunk link and fransmit to the originat-
ing register the identity of the channel selected.

The number of line links to which the calling
line has access and the number of trunk links
having access to the selected register or trunk
are fixed by-the nature of the cross bar switches.
Similarly, the total number of junctors outgoing
from any one line-link frame and the number of
junctors incoming to any one trunk-link frame
are fixed by the arrangement of -the switches on
the frame. However, the number of junctors
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connecting a particular line-link frame with a
particular trunk-link frame will vary in accord-
ance with the size of the office as determined by
the number of such frames furnished. There
are always twice as many line-link frames as
there are trunk-line frames and the size of the
office with which control equipment will fune~
tion may. vary from four line-link frames and
two trunk-link frames to forty line-link frames
and twenty trunk-link frames. - Since there are
one hundred junctors outgoing from each line-
link frame and two hundred junctors incoming
to each trunk-link frame, the number of junc-
tors in the group connecting a particular line-
link frame with a particular frunk-link frame
will vary from fifty in the smallest size office to
ten in the office having ten trunk-link frames.
Where the number of trunk-link frames exceeds
ten extension switches are connected in parallel
with the junctor switches of the line-link frames
and the trunk-link frames so that in no case wiil
here be less than ten junctors connecting a par-
ticular line-link frame with a particular frunk-
link frame. If there are more than ten junctors
in a junctor group they are subdivided into sub-
groups of ten junctors or less.

Within a junctor subgroup centaining ten
junctors there will be one junctor connecting a
horizontal termination on each line-link frame
junctor switch to a horizontal termination of the
like numbered junctor of the trunk-line switch.
The junctors constituting a  subgroup will be
connected either to the right section or the left
section of the trunk-line junctor switch. The
junctors of a subgroup are all connected to the
same horizontal levelis in the ten trunk-link
frame junctor switches,

To determine if a particular connecting path
or channel through which it is possikle to con-
nect g calling subscriber’s line to an originating
register is idle and available for use it is neces-
sary to test the particular line link, junctor and
trunk link associated with this channel for an
idle condition. If any of these elements is busy
the entire channel is unavailable. o

The marker is equipped to simultaneously test
ten separate channels between a particular sub-
seriber line and an originating register. To do
this the marker will test the line link, the junctor
and the trunk link associated with each of -the
ten channels. However, before i is possible to
test for an idle channel the marker must deter-
mine which ten channels in the ofiice shouid be
selected for testing and must then determine the
elements associated with these ten channels.
After the line link, the junctor and the trunk
link associated with each channel have been de-
termined, the marker may proceed to test for an
idle channel. ;

The. elements of the channel are so assigned
that the numerical designation of the channsl is
the same as the designation of the line Iink,
which is the same-as the designation of the level
in the line switch in which the line link is con~
nected and also the same as is the numerical
designation of the line-link junctor switeh to
which the line link extends. Lo

The group of line links associated with the ten
channels to be tested is determined by the loca=
tion of the calling subscriber’s line, being the line
link which terminates. in the same horizontal
group of the same ‘frame as the calling line:
When relay HGO0(1) was operated, following the
operation of the Iline-link connector " relay
MCAI(1), a pair of test circuits for the line links
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were established to the marker. Since the test-
ing and selection of an idle channel is only inci~
dental to the present invention, such testing cir-
cuits and the description of their operation has
been omitted from the present disclosure. For a
complete disclosure and descripticn thereof,
reference may be had to the application of A. J.
Busch hereinbefore referred to. It will be as-
sumed that as a result of the tests which are
made the channel represented by relay CHO(86)
of Fig. 86 becomes operated, locking itself over
its contact 4, contacts 3 of the remaining chan-
nel relays CH1(86) to CHSI(86) and thence over
conductor 8680, over the contact of a relay in the
junctor sequence circuit (not disclosed) and
thence over conductor 3519 to ground over con-
ductor 4 of relay LLCI(48).

Transfer of line-link identification to
originating register

The channel having been selected the identity
of the selected line Ilink is registered on the line-
link relays of Pig. 85 and transmitted to the
originating register. Since relay CH8(86) has
been operated, a circuit is established from bat-
tery through the winding of relay LL4(85), con-
ductor 8584, contact 2 of relay CHO0(86), conduc-
tor 8601, contact {2 of relay GTL2(45), conduc-
tor 4580 of cable A(44) extending to Fig. 22 and

contact 7 of relay GTL{(22) to ground. A sec- @

ond circuit is established from battery through
the winding of relay LL7(85), conductor 8537,
contact { of relay CHG(86), conductor 8662, con-
tact 2 of relay GTL.2(45), conductor 4501 of cable
A(44) extending to Fig. 22 and contact 5§ of relay
GTLI(22) to ground.

At the same time, with relay CB(85) operated
from the channel testing circuit, branches from
conductors 8504 and 8507 are extended over con-
tacts 4 and 5 of relay CB5(85), conductors 8514
and 8517 of cable 1(85) extending to Fig. 51, con-
tacts 5 and 4 of relay MCD(51), conductors 5194
and 5197 of cable FF(51) extending to Fig. 54, con-
tacts 15 and {8 of relay Fi(54) and conductors
5634 and 5837 of cable 5456 through the wind-
ings of relays LL4(56) and LL7(56) and bat-
tery. Relays LL4(56) and LL1(66) lock over
their contacts { and 2 to ground on conductor
5601 holding relays LI.4(85) and LIL1(&5) oper-
ated.

Check of line identification transfer

The marker now checks to see that all of the
necessary information has been properly trans-
mitted to the originating register. A ecircuit for
this purpose is established from ground through
the winding of relay RKI(36), conductor 36!{9
of cable E(36) extending to Fig. 45, contact 2 of
relay FT0(44), contacts 3 of relays FT'{(44) and
FT2(44), contact 2 of relay FT3(44), contacts 4
of relays FU8(44), FUI(44), FU2(44) and
FU4(44), contact § of relay FUT(44), conducior
4401, contacts 4 of relays VG8(31), VGI(31) and
VG2(31), contact § of relay VGA4(31), contact 6
of relay VGT(31), contact 6 of relay VG{8(31),
contacts 4 of relays HG{(31), HG{(31), HG2(31)
and HG4(31), contact 5 of relay HG7(31), con-
ductor 3100, contact 2 of relay VF0(44), contacts
4 of relays VF'I(44), VFF2(44) and VF3(44), con-
tact 3 of relay VF4(44), conductor 3161 of cable
A(44) extending to Fig. 22, contact of relay
CTO0(83), contact § of relay CUB(83), contact T of
relay CUI(83), contact 9 of relay CU2(83), con-
tact 8 of relay CUA4(83), contact § of relay
CUT(83), contacts | of relays A0(83), MCN(83)
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‘and MAN(83), contact Z of relay 2P(83), contact

{ of relay CN(83), conductor 8381, contact 5 of
relay LL:8(85), contacts 6 of relay LL{(85), con-
tact T of relay LIL2(85), contact § of relay
L1.4(85), contact § of relay LL7(85) and conduc-
tor 8530 through the winding of relay RK2(49)
and battery. If the proper number of relays in
each of the checking registers has been operated,
relays RKIi(36) and RK2(49) operate in the
above-traced circuit.

A circuit is now closed to check that the cir-
cuits for operating and locking the register re-
lays in the originating register have been closed.
For this purpose, a circuit is closed responsive
to the operation of relays RKI(36) and RK2(49)
which may be traced from hattery through the
winding of relay RK3(49), contact { of relay
RK2(49), conductor 4908, contact | of relay
RKI(386), conductor 3814 of cable E(36) extend-
ing to Fig. 45, contact | of relay GTU45), con-
ductor 38i2 of cable F(45) extending to Fig. 386,
contact 7 of relay OC(37), conductor 371{ of cable
A(33) extending to Fig. 51, contact 24 of relay
MCB(51), conductor 5116, contact i8 of relay
1.V2(38), conductor 3812 of cable 3826, contact
41 of relay Fi(54), conductor 3483 of cable A(5%)
extending to Fig. 26 and to ground at contact |
of relay ON(26). If all of the relays connecting
the marker with the originating register are oper-
ated and the registér checking relays have been
operated, relay RK3(49) operates locking over
its contact 5 and conductor 5062 to ground at
contact 10 of relay CKG2(50). Relay RK3(49)
at contact 4 opens the operating circuit for relay
GTL(36) which in turn at contact 5 opens the
operating circuits for relays GTL2(45), GTL3(32)
and GTL4(32).

The release of relays GTL2(45); GTL3(32) and
GTL4(32) removes all of the operating grounds

, for the register relays both in the marker and in

the originating register. However, if the register
relays in the originating register have operated
and locked, the associated register relays in the
marker will be held operated from the originating
register and relays RKI(36) and RK2(49) will
remain operated.

After the selection of an idle connecting path
or channel has been completed, the marker will
proceed to set up the selected connecting path
by operating the select magnets on both the line-
link frame and the trunk-link frame which are
associated with the selected path and operating
the hold magnets associated with the selected
channel after the select magnets are operated.
It will then test the selected chiannel for false
crosses or grounds, for continuity and for double
connections to determine that the channel is in
a proper condition for service and if the connec-
tion is satisfactory will extend the selected chan-
nel from the trunk-link frame to the sclected
register. These functions are carried forward by
the marker in the manner fully set forth in the
application of A. J. Busch hereinbefore referred
to and since they do not specifically concern the
present invention they will not be described in
detail herein. Suffice it to say that in the line-
link frame the line links appear on the horizontal
levels of both the line switches and the junctor
switches and that with the HGH(1) relay oper-
ated as previously described and the CHB8(38) re-
lay operated to select the channel 8, a circuit is
established to the winding of select magnet
LS06(1) and ground and to the winding of the
select magnet LJB(1) and ground thereby oper-
ating the select magnets associated with the two



2,685,661

29

ends of the selected line link 8. Select magnets
LJS0(1) and LJO(1) prepare the cross-points of
the zero levels of the line switch and the line-
junctor switch for operation. On the trunk-link
frame, the junctors appear in the horizontal
levels of the trunk-link junctor switches so that
the selection of a junctor as a part of a channel
will determine the select magunet to be operated.
Therefore, if it be assumed that in the selection
of the channel 9, the junctor switeh relay JC0(51)
has been operated and therefore the select mag-
net J0(38) of the junctor of the selected channel
is. operated to prepare cross-points of the zero
level in the trunk-junctor switch for operation.
When the originating register was selected, relay
FB2(38) was operated and therefore select mag-
nets B(38) and T2(38) are now operated from the
marker. Select magnet B(38) prepares the zero
level cross-point of the trunk circuit for opera-
tlon to prepare for connecting the trunk link with
the B appearance in the other levels. Select
magnet T2(38) prepares the cross-points of the
second level on a trunk switch for operation.

In order to complete the operations of the cress
bar switches, the marker must then operate the
hold magnets of these switches. The identifica-
tion of the line group within which the calling
line is located and the operation of relay LG8(1)
extends the operating circuits for the holq mag-
nets associated with the five lines included in the
line group to the marker. The identification of
the junctor group to be used and the operation
of relay JC8(51) extends the operating circuits
for the associated hold magnets helonging to the
line-junctor switches toward the marker. The
identification of the group of trunk links to be
used and the operation of the link connector re-
lay LC2(38) extends the operating circuits for
hold magnets associated with the trunk link to-
ward the marker, After the selection of the con-
nection path, the marker will delay the operation
of the hold magnets for a period of time sufficient
to allow the select magnets to fully cperate and
will then close the circuits for the hold magnets
to complete the connection. Line junctor hold
magnet 5L(1) and hold magnets J(38)  and
BH(38) of the trunk-link frame are now op-
erated from the marker. Hold magnet BH(38)
now cleses cross-points B9 and 20 .in the trunk-
link switeh of Fig. 38 while magnet J(38) closes
the cross-point B0 of the trunk frame junctor
switch of Fig. 38. With cross-point 82 cf the
trunk frame junctor switch operated, the operat-
ing circuit of hold magnet J(88) is extended over
the sleeve conductor 2213 to the winding of the
heold magnet J(1) of the line-junctor switch
causing that magnet to operale to close cross-
point 85 on the line-junctor switch of Fig. 1. The
operation of hold magnet L(1) has closed the
cross~point- contacts 86 of the line switch of
Fig. 1.

The marker now checks to determine that the
above-mentioned cross-points have been closed
and that there are no false grounds, crosses at
the cross-points and no double connections, and
if the connection has been properly set up relay
DCT1(46) will operate and open at its contact 3
the locking circuit of relay F(26) in the originat-
ing register causing that relay to release in turn
releasing relay FRE(88), With relay FB2(38)
released, the tip, ring and slseve conductors of
the established connection are disconnected from
the marker and extended to the originating reg-
ister.
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First party‘ line siation test

It will be recalled that relay 2P(42) of the orig-
inating register has been operated to signify that
the originating call is from =z two-party line.
When this relay operated it established a eircuit
from battery through the winding of relay
TPA(42), contact | of relay TPT(42), contact 6
of relay 2P(42), conductor 4203 of cable 2642, con-
tact 2 of relay F(26) and to ground on conduc-
tor 4282 at contact 3 of relay ON(26). Relay
TPA(42) operates in this circuit and locks over
contact { of relay TPT(42), contact T of relay
TPA(42) te grecund over conductor 4202 inde-
pendent of relay ZP(42). When relay FB2(38)
releases, the tip conductor 3885 is extended over
contact | of relay FB2(38), conductor 3888 of
cable 2538 extending to the originating register
where it further extends over contact | of relay
RL(26), conductor 2687 of cable 2842, contact 4
of relay TPA (42) and thence through the wind-
ing of relay TP (42) to battery, and ring conductor
3887 is extended over contact 3 of relay FB2(38),
conductor 3808 of cable 2638, contact £ of relay
RL(26), conductor 2608 of cable 2642, contacts §
and 4 of relay TPA(42) and through the winding
of relay TP(42) tc battery. Relay TPA(42) also
establishes a holding circuit for relay S1(26)
which extends through the winding and contact 2
of relay S1(26), conductor 261 { of cable 2642 and
to ground over contact 8 of relay TPA(42). The
sleeve conductor 3888 extends over contact 6 of
relay FBZ(38), conductor 3818 of cable 2628 to the
originating register where it further extends over
contact 5 of relay RL(26) and contact { of relay
ON(26) to ground.

If the calling line is grounded indicating that
the tip party is calling, as assumed, relay TP(42)
operates establishing a circuit over ifs contact,
contact & of relay TPB(42) and through the
winding of relay TP{(42) to battery. Relay
TP{(42) operates in this ecircuit and locks cver
its contact 3, conductor 4204 of cable 2§42 to
ground at contact 3 of relay S1(26) and connects

5 the tip and ring conductors of the connection ap-

pearing in conductors 2807 and 2608 at Fig. 42,
over contact 4 of relay TP1(42), contact | of re-
lay TPB(42), conductor 4288 extending through
cables 2842 and 2628, contact 2 of relay CN'T#(28),
conductors 2888 and 2980, contact 2 of relay
CR1(28), conductor 2801{ of cable 28256 and thence
through the lower left winding of dial tone coil
TN(26) to ground to reduce the current in the tip
party’s ringer so that the self-induced voltage
will not be high enough to cause ring party bell
tapping when the circuit through the relay
TP (42) and the ringer is broken.

When relay TPA(42) operates as previously de-
scribed, a charging circuit is established for con-
denser TPT(42) which extends from positive bat-
tery through resistance TPT3(42), resistance
TPT2(42), condenser TPT(42), contact 2 of relay
TPA(42), the winding of relay TPTC(42) and
resistance TPT4(42) to ground. In approximate-
ly 0.3 second, the voltage across the condenser
will rise sufficiently to cause the breakdown of
the control gap of tube TPTT(42). Relay
TPT(42) will then operate over the main gap of
the tube and at its contact { open the locking
circuit of relay TPA(42) which then reieases.
With relay TPA(42) released, the circuit through
the tube and relay TPT(42) is opened and relay
TPT(42) releases and the tube becomes extin-
guished. = A discharge path for condenser
TPTC(42) is now established through resistance
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TPT2(42) and over contact | of relay TPA(42).
Relay TPA(42) also at contact § opens the lock-
ing circuit of relay Si(28) and at its contacts
4 and 5 disconnects the winding of relay TF(42)
from the tip and ring conductors of the established
connection. Thereupon relay TP(42) releases.
The time required to cause the tube to fire, relay
TPT(42) to operate and relay TPA(42) to release
is sufficient to allow the relay ¥FB2(38) to re-

lease as previously described and connect the

tip and ring conductors to the criginating regis-
ter and for relay TP(42) and relay TPI(42) to
operate as above described.

The release of relay TPA(42) also connects
tip conductor 2687 over coutact 3 of such relay,
conductor 4289 of cables 2842 and 25628, contact
2 of relay CNTi1(28), conductors 2588 and #88g,
contact 2 of relay CRI(28), conductor 280! of
cable 2825 and through the lower left winding of
tone coil TN(26) aud ground. The ring con-
ductor 2888 extends over contact § of relay
TPA(42), conductor 4281 extending through
cables 2642 and 2528, contact & of relay CNT(28),
conductor 2882, ovar eithier contach 3 of relay

CR(29) or contact 5 of relay CR1(28), conductor ¢

2804 and contact § of relay CR(29) to conductor
2803, thence over cable 2826 through the upper
left winding of dial tone coil TN(26), lower con-
tact of jack JL(26), middle winding of relay
1,(26) and upper contact of jack JL(28) to bat-
tery.

With the calling subscriber’s recesiver off the
switchhook, relay I.(26) operates over the tip
and ring conductors in series with the calling

line in a direction to close its contact 2 thereby 2

closing a circuit from battery, through the wind-
ing of relay SR(28), conductor 2889, winding of
relay LA(38), conductor 3888, contact 2 of relay
1,(26) and to ground at contact 2 of relay ON(28).
Relay SR(26) and relay LA(39) operate in this
circuit, relay SR(28) closing a circuit f
ground over its contact £ through the winding
of relay ONi(28) to baltery. Relay ONI(28)
operates ia this circuit connecting ground at its

contact 2 to the winding of relay ON(28) to hold |

that relay operated and thereby hold the dial tone
contnéction under the control of the calling sub=
seriber. The circuit controiled by relay 85(2/6)
which operated relay ON(26) is opened by the
release of relay F(28) but relay S4(26) is suf-
ficiently slow in releasing to prevent the releass
of relay ON(28) until relay ON{(26) is operated.
Relay F(26) in releasing algo opens the previously
traced circuit for relay Fi(54) causing that relay
to release and disconnect the calling line regis-
ters from the marker.

As a check that relay FB(28) has released, it
will open the circuit of relay FAK(83) at the
marker, releasing that relay to in {ura release
relay SLI47), When relay FR2(38) in releasing
extends the sleeve conducior of the selected con-
necting path to ground in the originating register
as above described, this ground is extended to
the winding of relay DCT(34) in shunt of battery
to the winding ¢f the hold magnet causing relay
DCT(34) to open its contact § and reclose its
contact 2. With contact 2 of relay DOT(34)
closed a circuit is established from ground at
the line busy and continuity ground test cir-
cuit (not shown) over conductor 34909, contact 9
of relay CRG(48), conductor #4583, contact 2 of
relay DCT(34) conducter 3484, coil DCTE(33),
conductor 3385, contact 7 of relay DCT2(48),
contact 4 of relay DCTI(48) and through the
winding of Telay LEI(46) to battery. Relay
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LEK{ (48) operates in this cireuit and locks over
its contact & to ground at contact 3 of relay
CXGA(46). 'The operation of relay LEK1(48) is
an indication that the connecting path between
the calling line and the selected originating regis-
ter has been set up, has been tested and has been
found in condition for service.
Marker release

When relay LKI(46) operates, it opens the
eperating cireuit for relays ONW(35), LLC2(48)
and LLC{(48) causing them to release. Relay
LKI1(48) closes a circuit which may be traced
in part from battery through the windings of
relays DISI(50) and DIS2(37), conductor 5508
extending to the master test frame connector
contreller and timing circuit (not shown), over
contacts of relays therein, returning over con-
ductor 8016, contaet 2 of relay TRS(37), con-
ductor 3712 of cable E(36) extending to Fig. 45,
contact 2 of relay GTL4(32), contact { of relay
GTL3(32), conductor 2234, contact { of relay
GTL2(45), conductor 4502 of cable E(45) extend=-
ing to Fig. 36, contact 3 of relay RK3(49), con~
ductor 4987 extending tc the trunk-link frame
selector circuit (not shown), thence through the
master test frame connector controlling and tim-
ing eircuits and returning over conductor 4564,
contact 8 of relay ITRE(46) and to ground at
contact T of relay LKI[(46). Relays DISI(50)
and DIS2(37) operate in this circuit, relay
DISI(50) closing the locking circuit for itself
and relay DIS2(37) which may be traced through
the windings of these relays, contacts T and 4 of
relay DISI(50), conductor 3701, contact § of re-
lay TRLA(37), conductor 3102, conductor 3637
and to ground at contact 12 of relay MATI(25),

Relay DISI(50) at its contact 8 opens the op-
eratbing circuit for relays TLC! (48) and TLC2(48)
causing these relays to release. At contact 2,
relay DISI(50) opens the operating cireuit for
relays CKG2(50) and CKG2(37) causing these
relays to release. Relay DISI(50) upon operat-
ing opens the operating circuit of the operated
route relay which has determined that the call
was for a dial pulsing originating register, and
at its contact § opens the circuit over which re-
lay MS11(25) was locked in series with relay
CC{(37) thereby releasing both relay OC!(37)
and relay MS{{(25).

Relay MSI1(25) opens the operating circuit for
the multicontact relay MA{(25) of the line-link:
marker connector which in turn releases the
multicontact relay MBi(25) thereby completing
the opening of the connections established be-
vween the line-link frame and the marker through
the line-link marker connector. Relay MAI(25)
opens at its contact 2 the circuit of a relay (not
shown) which releases, disconnecting ground
from conductors to release the CB relays in all
of the marker connecfors and the markers asso-
ciated with such connectors.

The release of relay CKG2(50) causes the
opening of the operating circuit for relays
DISI(50) and DIS2(37), while the rclease of
relay MAT(25) opens the locking circuit for these
relays permitting them to release in turn.

In addition, the release of relay IASi#(25)
opens the circuit of relay D(35) which will re-
lease in turn releasing relays DT4(49), DT2(47)
and DT38(47). When relay DCTI(46) operated
as previously described, it opened the circuit of
relay GTLI(22) which released in turn releasing
relay GTU(45), Relay GTU(45) opens the cir-
cuits by which relays FT0(44), FUA(44) and
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FUT(44) have been held operated from the or-
iginating register, causing these relays to release.

The release of relay MAI(25) in the line-link
marker connector will release relay GEK(20)
which in turn releases relays VGR(20), HGR(21)
and FR(10). The release of relay D(35): opens
the locking cireuit for relays VGT0(7), HGT8(9),
VFT0(10), VITK(20), HTK(21) and FTK(0).
Relays VGTO0(7), HGT0(9) and VFT8(10) re-
leasing in turn release relays VTKI(20),
HTEK1(20) and FTKI(10) respectively.

When relay LLCI[(48) releases in response to
the operation of relay LKI(48), it opens the
circuit of the marker preference relay MPI(25)
of the line-link frame connector causing that
relay to release, in turn releasing the multicon-
tact relay MCA(1) of the line-link frame con-
nector. Relay MCA(1) opens the circuit for the
other multicontact relays MCAI((1) and MCB(1)
of the line-link frame connector completing the
disconnection of the marker from. the line-link
frame. At the line-link frame the release of
relay MCA (1) opens the circuit for the horizontal
group relay HKO0(1) which releases in turn re-
leasing the line group connector relay LC9(1).
Relay MCA(1) also opens the circuit of relay
VGBO(1) causing that relay to release. When
relay DISI(50) operates it opens the circuit for
relay VGAD(1) which was further opened by the
release of relay MAI{(25).

Relay LL.C{(48) also opens the circuit of the
operated class relay CSi(84) causing that relay
to release. The release of relay ¥i(54) in the
originating register opens the circuits by which
relays VG4(31), VGT(31), HG4(31), HGT@3LD),
VEQ(44), CTO(83), CUL(83) and CUI(83) were
being held from the originating register causing
all of these relays to release. As soon as any one
of these relays releases, the circuit' of relays
RKI1(49) and RK2(49) is opened and such relays
release.

Relay TLC{(48) in releasing opens the circuit
of relay MPI(51) in the trunk-link frame; re-
leasing that relay in turn releasing - relays
MC(51), MCA(1), MCB(51), MCC(1) and
MCD(51) to disconnect the marker from the
trunk-line frame. The release of relay FB2(38),
previously described, releases level relay L.V2(38)
and link connector relay LC08(38) . Relay L.C2(38)
in releasing, opens the circuit for relay LCK(33)
in the marker. When relay MP1(51) releases, it
also. releases the trunk frame check relay (not
shown) in the marker while the release of relay
MCA(51) -releases relay MAKI(63) and relay
MCD(51) releases relay MDK(48).

The remaining operated relays of the marker
now release as fully set forth in the application
of A. J. Busch hereinbefore referred to. 'The
marker is now ready to serve another call.

--On the line-link frame the operation of hold
magnet L(1) réleases the line relay L88(1) which
disconnects ground from conductors 01 and 102
thereby releasing relay VGS8(1) if no other line
on this frame is seeking a dial tone connection.
The release of relay VGS0(1) opens the circuit
of relay DT(1) which releases to stop timing and
opens the start conducfors leading to the line-
link marker connector.  When relay MA/{(25)
in the line-link marker connector releases, it
disconnects ground from conductor 2506, open-
ing the operating circuit for relay W(13) and
vermitting relay Z(13) to operate in the locking
circuit for relay W(13). Therefore on the next
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start circuit 105 becomes effective to prepare a
different marker to serve that call.

Intraoffice call—registration of
called line number

When relay SR(26) operated as previously de-
scribed, it was effective to close the dial tone
supply circuit which may be traced from the
tone supply connected to conductor 3981, contact
4 of relay P2A(39), conductor 3852, contact | of
relay SR(26), contact 3 of relay MAN(26), con-
ductor 3903, contact 8 of relay £1D(41), conductor
4100, contact 6 of relay BT(52), conductor 5200,
contact { of relay CNT2(28), conductor 2805 of
cable 2628, condenser TNC(26) and through the
primary or right winding of dial tone coil TN(26)
to ground.  'The completion of this circuit trans-
mits a dialing tone signal to the calling line. The
subscriber hearing the tone, commences to dial
the number of the desired connection.

When relay ONI(26) operated as above de-
scribed, it closed the circuit from ground over
its contact 3, conductor 2612, contact 2 of relay
P2A(39), conductor 3904 and through the wind-
ing of steering relay AS(40) to battery. Relay
AS(40), which is the first of 2 group of seven
steering relays which serve to control the suc-
cessive operation of the groups of register relays
shown in Figs. 27, 40 and 53, operates in this cir-
cuit and locks in a circuit over its contact 7,
contact 7 of relay BS(40), conductor 4000 and to
ground at contact 9 of relay ON(26).

It will be assumed that the calling subscriber
wishes to establish an intraoffice connection, for
example, to a line whose number is Chester
3-7890, which is equivalent to 243-7890. Such g
line is schematically illustrated as line 150 in
Fig. 1. When the subscriber dials the first digit 2,
the line loop will be opened twice. On the first
opening of the line loop, relay L(26) releases,
thereby opening the circuit previously traced
through the windings of relay LA(39) and relay
SR(26). Relay SR(26) is slow to release and
holds operated during the momentary openings
of the right contact relay 1,(26) , but relay L.A(39)
follows relay L.(26), releasing when relay L(26)
releases and reoperating when 1.(26) reoperates.
Relay LB(39) in turn follows relay LA(39), its
operating circuit extending from battery through
its winding, contact I of relay L.A(39), conductor
3905, contact 1 of relay ONI(26) and to ground
at contact 2 of relay ON(26). When the first dial
opening occurs and relay LA(39) releases, a cir-
cuit is established from battery through the lower
winding of relay RA(39), contact 2 of relay
LA(39) to ground on conductor 3905.  Relay
RA(39) operates and being slow to release re-
mains operated during the train of pulses. When
relay RA(39) operates, it supplies holding ground
from conductor 3385 over its contact 4 for relays
LC(@39), LD(39) and LE(39),

Due to the fact that relay RA(39) is somewhat
slow in operating as well as in releasing, relay
LB(39) is arranged to close this holding circuit
over its normally closed contacts 2 and 3 until
relay RA(39) has had time to operate.

Relay RAI(39) was operated as soon as the
originating register was seized over a circuit ex-
tending from battery through its winding, con-
tact | of relay RA(39), conductor 3906 and to
ground at contact 4 of relay ON(26). When relay
RA(39) operates, relay RAI(39) releases, there-
by closing the operating circuit for the even pulse
counting relays P2(39), P4(39) and P6(39) and

seizure of -the line-link marker connector, the 7§ preparing locking circuits for all of the pulse
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counting relays P1(39) to P6(39). ''With relay
RA(39) operated, and relay RAI(39) released, the
register is ready to count dial pulses. At each
closure of contact | of relay L(28) there is the
connection of ground over contact 2 of relay
ON(26), conductor 2613, over contact § of relay
I,(28), contact 3 of relay SR(26), conductor 2614,
contact { of relay MSTH(52) and conductor 5208/
to contacts of relay LE(39). The first release of
relay L(25) in response to the first dial pulse
therefore completes the circuit over contact # of
relay LE(39) and through the winding of relay
L.C(39) to battery. Relay LC(39) thersupon op-
erates and locks in a circuit through the lower
winding of relay LE(29), contact { of relay
LD(39), contact { of relay LC(29), contact 4 of
relay RA(39) and to ground over conductor 3805
as previously traced. Relay LE(39) does not how-
ever operate in this locking circuit because, until
relay L.(26 ) reoperates,its lower winding is shunt-
ed. When, however, relay L(26) reoperates, relay
LE(39) operates. At the next release of relay
1,(26) in response to & second dial pulse, ground
is again applied to conductor £284 and a circuit
is completed over contact 2 of relay LE(39) and
through the upper winding of that relay and
through the upper winding of relay LD(39) to
battery whereupon relay LIG(39) operates and re-
lay LE(39) is held operated. Relay LD(39) in
operating, opens the holding circuit for relay
LE(39) and relay LC(39) thereupon  releases.
When relay L(26) reoperates, the circuit traced
through the uppsr winding of relay LE(39) and
through the upper winding of relay LD(39) is
opened. and LE(39) releases, but relay LD(39) is
maintained operated over a locking circuit which
extends from battery through the lower winding
and contact 2 of relay LD(39), contact 2 of re-
lay LC(39), conductor 39807, contact 4 of relay
RA39) to ground on conductor 33885, so that re-
lay LD(39) holds the ecircuit for relay LC¢39)
open until the latter relay has completely re-
leased. Assuming that there is a third pulse, the
release of relay Li(28) to apply ground to conduc-
tor 5284 is effective to-again operate relay LC(39)
and the cycle will be repeated. Pulses {, 3, 5, T
and 9 will thus cause the operation of relay
LE(32) and pulses 2, 4, 6, 8 and {0 will cause
relay LR(39) torelease. :

The first time that relay LE(39) operates it
establishes a circuit from ground on conductor
3885, over contact 4 of relay RA(39), contact &
of relay LE(39), conductor 3988, contact 6 of
relay P4(39), contact 6 of relay P2(39), contact 2
of relay P3(39), contact | of relay P5(39) and
through the lower winding of relay P{(39) to
battery. Relay P1(39) thereupon operates and
locks in a circuit from: battery through its upper
winding and contact &, contact 2 of relay P2(39),
contact. & of relay P3(39), contact 2 of relay
P4(39), contact 4 of relay P5(39), contact 3 of
relay RA1(39) and to ground on conductor 2995.

When relay LE(39) releases in response to the
second pulse, ground is connected from conductor

€a3

3987 over contact 3 of relay LE(39) and contact &

4 of relay RAL(39) to conductor 3908, and with
relay Pi(39) operated, the circuit is completed
over contact § of relay PL(39) in parallel to the
winding of relay P2(39) and over contact 5 and
through the winding of P2A(39) to battery. Relay

P2(39) operates and locks over contact 3 and as

previously traced over the locking circuit of re-
lay Pi(39) to ground on. conductor 3905. It
opens the locking circuit of relay P{(39) which
relay thereupon releases.

Relay P2A(39) also
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operates and locks over its contact 6 to ground’
on conductor 2643,

Under the assumption that the first digit
dialed is the digit 2, the pulses for the first digit
now terminate and certain interdigital operations
would take place which will be described here-
inafter. However, for convenience, the opera-
tion of the pulse counting relays for a maximum
number of pulses will be described at this time.
When relay LE(39) again operates in response to
a third impulse, and eonnects ground to conductor
2988, a circuit is completed over contact 6 of
relay P4(39), a contact 5 of relay P2(39) to bat-
tery through the winding of relay P3(39). Relay
P3(39) thereupon operates and locks over its con-
tact & to the locking eircuit previously traced to
ground on conductor 3905, and at its contact 4
opens the locking circuit for relay P2(39) which
now releases. On the fourth pulse, when relay
LE(39) releasss and applies ground to conductor
§988, a circuit is established over contact 6 of
relay P3(39) and through the winding of relay
P4(39) to battery. Relay P4(39) operates and’
locks over its contact 3 to ground on conductor
3685, and at its contact 2 opens the locking cir-
cuit for relay P3(39) which now releases. On
the fifth pulse when relay LE(39) again oper-
ates and connects ground to conductor 3909, a
circuit is established over contact § of relay
P4(39) through the winding of relay P5(39) to
battery, and the latter relay thereupon operates,
locks aver contact 7 of relay Pi(39), contact §
of relay P5(39) to ground on conductor 3905, and
at its contact 4 opens the locking circuit for re-
lay P4(39) which now releases.

On the sixth pulse when relay LE(39) again
releases and eonnects ground to conductor 3908,
a circuit is completed over contact 6 of relay
P5(39) through the lower winding of relay
PE39) to battery, and the latter relay operates
and locks through its upper winding and contact
% to ground on conductor 3965, and over its con-
tact 4 establishes an obvious circuit through the
winding of relay P6A(39) to battery and the lat-
ter relay then operates. It is to be noted that the
operation of relay P6(39) does not cause the re-
lease of relay P5(39).

In response to the seventh pulse, relay LE(39)
again operates and connects ground to conduc-
tor 8989, complefing a eircuit over contact 6 of
relay P&(39), contact 6 of relay P2(39), contact
2 of relay P3(39), contact | of relay P8(39) and
through the lower winding of relay P#(39) to
battery. Relay P1(39) operates and locks over
a circuit which extends as previously traced to
contact 4 of relay P3(39) and thence over .con-
tact 2 of relay P1(39), contact 2 of relay P§(39),
contact 3 of relay RAK(39) and to ground on con-
ductor 3885. Relay PI(39) at its contact 7 opens
the locking circuit of relay P5(39) which now re-
leases.

On an eighth pulse, relay LE(39) again re-
leases, connects ground to conductor 3968, and
with relay P{1(39) operated, completes the pre-
viously traced circuit for operating relay P2(39).
Relay P2(39) operates and locks over its contact’
3 and the locking circuit just traced to ground
on conductor 39085 and opens the locking circuit
for relay P1(39) which now releases.

In a ninth pulse, relay L.E(39) operates ground-
ing conductor 3988 and closes the previously
traced circuit for relay P3(39) which operates,
locks over its contact 5 to the second locking cir=-
cuit previously traced and: at its contact 4, opens:
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the locking circuit for relay P2(39) which re-
leases.

The tenth pulse causes relay LE(39) to release,
thereby grounding conductor 3908 -and closing
the previously traced circuit for relay P4(39).
Relay P4(39) operates, locking over its contact
3 and contact 4 of relay P5(39), which has been
released, to ground on conductor 3985, as pre-
viously ‘traced. Relay P4(39) opens the locking
circuit for relay P3(39) which releases.

The following table shows the relays operated

after any pulse:

Conductor

Relays Operated Grounded

Pulse No.

The pulse counting will of course stop when
the dial reaches its normal position, leaving the
pulse counting relays operated as shown in the
preceding table.

When g train of pulses for a digit ends, re-

lays L(268) and LA(32) remain operated and re- 3

lay RA(39) releases, thereby causing the reop-
eration of the relay RAI(39). Relay RA(39) at
its contacts 2 and 3 now closes paths over the
contacts of relays P{(39) to P5(39) and PGA(39)
to two of the conductors 3910, 39ii,
and 3911, gecording to the pattern in the pre-
ceding table. The operation of relay RAI(39)
at its contact 3 disconnects ground on conduc-
tor 3805 from the locking circuits for the “P”
relays, thereby releasing any operated P relay
and removing ground from the two selected con-
duetors. During the operating time of relay
RA1(39) and the release time of the P relays,
a pair of the register relays of Figs. 29, 40 and 53
will be operated corresponding to the two con-
ductors grounded and corresponding to the dig-
its being registered. The conductors 38i6 to
3917 will be extended to the group of five relays
constituting the registers in sequence as will be
hereinafter described.

When relay P2A(39) operated as previously
described, in response to the second dial pulse,
it opened at its contact 4 the previously traced
circuit through the right winding of the dial

tone coil TN(26) to stop the transmission of dial: ;

tone, and at its contact 2 it established a circuit
for relay EV(40) which may be traced from bat-
tery through the winding of said relay, over the
normally closed contact 8 of relay OD(40), con~
tact 10 of relay AS(40), conductor 488{ and to
ground at contact 3 of relay P2A(39). Relay
EV(40) connects conductors 3910 to 3917 over
its contacts i to 5 and contacts 2 to § of relay
A£3(40), over conductors 5380 to 53071 to the
windings of relays A8(53) -to AT(53). Since
conductors 3910 to 3317 cannoct be connected to
the relays of the A digit register until relay
P2A(39) operates following the transmission of
two pulses, a single pulse digit or series of sin-
gle pulse digits will not affect the A digit reg-
ister and.a wrong number will not be registered

if a calling subscriber accidentally generates a.

single pulse by opening the switchhook contacts
before dialing.
- It ‘has been assumed that. the calling sub-
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scriber “has operated his dial to transmit two
pulses as g first digit of the wanted number.
Consequently at the end of the series of two
pulses, relay P2(39) will be operated, and upon
the release of relay RA(39) at the end of the
pulse series, ground is applied from conductor
3806, contact 3 of relay RA(39), conductor 3918,
contact 4 of relay P2(39), contact § of relay
P6A(39), conductor 3818, contact 5 of relay
EV(40), contact 8§ of relay AS(40), conductor
5300 and through the winding of relay A8(53)
to battery, and ground is applied from conduc-
tor 3908, contact 2 of relay RA(39), conductor
3919, contact | of relay P2(39), contact 3 of
relay P6A(39), conductor 39i2, contact 3 of re-
lay EV(40), contact 4 of relay AS(40), conduc-
tor 5302  and through the winding of relay
A2(53) to battery. Relays A8(53) and A2(53)
both operate and lock over their contacts | and
2, conductor 5308 and to ground at contact.T.
of relay ONI{(26). Thus the relays of the A
digit register have been operated to register
digit 2.

As above mentioned, when relay RA1(39) op-

5 erates at the end of the pulse series, the pulse

counting relay P2 is released. A} its contact
I, relay RA((39) closes a circuit from battery
through the winding of relay AS(40) and its
contact 8, contact 9 of relay EV(40), conductor
4802 and to ground over conductor 4860 as pre-
viously traced, thereby holding relay AS(40) op-
erated after the previously traced locking cir-
cuit over a normal contact of relay BS(40) has
heen opened until the beginning of the recep-~
tion of the next digit series, At its contact 2,
relay RAI(39) closes a circuit from grounded
conductor 4680, contact 2 of relay RAI1(39), con-
ductor 4003, contact T of relay EV(40); contact
8 of relay AS(40), and through the winding of
relay BS(40) to battery. Relay BS(40) operates
in this circuit and locks in a circuit over its con--
tact 8, contact 6 of relay CS(40) and to ground
over conductor 4009, pleparatory to registering
a second digit.

At the beginning of the second digit series re-
lay RA{(39) is released in the manner deseribed
for the first digit, opening the holding cireuit
for relay AS(40) and the initial energizing cir-
cuit for relay BS(40). When relay AS(40) re-
leases, the circuit of relay EV(40) is opened and
that relay also releases. With relay BS(46) op-
erated and relay EV(40) released, a. circuit is
closed from battery through the winding of re-
lay OD(40), contact 6 of relay EV(40) and con-
tact 18 of relay BS(40) to ground. Relay
OD(40) operates in this ecircuit to prepare the
circuits for registering the second digit.

At the end of the second digit series, which is
the digit 4, relay P4(39) will be operated, and
when relay RA(40) releases, ground on conductor
3906 is connected over contact 3 of relay RA(39),
conductor 3818, contact 4 of relay P4(39), contact
6 of relay P6A(39), conductor 3910, contact 5
of relay OD(40), contact 6 of relay BS(40), con-
ductor 5310 and through the winding of relay
B1(53) to battery. A second circuit extends from
ground on conductor 3908, over contact 2 of relay

RA(39), conductor 3919, contact | of relay
PA4(39), conductor 3914, contact 2 of relay
OD(40), contact 3 of relay BS(40), conductor

5314 and through the winding of relay B4(53) .to
battery. Relays B3(53) and B4(53) operate and
lock over their contacts | and 2 to grounded
conductor 5308 to record that the second digit
is the digit 4.
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When relay RAIL(39) reoperdates at the end
of the second digit series, it closes the circuit
from battery thiough the winding of relay
BS(40), contact 1t of relay BS(40), contact §
of relay OD(490), conductor 4062, contact | of
relay RAI(39) to grounded conductor 2880 to
hold relay BS operated until the first pulse of
the third digit is received. At its contact 2, relay
RAI(39) connects ground over conductor 4863,
c¢ontaet 7 of relay OD(40), contact 9 of relay
BS(40) through the winding of relay CS(40) to
battery. Relay CS(40) operates in this cireuit,
Jocking over its contact 7, conductor 4884 and
contact 6 of relay DS(27) to ground on con-
duétor 4950.

At the beginning of the third digit series, relay
RA(39) reoperates, in turn releasing relay
RAI1(39) and opening the operating circuits for
the B register relays of Fig. 53. Relay RA{(39)
upon releasing, opens the holding circuit for relay
BS(40), which now releases opening the operat-
ing circuit for relay OD(40) which also releases.
With relay CS(40) operated and relay OD{40)
released, g circuit is closed from battery through
the winding of relay EV(40), contact 6 of relay
OD#40) and to ground at contact § of relay
CS(40). With relays CS(40) and EV(40) oper-
ated, conductors 3919 to 3917 are extended over
conductors 5328 to 5327 to the C register relays
of Fig. 53.

This progression continues, relay EV(40) being
operated in combination with relays ES(27) and
GS(27) to transmit the fifth and seventh digits
to registers E and G of Figs. 40 and 27, respec-
tively, while relay OD(40) is operated in com-
bination with relays DS(27) and FPSQ27) to
transmit the fourth anhd sixth digits to the
registers D and F of Figs. 40 and 27, respectively.

Therefore, from a consideration of the fore-
going table, it will be apparent that conductors
3911 and 3912 will he grounded following the
third digit to operate relays C1(53) and C2(53);
condiictors 3910 and 3817 will be grounded fol-
lowing the fourth digit to operate relays D0(40)
and D7(40); conductors 28ti and 3917 will be
grounded following the fifth digit to operate
relays E1(40) and ET(40); conductors 2812 and
3817 will be grounded following the sixth digit
to operate relays F2(27) and ¥F1(27), and con-
ductors 3914 and 3817 will be grounded follow-
ing the seventh and last digit to operate relays
G4(27) and GT(27). Relays CI(53) and C2(63)
lock over their contacts | and 2 to conductor
5308, relays D5(40), DI1(40), Ei49), ET4O),
227 and FT1(27) lock over their contacts {
and 2 and conductor 2769 to ground at contact
8 of relay ONI(26) and relays G4(27) and G1(27)
lock over their contacts 1 and 2, conductor 2701
and contact 18 of relay ON1(26) to ground.

When relay ON(28) operates when the register
is seized and connects ground over its contact 5
to conductor 2818, it completes the circuit over
contact | of relay TMB(52) and to battery
through the upper winding of rélay TMAGD),
Relay TMA(52) operates in this circuit and
closes a locking circuit for itself from ‘battery
through its lower winding and contact 8, con-
ductor 5282, contact 3 of relay CTI(28), con=
ductor 2886, contact 4 of relay CRA(29), con-
ductor 2981 of cable B(29) extending to Fig. 52,
contact 4 of relay PIX(52), contact 1§ of relay
MST(52) and to -ground on conductor 2615, At
its ‘tontacts -3 and 4, rélay TWMA(52) connects
the winding of relay TMB(52) to the locking
circuit above traced, causing relay TMB(52) to
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opérate and open the operating circuit of
TMA(52). When relay RA(39) releases at thé
end of the seventh digit series, permitting relay
RAI(39) 10 reoperate, with relay 2P(42) oper-
ated a circuit is established for making a second
party line test.

Second party line test

This circuit extends from batiery through the
winding of relay TPB(42), contact 2 of relay
2P(42), conductor 4285 contact 2 of relay
TMB(32), conductor 5284 of cable B(52) extend-
ing to Fig. 29, contact 7 of relay CNI(29), con-
ductor 2982, terminal MST cross-connected to
contact 9 of relay GS(27), conductor 2702, con-
tact 7 of relay EV(40), conductor 4083, contact
2 of relay RAI(39) and to ground on conductor
4000.

Relay TPB(42) operates over this circuit and
establishes a circuit from battery through the
winding of relay MSTI1(52), conductor 5205, con-
tact T of relay TPB(42), conductor 4285 of cable
2642 to ground over contact 5 of relay ON(26).
Relay MSTI(52) operates in this circuit to pre-
vent further dial registration. Relay TPB(42)
also establishes a circuit for relay TPA(42) from
battery through its winding, contact 3 of relay
TPB42), contact | of relay TPC(42), and to
ground over conductor 4282, whereupon relay
TPA(42) operates. Relay TPB(42) also estab-
lishes a holding circuit for relay L.(26) over the
circuit previously traced through the middle
winding of relay L(26) to conductor 4281, thence
through resistance HIL2(42), contact 4 of relay
TPB(42) and to ground at normal contact 3 of
relay TPC(42). Relay TPA(42) upon operating
disconnects relay L(26) and the lower left wind-
ing of tone coil TN(26) from the tip and ring
conductors 2607 and 2688 of Fig. 42, connected:
to the tip and ring of the connection established
to the calling line, and connects such conductors
to the winding of relay TP(42) to make a second
two-party identification test. If relay TP(42)
now operates as it should under the assumption
that the tip party of a two-party line has origi-
nated the call, a cireuit is established from ground
over its contact and contact 5 of relay TPB(42)
and through the winding of relay TP2(42) to
battery. Relay TP2(42) now operates and locks
over its contact 3 to ground on conductor 4204,

The operation of relay TPA(42) starts the
timer in the manner previously described so that
after an interval of 0.3 second, condenser
TPTC(42) will charge to the breakdown potential
of tube TPTT(42) and such tube will conduct
across its main gap, thereby causing the opera-
tion of relay TPT(42). Relay TPT(42) upon op-
erating establishes a circuit from ground at con-
tact 2 of relay TPB(42), contact 2 of relay
TPT(42) and through the winding of relay
TPC(42) to battery. Relay TPC(42) operates in
this circuit, locks over its contact 2 to ground
over contact 2 of relay TPB(42), and opens the
circuit of relay TPA(42) which now releases and
connects the winding of relay L(26) and the lower
left ‘winding of tone coil TN(26) to the tip and
ring of the calling line. The release of relay
TPA(42) causes the release of relay TPT(42) and
the extinction of the tube. With relay TPT (42)
released and relay TPC(42) operated, the local
holding circuit for relay L(26) is opened, so that
relay L{(26) is now solely under the control .of
the subscriber’s switchhook.

Relay TPC(42) upon operating establishes the
circuit of relay MST(52) which may bé traced
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from battery through the winding of such relay,
conductor 5203 either over contact 5 of relay
CR2(28) or contact I of relay CRA(29), conduc-
tor 2807, contact 4 of relay TPC(42), contact 2
of relay 2P(42), conducter 4205, contact 2 of re-
lay TMB(52), conductor 5204, contact 1 of relay
CN{(29), conductor 2902, terminal MST cross-
connected to contact 9 of relay GS(27), conductor
2102, contact T of relay EV(40), conductor 4003,
contact 2 of relay RAI(39) and to ground over
conductor 4000. Relay MST(52) operates in this
circuit, closing the holding circuit for relay
MSTI1(52) from battery through the winding of
relay MSTI(52), contact 4 of relay MST(52),
contact | of relay TM(52), to ground on con-
ductor 2615, and relay MSTI(52) locks in a cir-
cuit from battery through its winding, over its
contact 4 and to ground.on conductor 2615 in-
dependent of relays MST(52) and TM(52).
Relay MST(52) in operating also establishes a
circuit from ground over its contact 2, contact 3
of relay MRL(52), contact 2 of relay BT(52),
conductor 5206 of cable C(52) extending to Fig.
43 and thence through the winding of the timer
start relay (not shown) in the marker connector
circuit. At its contact 8, relay MST(52) con-
nects hattery over conductor 5207 of cable A(52)
extending to Fig. 43, to supply battery to the
windings of the multicontact register connector

relays RA(30), RB(30), RC(43) and RD(43) in 2

the originating register marker connector.
Connection of originating register to marker

At its contact 1, relay MST(52) establishes 2
start circuit for the originating register marker
connector which may be traced in part from bat-
tery over such contact, contact | of relay
MRL(52), contact | of relay BT(52), and con-
ductor 5208 of cable C(52) extending to Pig. 43,

and through the winding of the register prefer~ -

ence relay RSt (not shown) of the marker con-
nector.. This relay will operate if no other reg-
ister is using the connector at this time and will
connect ground to conductor 3800 to complete the
circuit of connector relays RA(30) and RC(43),
which will now cperate. Relay RA(30) at its con-
tact 2, connects conductor 3001 to conductor 3002
and to the winding of re’ay RB(30) and to the
winding of relay RD(43) to complete their oper-
ating circuits.

With relay RD(43) operated, battery supplied
at the originating register over conductor 3093
through resistances Z(43) and W(43) and con-
tacts { and 2 of relay RD(43), is applied to the
armatures of a relay Z of the originating regis-
ter marker connector control ecircuit, corre-
sponding to relay Z(13), and assuming such re-
lay and the associated relay TRS are not oper-
ated, a start circuit is completed over the upper
contact of a CB relay corresponding to relay
CBIi1(25) which is individual to marker No. {
in the originating register marker connector con-
nected with the originating register shown. As-
suming that the marker No. | is idle and there-
fore that the CB relay of such marker is not op-
erated, the start circuit will be extended to the
winding of the marker start (MS) relay corre-
sponding to relay MSi1(25) allocated to such
marker, if no incoming register is attempting to
seize the marker, over contacts of the interme-
diate and last MS relays of the chain to ground.
This start relay upen operating applies ground
over .conductors 4309 and 4301 of a -cable ex-

tending from the originating register marker .

connector to the windings of the originating reg-
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ister marker connector relays MA(50) and
MC(43) of the idle No. | marker whereéupon such
relays operate. The eircuits over which the MS,
MA and MC relays are operated are fully dis-
closed in the application of A. J. Busch herein-
before referred to and function in the manner
described therein and in a manner similar to
that described herein in connection with the
operation of the similar relays of the line-link
marker connector. Relay MA(50) upon operat-
ing establishes over its contact 4 an obvious cir-
cuit for relay MB(50) and relay MC(43) estab-
lishes over its contact 3 an obvious eircuit for
relay MD(43).. With relays RA(30), RB(30),
MA(30), MB(30), RC(43), RD(43), MC(43) and
MD(43) operated the originating register is con-
nected with the selected marker over a large plu-
rality of conductors. )

In the originating register, relay MST(52) af
its contact 9, interconnects conductors 4205 and
5204 to close a holding circuit for itself inde-
pendent of relay TMB(52). At its contact 10,
relay MST(52) opens the locking circuit for re-
lay TMA(52) and the operating circuit for re-
lay TMB(52) causing these relays to release to
arrest. the timing operation.. With . relay
MSTI1(52) operated as above described, a holding
circuit is closed for relay RA1(39) which may be
traced from battery through the winding of re-
lay RAI1(39), conductor 3920, contact 5 of relay
MSTI1(52), conductor 3921 and conductor 3906
to ground at contact 4 of relay ON(26). At its
contact | relay MSTI{(52) also opens the operat-
ing circuit for relays LC(39), LD(39) and LE(39)

5 so that further pulsing will be ineffective.

Relay MA(30) closes a circuit to operate a re-
lay OR (not shown) for informing the marker
that it has been called in by an originating reg-
ister and over its contact 3 connects ground over
conductor 3904 of cable . G(30) extending to Fig.
36, contact 5 of relay TRLA(3T7), contact 5 of re-
lay DIS2(37), conductor 3713, winding of relay
CKG1(50), conductor 5011, conductor 37102, con-
tact 8 of relay TRLA(37), conductor 3701, con-
tact 3 of relay DISI(50), winding of relay
CKG2(50), conductor 3708 and through the
winding of relay CKG3(3T to battery. Relays
CKG2(50) and CKG3(37) prepare the marker
for operation as described in connection with the
dial tone connection.

The marker having been informed that the
connection whieh it is to serve is from an origi-
nating register, establishes the circuit of relay
G'TL(36) which in furn causes the operation of

5 relays GTL2(45), GTL3(32) and GTLA(32).

Transfer of information from originating
register to marker

When the multicontact relays of the originat-
ing register marker connector have operated as
above described, a plurality of circuits are closed
for transferring the calling line designation and
the called line desighation from the originating
register to the marker. It will be recalled that

5 a result of the transfer of the calling line des-
ignation, the following relays were operated to
identify the location and class of the calling line:
frame tens relay FT0(56), frame units relays
FU4(56) .and FUT(56), horizontal group relays
HGA(B5) and HGT(55), vertical group relays
VG4(55) and VGT(55),. vertical file relay
VF3(55), class tens relay CTO0(54), class units
relays CU0(54) and CUI(54). It will also be
recalled .that in addition, relays LL4(56). and
LLT(56) were operated to record the identity of
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the line link which was used for the dial tone
connection.

As a result of dialing a called line desigha-
tion, relays A8(53) and A2(53), B#(53) and
B4(53), CI1(53) and C2(53) were operated to
register three digits of the office code designation
of the desired line while relays D8(40) and
D1(40), Ei(40) and ET(40), F2(27) and F1(27),
G4(27) and GT(27) were operated to register the
four digits of the numerical designation of the
wanted line. Each of these relays grounds a
conductor individual thereto which is extended
through the originating register marker connec-
tor to the marker to operate the corresponding
register relays in the marker. In addition, the
originating register grounds one of three conduc-
tors to inform the marker whether the call was
a permanent signal, 3 partial dial or a regular
call and one of three conductors to inform the
marker whether a coin has been returned, a stuck
coin has been encountered or that no coin re-
turn attempt has been made and one of two
conductors to inform the marker if the call was
from a tip or ring station of a two-party line.

More specifically, in the registers of Fig. 54,
relays CU0(54), CUI(54) and CT8(54) connect
ground. at their contacts 3 and & to conductors
5410, 5211 and 5420 respectively. Conductors
5410 and 5411 extend through cable B(54) ex-
tending to Fig. 43, contacts 4 and § of relay
RC(43), contacts 9 and 18 of relay MC(43), con-
ductors 8410 and 841{ of cable A(43) extending
to Fig. 84 and through the windings of relays
CUB(83) and CU!(83) and battery. Conductor
5420 extends through cable D(54) extending to
Fig. 43, contact 6 of relay RA(30), contact & of
relay MA(30), conductor 8428 of cable H(30) ex-
tending to Fig. 84 and through the winding of
relay CT0(83) and battery.

In the registers of Fig, 55, relays VG#(55),
VGT1(55), HGA(55), HGT((5) and VFIG55)
connect ground over their contacts 3 and & to
conductors 5534, 5537, 5544, 5547 and 5550 re-
spectively. Conductors 5534 and 5537 extend
through cable 5502, contacts 12 and 13 of relay
RC(43), contacts 17 and 18 of relay MC(43),
conductors 104 and 707 of cable A(43) extend-
ing to Fig. 45 and thence over contacts 9 and 8
of relay GTL(32), conductors 3284 and 3207
and through the windings of relays VQ@4(31)
and VGT(31) to battery. Conductors 5544 and
5547 extend through cahle 5503, contacts {§ and
(T of relay RD(43), contacts I8 and 19 of re-
lay MD(43), conductors 984 and 887 of cable
G(43) extending to Fig. 45, contacts 2 and 3 of
relay GTL3(32), conductors 3214 and 3217 and
through the windings of relays HG4(31) and
HG1(31) and battery. Conductor 5520 extends
through cable 5564, contact 15 of relay RC(43),
contact 20 of relay MC(43), conductor {010 of
cable A(43) extending to Fig. 45, contact 7 of
relay GTL4(32), conductor 8220 and through the
winding of relay VF8(44) to hattery.

In the registers of Fig. 56, relays FT2(56),
FU4(56), FUT(56), LL4(56) and LLT(56) con-
nect ground over their contacts 3 and 4 o con-
ductors 5648, 5654, 5857, 5664 and 5867 respec-
tively. Conductor 5849 extends through ecable
5882, contact 29 of relay RC(43), contact 25 of
relay MC(43), conductor 4528 of cable A(43)
extending to Fig. 45, contact 3 of relay GTL2(45),
conductor 4428 and through the winding of re-
lay FT8(44) to battery. Conductors 5854 and
5887 extend over contacts 25 and 27 of relay
RD(43), contacts 28 and 2§ of relay MD(43),
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conductors 4514 and 48517 of cable H(43) ex-
tending to Fig. 45, contacts {0 and I of relay
GTL2(45), conductors #4414 and 44!7 and
through the windings of relays FU4(44) and
PUT(44) to battery. Conductors 5664 and 5661
extend over contacts 21 and 22 of relay RD(43),
contacts 23 and 24 of relay MD(43), conductors
8584 and 8507 of cable 1(43) extending to Fig.
86 and through the windings of relays LI4(85)
and LL7(85) to battery.

Since the calling line is not a coin line and
therefore none of the coin functions are em-
ployed, ground is connected over the back con-
tact 2 of relay LTI(29), back contact { of re~
lay LT2(29), conductor 2983, contact i0 of re-
lay RA(30), contact #! of relay MA(30) and
thence to the winding of a relay in the coin dis-
posal register of the marker (not shown) which
informs the marker of this fact.

Since a complete designation has been dialed
and therefore the timing circuit of Fig. 52 has
not operated to indicate a permanent signal or
partial dial condition, a circuit will be closed
from ground over the back contact 3 of relay
TMI(52), conductor 5288 of cable C(52) ex-
tending to Fig. 43, contact | of relay RC(43) and
to the winding of a relay in the marker control
circuit which informs the marker of this fact.

Since the calling station is a tip party sta-
tion and relay TP2(42) has been operated, a
circuit is established from ground at contact 2
of relay TP2(42), conductor 4207, contact 2 of
relay RB(30), contact 2 of relay MB(30) and
to the route relay control circuit of the marker

to signify that the call originated at a tip party

station.
Translation of office code

With register relays A0(53), A2(53), B9(53),
B4(53), C1(53) and C2(53) operated to register
the digits representing the office at which the
called line is located, ground is connected over
their contacts 3 and 4 to conductors 5330, 5332,
5342, 5344, 5351 and 5352 respectively. Conduc-
tors 5330 and 5332 extend through cable D(53)
extending to Fig. 30, contacts 28 and 22 of relay
RA(30), contacts 22 and 24 of relay MA(30),
conductors 3818 and 3012 of cable C(30) extend-
ing to Fig. 58 and through the windings of re-
lays ACB(58) and AC2(58) to battery. Conduc~
tors 5340 and 5344 extend through cable D(53)
extending to Fig. 30, contacts 15 and 18 of re-
lay RA(30), contacts iT and 20 of relay MA(30)
and conductors of a cable extending to the wind-
ings of relays of the second or B code digit
register (not shown). Conductors 5354 and 5332
extend through cable D(53) extending to Fig. 30,
contacts {§ and 12 of relay RA(30), contacts 13
and !4 of relay MA(30) and conductors of .z
cable extending to the winding of relays of the
third or C code digit register (not shown). The
second and third code digits are registered in
exactly the same manner as the first code digit.

Since the complete designation was dialed and
relay {iD(41) in the originating register has not
heen operated, a circuit is closed from ground
over contact 1 of relay {1D(41), conductor 4101
of cable E(41) extending to Fig. 30, contact § of
relay RA(30), contact T of relay MA(30) and
thence through the winding of a relay in the
translator control circuit which operates to sig-
nify that there are seven digits in the dialed

* number.

-
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Transfer of numerical designation of called line
to marker

With relays in the translator control circuit
now operated to signify that a seven digit number
has been dialed and the calling line is not a coin
line but a two-party line, and that there is no
permanent signal or partial dial condition, the
registration of the first code digit in the A code
digit register of Fig. 58 and the second and third
code digits registered in the B and C code digit
registers, the translator control circuit of the
marker is effective to cause the operation of a
route relay signifying that an intraoffice trunk
should be selected. These functions are all car-
ried out in the manner fully set forth in the ap-
plication of A. J. Busch hereinbefore referred to
and it is deemed unessential to desecribe them in
detail herein.

In a seven digit area such as has been assumed
for the present discussion, the office code digits
are registered as above described on the A, B and
C registers in the originating register and the
four numerieal digits are registered on registers
D, E, F and G. However, certain areas may in-
clude offices employing one or two code digits or
may employ no code digits whatsocever for loeal
calls. - Where only two office code digits are em-
ployed, the numerical digits will be registered on
registers C, D, E and F, where only one office code
digit is registered the numerical digits will be
registered on registers B, C, D and E and where
no code digit is registered, the numerical digits
will be registered on registers A, B, C and D.
Since the marker is designed to function with
any one of such areas or with an area connected
with a plurality of such areas, means is required
for connecting the proper registers in the origi-
nating register with the numerical digit registers
of the marker. For this purpose, relays Ni(71),
N2(71), N3(71), N4(71) and their associated re-
lays NIA(71), N2A(80), N3A(80) and N4A(30)
are provided. Relays Ni(71) to N4(71) inclusive
have their windings cross-connected to terminals
in the translator control eircuit so that they may
be placed under the control of relays. operated
from the originating register which indicate the
total of digits dialsd for any call. It has been
assumed that a relay has been operated indicative
of the fact that a seven digit number has been
dialed and will establish the circuit through the
winding of relay N4(71) and such relay will op-
erate closing at its contact | a circuit extending
over conductor 7188 through the winding of re-
lay N4A(80) and to battery whereupon relay
NEA(80) operates.

With relays N4(71) and N4A(80) operated, the
numerical designation of the wanted line is reg-
istered in the marker. It will be remembered
that in the registers of Figs. 40 and 27, relays
DO(40), DT1(40), Bl (40), ET(40), F2(27), F1(27),
GA4(27) and GT(27) were operated to register the
numerical designations 7, 8, 9, 0. These relays
at their contacts 3 and 4 connect ground to con-
ductors 4018, 4047, 4021, 4027, 2712, 27i1, 2724
and 2721 respectively. Conductors 4010, 4017,
4621 and 4027 extend through cable B(40) ‘ex-
tending to Fig. 30, thence over contacts 16, 19, {1
and 7 of relay RB(30) and contacts 16, 12, 19 and
T of relay MB(30) to conductors 3020, 3027, 3031
and 3037 of cable F(30) extending to Fig. 80
thence to the armatures of the NI to N4 relays of
Pig. 71. With relay N4(71) operated, conduc-
tors 3020 -and 3027 become extended over con-
tacts 2 and 6 of relay N4(71). and conductors
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7100 and 7107 to the windings of relays TH0(38)
and THT(58) of the thousands digit register and
thence to battery and conductors 3031 and 3037
become extended over contacts:8 and {{ of relay
N4(71) and conductors 7iil and TiiT to the
windings of relays HNI(57) and HNT(57) of the
hundreds digit register and to battery. Conduc-
tors 2712, 2717, 2724 and 21271 extend through
cable A(27) extending to Fig. 30, over contacts
24, 28, 20 and 21 of relays RB(30) and MB(30) to
conductors 3042, 3041, 3054 and 3051 of cable
F(30) extending to Fig. 80 thence to the armg-
tures of the NIA to N4A relays of Figs. 71 and
80. With relay N4A(80) operated, conductors
3042 and 3047 become extended over contacts 8
and il of relay N4A(80), conductors 80062 and
8607 to the windings of relays T2(57) and T1(57)
of the tens digit register and to battery and con-
ductors 3054 and 3057 become extended over con-
tacts 3 and 2 of relay N4A(80), conductors 80614
and 8617 to the windings of relays U4(71) and
UT(T1). of the units digit register and to battery.
These numerical register relays operate in the
circuits above traced.

Since from the operation of the route relay, it
has been determined that the call is a local call,
the numerical registration will be transmitted to
the number group eircuit which' will inform the
marker as to the location and type of the calling
line and the nature of the ringing current re-
quired. - However, since the connection cannot
be completed unless an idle trunk is available,
the seizure of the number group circuit is delayed
until a trunk link frame has been seized upon
which there is an idle intraoffice trunk. Since
the present invention is not directly concerned
with the functions of the marker in seizing an
idle intraoffice trunk, such funections have not
been disclosed and discussed herein, but refer-
ence is made to the application of A. J. Busch
hereinbefore referred to for a complete disclosure
and discussion thereof.

In response to the registration of the code
digits of the called line number in the marker a
route relay (not shown) is operated indicative of
the route that must be set up to complete the
desired connection, thereby causing the operation
of the NS{(62) relay indicative of the fact that
no sender will be required for the conneection,
Relay NSI1(62) upon operating, causes the opera-
tion of relays ITRI (not shown), ITR2(46) and
ITR3(60) -in a circuit which may be traced in
part from battery through the winding of relay
ITR3(60), conductor 6004, winding of vrelay
ITR2(46), conductor 4609 extending to the re-
cycle control'er (not shown), thence through the
class of call circuit (not shown), conductor 6200,
contact 3 of relay NS1(62), conductor 6291, con-
tact | of relay LR(63), conductor 6300, contact
5 of relay TR2E(50), conductor 2508 -of cable
C(36) extending to Fig. 25, contact 6 of relay
MAL(25), conductor 1304 and to ground at con-
tact | of relay TRI(13). These relays being op-
erated, the marker is conditioned to complete the
required intraoffice connection.

Selection of trunk link frame

The marker now proceeds to seize a trunk link
frame having. at least one idle intraoffice trunk
aprearing thereon, and to thereafter seize an
idle intraoffice trunk in the same general man-
ner as has been described in connection with the
seizure of an idle orizinating register and as
fully described-in-the spplication of A..J. Busch
hereinbefore referred to. ‘
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Operation of number group circuit

The marker is now ready te determine the 1o-
eation of the called line. When relay ITR2(46)
operated as previously deseribed, it closed the
circuit from battery through the winding of relay
FLG(60), eonductor $8388, contact (8 of relay
LEH46), contact & of relay ITR2(48), conduetor
4698 and to ground at contact €& of relay
CKGE3(37). 'To determine the location of the
called line, the marker must select and seize a
number group frame for the purpose of trans-
lating the digits of the called number registered
in the marker into the location digits of the
called line. Each number group -circuit is
equipped to assist in the location of cne thou-
sand directory numbers. ‘Therefore, there will
ke one number group cireuit, such as is disclosed
in PFigs. 2, 3 and 4, assigned to each series of one

thousand directory numbers and the marker by ¢

examining the thousands digit of the directory
number will determine the particular number
group circuit which is required.

It will be recalled that relay FLG(60) was op-
erated to inform the marker that it has been
seized fo terminate a call. Among other circuits
established by the operation of relay FLG(60) a
eireult is established from ground at its contact
2, over conductor 8884 of cable C(61) extending

to Fig. 21 and through the winding of relay ¢

HGLA(9) to batiery. Another circuit is estab-
lished from ground at contact ¢ of relay FLG(60),
conductor 6382 of cable A(35) extending to Fig.
20 -and thence in parallel through the windings

of relays VGL.4(8) and VGL2(8) to battery. A

further circuit is established from ground at
contact 3 of relay FLG(60), conductor §282 of
cable A(61) extending to Fig. 10 and thence
threugh the winding of relay VFLI(10) to battery.
A% its contact 4 relay FLG(60) establishes a cir-
ewit for relays SNG{ and SNG2 in the numker
group contrel circuit (not shown) which upon
operating supply controls for the number group
cireuit. Relay OAN(58) is also operated at this
time. A circuit is now established which may
be traced in part from battery supplied from
the number group contreller under the con-
trol of relay SNG2 to conductor 5842, con-
tact 5 of relay TH®(58), contact 8 of relay
THA{(38), contact 8 of relay TH2(58), contact
7 of THA(58), contact § of relay THT(58), con~
tact  of relay THB(58), contact | of THT(58),
contact 3 of relay OAN(58), conductor 5808 of
cable B(57) extending to Fig. 5, contact 2 of
MB2(2), contact I of relay TRE(2), windings of
marker preference relay MPI(2) and over nor-
mally closed contacts 3 of other marker prefer~
ence relays such as MP2(2) and MP3(2) to
ground, provided no other marker is attempting
to seize this number group circuit at this time.
Assuming that the number group circuit dis-
closed is available relay MP{(2) ogperates and
Iocks to ground at its contact 4. A% its contact |
relay MP{ (2) disconnects ground from the upper
armatures of the other marker preference relays
and at contact 2 closes the circuit over contact 3
of TR8(2) and conductor 288 through the wind-
ing of relay MCAI (5) to battery. While only the
contacts concerned with the No. | marker have
been shown on relay TR8(2) this relay also con-
trols the circuits for the other markers and serves
when operated to transfer the start cireuits of
the multicontact relay operating  circuits from
the regular chain of marker preference relays
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MP{(2), MP2(2) and MP3(2) to the emergency
preference relays Ef(2), E2(2) and E3(2).

Relay MCA1(5) in operating closes a plurality
of circuits connecting the marker with the num-
ber group circuit and closes a plurality of cir-
cuits for operating other mulficontact relays of
the number group circuit. These circuits may
be traced in part from battery supplied over
contacts of relays SNG2 at the number group
controller (not shown) to conductors 508 and
501, thence owver contacts | and 2 of relay
MCA{(5), conductors 582 and 503 and through
the windings of multicontact relay MCB4) +to
ground; from bkattery supplied over a contact of
relay SNG2 at the number group controller to
conductor 584, thence over contact 4 of relay
MCA!(5) through the winding of relay MCA2 (5)
to ground and from battery supplied over a con-
tact of relay SNG2' at the number group con-
troller  to conductor 5385, thence over contact 3
of relay MCA{(5) and conductor 585 through the
winding of relay MCC(3) to ground. With these
multicontact relays operated all of the circuits
are completed which are necessary for trans-
mitting the called line designation from the
marker to the number group eircuit and for re-
celving the translation of that designation from
the number group circuit. At its contact 8 relay
MCAI(5) connects ground to conductor 587 ex-
tending to the number group controller which
causes the operation of a relay therein to indi-
cate that the multicontact relays have all been
operated.

The hundreds register of Fig. 57 connects bat-
tery to one of ten conductors leading to the
number group circuit, whieh conductors are ex-
tended to the windings of ten hundreds block
relays. Since relays FIN{(57) and ENT(57) have
been operated the first cireuit is closed from bat-
tery over a contact of relay SNG2 at the number
group controller to conductor 8823, thence over
contact 3 of relay HNI(57), contact 3 of relay
HNT(87), conductor 5708 of cable B(57) extend-
ing to Fig. 5, contaet {8 of relay MCAI(5) and
through the winding of hundreds-block relay
HB3(5) to ground, operating such relay.

Since the marker is equipped to serve cffices
having both physical and theoretical numbers
the hundreds-block relays in the number group
circuit are arranged to inform the marker wheth-
er the blocks of one hundred numbers corre-
sponding thereto contains only physical num-
bers or theoretical numbers or both physical and
theoretical numbers. For this purpose termi-

5 nals PN(5), TN(5) and PTN(5) are provided on

the number greup frame and relays correspond-
ing thereto are provided in the marker and con-
tacts | of the hundreds-block relays are CIoss-
connected to the proper one of these thres ter-
minals. Under the assumption that the coffice of
the present disclosure has only physical numbers
contact | of all hundreds-block relays will be
cross-connected to the terminal PN(5) and re-
lay HB3(5) in operating closes a circuit from
ground at its contact | cross-connected to ter-
minal PN(5), contact 5 of relay MCAI(5) and
thence te conductor 598 extending to the num-
bexr group controller of the marker whereupon
a PN relay in such controller operates to inform
the marker that the wanted number is a physical
number. ’ '

‘The tens register of Fig. 57 connects battery 10
one of ten conductors extending to the number
group circuit where they are further extended
in multiple 1o the ten hundreds-block relays

-t
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so that one of one hundred tens-block relays in
the number group circuit will be operated cor-

the marker. Thé following table signifies the
facts in the translator fields:

Each Translator Terminals Connects To

Tr%qs{ator Number of

ield Terminals
First Item Second Item
LL_ e, 40 | One offour line-link frame number tens | One of ten line-link frame number units
digit conductors. digit conductors.

VHG.._.___.. 140 Olée %f fourteen vertical group con- | One of ten horizontal group conductors;
uctors.

RF ... 75 Oxtle of fifteen ringing control conduc- | One of five vertical file conductors.
OrS.

responding to the ecombination of the hundreds
and tens digits. Since relay T2(57) and relay
TT1(87) have been operated a circuit is closed 15
from battery supplied over a contact of relay
SNG2 at the number group controller to con-
ductor 8021, contact 2 of relay T2(57), contact
2 of relay TT(57), conductor 5718 of cable B(57)
extending to Fig. 5, contact 20 of relay MCAI(5), o5
contact 3 of relay HP8(5), conductor 509 and
thence through the winding of tens-block relay
TB89(3) to ground. Relay TB89(3) together
with a relay TBW (not shown) ‘in the marker
operate in this circuit. 25

The units register of Fig. 71 connects battery
to one of ten conductors leading to the number
group circuit to operate one of the units relays
in that circuit. Since relay U4(71) and UT(71)
have been operated a circuit is closed from bat- gp
tery supplied at the number group controller to
conductor 8022, contact | of relay U4(71), con-
tact I of relay UT(71) and conductor 7120 to the
number group controller, thence over a contact
of ‘the operated relay therein to conductor 5i0 g5
extending to Fig. 5, contact 11 of relay MCA2(5)
and conductor 520 through the winding of units
relay Ul8(4) to ground. Relay U3(4) operates
in this circuit and closes the circuit from ground
over its contact 4, contact 48 of relay MCB4) 40
and conductor 460 extending to the number group
controller to operate a relay NGK{ therein to
indicate to the marker that the units relay has
been operated in the number group circuit.

Each number group circuit has one thousand 45
sets of terminals as indicated at the left side of
Fig. 4, each set corresponding to one of the one
thousand designations having the one thousand
digit to which the number group is allocated.
When one units relay and one tens-block relay 50
opberate, one set of terminals is marked by hav-
ing extended to them battery supplied by the
marker to conductors 402, 403 and 404. Corre-
sponding to the three terminals of each line
designation set there are three sets of translator 55
terminals which are used for transmitting to the
marker the location of the called line and the kind
of ringing current required. One field of termi-
nals provides the identity of the line-link frame on
which the called line is located in terms of the 60
tens and units digits of the frame number. A
second field identifies the line group in terms of
the horizontal group and the vertical group on
the line-link frame within which the called line
is located and the third field identifies the ver- 65
tical file in which the line is located and the type
of ringing current required by the line. Each
translator field has as many terminals as there
are combinations of the items in that field. Each
translator terminal is connected in parallel
through two resistances to one conductor in
each of two sets, each set having one conductor
for each item. These conductors are extended
aver contacts of the multicontact relays back to 75

70

Assuming fthat the designation 7880 applies to
line 153 of Fig. 1, the set of terminals F890(4),
G830(4) and 1.880(4) selected by the operation
of relays HB8(5), TB89(4) and Ud(4) will be
cross-connected to frame tens terminal FT1(5),
frame units terminal ¥U8(4), horizontal group

terminal HGH(4), .vertical group terminal

VGI3(4), vertical file terminal VP0(4) and the
ringing selection terminal RCI(4). Since re-
lays MCB(4) and MCA2(5) are operated the ter-
minals in the translator fields and their asso-

_clated resistances are connected to the windings

of relays in the marker. .

When relay NGKI in the number group con-
troller operates as a check that the multicontact
relays for connecting the marker to the number
group circuit have operated, it causes the con-
nection of battery to conductors 402, 403 and
405 extending from the number group controller
and thence over contacts 45, 46 and 471 of relay
MCB(4) to conductors 405, 406 and 407. - When
relay U0(4) operates as above described it ex-
tends these conductors to. conductors.408, 409
and 410 and over contacts {0, 20 and 30 of relay
TB89(4) to terminals 1.890(4), G890(4) and
F890(4). As previously assumed terminal ¥890(4)
is cross-connected in parallel to terminals .
PTi(5) and FU8(5) and over contacts 23 and
20 -of relay MCA2(5), conductors 53! and 548
of cable A(5) extending to Fig. 11 and thence to
ground through the windings of relays FINI(11)
and FUN8(12). Terminal G890(4) is cross-
connected in parallel to terminals HG9(4) and
VGI3(4) and over contacts i0 and 24 of relay
MCB(4), conductor 429 of cable C(4) extending
to Fig., 11A and thence through the winding of
relay HGN9(11A) to ground and conductor 443
of cable A(4) extending to Fig. 11A and through
the winding of relay VGNI3(11A) to ground.
Terminal L.890(4) is cross-connected in parallel
to terminals VF0(4) and RCI(4). Terminal
VF0(4) is connected over comtact 40 of relay
MCB(4) and conductor 450 of cable E extending
to Fig. 11A thence through the winding of relay
VFNO(11A) to ground. Terminal RCI(4) is con-
nected over contact 25 of relay MCB(4) to con-
ductor 461 extending to the ringing control
identifier (not disclosed) to cause the operation
of the register relay therein to register the re-
quired ringing selection.

Registration of called line location

When the identification relays have operated
as above described, they, in turn, operate relays
in the marker which register the identification
and which lock independent of the number group
circuit.  Relay FTNI(12) closes a circuit from
ground over its contact and through the wind-
ing of relay FTTI(12) to battery on conductor
1200 supplied from the cross-detection circuit
(not shown). Relay FTTI(12) operates in this
circuit and extends its operating ground over its
contact 6 to conductor 1201 extending to the
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number group controller (not shown), to operate
a relay therein which locks and returns ground
on conductor $20f to lock relay FI'TI(12) oper-
ated. Relay FUN8(11) closes a circuit from
ground over its contact and through the winding
of relay FUT8(11) and over conductor {102 to
battery supplied from the cross-detection circuit
(not shown). Relay FUTS(11) operates in this
circuit and extends its operating ground over its
contact 4 to the number group controller (not
shown) to operate a relay therein which locks
and returns ground on conductor {i0 to lock
relay FUT8(11) operated.

Relay HGN8(11A) closes a circuit from ground
over its contact, conductor 219 of cable D(114)
extending to Fig. 9 and through the winding of
relay HGTS(21) to battery. Relay HGTS(21)
operates in this circuit and extends its oper-
ating ground over its contact 6, contact 2 of relay
HGLI(9) and over conductor 968 to the num-
ber group controller (not shown) to operate a
relay therein which locks and returns ground
on conductor 898 to lock relay HGT9(21) oper-
ated.

Relay VGNI3(11A) closes a circuit from
ground over its contact, conductor 783 of cable
B(11A) extending to Fig. 7 and through the
winding of relay VGTI3(19) to battery. Relay
VGTI3(19) operates in this circuit and extends
its operating ground over its contact 7, conductor
1584, contact § of relay VGL2(8) and conductor
883 to the number group controller (not shown)
to operate a relay therein which locks and re-
turns ground on conductor 883 to lock relay
VGT13(19) operated.

Relay VFN8(11A) closes a circuit from ground
over its contact. conductor 2281 of cable F(11A)
extending to Fig. 10 and through the winding
of relay VET8(10) to batiery. Relay VFT§0)
operates in this circuit and locks over its con-
tact § and contact 2 of relay VELI{(10) and.con-
ductor 1887 to the number group controlier (not
shown) to operdte a relay therein which locks
and returns to ground on conductor {807 to lock
relay VET0(10) operated.

In a similar manner a ringing selection relay
is operated and is locked operated together with
a relay in the ringing selection circuit.

The registiation of the called line location and
the type of ringing required has now been set
up in the marker and locked therein independent
of the number group circuit. The operation of
the locking relays in the number group con-
troller, indicating that the called line designa-
tion as translated by the number group circuit,
has been registered in the marker, closes a cir-
cuit for bringing about the release of the number
group circuit by opening the circuit of relay
MP{(2) as fully described in the application of
A. J. Busch hereinbefore referred to. The re-
lease of relay MP{(2), in turn, releases the mul-
ticontact relays MCAI(5), MCA2(5), MCB(4)
and MCC(3) to disconnect the number group
circuit from the marker and releases relays
HB8(5), TB88(4) and UG(4) of the number group
cireuit.

Seigure of line link frame of called line

After the location of the called line is identi-
fied, the marker will proceed to test- the called
line for a busy condition, to select an idle chan-
nel by which the called line may be connected
to the selected intraoffice trunk and to eonnect
the called line to the intraofiice trunk over the
selected channel,
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After the marker establishes the terminating
connection, it seizes the -line-link frame of the
calling subscriber in accordance with the calling
Iine location registered in the marker and selects
an idle channel between the intraoffice trunk and
the calling line. If an idle channel is found, the
previously established dialing connection from
the calling line to the originating register is
released and the marker proceeds to set up the
connection from the intraofiice trunk to the call-
ing line and to cause the called subscriber to
be rung in accordance with the ringing infor-~
mation which it has received from the number
group circuit and transmitted to the ringing
selection switch associated with the selected in-
traoffice trunk.

After the marker has completed the intra-
office call functions it releases from the termi-
nating connection and is recycled to the idle
condition so as to be available for assistance to
other calls or connections.

Outgoing call

To further illustrate the invention it will be
assumed that the calling subscriber dials the
number of a subscriber line which is located in a
distant ofiice and that the designation of such
line is Binghamton 4-7850 which is the equiva-
lent of 244-7853. In the manner previously de-
scribed in connection with the establishment of
a local connection, an originating register will be
seized in response to the establishment of the
dial tone connection and the digits of the called
number will be registered on the A, B, C, D. E,
F and G registers thereof. At the end of dial-
ing the following register relays will be operated
to register the dialed digits. AB(R3), A2(53),
B0(53), BA(53), CB(53), C4(53), DR(40), D1(40),
El140), ET40), F2027), FIQ7), G&(Q27) and
G127,

Thereafter, in the manner previously de-
scribed the A, B and C digits togsther with the
digits registered in the originating rezister to
identify the location and class of the calling line
are transferred to a marker available to control
the establishment of the desired connection, and
relays AC8(58) and AC2(58) and relays BCO,
BC4, CCfH and CC4 of the B and C code digits
registers (nct shown) in the marker are oper-
ated to register the A, B and C code digits. From
this registration the code translator in the mark-
er functions to ogerate the route relay to control
the setting of the route to the office in which the
desired line terminates. Since it has been as-

5 sumed that a route to a disfant office is required,

the selected route relay causes the operation of
an outgoing sender -group relay OSG (not
shown).

Selection of outgoing sender

With this relay operated, the marker proceeds
to select an idle outgoing sender of the type re-
guired to transmit to the distant office the cor-
rect type of pulses to control the equipment at
the distant office to terminate the connection
and to select an outgzoing trunk extending to the
desired office. An outgoing trunk has been sche-
matically disclosed in Fig. 51 by the hox labeled
“Outgoing trunk.” An outgoing sender of the re-
vertive pulse type which may be later connected
to the outgoing trunk over the out trunk sender
link schemaftically indicated by the box so labeled
in Fig. 51, is disclosed in Figs. 64 to 69 and 74 to
78, inclusive.

As soon as the marker has identified the call
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a§ ah outgoing tall it causes the operation of
relay KG(81) and this relay operates establish-
ing obvious circuits over ifts contacts | and 2 for
relays KFG(81) and KHJ(81) and over .its con-
tacts 3, 4 and 5 and conductors 8i08, 8i8{ and
8102, through the windings of relays KA(72),
KBC(72) and KDE(72) to battery. These cut-in
relays being operated, the marker is prepared to
transmit the office code and numerical digits of
the wanted line number to the outgoing sender.
Relays KA(72), KBC(72), KDE(72), KFG(81)
and KHJ(81) upon cperating connect ground over
their contacts | to conductor 8193 thereby com-
pleting the circuit of relay KX (72) which then
operates. - Relay KK(72) will thus remain oper-
ated as long as the previously mentioned cut-in
relays remain operated. The marker now pro-
ceeds to operate relay S(70) to establish a chan-
nel between the marker and the outgoing sender.

The operation of the ouigoing sender connector
relay S(70) will establish circuits from the sender
selection circuits of the marker over its contacts
T and 8 and conductors 7998 and 7801 through
the windings of the common channel relays
SA(79) and SB(70) associated with the selected
sender circuit and thence to ground. The op-
eration of the outgoing sender connector relay
OSGA(70) will operate in the outgoing sender
circuit the common channel relay MA(79) over
conductor 78482 and contact { of relay OSGA(70)
to battery supplied at the sender selection. cir-
cuit of the marker. Relay MA(79) upon operat-
ing establishes a circuit from battery at the
sender selection circuit over ifs contact 48 and
conductor 18028 through the winding of relay
MB(70) to ground and establishes a circuit from
battery at the sender selection circuit over -its
contact 47 and through the winding of relay
MC(79) to ground. Relay S(70) establishes a
circuit from ground at its contact 6§ through the
winding of relay AMA(70) to battery at the
cross-detection circuit and relay AMAC(70) es-
tablishes a circuit from battery at the sender
selection circuit over contact | of relay AMA(70)
and conductor 7824 through the winding of relay
SC(79) to ground. With relays MA(79), MB(70),
MC(79), SA(79), SB(70), and SC(79) operated
the marker is connected with the selected out-
going sender over s plurality of circuits.

A circuit is now established from ground at the
outgoing sender controller of the marker, contact
2 of relay S(70), conductor T905 of cable A(70)
extending to Fig. 74 and through the winding of
relay ONI(74) to battery. Relay ONI{(74) oper-
ates in this circuit supplying locking ground for
all of the class and register relays of the sender
and establishes a circuit from ground at its con-
tact 12, over conductor 7408 and through the
winding of relay SB(65) to battery. Relay
SB(65) operates in this circuit and at its con-
tacts removes ground from leads to make the
sender appear busy. A shunt of the winding of
relay SB(65) through resistance R(65) renders
the relay slow to release at the end of a call so
that all sender relays will have sufficient time to
release before the sender can be reseized. The
operation of relay ONI(74) also establishes a
circuit from ground over its contact 11, contact
9 of relay AV(74), contact 4 of relay TMI(74),
conductor 7431, contact 6 of relay OF3(65), con-
tact- 5 of relay LR{(65) and conductor 7403
through the winding of relay OF4(74) to battery,
causing the latter relay to operate. Relay
ON1 (74) also establishes a circuit for the steering
relay S6(67) which may be traced from ground
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over contaet. 10 of relay ONI(74), contact | of
relay AV(74), conductor 7402 and through the
winding of relay S6(67) to battery. Relay S6(6%7) .
upon operating locks over its contact 5, contact §:
of relay S1(67) and conductor 7404 to ground at
contact 10 of relay ONI(74).

When the individual outgoing trunk has beexn
selected by the marker the select magnet of the
outgoing sender link corresponding to the sender
selected will be operated as fully described in
the application of A. J. Busch hereinbefore re-
ferred to and will cause the operation of the hold
magnet corresponding to the selected trunk. The
hold magnet operating ground will be extended
through the cross-point to lead 6590 of cable
I(51) extending to Fig. 65, thence through the
winding of relay ON(74) to battery. Relay
ON(74) upon operating connects holding ground
over contact 4 for relays ONI(74) and AV(74),
removing at its contact | the shunt of condenser
TMC(74) of the trunk test timing ecircuit and
establishing at its contact 2 the charging. cur-
rent for such condenser., Relay ON(74) also
establishes a circuit from ground at its contact.1,
contact | of relay OF4(74) and conductor 7405
through the winding of sender cut-through relay
CT(65). :

At the frunk the splitting relay operates’ over
conductor 6501 of cable I(65) extending to Fig. 51,
from the operating ground of relay CT(65) and
removes the frunk supervisory relay from the
tip and ring conductors and closes the operating
cireuit of a slow releasing trunk auxiliary super-
visory relay ina circuit extending to ground at
the marker. This relay in operating establishes
a circuit through one winding of the marginal
overflow relay of the trunk over conductor §592
of cable I(51) extending from Fig. 65, contact 3
of relay CT(65), conductor 6593, contact 5 of re-
lay RO0(74), conductor 6504 and through the
winding of relay LR(65) to battery.  Relay
LR(65) operates in this circuit but the trunk
overflow relay does not operate. Relay LR(65)
upon operating establishes a circuit from ground
at contact 6 of relay ON(74), conductor 7406,
contact 4 of relay CT(65), contact 2 of relay
LR(65) and through the winding of relay LR (65)
to battery. Relay LRI(85) operates in this cir-
cuit and locks over it contact 3, conductor 7407,
contact 2 of relay OF4(74), conductor 7408, con-
tact 4 of relay CT(65) to off-normal ground on
conductor 7406 so that the sender will not re-
lease on an abandoned call until the trunk has
been conditioned fo return to normal. Relay
LRI(65) also extends a locking ground for the
ON(74) relay extending from ground at contact
§ of relay ON(74), conductor 7409, contact 2 of
relay LRI(65) and conductor 6590, through the
winding of relay ON(74)- to battery, this locking
ground being extended back over lead 500 to
the sender-link hold magnet.

Transfer of called line number to sender

With the ONi(74) relay in the sender and the
KAM2), KBC(72), RDE(72), KFG(81) 'gnd
KHJ(81) relays of the marker operated the mark-
er may now proceed to transfer the called line
number digits to the sender where they will be
registered and locked in. It will be recalled that
relays AC0(58) and AC2(58) have heen operated
to register the A code digit 2 and therefore two
circuits are established from ground at contacts 1
of such register relays, conductors 5800 and 5802,
contacts 4 ‘and 6 of relay KA(72), conductors
1200 and 7202 and through the windings of relays
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AB(73) and A2(73) to battery, and in parallel
over eonductors 7900 and 7902 of cable E(81)
extending to Fig. 79, contacts 45 and 43 of relays
MA(79) and SA(79), conductors 6490 and 6402
of cable A(79) extending to Fig. 64 and through
the windings of register relays A0(64) and A2(64)
to battery. Relays AG(73), A2(73), AB(64) and
A2(64) operate in these circuits, relays A0(64)
and A2(64) locking over their ¢ontacts { and 2
to ground applied to conductor 1418 at contact 7
of Telay ONI(74), this locking ground serving 1o
hold relays A0(73) and A2(73) in the marker
operated.

With relays BCO and BC4 of the B code. digit
register (not shown) operated and relay KBC(72)
operated, two circuits are established from ground
applied over contacts of such register relays to
conductors 7130 and 7134, thence over contacts
8and ‘11 of relay KBC(72), conductors 1210 and

1214 and through the windings of register relays :

B0(73) and B4(73) to battery, and in parallel
over conductors T918 .and 719i4 of cable E(81)
extending to Fig. 79, contacts 40 and 37 of relays
MA(79) and SA(79), conductors B4{0 and 6414
of cable A(79) extending to Fig. 64 and through
the windings of register relays B3(64) and B4(64)
to battery. Relays B0(73), B4(73), B0(64) and
B4(64) operate ‘in these circuits, relays BS(64)
and B4(64) locking over their contacts 1 and 2

to ground on conductor 7418, this locking ground

serving to hold relays B0(73) and B4(73) in the
marker operated.

“With relays CC8 and CC8 of the C code digit
register (not shown) and relay KBC(72) oper-
ated, two circuits are established from -ground
applied over contacts of such register relays to
conductors T{40 and 7{44, thence over contacts
6 and -3 -of felay KBC(72), conductors 7228 -and
7224 and through the windings of register relays
C0("73) :and"C4(73) to battery, :and in parallel
over -conductors 7920 and 7924 .of cable E(S1)
extending to ¥ig. 79, contacts 35 and 82 of re-
lays MA(79), conductors 6528 and 424 of cable
A(79) -and SA(7T9) and through the windings of

register- relays C8(64) and 'C4(64) to battery. -

Relays C8(73), C4(73), CH(64) and C4(64) oper-
ate in ‘these circuils, relays C38(64) and C4(64)
locking over their contaets 1 and 2 to ground on
coriductor 7418, this locking ground sefving to
held relays C8(73) and C4(73) in the marker
operated.

With relays D8(40) and D7(40) of the orig-
inating register operated to register the thousands
digit 7 of the-dialed number and relay KDE(72)
operated, two circuits are -established froin
ground over contacts 3 and 4 of relays D840)
and D1(48), conductors 484§ and 4817 of cable
B(40) -extending to Fig. 30, contacls 16 -and {2
of relays RB(30) and MB(30), conductors 3828
and 3027 of cable F(30) extending to Fig. 80,
conductors 7450 and 7457, contacts 11 and -7 of
relay KBE(72), conductors 72480 and 7247, and
through the windings of register relays D9(73)
and DI1(73) to battery, and in parallel over con-
ductors 7938 and 1937 of cable E(81) extending
to Fig. 79, contacts 35 and 26 of relays MA(79)
and SA(79), conductors 17830 and 71687 of cable
B(79)-extending to Fig. 76 and through the wind=
ings of register relays DE(76) -and D71(76) -to hat-
tery. Relays D#(73), DI(73), DO(76) and
D1476) operate in these circuits, relays D78
and R71(76) locking over their ¢ontacts 3 and &,
conductor 7811 and to-ground at contact 8 of
relay ONI(74), this.ground serving-to hold relays
D0¢73) and DI1(73) in the marker operated,
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Since relays EI(40) and ET(40) of the orig-
inating register have operated to register the
hundreds digit 8 and relay KDE(72) has operated,
two circuits are established from ground over con-
tacts 3 and 4 of the register relays, conductors
4021 and 4027 of cable B(40) extending to Fig.
30, contacts 10 and T of relays RB(30) and
MB(30), conductors 383! and 3037 of cable F(30)
extending to Fig. 80, contacts § and 2 of relay
KDE(72), conductors 7941 and 7947 and through
the windings of register relays Ei (82) and ET(82)
to battery, and in parallel over conductors 794l
and 7847 of cable E(81) extending to Fig. 79,
contacts 24 and 21 of relays MA(79) and SA(79)"
and conductors 1611 and 7617 of cable B(79) ex-
tending to Fig. 76, through the windings of regis~
ter relays B (76) and ET(76) to battery. Relays
E{(82), ET(82), EI(76) and ET(76) operate in
these circuits, reiays El(76) and EI(76) locking
over their contacts 3 and 4 to ground on conduc-
tor 1411, this locking ground serving to hold re-
iays E1(81) and ET7(81) in the marker operated.

With relays F2(27) and P1(27) of the orig-
inating register operated to register the tens
digit 9 and relay KFG(81) operated, two circuits
are established from ground over contacts 3 and
4 of relays F2(27) and F1(27), conductors 2712
and 2717 of cable A(27) extending to Fig. 30,
contacts 26 and 24 of relays RB(30) and MB(30),
conductors 3842 and 3047 of cable F(30) extend-
ing to Fig. 80, contacts 8 and (i of relay KFG(81),
conductors 8112 and 81{7 and through the wind-
ings of register relays F2(82) and F1(82) to bat-
tery, and in parallel over conductors 8112 and
817 of cable E(81) extending to Fig. 79, con-
tacts 18 and {6 of relays MA(79) and SA(79),
conductors 7782 and 7767 of cable 7971 and
through the windings of register relays F2(77)
and F1(77) to battery. Relays F2(82), F1(82),
F2(77) and F7(77) operate in these circuits, re-
lays F2(77) and F1(77) locking over their con-
tacts 4 to ground on conductor 7411, this locking
ground serving to hold relays F2(82) and ¥F1(82)
in the marker operated.

With relays G4(27) and G1(27) of the orig-
inating register operated to register the units
digit 0 and relay KFG(81) operated, two circuits
are established from ground over contacts 3 and
4 of relays G&4(27) and G1(27), conductors 2724
and 2727 of cable A(27) extending to Fig. 30,
contacts 20 and 21 of relays RB{(30) and MB(39),
conductors 3654 and 3857 of cable F'(30) extend-
ing to Fig. 80, contacts 3 and 2 of relay KFG(81),
conductors 8124 and 8127 and through the wind-
ings of register relays G4(82) and G7(82) to
battery, and in parallel over conductors 8124 and
8127 of cable E(81) extending to Fig. 79, con-
tacts 12 and 1! of relays MA(79) and SA(79),
conductors §7{4 and 7717 of cable 7977 .and
through the windings of register relays G4(77)
and G107 to battery. Relays G4.(82), GT(82),
G&(77) and GT1(77) operate in these circuits, re-
lays G&(77) and GT(77) .locking .over their con-
tacts 8 and 4 to ground on conductor 741{, this
locking ground serving {o.hold relays G4(82) and
G71(82) in the marker operated.

A circuit is also established from the originating
register to operate relay HT(82), which circuit
may be traced from ground on conductor 4002,
contact 9-of relay EV(40), conductor 4005, con-
tact {1 of relay GS(27), conductor 2793 extend-
ing through cable A(27) to Fig. 30, contacts 6 of
relays RB(30) and MB(30), conductor 3685, con=
tact 12 of relay KFG(81), conductor 8127 and
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through the winding of relay H1(82) to battery.
Relay HT(82) operates in this circuit.

Check of transfer of infofmation to sender

A cheek ecircuit is now established to determine
if the proper number of digit register check re-
lays in the marker have beeni operated. This
circuit may be traced from battery through the
winding of relay ORKI(72), conductor 7248,
contact 2 of operated register relay A0(73), con-
tact 4 of relay Af(73), contact 3 of operated
relay A2(73), contact 4 of relay A4(73), contact
2 of relay AT(73), contact 2 of operated relay
‘Ba(73), contact 4 of relay BI(73), contact 4 of
relay B2(73), contact 3 of relay B4(73), contact
3 of relay BY(73), contact 3 of operated relay
C0(73), contact 5 of relay C1(73), contact 5 of
relay C2(73), contact 4 of operated relay C4(72),
contact & of relay C7(73), contact 3 of operated
relay DB§(73), contact § of relay DI(73), contact
§ of relay D2(73), contact 5 of relay DA(73),
-contact 3 of operated relay DT(73); dofiductor
1300, contact 2 of relay E0(82), contact 3 of
'operated relay Ef(82), contact 5 of relay E2(82),
contact 5-of relay E4(82), contact 3 of operated
relay EI1(82), contact 2 of relay F0(82), contact
2 of relay ¥i(82), contact 8 of operated relay
F2(82), contact 5 of relay F4(82), contact 3.of
operated relay PF1(82), -contacts 2 of relays
G0(82), G1(82) and G2(82), contact 3 of oper-
‘atcd relay G4(82), contact 3 of operated relay
GT(82); contacts 2 of relays H0(82), Hi(82),
H2(82) and H4(82), contact 2 of operated relay
‘H1(82), conductor 8200, contact | of . relay
‘STE(72):- and through the winding of relay
‘ORK2(72) . to ground. Relays ORKI(72) and
‘ORK2(72) operate in this circuit if the correct
number of register relays have been operated
and, upon -operating, establish a circuit which
may be traced in part from ground over contacts
of multicontact relays MC(79) and SC(79), con-
tact 48 of relay SA(7T9), conductor 1005, contact
32 of relays SB(70) and MB(70), conductor. 1001,
contact 45 of.relay MA(79), conductor 1948 of

cable E(79) extending to Fig. 81, contact { of <

velay KK(72); contacts | of relays ORKI(72)
and ORK2(72) to conductor 7249 and thence
through the winding of a relay (not showr)
which operates to start the measurement of a
timing interval to insure that the register rslays
of the outgoing sender have been operated, have
locked and have returned their locking ground
to hold the corresponding register relays-of: the
marker operated. . At the end:of the measured
time interval, another relay associated with the
timing circuit operates to open the circuit.of relay
KG(81) which now releases and in turn causes
the release of relays KA(72), KBC(72), RDE(72),
‘KFG(81) and KHJ(81). When the latter relays
have all released no operating circuit for relay
KK(72) is effective and such relay also releases
opening at its contact | the circuit previously
traced: over the contacts of .the check relays
ORKI(72) and ORK2(72). to .conductor. 7243
over which the timing circuit was started.

With relays . KA(72),  KBC(72), KDE(72),
EFD(B1) and KHJ(81) all released, the initial
.operating circuits for the register relays: shown
in Figs. 73 and 82 of the marker' are opened

Ieaving such register relays held from-the locking 7

grounds supplied from. the. registers :of the. out-
going sender. ‘Relay KK(72) upon releasing re-
:moves ground at its contact 2 from conductor
72879 therzby opening the locking . circuit for the
timing start relay which with -its initial.oper-

5

10

15

20

20

30

30

.40

bit]

=
[}

1Y)

65

-1
(1)

ating circuit opened at contact 1 of relay KK (72)
now releases to restore the timing circuit. - After
a further time interval the timing circuit be-
comes restored and if the register relays of the
marker are still operated by the locking grounds
supplied from the outgoing sender, the check cir-
cuit previously .traced through fthe windings of
relays ORKI1(72) and ORK2(72) will still be ef-
fective and the latter relays will remain operated
to establish a circuit over their contacts 2 for a
sender connector release relay (not shown) which
is effective to signal the outgoing sender that the
required information has been successfully
transmitted from the marker to the oufgoing
sender and that the outgoing sender may now
advance to out-pulse the information to the dis-
tant office. This eircuit may be traced in part
from battery applied by the marker sender con-
nector release relay to conduector 1868, contact 3
of relay S(70), conductor 71412 of cable A(70)
extending to Fig. 74 and through the winding of
relay AV(74) to battery. Relay AV(74) oper-
ates in this circuit and locks over its contact 5
to ground at contact 4 of relay ON(74). The
operation of the outgoing sender connector re-
lease relay of the marker also initiates the re-
lease of the outgoing sender connector, sche-
matically illustrated in Figs. 70 and: 79, to dis-
connect the marker from the outgoing sender.
The marker then proceeds in the manner fully
described in the application of A. J. Busch here-
inbefore referred to, to set up the connection
from the calling line to the selected outgoing
trunk and to release the originating register.
After the marker has established the connection
and checked it the marker releases.

Following the operation of relay AV(74) in the
outgoing sender, the sender proceeds to control
revertively the setting up of a connection in the
distant -office which may, for example, be an-
other cross bar office of the same type as dis-
closed herein, in accordance with the digits reg-

dstered in the registers of the outgoing sender.

Incoming call

To illustrate the manner in which digit in-
formation is transferred to the marker on a call
incoming from an outside office to be terminated
in the office in which the disclosed marker is
located, it will be assumed that a subscriber, for
example in an outside office, dials the number of a
subscriber whose line terminates in the cross bar
office disclosed herein and that in response to dial-
ing the office code digits a trunk incoming to the
called subsecriber’s office is seized. This trunk cirs
cuit is schematically illustrated by the box in Fig.
51 labeled “Incoming Trunk Circuit,” which trunk
circuit may be of the type fully disclosed in the
application of M. C. Goddard, Serial No, 57,386
filed concurrently herewith. Upon its seizure this
trunk circuit is connected by the incoming regis-
ter link circuit, illustrated by the box of Fig. 51
so labeled which, in the manner fully disclosed in

‘the application of A. J. Busch hereinbefore re-

ferred to, causes the seizure and connection of an

incoming register with the incoming trunk circuit
‘over cables J(51) and K(51) extending to Figs. 15
-and- 17, respectively.

The incoming register, disclosed in Figs. 14 to

18, inclusive, registers the numerical digits of the

called number when it is selected by an incoming
trunk receiving calls on g revertive pulse basis.
It -also records. other information received from
‘the trunk as+to the trunk location. Theé registered

information is transmitted to an available marker
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which completes a connection from the trunk to
the wanted line. It will be assumed that the
numerical digits of the wanted line number dialed
by the calling subscriber are 7890.

Seizure of incoming register

To seize a register, the register link circuit con-
nects ground to conductor 589 of cable J(51) ex-
tending to Fig. 15 thereby completing a circuit
through the winding of relay ON(15) to battery
and in parallel over contact | of relay TRI:«(15),
contact 2 of relay MRL(15), conductor i501, con-
tact 2 of relay MB(14), conductor 1400 and
through the winding of relay RB(15) to battery.
Relay RB(15). operates in this circuit and con-
nects battery through a resistance, over each of
its contacts { to 5, inclusive, and conductors of
cable J(15) extending to Fig. 51 to operate relays
in the register link circuit to make the incoming
register busy to all of the five trunk groups except
the one connected to the register. Ground con-
nected from contact & of relay RLK(15) over a
conducter of cable J(15) extending to Fig. 51,
prevents the cperation of the link relay associated
with the link group connected to the register dis-
closed. Battery applied over contact & of relay
BLK(15) and conductor {518 of cable J(15) ex-
tending to Fig. 51 locks the trunk to the register.

Relay ON(15) upon operating starts cne cycle
of register timing by opening the discharge path
for timing condenser TMC(14) extending through
resistor TM2(14), conductor (46{, contact 2 of
relay ON(15) and conductor 1532 to condenser
TMC(14), and establishing a charging path for
such condenser extending from ground at contact
2 of relay ON(15), conductor (582, condenser
TMC(14), contact | of relay OVL(14) and
through resistance TM3(14) to positive battery.
Relay OM(15) also starts a link release timing
circuit by removing a shunt extending over con-
tact 12 of relay ON(15), conductors 1584 and 1525
and through resistance LR2(14) from condenser
LRC(14), and connecting ground through the
winding of relay LR (14), conductor 1402, contact
{1 of relay ON(15), conductor 1505, condenser
LRC(14) and through resistance IL.R3(14) to posi-
tive battery. Relay ON(15) also connects off-
norrmal ground to various parts of the register.

When the register is seizcd, its associated select
magnet in the link group connected to the register
is operated by the battery applied through resist-
ance SM(15), over contact 4 of relay TRL(15),
contact 3 of relay H(15) and a conductor of cable
J(15) extending to Fig. 51. When such select
magnet operates, ground applied over contact &
of relay ON(15), contact # of relay H(15) and a
conductor 1586 of cable J(15) extending to Fig. 51
and through off-normal contacts of the opcrated
select magnet, operates the hold magnet of the
incoming trunk being connected tc the register.
When the switch cross-points close the ground
applied to the link over conductor 1586 is returned
on conductor 387 of cable J(51) extending from
Fig. 51 to Fig. 15, thence over contact 8 of relay
TRL(15) and through the winding of relay H(15)
to battery. Relay H(15) upon operating at its
continuity contacts 4 and % removes the operating
ground from conductor (288 for the hold magnet
and closes a holding circuit for itself extending
from battery through its winding, the upper
winding of relay DCK(15), contact 5 of relay
H{(15) and to ground at contact 4 of relay ON(15).
Relay H(15) also at its contact 3 opens the circuit
of the select magnet at the link cireuit which
magnet thereupon releases and closes an operat-
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ing circuit for relay RV3(14) which may be traced
from battery through: the winding of such relay,
contact 3 of relay RV2(14), conductor 1403 and
to ground at contact 2 of relay ¥ (15). Atitscon-
tact | relay H(15) prepares a locking circuit for
relay TC2(15). Relay RV3(14) upon operating
locks over its contact 2, contact 3 of relay IBI(14)
when such latter relay later operates, contact 1 of
relay TMA(14), conductor {615 and to ground at
contact { of relay L.(16).

Relay DCK(15) operates in series in the lock-
ing circuit of relay H(15) and locks over its con-
tacts 3 and 4 to ground at contact 4 of relay
ON(15). If ground.is present on conductor (507
as the result of the existence of a cross or double
connection in the link circuif, relay DCK(15)
cannot operate, thus preventing the operation of
relay RV4(14) and the subsequent termination
of link release timing.

Registration of trunk link frame number

It will be: assumed that the incoming trunk
terminates in an appearance B on the fourth
level of the trunk link frame, schematically illus-
trated in Fig. 38, and that the number of such
frame is 00. If there are more than ten frames
then either frame tens relay FG0(17) or PGI(T)
will be operated dependent upon whether the
frame number has a tens digit 0 or 1. It having
been: assumed that the frame number is 00, relay
PG0(17) is therefore operated over conductor
{700 of cable K(17). extending to Fig. 51 and to
ground applied thereto when the link connects
the register to the trunk. Relay FG0(17) upon
operating locks over its contact 2 and conductor
170t to ground at contact (0 of relay ON(15).

‘When the link connects the trunk to the register
one of ten leads extending from the link circuit
through cable K(51) to Fig. 17 will be grounded.
Since it has been assumed that the units digit
of the trunk frame number is 0, conductor 1620
will be grounded: and the circuit of select magnet
S0(18) of the cross bar register shown in Figs.
17 and 18 will be completed. Magnet S0(18)
upon operating, prepares a cross-point in the 0
level of the switch for operation and at its con-
tact | establishes a circuit extending over con-
ductor {702 through the winding of relay SM(16)
to battery. Relay SM(16) operates in this cir-
cuit locking over its contacts 4 and 1, contact 12
of relay LB(16) and conductor 1600 to ground
at contact 8 of relay ON(15), and establishing a
circuit. for relay RA1(16) which may be traced
from battery through the winding and contact 2
of relay RAI(16), contact 3 of relay SM(16) and
over conductor 601 to ground at contact 9 of
relay ON(15).

Relay RA1(16) operates in this circuit, locking
over its contact 3 directly to ground on conductor
1601 independent of relay SM(16), and estab-
lishes a circuit from battery through the winding
of the frame hold magnet F(17) of the cross bar
register, over conductor 1703, normal contact f
of relay IBI(14), conductor 1404, contact 5 of
relay RA{(16), contact 4 of relay RA2(16) to
both windings of relay HM(16) the upper one
of which is connected in series with the lower
winding and over conductor 1602 to ground at
contact 4 of relay ON(15). The windings of re-
lay HM(16) are differentially connected and so
proportioned that the relay will not operate or
hold either with or without the hold magnet
F(Q7) in parallel with its lower winding. The
magnet F(17), however, operates and locks over
its contact 2 to ground on conductor 1661, closing
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“the contacts of cross-point (800 at the level of
operated select magnet S0(18). The locking
"ground for hold magnet P(17) shunts the upper
winding of relay HM(16) and that relay now
operates over its lower winding. The operation
of relay FGO(17) and the closure of cross-point
1800 have now registered the frame number 00.

It will be recalled that relay RV3(14) was op-
erated following closure of the link switch cross-
point. Upon operating it establishes a circuit

- from battery through the winding of relay 1.(16),

conductor 1603, contact 1 of relay TC2(15), con-
ductor 1508, contact | of relay RV3(14), contact
3 of relay IF(14), contacts 3 and 8 of relay
RVIi(14) to the tip conductor T of cable J(15)
extending to Fig. 51 and thence to the tip of the
incoming trunk. Relay 1.(16) may or may not
operate at this time since it is in parallel with
the winding of the line relay of the trunk. The
ring lead of the trunk and ring lead R of the
register are connected together over cable J(15)
extending to Fig. 51, both being connected to
direct ground over conductor 1405 and contact 5
of relay RLK(15).

If the trunk frame tens and units digits have
been registered, as will be indicated by the opera~
tion 'of relay FGO(17) or FG!(17) and relay
RAI(16), and relay DCK(15) has operated upon
the completion of the double connection check,
relay RV4(14) will nhow operate in g circuit from
“battery through its winding, contact 4 of relay
RV3(14), conductor 1496, contact | of relay
.DCK(15), conductor 1509, contact | of relay
RAI1(16), conductor 1684 and to ground at con-
tact 3 of relay FG8(17). Relay RV4(14) upon
operating connects the winding of relay RV5(14)
over its contact 3 to conductor {487 of cable
J(15) extending to Fig. 51 where it extends
through the winding of a relay in the trunk cir-
cuit to battery. Relay RV5(14) thereupon op-
erates and locks over its contact 2 to its initial
operating circuit over conductor 1407. The relay
in the incoming trunk operates and removes all
shunts from the pulsing path which extends from
the distant office to the trunk and over the trunk
connector to the relays 1.(16) and STP(16) of the
register, RelayL(16) will nowoperate inturn clos-
ing a circuit from ground over its contact 2, con-
tact T of relay LB(16), contact 2 of relay SM(16)
and through the winding of relay L.A(16) to bat-
tery. Relay LA(16) operates in this circuit lock-
ing itself over its contact 4 to ground at contaect
2 of relay-1.:(16) independent of relay LB(16) and
at its contact 3 establishing an obvious circuit
for relay LB(16) which operates and locks over
its contact 6 to ground at contact 8 of relay
SM(16).: The relay in the trunk circuit which
“operated in series with relay RV&(14) also opens
the start lead to the link control relays which
now hold to battery on lead 15{0 at the register
under the control of relay RLK(15) and this
relay also connects ground fo conductor {511 of
trunk 'J(51) -extending to Fig. 15, over contact
6 of relay RB(15) and through the winding of
relay ONIi(15) to battery. ‘

Relay ON{I(15) now operates, locks over iis
contact €& and contact & of relay ON(15) to
‘ground, establishes a holding circuit for relay
ON(15) which extends from ground st contact 8
of relay ONIi(15), contact 2 of relay MRI«(15)
and contact | of relay TRL(15) to-the winding
of relay ON(15); supplies a locking ground: over
'its contact 3 to the previously traced locking chj—
cuit for relay RV4(14); connecis ground to a
“plurality of off-normal conductors of the register
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and establishes at its contact 12 an obvious cir-
cuit for relay RLK(15). Relay ONI(15) also re-
moves ground from conductor 1512 of ecable
J(156) extending to Fig. 51 to release relays of the
link through which the trunk link frame num-
ber has been received. 'This insures release of
these relays before a back-up can occur between
two registers through two sets of these link relays
which might otherwise both be operated when
relay RLK(15) operates, to permit a waiting link
to connect fo another register.

Relay RLK(15) upon operating, removes bat-
tery from conductor {510 and ground from con-
ductor {5i3. This causes the release of the link
preference relays which have been locked to the
register and operates a relay in the link to make
the register busy to the link group in which the
call originated. At its contact 5 relay RLK(15)
also removes ground from conductor 405 and
the R lead which has shunted the winding of re-
lay STP(16) so that the R lead is now connected
over contact | of relay RV2(14), conductor 1408,
through the winding of relay STP(16) and con-
ductor {685 to ground at contact 18 of relay
TT(i5). Relay RLX(15) at its contact | inter-
connects conductors 1504 and {585 to close the
discharge path through condenser LRC(14) to
terminate link release .timing.

Registration of called line number

The five selections relating to the called line
numkber are registered in the originating sender
as incoming brush and group, and final brush,
final tens and final units selections and are
transferred to the incoming register by battery
pulses generated in the incoming register .and
transmitted over the trunk. The register counts
the pulses it generates and transfers this count
to its eross bar switch register shown in Pigs. 17
and 13 when the originating sender opens the
fundamental loop as g signal to terminate pulsing
on that selection. The actions of the originating
sender and the incoming register are synchronized
and the pulsing kept in step with the registra-
tion.

It will be recalled that relays L(18), LA(16)
and LB(16) have operated, relay 1.(16) having
operated with its non-induetive winding S(16)
shunting its inductive winding. - This is unim-
portant on the first selection but on later selec-
tions the non-inductive winding smooths out the
descending side of a cable capacity surge which
has a tendency to cause the distant stepping re-
lay to momentarily release and then reoperate
to generaie a false pulse. When relay LA(16)
operates, as previously described, it cuts off the
non-inductive ‘winding S(16) at its contaect 1 in
order to speed the subsequent orerations of the
distant stepping relay. Relay L{16) is perms-
nently shunted by resistance L.(18} to insure that
the relay L(16) will hold on all lengths of cahle
at the end of each ground pulse. Relay LB{(16)
upon operating copens at its contact 12 one lock-
ing path for relay SM(16) and the select magnet
88(18) and they release when an additional lock-
ing path over the hack contact of relay HM (16>
is opened by the operation of relay HM(16) fol-
lowing the operation of the hold magnet P(17) as

_previously described, and when the operating cir-~

cuit is removed by the release of relays in the
trunk when relay ONI (15) operates as previously
described.

When relay SM(16) releases shunting ground
connected from conductor 1691 over contact 3 of
relay ‘SM(16)- to contact 1 of relay RA2(16),is
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removed and relay RA2(16) now operates over
the previously traced locking circuit for relay
RA1(16) and opens the operating circuit of relay
HM(16) which then releases. The eircu r
now ready for the registration of incoming
selection although pulsing may start kefore com~
pletion of a1l of the foregoing operations with-
cut any circuit reaction. The purpose of the re-~
maining contacts of relays L(16), LA(16) and

IB{18) and BM8) is to contrcl registration i

and to prevent a selection from starting hefore
the preceding one has progressed far enough in
its. registration to avoid possible interierence
and yet to allow two selections to overlap oue
another as much as possible so as to save time.
When relays LA(18), LB(18) and RLE(15) and
.2 relay in the trunk have all removed shorting
grounds from the ring conductor R, relay
STP(16) can operaie over the fundamental locn.

The reaszon for having parallel ground conunec-

‘tions through bhack contacts of relays LA(16)
and LB(16) is that in their operation ground
must finally ke removed by relay LB(16) because
if it were removed by relay LA(I8) at the time

relay L:A(16) opens the non-inductive winding 2

of relay L:(16), the stepping relay of the orig-
inating sender might falsely release from having
unshunted inductance inserted into ifs eircuit.
On the other hand, the reiease of relay LB(1§)

may be delayed and it is necessary to shunt out ¢

relay STP(16) by the release ¢f relay TLA(LS) o
prevent starting the next selection prematurely.

When relay STP(16) operates over the funda-
mental loop it establishes a circuit for relay
GR(16) which may be traced from battery
through the winding of relay GR(16), conduc~
tor 1686, a contact of cross-point 1888, conduc-
tor 1831, contact of relay STP(16), conductor
1607 and a second contact of cross-point (880

to ground. Relay GR(16) in operating connects -

ground over its contact i, conductor 1547, con-
tact 8 of relay TT and conductor {514 to a point
between the winding of relay 1.(16) and the step-
ping relay of the distant sender thereby shunt-
ing down such stepping relay and relay STP(16)
and holding relay L(16) and conseguently re-
lays LA(16) and LB(16) operated. This opera~
tion and release of the stepping relays consti-
tutes the first pulse. When relay STP(16)

releases, relay GR(16) also releases removing

the ground from the T lead and allowing relay
STP(16) and the stepping relay of the originat-
ing sender to reoperate. Relay GR(18) then
reoperates and again grounds the T lead releas-
ing relay STP(16) and the stepping relay of the
originating sender. This pulsing, the alternate
operation and release of the two stepping relays,
continues as long as the circuit is kept closed
in the originating sender or until eleven pulses
have been counted to indicate a telltale condition.

The periodic operation and release of relay
GR(16) causes relays LC(16), ILD(16) and
LE(16) to operate and release in a recurrent
cycle of half the frequency. These relays in
turn - actuate the counting vrelays P1(16) to
P5(16). The operation of relay GR(16) on the
first or any odd-numbered pulse establishes a
circuit from ground over its contact 2, the lower
normal contacts of jack T(16), contact { of re-
lay LE(16) and through the winding of relay
LC(16) to battery and relay LC(16) operates,
locking in a circuit through the upper winding
‘of relay LE(16), contact { of relay LD(16), con-
tact.{ of relay LC(16) and to ground over con-
-tact 5. of relay LA(16) or contact 9 of relay
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LB(16). Until relay GR:(16) releases. the: upper
winding of relay LE(16) is shunted and relay
LE(16) will not operate in the locking: circuit
of relay LC(16). When, however, relay GR(16)
releases, relay LE(16) operates. The operation
of relay GR(16) on the second or any even-
numbered pulse establishes a circuit from ground
at contact 2 of relay GR(16), contact of jack
T(16), contact 2 and the lower winding of relay
LE(16) and through the upper winding of relay
LD(16) to battery thereby causing the operation
of relay LD(16) which now locks over its- lower
winding and contact 2, contact 2 of relay LC(16)
and to ground as traced: at contacts of relay
LA(16) or relay LB(16). Relay LD(16) upon
operating opens. the locking circuit for relay
LC(16) extending through the upper winding of
relay LE(16) and relay LC(16) releases but re-
lay LE(16) is maintained operated in the op-
erating - circuit of relay LID(16) until relay
GR(16) releases whereupon relays LD(16) and
LE(16) release. Thus relay LE(16) operates at
the end of each odd pulse, and releases at the
end of each even pulse. The ground connec-
tion for holding relay LC(16) and LE(16) in
series with relay LD{(16) is forwarded over front

-contacts of relays LA(16) and LB(16) in par-

allel for-the. following reason. In their opera-
tion relay LA(16) operates first and by having
it supply a locking ground over its contact 5
there is better assurance that it will be ready
in time than if reliance were placed on a pos-
sibly vibrating contact of relay L.B(16) alone.
On the other hand, on the release of the relays,
relay LB(18) may be delayed some time and it
is necessary to hold the locking ground until it
releases or else an additional P relay might be

‘operated from the back contact of relay LE(16)

when it releases.

The operation of relay LE(16) on the first
pulse establishes a. circuit from ground at con-
tact B of relay L/A(16), contact 8 of relay LB(16),
contact 4 of relay LE(16), conductor 1508, con-
tact & of relay P4(16), contact 5 of relay P2(16),
contact | of relay P3(16), contact { of relay
P5(16) and through the upper winding of relay
P1{(16) to battery. Relay PI(16) operates in this
circuit and locks over its contact 3, contact 2
of relay P2(16), confact 5 of relay P3(16), con-
tact 2 of relay P4(16), contact 5 of relay P5(16),
conductor 1618, contact 11 of relay LB(16) and
to ground on conductor 1600. On its next re-
lease, relay LE(16) connects ground over its con-
tact 3, conductor {689, contact 5 of relay Pi(16)
and through the winding of relay P2(16) to bat-
tery. Relay P2(16) operates in this eireuit,
locking over its contact { and the previously
traced locking circuit to ground on conductor
1619 and opens at its contact 2 the locking cir-
cuit of relay PI(16) whieh now releases.

Similarly, and in the manner previously de-
scribed in connection with the operation of the
pulse counting relays of the originating register
shown in Fig. 39, the operation and release of
relay LE(16) on subsequent pulses operates
other of the counting relays P3(16), P4(16),
P5(18) and P6(16). Should relay GR operate
for an eleventh pulse, at which time relays
P4£(16) and P8(16) would be operated, the con-
nection of ground to conductor 1608 at contact
4 of relay LE(16) would complete a circuit over
contact 4 of relay PA4(16), contact § of relay
P§(16), conductor 1611 and through the winding
of relay TT(15) to battery. Relay TT(15) op-
erates in this circuit and locks over ifs contact

)
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6, conductor {515 and to ground on conductor
1600. The pulse counting relays left up after
each pulse, any of which may be the last pulse
of a selection, are as follows:

Con-
ductors
Grounded

Pulse Relays

1620
1621
1622

2| P4 ps
P4, P6, TT

The operating ground for the pulse counting
relays is controlled through a front contact 8
of relay LB(16) to allow sufficient time to op-
erate the last P relay on the last pulse of a
selection. For this reason, relay LB(16) is made
slow to release. Relay LA(16) must be fast to
release, however, because it must get down before
relay L(16) operates on the next selection. The
locking ground for the pulse counting relays is
supplied to conductor 1618, over a front con-
tact {1 of relay I.B(16) and in parallel over back
contact § of relay SM(16) and srounded con-
ductor 1600. The contact 5 of relay SM(16)
holds the locking circuit until a select magnet
of the register switch is operated in response to
the operation of the counting relays and the
contact of relay LB(16) holds the locking cir-
cuit through the interval during which relay
SM(16) has not yet released from the previous
selection and relay LB(16) is held operated until
relay SM(16) releases.

Five selections are registered on each call, in-
coming brush, incoming group, final brush, final
tens and final units, registered. in that order.
Each selection is registered by operating one of
the ten select magnels and then operating the
hold magnet appropriate to that selection after
which the select magnet is released and the hold
magnet is held. This closes the cross-points
which are at the levels of the operated select mag-
nets.

‘When the originating sender has counted the
proper number of pulses for a selection, it breaks
the fundamental ecircuit extending over conduc-
tors T and R to the incoming register and relays
L(16), LA(16) and LB(16) . release. Relay
LB(16) upon releasing then establishes the ecir-
cuit for one of the select magnets in accordance
with the operated condition of the pulse counting
relays. It has been assumed that the directory
number of the wanted line registered in the dis-
tant originating sender was 7898, and that con-
sequently such sender has translated that number
and will send a series of four pulses for the in-
coming brush selection, four pulses for the in-
coming group selection, four pulses for the final
brush selection, ten pulses for the final tens selec-
tion and one pulse for the final units selection.
Therefore, at the end of the first or incoming
brush selection counting relay P4(16) will be
operated and g circuit will be established from
ground at back contact 2 of relay TT(15), con-

ductor {5186, contact 9 of relay RVI(14), conduc- 7

tor 1408, contact 6 of relay SM(16), conductor
1612, contact { of relay P§(16), contact | of relay
LB(16), contact 6 of relay P4(16), conductor
1623 and through the winding of select magnet
S3(18) to battery. The select magnet. thus oper-
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ated has a number one less than the numbei of
pulses counted for the particular selection.

Select magnet $3(18) upon operating connects
its operating ground over its contact { and con-
ductor 1702 to the winding of relay SM(16) which
operates and locks as previously described under
the control of relay HM(16) and holds the select
magnet operated. The operating circuit from a
front or back contact of relay P§(16) for the
select magnets is taken through two different
back contacts { and § of relay LB(16) instead
of a single back contact so that if relay LB(16)
operates to start the next selection while a select
magnet and relay SM(16) are still locked up and
two adjacent pulse counting relays are for a
moment both operated, the locking ground for
the operated select magnet cannot find a path
to operate another select magnet. The operat-
ing circuit for the select magnet is taken over
a back contact 6 of relay SM(16) so that if relay
P§(16) releases faster than the other operated
pulse counting relay, momentarily closing an
operating path to another select magnet, there
will be no ground on that path. The operating
circuit for the select magnet is taken through a
back contact 2 of relay TT(15) so that when
eleven pulses are counted for g telltale condition
no select magnet will operate. The operating
cireuit for the select magnst is taken through
a back contact § of relay RVi(14) to prevent a
false operation of the select magnet S0(18). if
at the end of the final units selection the LA(16)
and LB(16) relays operate before the FU(17)
hold magnet operates and - the STP(18)  and
GR(16) relays operate to count a pulse falsely.

When relay SM(16) operated the first time to
register the incoming frame number, it operated
relay RA1(16) and when it released reiay RA2(16)
operated. When relay SM(16) operates for the
second time at the end of the incoming brush
registration it establishes a circuit over contact
2 of relay RAZ(16) and contact 3 of relay SM(16)
to ground over conductor i62{ in shunt of the
winding of relay RAI(16) and the latter relay re-
leases followed by the release of relay RA2(i6)
when relay SM(16) releases. This completes the
operating cyele for relays RAI(18) and RA2(16)
and on the four subsequent selections they go
through the same cycle twice. Each time that
relay SM(16) operates it either operates relay
RAI(16) and leaves RA2(16) normal or it re-
leases relay RAI(18) and ieaves relay RA2(18)
operated. In either case, the effect is to connect
the windings of relay M (16) to the winding of
the first non-operated hold magnet causing the
same to operate. The hold magnet closes the
contacts of the cross~points at the level of the
operated select magnet, locks to an off-normal
ground and by connecting locking ground to the
windings of relay HM (16) causes that relay to
operate. When relay HM(16) has operated on
one selection and relay LB(16) on the next selec-
tion, relay SM(16) and the operated select mag-
net release. The operated hold magnet also steers
the advance lead 1184 from the RAI(16) relay
to the next hold magnet to be operated from that
lead.

For example, when relay RAI (16) releases fol~
lowing the registration of the incoming brush
selection, the circuit for hold magnet IB(17) is
established from battery through the winding of
such magnet, contact | of hold magnet IG(17),
contact i of hold magnet F(17) previously oper-
ated, conductor 1784, contact 4 of relay RAI(16),
contact 8 of relay RA2(16), through the windings
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of relay HM(16) and to ground on conductor
1602. Magnet IB(17) operates in this circuit
and locks over its contact 2, conductor 1785, con-
tact 3 of relay RLK(15) and to ground at contact
5 of relay ON(15), the locking ground serving
to cause the cperation of relay HM(16) in the
manner previously described. Magnet IB(IT)
also establishes a circuit from ground on con-

ductor 745 over its contact 2, conductor {788

and through the winding of relay IB{(14) to bat-
tery and relay IBf(14) then operates to establish
the previously traced locking circuit for relay
RVE(14). With select magnet S3(18) and hold
magnet IB(17) operated, the contacts of cross-
point {863 are closed.

When relays L.(16), T.A(16) and LB(16) again

operate at the heginning of the next selection,
rvelay LB(15) opens at its contact { the operating
circuit for select magnet S8(18) and at its con-
tact 12 opens one locking path for relay SM(16)
and select magnet SE(18) and, with relay HM(16)
operated, the other locking path is opened and
relay S¥M(16) and magnet S3(18) then release.
Thereupon relay HBM(16) and relay RA2(1i6) re-
lease. Relay LB(i6) also at its contact 12 re-
moves one locking ground from conductor 1618
and relay SM(16) until it releasss holds locking
ground from conductor {548 at its contact & and
therefore the operated counting relay P4(16) re-
leases. At the end of the second selection relays
L(18), LLA(16) and LB(18) release and under the
assumptbion that the second or incoming group
selection comprises feur pulses, counting relay
P4(16) remains operated and the previously
raced circuit for select magnet $3(18) is again
established resulting in the reoperation of relay
SM(16) and the reoperation of relay RAI(16).
The circuit for hold magnet IG(17) is now estab-
lished from batiery through the winding of such
magnet, contact { of magnet FB(17), conductor
1707, contact 2 of relay 1B1(14), conductor 1484,
contact § of relay RAI(16), contact & of relay
RAZ(16), windings of relay HM(16) and to
ground on conductor 1882. Magnet IG(i7) oper-
ates In this circuit and locks over its contact 3,
conductor 1788 and to ground at contact 8 of
relay ON{(15), the locking ground serving to
cause the operation of relay HM(16) in the man-
ner previously described. With select magnet
$53(18) and hold magnet IG(17) operated the
contacts of cross-point {864 are closed.

When relays L(18), LLA(16) and LB(18) again
operate at the beginning of the next selection,
relay LB(16) opens at ils contact | the operating
circuil for select magnet S2(18) and at its contact
12 opens one locking path for relay SM.(16) and
select magnet S3(18) and, with relay HM(18)
operated, the other locking path is opened and
relay SMI{16) and magnet 32(18) release, where-
upon relay HM(16) releases. Relay 1LB(16) also
at its confact {2 removes locking ground from
conductor (5{2 and relay SM(16) when oper-
ated removes another ground from conduchor
1518 at its contact ¥ and therefore the operated
counting relay P4(16) releases. A% the end of
the third selection, relays 1.(18), LA(18) and
LR(18) release and under the assumption that
the third or final brush selection comprises four
puises, counting relay P4(16) remains operated
and the previously traced circuit for select mag-
net 88(18) is again established resulting in the
recperation of relay SK(18) and the release of
relay RAEI6). The circuit for hold magnet
FBE(17) is now established from battery through
the winding of such magnet, contact § of magnet

ot

20

25

30

33

40

KN
ot

83

¢ HM(16)

FT'17), contact 2 of magnet IG(17), conbact
of magnet ¥(1i7), conductor {7184, contact 4 of
relay RAI(16), contact 3 of relay RA2(16) and
through the windings of relay EM(16): to ground
on conductor 1§82, MMagnelt FB(17) operates in
this circuit and locks over its contact 3, conductor
1783 and to ground atb contact 8 of relay ON{(15),
the locking ground serving to cause the operation
of relay BM(16) in the manner previously de-
scribed. With select magnet S3(17) and hold
magnet FB(17) operated the contacts of cross-
point §885 are closed.

When relays L.(16), LA(16) and LB(16) again
operate at the beginning of the next seleetion,
relay LB(16) opens at its contact 1 the operating
circuit for seleet magnet S3(18) and at its contact
{2 opens one holding path for relay SM(16) and
select magnet S3(18) and, with relay HEM(16)
operated, the cther locking path is opened and
relay SM(16) and magnet S3(18) release, where-
upon relay HNI(18) and relay RAZ(16) release.
Relay LB(16) also at its contact {2 removes one
locking ground from conductor {6{9 and relay
SM(16) so long as it is operated removes another
locking ground from conductor {6i8 and there-
fore the operated counting relay P4 (16) releases.
At the engd of the fourth selection relays I.(16),
LA(6) and LB(16) release and under the as-
sumption that the fourth or final tens selection
comprises ten pulses counting relays P4(16) and
PE&(16) remain operated and a circuit is estab-
lished from ground on conductor 489, contact 8
of relay SM(16), conductor 1§{2, contact 2 of
relay P6(i6), contact & of relay LB(16), contact 3
of relay PA(16), conductor {823 and throuzh the
winding of select magnet S§(17) to battery.
Magnet 88(17) upon operating causes the reoper-
ation of relay SM(16) and the reoperation of
relay RAI(168). The circuit for hold magnet
FL(17) is now established from battery through
the winding of such magnet, contact 2 of magnet
FB(7), conductor {787, contact 2 of relay
IB{(14), conductor (484, contact B of relay
RAI(16), contact 4 of relay RA2(18), windings of
relay HMI(16) and to ground on conductor {602.
Magnet FT(17) operates in this circuit and locks
over its contact 8§, conductor {788 and to ground
at contact (i of relay ONI{(15), the locking
ground serving to cause the operation of relay
in the manner previously described.
With: select magnet. S8(17) and hold magnet
FT(17) operated, the contacts. of cross-point 1719
are closed.

When relays L.(16), LA(16) and LB(16) again

+ operate at the beginning of the next and last se-

lection, relay LB(16) opens at its contact & the
operating circuit for select magnet S8(17) and at
its contact {2 opens one locking path for relay.
SM(16) and select magnet S§(17) and, with re-
lay HM(16) operated, the other locking path is
opened and relay SM(16) and magnet S8(17) re-
lease, whereupon relay HEM(16) releases. Relay

- LB(16) also at its contact {2 removes one lock-
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ing ground from conductor (849 and until relay

Y BM(16) releases the other locking ground is re-

moved. from. conductor {88 and the operated
bulse counting relays P4(16) and P§(16) release:
At the end of the fifth selection relays I:.(18),
LA(16) and LB(16) release and, under the as-
sumption that the fifth. or final. units selection
compriges. one pulse, counting relay Pi(18) re-
mains operated and a circuit is established from
ground. over conductor [£88, contact § of relay
SM(16), contact { of relay P§(16), contact 2 of
relay LB(16), contact 4 of relay P{(16), con-
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ductor 1628 and through the winding of select
magnet S6(18) to battery. Magnet SG(18) upon
operating causes the reoperation of relay SM(16)
and the release of relay RA((16). The circuit
for hold magnet FU(17) is now established from
battery through the winding of such magnet, con-
tact 2 of magnet FT(17), contact 2 of magnet
IG(1T7), contact { of magnet ¥(17), conductor
{704, contact 4 of relay RA1(16), contact 3 of re-
lay RA2(16), windings of relay HM(16) and fo
ground on conductor 1682. Magnet FU(17) op-
erates in this circuit and locks over its contact 3
to ground on conductor 1799, the locking ground
serving to cause the operation of relay HM(16)
in the manner previously described. With select
magnet S0(18) and hold magnet FU(17) op-
erated, the contacts of eross-point 1808 are closed.

Hold magnet FU(17) upon operating at its con-
tact 2 establishes a circuit over conductor 1741
in shunt of the winding cf relay STP(16) to pre-
vent any further pulsing and establishes a cir-
cuit from ground over its contact |, conductor
1112, contact 5 of relay LB(16), conductor 16(3
and through the winding of relay RV1(15) to bat-
tery. Relays L(16), LA(16) and LB(16) are re-
operated when the originating sender closes the
fundamental circuit to receive a reverse battery
pulse. Relay RVI(15) operates and locks over
its contact 5 and conductor 1418 to ground at

contact 18 of relay ONI(15). Relay I.B(16) upon &

operating also causes the release of relays SM(16),
HM(16) and RA2(16) and select magnet S8(18)
in the manner previously described.

Incominyg advance

Relay RVi(15) upon operating transfers the
winding of relay L.(16) at its transfer contacts
from the T lead of the fundamental circuit to
the R lead which is at this time grounded over
contact | of magnet FUIT), conductors 7t
and 1408 and contact { of relay RV2(14). The
T lead of the fundamental circuit is also grounded
at this time from ground at contact & of relay
RV3(14) and over contact 9 of relay RVI(14).

Relay RV{(14) also. establishes the circuit for .

slow-to-operate relay RVZ(14) over its contact
T whereupon relay RVZ(14) operates.” Relay
RVI(14) also opens the circuit of relay TMA(14),
which operates whenever relay LA(16) operates
over g circuit from ground at contact 2 of relay
LA(16), conductor {8{4, contact 8 of relay
RVI(14) and through -the winding of relay
TMA(14) to battery. When relay TMA(14) re-
leases upon the operation of relay RVi(14) it
transfers the connection over conductor 1615
from the back contact of relay L.(18) to the lock~
ing circuit of relay RV3(14). Relay RV!I(14)
opens the locking ground of the select magnet to
prevent a false operation of the magnet S8(18)
during incoming advance which occurs if the
hold magnet FU(17) fails to short-circuit relay
STP(16) before the originating sender closes the
fundamental circuit to start incoming advance.
Relay RVI(14) also at its contact 2 releases re-
lay IFi(14) which may have operated before the
relay LB(18) operated to operate relay RVI(14).
The operation and release of relay IFi(14) per-
forms no function at this time.

During the operate time of relay RV2(14), the
T and R leads being grounded, discharge the cable
and the stepping relay of the originating sender
releases. The T lead is grounded to prevent pre~
mature advance of a panel subscriber-sender due
to the false operation of its overflow relay which
might occur if the direct battery was terminated
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by opening the T lead. When relay RV2(14) op-
erates it removes the ground from the R lead
which was holding relay L(16) over a local circuit.
Thus reverse current which starts with a surge is
applied toward the originating sender to operate
the distant stepping relay and overflow relay.
This surge compensates for a tendency of the
overflow relay to operate faster than its asso-
ciated stepping relay. Relay RV2(14) also opens
the operating path of slow-to-release relay
RV3(14) and that relay releases if its locking
path to the back contact of relay L(16) is also
open. Relay RV3(14) is locked to the back con-
tact of relay L(16) to insure that reverse battery
will eontinue until the originating sender, by op-
erating relay 1.(16), has indicated that it has re-
ceived it. This locking path provides for cases
where the incoming register registers a telltale
condition operating the relays TT(15) and
RVI(14) and at the same time the originating
sender is satisfied either by the final pulse or the
ground pulse supplied by relay RVi(14). Under
this condition the originating sender would be
between selections and thus unable to receive the
reverse battery pulse. Relay RV3(14) has a lock-
ing path which is extended over contact 3 of re-
lay IBi(14) so that it is effective only after the
incoming brush selection has been registered. If
the originating sender receives reverse battery
during incoming brush selection, it will open the
loop during the reverse battery period without
waiting for termination of the reverse battery.
A locking path for relay RV3(i4) during this se-
lection would thus stick the incoming register.

Trunk closure

When relay RV3(14) releases after a reverse
battery interval sufficient to satisfy the originat-
ing sender, it opens the T and R leads and re-
leases the slow-fo-release relay RVA4(14). The
release time of relay RVA(14) provides an. inter-
val long enough to be recognized by the originat-
ing sender as a signal to advance to trunk clos-
ure. When relay RVA4(14) has released, it con-
nects the T lead to battery over contact { of
relay RV4(14) and contact § of relay RVE(14)
through resistance TR(14) and the lead R over
contact 4 of relay RV{(14), contact 2 of relay
RVA4(14) and contact 1 of relay RVE(14) through
resistance RR(14) to ground. This discharges
the cable from the preceding reverse battery
pulse and recharges the tip side of the trunk to a
negative polarity thus preventing false operation
of the line relay of the trunk when it is subse-

uently connected to the line and the originating
sender may not yet have advanced to trunk clos-
ure to close the fundamental loop.

Relay RV4(14) also connects ground in g cir-

.. cuit from contact 4 of relay ON{(15), conductor

£317, contact 4 of relay RV4(14), conductor {411,
contact § of relay TC2(15), through the lower
winding of relay TCI(15), contact | of relay
ON(15) and conductor 1518 extending over cable
J(15) to Fig. 51 and thence to the trunk to oper-
ate the D relay of the trunk, which upon cpsrat-
ing establishes the trunk transmission condition
and reconnects the trunk line relay to the line.
The trunk line relay may or may not operate at
this time depending on the loop since it is
shunted by the TR(14) and RR(14) resistancss
at the incominhg register. When the D relay
operates, it connects ground to conductor 1487
extending through cable J(51) to Fig. 15 and
thence over contact 2 and through the winding



2,635,661

71
of relay RVS(14) to ground thereby shunting
relay RVE(14) which then releases.

Relay RVE(14) upon releasing removes
tery and ground through resi

ting the operation of the trunk line relay if 1 ;
not already operated. During this peri
originating sender has been advancing

o]

ground initially connected to conducter {848 b

the originating register doss not operate relsy
TCI(15) since the current flow established at
this time in ifs lower winding will cppose the
current flow in its upper winding. However,
when the trunk returns ground on conductor
1548 indicating that the trunk D relay has oper-
ated and locked to the line relay, this ground
shunts the lower winding of relay TCi(158) and
this relay now operates in g circuit from battery
through its upper winding to ground on conduc-
tor 1818 closing an obvious circuit over its con-
tact 5 to cause the operation of relay TC2(ik).
Relay TC2(15) upon operating, locks over its
contact 4 to ground at contact ! of relay H(14)
and over its contact 8, conductor i, contact £
of relay RV4(14) and conductor 7 15 ground
at contact 4 of relay OWI{(15). Relay TCI(15)
upon operating short-circuits its lower winding

G

at contact 4 so that on abandoned calls, when I

the duration of trunk closure is limited, it will
ouly be necessary to operate relay TCI(1D) to
insure that relay TC2(15) will operais and lock.
When relays TCH(15) and TC2(15) have cper-
ated, any subsequent release of the TC{(15) re
lay will cause the eperation of relay MRL(14) to
release the incoming register. The short circuit
of the lower winding of relay TCf (15) also makes
that relay slow to release so that it will -not re-
lease the register cn momentary openings of the
‘contacts of the trunk line relay.

Comnnection, of incoming regisier to marker

Relay TC2(15) connects battery in a eircuit
over its contact §, contact 3 of relay MRI.(15),
contact 3 of relay TRL(14), contact 1{ of relay
T, conductor {3(% of cable B(15) exiending to
Tig. 6 to start the marker connector and at its
contact 8 supplies battery over conductor (528
of cable B(15) extending to Fig. 6 and thencse in
parallel through the windings of connector ve-
lays RA(6) and RC(6) to ground. Relay RAE)
at its contact 2 establishes an obvicus circuit
through the windings of connector reiays RB(E)
and RD(6) to ground. With relay RD(8) oper-
ated, battery connected to start conductor i5i§
is extended through resistances Z(8) and W)
and over contacts {1 and 12 of relay RD(6) and
is applied to the armature of a relay Z of the in-
coming register marker connector circuit (nct
shown), corresponding to relay Z(13), and as-
suming such relay and the associafed relay TRE
are not operated, a start circuit is completed toc a
relay CB, corresponding to relay CBI{(25),
which is individual to marker No. { in the incom-
ing register marker connector connecied with
the incoming register shown. Assuming that the
marker No. { is idle and thevefore that the CB
relay of such marker is net cperated, the start
circuit will be further extended to the winding
of the markesr start (MS), relay correspondis
to relay MS{1(25), alloeated to such marker and
over contacts of the other M8 relays of the chain
to ground. This start relay upon operating ap-
plies ground over conductors 4332 and 4364 of a
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cable extending from the incoming registsr
marker connector circuit to the windings of the
incoming register connector relays MEA(G) end
MC(6) of the idle No. { marker, whereupon such
relays operate. The circuits over which the MA
and MC relays are operated are fully disciosed in
the application of A. J. Busch hereinbefore re-
ferred to and function in the manner described
therein and in a manner similar to that described
herein in connection with the operation of the
similar relays of the line-link marker conngctor.
Relay MA(6) upon operating establishes ever its
contact § an obvious circuit for relay MB(8).
Relay MC(6) establishes over its contact 5 an

; obvious cireuit for relay MD(8). ‘With relays

RA(6), RB(6), RC(6), RD(6), MA(6), MBI(6),
MC(8), and MD(6) operated, the incoming regis-
ter is connected with the selected marker over &
large plurality of conductors.

Relay RA(6) at its contact 4 closes a circuit
extending over contact 7 of relay MA(S) to the
class of call circuit (not shown) of the marker
which establishes the circuit of a relay INC to
inform the marker that it has been called in by

3 an incoming register.  This relay upon operat-

ing establishes a circuit which may he fraced in
part from the recycle controller circuit (not
shown), over conductor 338§ through the wind-
ing of relay 'TER2(46), conductor 4685 and
through the winding of relay TER3(61) to bat-
tery. The operation of these relays directs the
marker to perform the functions required in
extending a terminating call. Relay MA(6) also
establishes a circuit from ground over its con-
tact 4, conductor 3084 of cable A(6) extending
to Fig. 36, contact 3 of relay TRLA(37), contact
5 of relay DIS2(37), conductor 3743, winding
of relay CEKGI{(50), conductor 58f1, conductor
3782, contact 3 of relay TRLA(37), conductor
278!, contact 3 of relay DISI(50), winding of
relay CKG2(50), .conductor 3780 and through
the winding of relay CKG3(37) to battery. Re-
lays CKGl (50), CKG2(50) and CKGS3(37) pre-
pare the marker for operation as described in
connection with the dial tone connection. With
relays CKG3(37) and TER2(46) hoth cperated,
the circuit for relay FLG(60) is now closed from
hattery through its winding, conduetor 6229, con-
tact 10 .of relay LKI{(46), contact 9 of relay
TER2(46), conductor 4666 and to ground at con-
tact 8 of relay CRG3(37).

The marker Having been informed that the
connection which it is to serve is from .an in-
coming register, establishes the circuit of relay
GTL(36) which in turn eauses the operation of
relays GTL2(45), GTL3(32) and GTLA(32).

Transfer of called line number from
incoming register to marker

When the multicontact relays of the incoming
register marker connector have been operated
as above described, a plurality of circuits are
closed for transferring the called line designa-
tion and the number of the trunk-link frame
on which the incoming trunk terminates from
the incoming register to the marker. It will be
recalled -that cross-points 1800, 1803, {1804, (845,
{748 and {888 have been closed to register the
frame units and incoming brush, .incoming
group, final brush, final units and final tens. of
the called line .designation and that relay
TGS (17) has been operated to register the frame
tens number.

The operation of the MC(6) and RC(6) .relays
has extended from the incoming register:to the
marker a group of five trunk-link frame units
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leads and two trunk-link frame tens leads to
identify the irunk-link frame  associated with
the incoming trunk ecircuit. It has been as-
sumed that frame tens relay FGO0(17) has been
operated and consequently a circuit is now closed
from ground over contact | of relay FGR(1T),
conductor 172, contact 19 of relay RC(6), con-
tact 25 of relay MC(6), and thence to the trunk-
link frame register of the marker (not shown)
and two circuits are established from ground
over contacts  of cross-point {860, conductors
i8t4 and 1817, contacts 23 and 24 of relay
RC(6) and contacts 29 and 38 of relay MC(6)
and thence to the trunk frame register of the
marker, Relays in the register are now operated
to register the number of the trunk-link frame
assumed to be 06.

It will be assumed that the marker requires
no additional digit for office identification and
that with the cross-peoints 1883 and 1834 closed to
register the incoming brush as 3 and the in-
coming group as 3, two circuits are closed as
follows:
1884, contact 3 of cross-point 1283 to conductor
1828 and, from ground, contact 2 of cross-point
1804, contact 4 of cross-point (883 to conductor
827, thence over contacts I8 and T of relay
RA(6), contacts 1§ and 20 of relay MA(6), con-
ductors 3018 and 3817 of cable D(6) extending to
Fig. B8, and through the windings of relays
AC8(58) and ACT(58) to battery to register the
thousands digit 7 of the called line number.

It will be recalled that the cross-point (885
has been closed to register the final brush as 3
and with the cross-point (884 closed to register
the incoming group as 3, two circuits are closed
as follows: From ground, contact 3 of cross-
point 894 and contact { of cross-point 1885 to
conductor 132!, and from ground over contact
4 of cross-point 1884 and contact 2 of cross-point
{80% to conductor {837, thence over contacts {9
and 22 of relay RA(6) and contacts 22 and 25 of
relay MA(S) to conductors extending through
the windings of relays BC{ and BC? of the B
register (not shown). Conductors of the thou-
sands group 1828 to 1827, inclusive, and of the
hundreds group {839 to 1837, inclusive, are
grounded on a two-out-of-five hasis in accord-
ance with incoming brush and group and final
brush registrations as shown in the following
table: :

n § Incoming | Incoming Leads

Thousands | “grgh Group Grounded
4] 0 Qorl 1824 1827
1 0 2or3 1820 1821
2 1 Gorl 1820 1822
3 1 - 20r3 1821 1822
4 2 Qorl 1820 1324
5 2 2or3 1821 134
i} 3 Qorl 1822 1824
7 3 2or3 1820 1827
8 4 Oorl 1821 1827
9 4 2 or 1822 1827

A Final Incoming Leads
nd >

Humdreds | proch Group Grounded
0 0 Dor2 1834 1837
1 1 Qor2 1830 1831
2 2 Qor2 1830 1832
3 .3 Qor?2 1831 1832
4 4 Oor2 1830 1834
5 0 lor3 1831 1834
8 1 lor3 1832 1834
7 2 lor3 1830 1837
2 2 lor3 1831 1837
9 4 lor3 1832 1337

From ground, contact 1 of cross-point
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It will be recalled that cross-points 1710 and
1806 have been closed to register the final tens
and final units selections as 9 and 0, respectively.
Accordingly, ground is connected over contacts
3 and 4 of cross-point 1710 to conductors {842
and 1847 and thence over contacts 25 and 27 of
relay RA(B) and contacts 28 and 30 of relay
MA(6) to conductors extending through the
windings of relays CC2 and CCT of the C regis-
ter (not shown). With cross-point 1886 closed,
ground is connected over contacts 3 and 4 thereof,
conductors 1854 and 1857, contacts 21 and 22 of
relay RB(6), contacts 21 and 22 of relay MB(6)
to conductors 3824 and 3027 of cable E(6) ex-
tending to Fig. 80.

With no additional digit registered for office
identification, relays N1(71) and NIA(71) are op-
erated from the translator control circuit to
transfer the thousands, hundreds and tens digits
registered on the A, B and C code digit regis-
ters to the thousands, hundreds and tens regis-
ters of Figs. 57 and 58 and to control the regis-
tration of the units digit on the units register of
PFig. 71, With relay N{(71) and relays AC0(58)
and ACT(58) of the A code register operated, a
circuit is established from ground at contact I
of relay ACO0(58), conductor 5808, contact 6 of
relay Ni(71), conductor Ti{00 and through the
winding of relay THO8(58) to battery and a sec-
ond circuit is esfablished from ground at con-
tact | of relay ACT(58), conductor 5807, contact
2 of relay Ni(71), conductor 7i87 and through
the winding of relay THT(58) to battery. The
thousands digit 7 is now registered in the thou-~
sands digit register. With relays BCi and BC1
(not shown) operated as assumed, circuits are es-
tablished over their contacts, confacts 8 and {1
of relay NI(71), conductors Ti{i and 7417 and
through the windings of relays HN{!(57) and
HNT(57) of the hundreds digit register to bat-
tery whereby the hundreds digit 8 is now regis-
tered on the hundreds digit register. With relays
CC2 and CCT (not shown) operated. and relay
NIA(71) operated, circuits are established over
contacts of the register relays, contacts 8 and
i1 of relay N{A(T) and conductors 8802 and 2887
through the windings of relays T2(57) and
TT(57) to battery whereby the tens digit 9 is now
registered on the tens digit register. It will be
recalled that the closure of the contacts of cross-
point {806 of the register of incoming register
has connected ground to conductors 3024 and
3027 of cable E(6) extending to Fig. 80 and,
with relay N{A(71) operated, circuits are com-
pleted from such conductors over contacts 8 and
2 of relay NIA(71), conductors 88(4 and 8917
and through the windings of relays U4(71) and
UT(71) to battery whereby the wnits digit 0 is
now registered on the units digit register. :

If an additional digit had been registered in
the incoming register for office identification,
then relays N2(71) and N2A(80) would have been
operated instead of relays NI(71) and N1A(71)
to transfer the thousands and hundreds digits
registered in the B and C code digit registers to
the thousands and hundreds registers of Figs. 57
and 58 and to control the registration of the tens
digit in the tens register of Fig. 57 and the regis-
tration of the units digit in the units register of
Fig. 71.

Completion of connection to called line

The marker having received from the incom-~
ing register the identification of the trunk-link
frame, schematically indicated in Fig. 51, in the
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-manner fully set forth in the application of
A. J. -Busch hereinbefore referred to and in the
manner previously outlined in connection with
the seizure of the originating register on a dial
type call, a relay in the marker Is then operated
to indicate that the trunk-link frame has been
successfully seized whereupon the marker causes
the operation of the ¥ relay in the incoming
trunk circuit of Fig: 51 which operates, .in turn,

establishinng the circuit of the FB4 relay of Fig. 1

38 corresponding to the incoming trunk appear-
ance on a cross bar switch of the trunk-link
frame. The operation of the B4 relay, in turn,
causes the operation of the associated LV relay.

After the marker has seized the trunk-line i:

frame associated with the incoming trunk and
has checked the seizure of the frame it proceeds
10 select and seize a number group frame for
the purpose .of translating the digits of the called

numbper registered in the marker into the loca- 2

tion digits of the called line. The seizure of
the proper number group circuit, the transfer
of the called line hundreds, tens and units digits
thereto and the transmission of the called line
lceation information from the number group cir-
cuit te the marker are carried out in exactly
the same manner as hereinbeiore described -in
connection with an intracffice call and need not
be described further.

After the registration of the called line lo- 3

cation and the type of ringing required have been
set up in the marker, the number group cireuit
can be dismissed from the marker. The opera-
tion of the locking relays in the number group
controiler of the marker indicating that the called
line designation as translated by fhe number
group circuit has been registered in the marker,
closes a circuil for bringing about the release
of the number group circuit by opening the cir-
cuit of the marker preference relay MP{(2) as
fully described in the application of A. J. Busch
hereinbefore referred to. The release of relay
MP4(2) causes the release of multicontact relays
MCA{(5), MCA2(5), MCB(4) and MCC(3) to

disconnect the number group circuit from the

marker-and releases relays HBS(5), TB8S(4) and
TB(4) of the number group circuit.

After the location of the called line is iden-
tified, the marker will proceed to test the called

nel over which the incoming trunk may be con-
nected to the line and to eperate the select and
hold magunets in the trunk-link and line-link
frames-to establish the connection over the se-
lected idle channsl. These functions are fully
disclosed and dsscribed in the application of
A. J. Busch hereinbefore referred to and since
these functions are not directly concerned with
the present invention the circuits over which
these functions are accomplished have not been
disclesed herein.

After the marker has comnletely performed
the terminating call functions the marker circuit
will be released from the terminating connection
and -will be recycled to the idle condition so as to
be available for assistance to other calls or con-
nections.

When the relay FBE(38) associated with the
incoming trunk is released in the manner pre-
viously described in connection with a dial tons
call the relay DCT(34) in the marker is released,
in turn, causing the operation of relay LK1 (46)
‘which indicates the successfil comvletion of the
marker terminating call functicns. The operation
of relay TKI{(48) releases relays LIC148),
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LLC2(48), ONW(35) and FLG(60) and operates
the DISi(50) and DIS2(37) relays as previously
described whereupon all operated relays of the
marker release, and in turn, release the truni-
link ‘and line-link frame connectors.

The operation of DISI(50) establishes a cir-
cuit which may be iraced from battery through
the winding of relay MRL{15) of the incoming
register, contact 2 of relay TCI(15), conductor
{521 of cable B(15) extending to Fig. 6, contact
£3 of relay RID(8), contact §7 of relay MD(8),
conductor 885 extending through the continuity
and timing circuits of the marker and returning
therefrom over conductor 2§¢3, contact 2 of re-
lay DISi(50), conductor 5814 and to ground over
contact | of relay DIS2(37). Relay MRL(15)
operates in this circuit, locks over its contact 4,
contact 4 of relay TT(15) and to ground at con-
tact 2 of relay TC2(15) and at its contact 3
opens the start lead 1519 extending to the marker
connector to release the marker connector.

Relay MRL(15) also releases relay ON(15) and
connects holding ground over its contact { and
the previously traced circuit to the winding of
relay RB(15) to hold it operated until the re-
lease of the register is completed. Relay ON(15)
upon releasing opens at its contact | the circuit
to lead 1518 extending to the trunk-link circuit
to prevent breaking that circuit at the link
switch contacts, opens the circuit of relay
ONIi(15) at its contact § and opeuns other ofi-
normal greunds of the register. Relay ON!(15)
upon releasing releases the link switch hold mag-
net and also opens the remaining off-normal
grounds in the incoming register circuit to re-
lease all opsrated releys and held magneis of
the cross bar register. Relay ONI{(15) also at
its contact 4 opens the locking circuit of relay
TC2(15) which releases in turn releasing relays
MRL(15) and RB(15). Relay RB(15) upon re-
leasing releases relays in the link circuit which
have held the incoming register busy and the
register may now be selected for another call.

If the marker cannot disconnect itself from the
register by the regular release circuit controlied
by relay MRL(15) or if the register has seized
the marker to obtain a trouble record of failure
of the link conftrol relays to release, the marker

’ - - grounds conductor &8 whereupon a circuit is
line for g busy conditien, to select an idle chan-

established over contact 26 of relay MA(6), con-
tact (6 of relay RA(G), conductor {822 of cable
B(6) extending to Fig. 15, contact 2 of relay
TM(14), conductor {£{Z and through the wind-

ing of relay TRL(15) to battery. Relay TRIL(15)

' operates in this circuit and locks over its confact

5, contact § of relay MRL(15), contact & of relay
TT(15) and to ground at contact 2 of relay
TC2(15) and performs the functions previously
described for relay MRL(15) and in addition
operates relay RLIX(16) and at its contact &
opens the circuit of the link switch select magnet.
The latter two functions aid release of the register
in case the control relays of the link have not

released.
The incoming register is provided with three

tube -timing circuits, the first including the tube
LRT(14) condenser LRC(14), relay LR (14) and
associated resistances to time the holding peried
of the link control relays, the second including
the tube TMT(14), condenser TH(14), relay
TMC(14) and associated resistances for timing
the register holding period and the third includ~
ing the tube IFT(14), condenser IF(14), relay
IPC(14) and associafed resistance to time the

“ auxiliary start of incoming advance and auxiliary
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register release. For the purpose of the present
invention it will be assumed that the incoming
register performs all of these functions within
the specified time intervals and that therefors
relays LR(14), TM(14) and IF(14) are without
function and that the description of the opera-
tion and effect of these timing circuits is not
necessary herein,

In the foregoing discussion the complete cir-
cuits by which the marker actually controls the
setting up of connections over the line-link and
trunk-link frames have not been described nor
have the release of the various established con-
nections been described since these functions are
only incidental to the present invention. How-
ever, such circuits and their operation which are
deemed essential to the present invention have
been fully disclosed and described herein.

What is claimed is: . )

1. In a telephone system, a calling line, a series
of switches, a plurality of originating digit reg-
isters, a switch-controlling marker, means re-
sponsive to the initiation of a call by said calling
line to associate said marker with said line, means
responsive to said association to set up in said

" marker a registration of the indentity of said
line, means in said marker responsive to said
association to select an idle originating register
and to transfer said registration to said selected
register, means in said marker responsive to said
registration to control said switches to connect

" said line with said register, and means thereupon
effective to release said marker.

2. In a telephone system, a calling line, a
series of switches, a plurality of originating digit
registers, a switch-controlling marker, means re-
sponsive to the initiation of a call by said calling
line to associate said marker with said line, means
responsive to said association to set up in said
marker a registration of the identity of said line
and a registration of the class of said line, means
in said marker responsive to said association to
select an idle originating register and to transfer
said registrations to said register, means in said
marker responsive to said first registration to
control said switches to conneect said line with
said selected register, and means thereupon
effective to release said marker.

3. In a telephone system, & calling line, a series
of switches, a plurality of originating digit
registers, a switch-controlling marker, means re-
sponsive to the initiation of a call by said calling
line to associate said marker with said line, means
responsive to said association to set up in said
marker a registration of the identity of said line,
a registration of the class of said line and a
registration of the specific type of said line, means
in said marker responsive to said association to
select an idle originating register and to.transfer
said registrations to said selected register, means
in said marker responsive to said line identity
registration to control said switches to connect
said line with said register, means in said register
responsive to the line type registration trans-
ferred thereto to vary the response of said register
to the control of the calling line, and means
effective upon the connection of said register with
said line to release said marker.

4. In a telephone system, a calling line, a
series of switches, a plurality of originating digit
registers, a switch-controlling marker, means re-
sponsive to the initiation of a call by said calling
line to associate said marker with said line, means
responsive to said association to set up in said
marker a registration of information concerning
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said line, means in said marker responsive to
said association to select an' idle originating
register, registers in said selected originating
register, checking registers in said marker, means
controlled by said marker for simultaneously
transferring said registered information from the
registration means of said marker to the registers
of said originating register and to said checking
registers, means responsive to the operation of
the registers of said originating register to lock
said checking registers operated, means in said
marker for  thereafter disconnecting said first
information registering means from the registers
of said originating register and from said check=
ing registers whereby said checking registers are
held operated from said registers of the originat-

" ing register, means in said marker to determine

if the checking registers are then held operated
and that therefore the corresponding registers
of said originating register are operated, means
in said marker responsive to said first informa-
tion registering means if said registered informa-
tion has been correctly transferred to said orig-
inating register to control said switches to con-
nect said line with said originating register, and
means thereafter effective to release said marker.

5. In a telephone system, a calling line, a series
of switches, a plurality of originating digit regis-
ters, a switch-controlling marker, means respon-
sive to the initiation of a call by said calling line
to associate said marker with said line, means
responsive to said association to set up in said
marker a registration of the identity of said line,
means in said marker responsive to said associa-
tion to select an idle originating register, line
identity registers in said selected originating
register, line identity checking registers .in said
marker, means controlled by said marker for
simultaneously transferring said first line identity
registration to said line identity registers of said
originating register and to said checking regis-
ters, means responsive to the operation of the
registers of said originating register to lock said

. checking registers operated, means in said marker

for thereafter disconnecting said first line iden-
tity . registration means from the line identity
checking registers of said marker and originating
register whereby the line identity registers of said
marker are held operated from the registers of
said originating register, means in said marker
to thereafter determine if the required number
of the line identity registers of said marker are
held operated and that therefore the correspond-
ing number of registers of the originating register
are operated, means in said marker responsive
to said first line identity registration means if
said registration has been correctly transferred
to said originating register to conirol said switches
to connect said line with said originating register,
and means thereafter ‘effective to release the
marker.

6. In a telephone system, a calling line, a series
of switches, a plurality of originating digit regis-
ters, a switch-controlling marker, means respon-
sive to the initiation of a call by said calling line
to ‘associate said marker with said line, means

-respensive to said association to set up in said

marker a registration of information concerning
said line, means in said marker responsive to said
association to select an idle originating register,
registers therein each comprising a plurality of
relays, checking registers in said marker each
compriging a pluralify of relays, means controlled
by said marker for simultaneously and selectively
operating corresponding relays of corresponding
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originating registers and checking registers in
accordance with the registration sst uvp in
said first line information registration means,
means responsive to the operation of relays of
the registers of said originating register to lock
the corresponding relays of said checking regis-
ters operated, means in said marker for there-
after disconnecting said operated register relays
from the control of said first line information
registration means whershy the operated relays
of szid checking registers are held operated under
the control of the operated relays of the registers
of said originating register, means in said marker
to determine if the correct number of relays of
the checking registers ars held operated and that
therefore the registrations have been correctly
transfervad to the registers of the originating
vegister, means in said marker responsive to said
first registration line information means if said
registered informsation has been correctly trans-
ferred to control said switches to connect said
line with said criginating register, and means
thereafter effective to relsase said marker.

7. In a telephons system, a calling line, a
series of switches, a plurality of originating digit
registers, a switch-controlling marker, means re-
sponsive to the initiation of a call by said calling
line to associate said marker with said line, means
responsive to said association to set up in said
marker g registration of the identity of said line,
calling line identity and called line digit registers
in said marker, means in said marker responsive
1o .said asscciation to select an idle originating
register and to transfer said registration to said
originating register, means in sald marker re-
speonsive 1o said line identity registration to con-
trol said switches to connect said line with said
originating register, means thereupon effective to
release said marker, means under the control of
sald calling line to register a wanted line number
in said originating register, means controlled by
said originating register to reconnect itself to a
marksr and to transier the registrations of the
cailing line identity and of said called line num-

ber set up therein to the calling line identity ¢

and called line number registers of said marker,
means i1 said maiker operative in accordance
with said transferred registrations to control said
switehes to interconnect said calling and called
lines, and mesans to then release said marker and
said originating register.

:8. 'In a telephone system, a calling line, a called
line, a series of switches, g plurality of originating
digit registers, a switch~controlling marker,
means responsive to the initiation of a call by said
calling line to associate said marker with said
line, means responsive to said association to set
up in said marker a registration of information
concerning said line, calling line information and
ealled line digit registers in said marker, means
in said marker responsive to said agsociation
to select an idle originating register, registers
in said criginating register for registering in-
formaticn concerning sald calling line, means
in said marker for controlling said registers of
said originating register in accordance with
the setting of the calling line information regis-
tration means, means in said marker respon-
sive to said calling line information registra-
tion means to control said switches to connect
said line with said originating register, means
thereupon effective to release said marker, means
under the control of said calling line to regis-
ter a wanted line number in said originating
register, means controlled by said originating reg-
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ister to reconnact itself to a marker and to trans-
fer the registrations of the calling line informa-
tion and of said called line number to the calling
Yine identity and called line number registers of
said marker, meang in said marker operative in
accordance with said transferred registrations
to control said switches to interconnect said call-
ing line and said called line and to release said
marker and said originating register.

9. In a telephone system, a calling line, a called
line, a series of switches, a plurality of originat-
ing digit registers having calling line information
registers and called number registers, a switch-
controlling marker having a first group of line
information registers, a second group of line in-
formation checking registers and a third greup of
called line digit registers, means responsive to the
initiation of a call by said calling line to associate
said marker with said line, means responsive to
said association to operate said first group of
registers to register information concerning the
calling line, means in said marker responsive to
said association to select an idle originating regis-
ter and to simultaneously transfer said calling
line information from the first group of registers
to the second group of registers of said marker
and to said calling line information registers of
said originating register, means in said marker
responsive to its first group of registers to confrol
said switches to connect said calling line to said
originating register, means thereupon effective to
release said marker, means under the control of
said calling line to register a wanted line number
in the called line number registers of said origi-
nating register, means controlled by said origi-
nating register to reconnect ifself to a marker
to transfer the registrations of said calling line
information to the second group of registers of
said marker and to transfer said called number
registrations to the third group of registers of
said marker, means in said marker operative in
accordance with said transferred registrations to
control said switches to interconnect said calling
line and sa2id called line and to release said
marker and said originating register.

10. In a telephone system, a calling line, a
called line, a series of switches, a plurality of
originating digit registers having calling line
identity registers and called number registers, a
switch-controlling marker having a first group
of line identity registers, a second group of line
identity checking registers and a third group of
called line digit registers, means responsive to
the initiation of a call by said ealling line to
associate said marker with said line, means re-
sponsive to said association to operate said fArst
group of registers to register the identity of the
calling line, means in said marker responsive to
said association to select an idle originating
register and to simultanesusly transfer said call-
ing line identity from the first group of registers
to the second group of registers of said marker,
and to said calling line identity registers of saig
originating register, means in said marker re-
sponsive to its first group of registers to control
said switches to connect said calling line to said

originating register, means thereupon effective to.

release said marker, means under the control of
said ecalling line to register a wanted line number
in the called number registers of said originating
register, means conftrolled by said originating
register to reconnect itself to a marker and to
transfer the registrations of said ecalling line
identity to the second group of registers of said
marker and to transfer said called number regis-
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trations to the third group of registers of said
marker, means in said marker operative in ac-
cordance with said transferred registrations to
control said switches to interconnect said calling
and said called lines and to release said marker
and said originating register.

11, In a telephone system, a calling line, a
ealled line, a series of switches, a . plurality of
originating registers having calling line identity
registers and calied number registers, a switch-
controlling marker having a first group of line
identity registers, a second group of line identity
checking registers and a third group of called
line digit registers, means responsive to the
initiation of a call by said calling line to associate
said marker with said line, means responsive to
said association to operate said first group of
registers to register the identity of the ealling
line, means in said marker responsive to said
association: to select an idle originating register
to simultanecusly transfer said calling line
identity from the first group of registers to the
second group of registers of said marker and to
said calling line identity registers of said origi-
nating register, means in said marker responsive
to its first group of registers to control said
switches to connect said calling line to said origi-
nating register, means thereupon effeetive to re-
lease said marker, means under the control of
sald calling line to register a wanted line number
in the called number registers of said originating
register, means controlled by said originating
register to reconnect itself to a marker and to
transfer the registrations of the calling . line
identity to the second group of registers of said
marker and to transfer said called number regis-
trations to the third group of registers of said
marker, a number group circuit operative in re-
sponse to the registration of the numerical digits
of the called number in the third group of regis~
ters of said marker to translate said digits into
the identification of said called line and to regis-
tersaid translated identification in the first group
of registers of said marker, means in said marker
operative in accordance with the -identity regis—
trations of said calling and called lines as regis-
tered in said second and said first groups of
registers to eontrol said switehes to interconnect.
said:calling and called lines and to release said
marker and said originating register.

12. In a telephone system, a calling line in one
office, a called line in a. second office, a series
of switches, a plurality of originating digit. reg-
isters having calling line idemtity register,-an
outgoing trunk extending to said second office,
a: sender - associable with said trunk having
called line digit registers therein, a switch-con~
trolling marker, means responsive to the initia-
tion: of a call by said ealling line to associate said
marker with said line and to set up a registra-
tion in said marker of the identity of said line,
calling line identity and called line digit registers
in-said marker, means-in said marker responsive
to said association to select an idle originating
register and to:control said switches to connect
said line with said -originating register, means
to transfer the calling line identity registration
to the calling line identity registers of said orizi-
nating register and to then release said marker,
means under the control of said calling line to
register a wanted line number in said register;
means in said originating register to reconnect
said originating register with a marker and to
transmit said calling line identity -registration
and said called line number registration to the
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calling -line identity and called line digit regis-
ters. of said marker, means in said marker re-
sponsive to said transferred registrations for
operating said switches to connect said calling
line to said outgoing trunk, means to associate
sald sender with said trunk and with said marker,
and means to transfer said wanted line number
registration to the called line digit registers of
sald sender independent of said trunk.

13. In a telephone system, a calling line in one
office, a called line in a second office, a series of
switches, a plurality of originating registers, an
outgeing trunk extending to said second office, a
sender associable with said trunk having called
lne digit registers therein, a switch-controlling
marker, means responsive to the initiation of a
eall by said calling line to associate said marker
with said line and to set up a registration in said
marker of the identity of said line, means in said
marker responsive to said association to select
an idle originating register and to control said
switehes to connect said line with said originat<
ing register, means to transfer the ecalling line
identity registration to the calling line identity
register of said originating register and to then re-
lease said marker, means under the control of said
calling line to register the office code and nu-
merieal digits of a wanted line number in said
originating register, means in said originating
register to reconnect itself with a marker and to
transmit said ealling line identity registration
and the office code digit registrations of said called
line number to said marker, means in said marker
operative in response to said transferred regis-
trations for controlling said switches to connect
said-ealling line to said outgoing trunk, means to
assoeiate said sender with said trunk and with
said marker, and means to transfer the office code
digit registrations of said called line number from
said marker to said sender and te transfer the
numerieal digit registrations of said called line
number from said originating register through
said marker to said sender independent of said
trunk,

14. In a telephone system, a calling line in one
office, a ealled line in a second office, a series of
switches, a plurality of originating registers hav~
ing: calling line identity registers, an outgoing
trunk extending to said second office, a sender
associable with said trunk having called number
digit registers therein, a switch-controlling mark-
er having a first group of called number digit
registers a second group of called number digit
checking registers and a third group 'of calling
line identity registers, means responsive to the
initiation of a call by said calling line to asso-
ciate said marker with said line and to set .up
a registration in said marker of the identity of
said calling line, means in said marker respon-
sive to said association to select an idle originat-
ing register and to control said switches to.con-
nect said calling line with said originating regis-
ter, means to transfer the calling line identity
registration to the calling line identity registers of
said originating register, means to then release
said marker, means under the control of said
calling line to register the office code and nu-
merical digits of a wanted line number in said
originating register, means in said originating
register to reconnect itself with a marker and ie
transmit- said calling line identity registration
and the office code digit registrations. of said
called line number to said first and third groups
of registers of said marker, means in said marker
operative in response {o said transferred registra~
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tions for controlling said switches to connect said
calling line to said outgoing trunk, means to as-
sociate said sender with said trunk and with said
marker, and means controiled by the numerical
digit registers of said originating register and the
office code digit registers of the first group of reg-
isters of said marker to simultaneously control
the setting of the digit registers of said sender
and the second group of checking registers of said
marker to transfer said registrations to said
sender and to check that they have been correct-
1y transferred.

15. In a telephone system, a calling line in
one office, a called line in a second office, a series
of switches, a plurality of originating registers
having calling line identity registers, an outgoing
trunk extending to said second office, a sender
associable with said trunk having called number
digit registers therein, a switch-controlling
marker having a first group of called number digit
registers a second group of called number digit
checking registers and a third group of calling
line identity registers, means responsive to the
initiation of a call by said calling line to associate
said marker with said line and to set up a regis-
tration in said marker of the identity of said
calling line, means in said marker responsive to
said association to select an idle originating reg-
ister and to control said switches to connect said
ealling line with said originating register, means
to transfer the calling line identity registration
to the calling line identity registers of said orig-
inating register and to then release said marker,
means under the control of said calling line to
register the office code and numerical digits of a
wanted line number in said originating register,
means in said originating register to reconnect
itself with a marker and to transmit said calling
line identity registration and the office code digit
registrations of said called line number to said
first and third groups of registers of said marker,
means in said marker operative in response to
said transferred registrations for controlling said
switches to connect said calling line to said out-
going trunk, means to associate said sender with
said trunk and with said marker, means con-
trolled by the numerical digit registers of said
originating register and the office code digit
registers of the first group of registers of said
marker to simultanesusly control the setting of
the digit registers of said sender and the second
group of checking registers of said marker to
transfer said registrations to said sender, locking
circuits for the second group of registers of said
marker controlled by the operated registers of
said sender, means thereafter operable to dis-
connect said first group of marker registers from
the second group of marker registers whereby the
registers of the second group of marker registers
are held operated from the sender registers, and
meang operable to determine if the checking reg-
jsters are held operated and that therefore the
sender registers have been progperly operated.

16. In g telephone system, a first device hav-
ing therein a first group of registers, each com-
prising a plurality of relays and a second group
of checking registers each comprising a plu-
rality of relays, means for selectively operating
said first group of registers, a second device hav-
ing a group of registers each comprising a plu-
rality of relays, means for connecting said first
device to said second device, means in said first
device controlled by said first group of registers
for simultaneously and selectively establishing
operating circuits for operating corresponding re-
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lays of corresponding registers of- the gecond
group of said first device and of the registers of
the second device in accordance with the oper-
ated condition of the relays of the first group of
registers of said first device, means responsive to
the operation of the relays of the registers of
said second device to lock themselves operated
and to thereby lock the corresponding relays of
the second group of registers of said first device,
and means for thereafter opening said operat-
ing circuits whereby if the operated relays of said
second group in said first device then remain
operated it is an indication that the correspond-
ing relays of said second device have been prop-
erly operated.

17. In a telephone system, a first device hav-
ing therein a plurality of registers for register-
ing the digits of wanted line numbers which vary
with respect to the number of digits, a second
device having therein a plurality of registers for
registering the office code and numerical- digits
of a wanted line number, means for intérconnect-
ing said devices by groups of conductors, means
for transferring the settings of the registers of
said first device over said conductors to-the reg-
isters of said second device, and selectively oper-
able relays in said second device for connecting
said groups of conductors to the registers- of said
second device in'such a manner that those digits
registered in said first device which appertain
to the office code of the desired number will be
registered in the appropriate office code digit
registers -of said second device and that those
digits registered in said first device which apper~
tain to the numerical designation of the desired
number " will be registered in the. appropriate
numerical digit registers of said second device.

18. In a telephone system, a called line, an in-
coming trunk, a series of switches, an incoming
register, registering means in said register for
registering digits representative of the designa-
tion of said called line, means for connecting said
register to said incoming trunk, a switch-con-
trolling marker having called line designation
registers, means responsive to the registrations
set up-in said incoming register for associating
said incoming register with said marker and for
transferring said registrations to the .called-line
designation registers of said marker, a group of
subscriber line identity registers in said marker,
a number group circuit, means controlled by said
marker to select a number group circuit-and to
transfer said called line designation registration
from said marker to said number group circuit,
means in said number group circuit for translat-
ing said called line designation registration into
the called line identity registration and for trans-
mitting it to the subscriber line identity registers
of said marker, means in said marker operable
in accordance with the setting of said subscriber
line identity registers to control said switches to
connect said incoming trunk to said identified
called line, and means for releasing said 1ncom-
ing register and marker. ’

19. In a telephone system, a called 11ne an in-

coming trunk, a series of switches, an incoming

register, registering- means in said register for
registering digits on a non-decimal basis repre-
sentative of the desighation of said-called line,
means for connecting said register to said incom-
ing trunk, a switch-controlling marker having a
group of called number registers and a group of
subscriber lineé identity registers, means respon-
sive to the registrations set up in said incoming

register for associating said register with- said
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marker and for transferring said registrations to
the called number registers of said marker, a
plurality of number group circuits, means in said
marker responsive to the transfer of said regis-
trations to its called number registers to select
a number group circuit and to transfer the regis-
trations from its called number registers to said
selected number- group circuit, means in said
selected number group circuit to translate said

called number registrations into the called line 19

identity registrations and to transmit them to
said group of subscriber line identity registers in
said marker, and means in said marker operable
in accordance with the setting of said subscriber

line identity registers to control said switches 15

to connect said incoming trunk to the identified
called line.
ARMAND O. ADAM, J=r.
ROBERT C. AVERY.
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